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EXECUTIVE SUMMARY
CARBON MONOXIDE (CO) SATURATION STUDY

Study Purpose

The Clark County, Nevada, Department of Air Quality Managament (DAGM) contractad a
“saturation” study to measure carbon monoxide (CO) throughout the Las Vegas Valley.
The Study was performed during the seasonal period historically experiencing CO levels
that exceeded the B-hour National Ambient Air Quality Standard (NAAQS). The purposes
of the Las Vegas CO Saturation Study were to:

« |dentify geographic pattems of CO concentrations, including potential areas with
higher concentrations not previously known

+  See if the DAGM routine CO monitoring station locations are representative of
areas with higher CO occurrences in the Valley, and

* Improve the conceptual understanding of the relatonship between land use,
meteorology, and ambient CO concentrations.

Summary of Carbon Monoxide Saturation Study Sampling

The Study began with a network of 32 continuous CO samplers operating throughout the
Las Vegas Valley. Stations were added during the program to refine the spatial
distribution of higher concentrations, ending with 63 stations. A mobile van equipped with
an EPA equivalent CO analyzer and a sophisticated position recording system operated
during two Intensive Operating Periods when higher CO concentrations were likely to
occur. An extensive quality assurance program adds credibility to the results. This
extensive sampling and quality assurance program provided an effective “saturation” of the
Yalley producing the data needed to fulfill the purposes of the Study.

Summary of Results

The primary result of the Study is that the DACQIM CO monitoring station locations are
representative of the highar CO concentrations in the Vallay. In summary:

+ The highest 8-hour average CO concentration cbserved in the Saturation Study
network of sites occurred in a residential area near Easterm Avenue and
Charleston Boulevard, a few blocks south of the DACGIM Sunrise Acres
maonitoring station. The CO concentrations were comparable at both sites and
well below the corresponding NAACS of 9 ppm. Except for one downtown
Study site purposely located with a definite micro-scale exposure, the higher 8-
hour average concentrations all occurred in the area east of downtown Las
‘egas near the DAQM Sunrise Acras monitoring station. Figure1 is a

CO Saturation Final Report ES-1



smoothed contour map plot of peak 8-hour average CO concentrations
measured at the sites in the Saturation Study area. The DAQM CO manitoring
station locations are also shown in Figure 1 depicting how the distribution of
higher CO concentrations identified by the Saturation Study sampling was well-
defined by six surrounding DAQM stations.

= Many of the Study sites with relatively high 8-hour CO averages were near the
Eastem-Charleston-Fremont area in residential neighborhoods, away from the
busier streets in the area. These occurrences were on cold nights with low wind
speeds, which indicates low rates of atmospheric dispersion and probable
accumulation of CO in the first 100 feet above ground level. Cther parts of the
Valley with apparently similar emission sources do not experience as high CO
concentrations, suggesting the possibility of local meteorological features that
tend to trap CO in this area.  Traffic flow and a different mix of CO sources in
this area, such as automobiles and home appliances, are other possible factors
that can contribute to this observation.

+ A micro-scale Saturation Study site along Casino Center Drive near Fremont at
a taxi stand and a parking garage showed the highest one-hour CO average,
18.3 ppm. This is about half the 1-hour NAAQS (35 ppm). The highest
associated 8-hour average CO concentration was 7.0 ppm. Mone of the other
micro-scale stations located in the immediate downtown area. nor anywhere
else in the tourist-oriented areas approached these values that were probably
influenced by a few vehicles with relatively high CO emissions.

Recommendations

The closely spaced group of DAGM CO stations near the Sunrise Acres station was
correctly located to identify the higher 8-hour average CO concentrations occurring in the
Las Vegas valley. Diminishing or greatly changing site locations in this area is not
advised. Further definition of the spatial extent of lesser, but still relatively high for the
Valley, CO concentrations could be achieved with more monitoring toward the southeast
along Boulder Highway, south of Sahara, and northwest of downtown Las Vegas near
Rancho Drive and the U.5. 95 interchange with 1-15.

Further investigation may be warranted of the relative influence of CO emissions from
small, norrmobile sources such as home heating appliances.
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Figure 1. Peak B-Hour Average CO (ppm) for Period November 20, 2001 to
January 5, 2002, Showing DAQM Network Sites.

C0O Saturation Final Report ES-2



1. INTRODUCTION

The Clark County, Nevada, Department of Air Quality Management (DAGM) contracted a
“saturation” study of carbon monoxide {CO) concentrations occurring during the seasonal
period from before Thanksgiving to after New Year's Day, specifically, November 20, 2001
through January 5, 2002. Historically, this is the most likely period to have the highest CO
concentrations measured by the County's air monitoring network. The study objectives are:

« Optain additional CO concentration information in areas where the National Ambient
Air Quality Standard (NAAQS) for CO has been exceeded (exceadances)

+ Improve the conceptual understanding of the relationship between land use,
metzorology, and ambient CO concentrations

* |dentify geographic areas with high CO concentrations to support risk assessment and
potential population exposure to CO exceedances, and

+ Evaluate the current Clark County DAQM monitoring network CO sampling locations in
accordance with U.S. Environmental Protection Agency (EPA) siting criteria.

In short, the study was plannad to answer two primary questions: are the DACQM monitoring
sites adequately identifying the highest 8-hour average concentrations occurring in the
metropolitan Las Vegas Valley area, and what geographic areas are affected by high CO
concentrations? Prior to 1999, at least one 8-hour average per year exceaded the primary
National Ambient Air Quality Standard (NAAQS) for CO, 9 parts-per-million (ppm).
Aggressive efforts to reduce CO emissions have contributed to the significant decline in
exceedance occurrences; none have been recorded since 1998, The saturation study was
planned to provide the information to assess the adequacy of the spatial distribution of
County DACIM monitoring sites.

1.1 Overview of the Field Program

The technical approach to meeting the study objectives was to operate a network of CO
monitoring sites throughout the Valley, with emphasis on the locales historically most likely
to experience the highest CO concentrations and where rapid recent development has
occurred. Increasing the number of sampling locations well above the number of sites in
the DAQM monitoring network effectively “saturates” the community with sampling
locations to provide the data needed to achieve the study objectives. The Saturation
Network was to be achieved by a combination of fixed (called “Static”) sites and moveable
(called "Dynamic”) sites operated during the anticipated worst-case meteorclogical
conditions. The samplers ran nearly continuously at the monitoring sites, producing a very
complete record of CO concentrations at the selected locations. Another element in
saturating the Valley with measurements was conducting mobile sampling using an
instrument van during intensive ocperating periods {IOF). The van was driven around the
Valley to observe CO loading in a reakHime mode during nighttime and early-morning hours
when meteorological conditions conducive to peak CO concentrations occur.
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The network monitoring sites were located throughout the Las Vegas Vallay, with a higher
density east of the downtown area. Previous monitoring and modeling results indicated
this to be the most likely area to encounter higher CO concentrations during periods of
typical worst-case meteorological conditions and higher CO emission rates. The dynamic
sites were located both to increase the density of sampling locations in the static network
and to test other areas that might produce higher CO concentrations due to expected
airflow pathways. As dynamic sites were installed and the preliminary data appeared
useful in delineating spatial CO patterns, many were left operating continucusly to
maximize the amount of information collectad.

The samplers used at the Saturation Network sites were small self-contained units
manufactured by the Onset Computer Corporation. The sampler consists of an
electrochemical sensor and on-board datalogger housed in a rectangular plastic container
about four inches long by three inches wide and 1.5 inches high. The sampler was housed
in a palyvinyl chloride (PYC) circular pipe section closed on the top with a grate on the
bottom and holes in the side for air circulation. EPA recognizes the virtual impossibility of
operating a network of reference analyzers in the density neaded for a saturation study.
Hence, various saturation studies have utilized non-reference sampling methods with
appropriate comparisons to ensure adequacy of the information for the intended purposes.
Preliminary tests in sampling chambers and the ambient environmeant coupled with
comparative results from samplers collocated with DACM designated equivalent analyzers
at monitoring sites and in the mobile sampling van all showed excellent justification for
recognizing results from the samplers as adequate for the purposes of this study.

1.2  Overview of the Data Processing and Analysis

All the individual Onset samplers were calibrated ina chamber using “zero” (pure) and
MIST traceable concentrations of CO gas. The sampler responses were checked
throughout the program to ensure continuad performance within the quality contral
guidelines. Sampler responsas to ambient conditions were recorded on a one-minute
interval as the raw data. The raw data were transferred to a standard computer data base
at frequent intervals and immediately reviewed by the fisld personnel to ensure proper
operation. Inthis manner, problems were identified and corrected in a timely mannar.

The Saturation Network data base consists of approximately three-million validated one-
minute instantaneous CO measurements from the continuous monitoring network and
mobile sampling. The ong-minute continuous data have besn transformed to hourly and
eight-hourly averages and included in the electronic data base.

Comparisons between the Onset samples and collocated CO measuraments made by
DAQM reference analyzers at two select sites indicatad a small diurnal cycle bias of the
Onset readings, generally less than 0.5 ppm. This bias apparently depends on ambient
air temperature. Thus, in addition to factoring the individual sampler multipoint calibration
responses a correction was also made for the apparent temperature bias. The correctad
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data files were then used in the statistical analysis to determine the comparability of the
Saturation Network results and the DACM routine network results.

The analysis task consisted of two major elements: the Saturation Network of fixed sites
and the mobile sampling with the monitoring van. The geographic distribution of CO
concentrations throughout the Valley as defined by the Saturation Network of fixed sites
was determined for those periods of observed high levels and for the overall maximum
levels experienced during the field study. The maximum impacted areas were then
compared with the locations of the DAQM sites. The mobile sampling measureaments

mapped the CO distribution to verify that the Saturation network was correctly configured to

identify peak CO concentrations, and provided justification for Dynamic sites that were
installed during the course of the field study.

C0 Saturation Final Report
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2. INSTRUMENTATION

Two types of CO sampling instrumentation were used to collect the carbon monoxide (CO)
data. The CO samplers used in the network study sites were manufactured by Onset
Computer Corporation (Cnset). The samplers are small, self-contained units that include
the CO sampler and a datalogger. The primary CO sampling in the mobile van used
during the Intensive Operating Periods (IOP) was a Dasibi 3003 CO analyzer, which is an
EPA Equivalent Method per 40 CFR 53.

2.1 Network Sampling Instrumentation

Extensive testing of the samplers was performed prior to proposing them in this study
because the CO samplers had not yet been used for an ambient measurement application.
During testing, individual sampler calibration responses were measured using a Dasibi
3003 CO analyzer. These responsas were used in data processing. During operations,
aggressive quality control checks and operating samplers at two sites collocated with
DACM sites typically recaiving higher CO concentrations helped to provide good
comparability of results from the Study samplars and the DAQM CO monitors.  Figure 2-1
shows the CO analyzer, as received from Onset. The preliminary manufacturers
specifications are shown in Appendix G.

Figure 2-1. Onset CO Analyzer

Tests were performed to ensure that natural ventilation through the polyvinyl chloride
cylindrical tube housings would provide an adequate time response to changing CO
concentrations. The initial response to increasing CO concentrations was at least as quick
as that of the Dasibi analyzer, but a small lag time in the Cnset sampler response was
noted during decreasing concentrations. This lag was shown to be inherent in the detector
technology and not in the natural ventilation of the sampler housing.
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Other tests also indicated a small temperature dependence in the Onset sampler
response. This temperature relationship was further defined by both laboratory controlled
conditions and by comparing the collocated measurements made in the field (between the
DACQM Dasibi analyzer and the Onset sampler) during field conditions occurring in the
Study. The relationship was applied during data processing. A summary of each of the
evaluations is described in Appendix G.

2.2  Mobile Sampling Instrumentation

To aid in the spatial mapping of CO concentrations and assess the adequacy of the
placement of the fixed site sampling network, a van was ouffitted for mobile CO monitoring.
The real time observations mapped the horizontal extent of the CO plume and aidad in
understanding the areas of highest concentration for placement of fixed site samplers
during the 10Ps. The mobile van was a late model sport-utility vehicle known to have low
CO emissions, minimizing the potential impact of the van on the measuraments.

Figure 2-2 shows several views of the vehicle with the sampling probe mounted on the
roof. This inlet height allowed sampling above the level of the tailpipe emissions and in the
region of generally well-mixed air. The sample was drawn through the inlet by a pump
systam supplying air both to a Dasibi 3003 CO analyzer and to two Onset CO analyzers
configurad in a series flow arrangament. The first Onset CO sampler was programmed to
collect data at 5-second intervals to help identify possible “spikes” (rapid rise and fall in
concentration) possibly due to nearby vehicles. A laptop computer polled the second
Onset CO sampler at one-second intervals to compute one-minute averages. CO
readings from the Dasibi 3003 were also collected at one-second intervals and stored as
one-minute averages on a Campbell CR10 datalogger and subsequently by the laptop
computer. The CR10 datalogger also recorded the outside air temperature from a
platinum RTD probe mounted on the support rod for the sample inlet. The temperature
data were recorded at the end of each minute.

The mobile van position was monitored by a Garmin Etrex Global Positioning System
(GPS) and recorded by a laptop computer. One-second position readings were calculated
to one-minute averages of latitude, longitude and altitude. Cnece each minute the Dasibi,
Onset analyzer and GPS data files were merged and a graphical “strip chant” type display
of the data was updated on two laptop computers. This realtime display allowed
“scrolling” capabilities to look back in time at past data. A second GPS receiver provided
the real time position to a street map display on the same two laptop computears as the
strip chart display. One of the computers was in the front seat where a scientist evaluatad
the data in real time and kept a log of events. The three computers were networked
through a LAN hub and the computer times synchronized prior to the start to assure proper
updating of the reaHime files. Finally, on selected routes, 30-second pictures from a
digital camera mounted and with a forward view were recorded on the laptop computer
located in the front seat. Figure 2-3 shows a block diagram of the van analyzer and
computer layout.
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Sampling Van (sample inlet & temperaturs
probss were on reof-mounted antenna)

Display on front s=at computer for CO
conceniration, vehicle position and
chesrvation log entry.

Rear view of rack with deep cycle battery &
pump system feeding the analyzers.

Wiew koking from front seat to the back
instrument rack, inverter & computers.

Figure 2-2. Views of Sampling Van and Instrumentation
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3. NETWORK OF SITES

The siting rationale and descriptions of the Static and Dynamic sites which comprise the
Saturation Network operated in this study are presented in this section. Siting the
network stations was accomplished complying with Title 40 of the Code of Federal
Regulations, Part 58, including 58.14, “Special Purpose Monitors”. A few of the sites fit
a micro-scale site criterion of proximity to roads, but most of the sites have either
middle- or neighborhood-scale exposures. These exposures were chosen to match the
neighborhood scale exposure of most of the DAGM sites,

3.1 Rationale for Station Siting

Historically, the metecrological conditions producing the highest CO concentrations
were a near-stagnation condition, consisting of low wind speeds in a shallow stable
layer caused by a nighttime temperature inversion. These conditions, combinad with
high CO emission rates related to higher vehicle traffic accurring during nighttime and
early morning hours, have produced the periods with concentrations exceeding the
NAAQS (exceedance).

Past monitoring experience by Clark County (DAQM and its predecessor organization
performing regulatory compliance maonitoring, the Clark County Health District) has
shown that the inner urban area eastsoutheast of downtown Las Vegas is the most
likely area to experience higher &-hour average CO concentrations. The single site in
the DACIM Network continually responsible for recent exceadance cases is the Sunrise
Acres site. This siteis in an elementary school on the east side of Eastern Avenue,
about 150 m north of Charleston Boulevard. The site location is about 400 m northwest
of a previous monitoring site on East Charleston that also measured exceedance levels
of CO. In addition to the routine monitaring results, DACM air quality modeling and
special CO and meteorological studies reported in Appendix E of the CO State
Implementation Plan also predict the same geographic area as the location of the
highest estimated CO concentrations.

The previous monitoring results, the modeling studies, and an understanding of the
local meteorological conditions conducive to producing higher CO concentrations were
used in designing a two-tier continuous monitoring Saturation Network of Static (fixed)
and Dynamic (movable) sites. A higher density of both Static and Dynamic sites were
located in the inner city area to optimize finding possible areas experiencing higher CO
concentrations than those occurring at existing DACGM sites. Another purpose intendead
in the higher density of sites was to identify the extent of the geographical area affected
by the higher CO concentrations. This area of historically higher incidence of CO is
referred to as the inner core zone in this project.

Fortions of the Saturation Network were also established in other areas of the Las
Vegas Valley where routine DAQM CO monitoring was not taking place. Some of these
sites were located in the outer perimeter of the valley air basin, in areas where very low
levels of CO are predicted, but recent new development indicates that an increase in
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ambient CO levels may be possible. Other network sites were placed in areas that are
more established, but where high CO levels were not encountered previously. Such
areas were considered to be possible transition zones where CO levels may be
increasing as higher concentrations from the inner core may occasionally impinge, or
where increased emissions from the cleaner areas may transport. The objective of
these transition zone sites was to document the gradient of CO concentrations from the
inner core area to the cleaner outer fringe areas. Another objective for site placemeant
was to measure fluctuating CO exposure in areas where local topography may affect
transport of emissions due to the occurrence of “drainage” flow from surrounding
elevated terrain. Those areas are referred to as transport zones.

Although the vast majority of the Saturation Network sites were intended to be sited at
locations that are considered neighborhood scale by EPA guidelines, three Network
sites were designed to be micro-scale sites. These sites were established to measure
CO levels very close to emission sources in the downtown area, and in the resort
cormidor along Las Vegas Blvd., where pedestrians may be exposed to locally high
lavels of CO. A third micro-scale site was placed at the DAQM “Micro Site” (MS) on
East Charleston where particulate measurements are taking place, but no CO
monitoring is ongoing. Also, a number of middle scale monitoring sites were designad
into the Network with the objective of measuring the CO exposure resident in possible
higher risk locations. Middle sites were established in the near downtown area, at the
Fashion Show Mall just off Las Vegas Blvd., originally near the M.A.5 H. homeless
area, and in a high density housing project near East Las Vegas.

Two Saturation Network CO monitors were placed at existing DAQM sites with the
specific objective of comparing results with the DAQM's CO monitoring effort in order to
determine data comparability. The Onset monitors were mounted within 2 meters of the
DACM airsampling inlet in order that both methods would sample “the same air”. The
sites designated as co-ocated were Crestwood School (DAQM CW) and Freedom Park
(DACQM FP). The Sunrise Acres site was not used because of its accessibility issues.

Figures 3-1 and 3-2 provide maps depicting the names and geographical locations of
the sites that comprise the Saturation network. The first map encompasses the entire
project area. The naming convention used to identify the sites was developed at the
outset of the study using a grid superimposead over a map of the entire area (not shown)
and the alphanumeric site identifications derived from the letter/number coordinates in
the grid. Figure 2-1 also includes the locations of the DAQM sites where CO is
monitored. Figure 3-2 provides a closer view of the denser inner core monitoring area.

Detailed descriptions, including site coordinates, elevations, locations, characteristics

and pictures are presented in Appendix A of this report. Each continuous monitoring
Saturation Network site is depicted with a full description in the appendix.
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Figure 3-1. Map Showing Site Locations Used in the Study { DAQM sites indicated with a green
suareSaturation sites with a red tiangle)
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Table 3-1 presents a summary listing of the Saturation sites that were designated as
Static sites at the beginning of the project. All of these sites ran continuously at the
location indicated, except where vandalism or maintenance considerations tempaorarily
interrupted monitoring. Also included in the summary are the initial siting objectives
according to EPA scale guidelines, and the project zone criteria discussed above.

Table 3-2 presents a summary listing of the Dynamic sites. The Dynamic sites were
established later in the monitoring program after initial monitoring results enabled the
identification of areas where additional monitoring could prove useful. The results
produced by these sites showed the locations to be worthwhile to measuring CO for the
purposes intended. Hence, the analyzers were left in place for the remainder of the
project.

3.2 Intensive Operating Period Measurement Areas

The sampling van traversed the valley in two general modas. One pattern was cross-
section passes to identify possible new areas of higher concentrations not coverad by
the Saturation network. The other pattern was a close inspection of the immediate area
in tha vicinity of DACIM and Saturation Network sites to identify possible higher CO
concentrations.

CO Saturation Final Report 2-5



Table 3-1. Saturation Monitoring Network — Static Sites
Latitude Longitude Elevation | Site Chjective | Site Objective
Site ID  |Start Date| {dd.ddddd) {ddd.ddddd) | (m} (msl} {Scale) {Zong)
AT 20-Moy 3617333 -115.33267 S5 Meighborhood Citer
ABB 07-Dec 3609360 -115. 04668 514 Middle Transport
BB & 20-Moy 36.06533 -115.04017 531 Meighborhood Citer
BEES 20-Moy 36.09832 -115.04283 07 Meighborhood Transport
e 21-Mov 3619250 -115.30117 223 Meighborhood Ciuter
E13 20-Mowy 36.13880 -115.28233 a3z Meighborhood Citer
H17 20-Moy A6 16967 -115. 26283 ] Meighborhood Gradient
527 27-Moy 6. 21467 -116.27432 740 Meighborhood Citer
J11 20-Mov 3612233 -116. 23700 709 Meighborhooe Gradient
J29 30-Moy 3627060 =116, 23800 703 Meighborhood Citer
L16 20-Moy 36, 16300 =115, 21800 G588 Meighborhood Gradient
L20 20-Mowy 3619967 11821723 581 Meighborhood Gradient
[l 20-Moy 3614933 -115. 19667 G50 Meighborhood Gradient
W7 20-Moy 3617833 -115.19983 G Meighborhood Gradient
P12 27-Mov 3612767 -115. 16850 - Middle Gradient
P23 20-Mov 36.22753 1161776 G55 Meighborhood Ciuter
Pa 20-Moy A6, 09000 -115.17060 G563 Meighborhood Gradient
213 20-Moy 3614080 -116. 158497 i 1 Iicro Inner core
R3 22-Moy 36.04610 -115.16329 £62 Meighborhood Citer
R15 08-Des 36.165748 -116.15184 G614 Meighborhooe Inner core
220 20-Moy 36.19980 -115.156683 oy Meighborhood Gradient
R& 20-Moy A6, 09350 11514717 (] Meighborhood Gradient
111 F0-Moy 3612283 -115.12733 570 Meighborhood Inner core
513 20-Moy 36.13855 -1156.13508 (] Meighborhood Inner core
516 20-Moy 3617034 -115. 14462 (] Iicro Inner core
S17 07-Den 36, 16963 -115.14023 17 Iiddlla Inner core
=18 A0-Mov 36,18783 -115, 13823 - IMiddle Inner core
SoH 30-Moy 3599350 =115, 20830 736 Meighborhood CiLter
T14 20-Moy 3615004 -115.12131 A Meighborhood Inner core
T15 20-Mov 36, 15622 -115.12792 ] CoHlocated DACIM TV
116 20-Mov 36, 16238 -116.12269 5y Meighborhood lnner core
L1149 20-Moy 3619175 -115.11730 S5 Meighborhood Inner core
|G 20-Moy 36.07300 -115.11783 18 Meighborhood Gradient
Ll-3 F-Moy 3599039 =115, 11028 - Meighborhood CiLter
413 20-Moy 36, 14262 =115, 10532 sl Meighborhood Inner core
W16 20-Moy 36.15802 -115.11085 L Iicro Inner core
W17 20-Mov 3617717 -115.10301 Ghd CoHlocated DADKM FP
A6 20-Mov 3616650 -115. 08555 o33 Meighborhood Cradient
16 (1st) 20-Moy 36.15360 -116.07333 530 Meighborhood Gradient
216 (Zndi | 15Dec 36, 15561 -115.07902 530 Meighborhood Gradient
X0 20-Moy 36.11060 =115 08800 L Meighborhood Gradient
X23 A0-Mov 36, 22600 -116.08467 e Meighborhood Ciuter
14 20-Moy 26, 14671 -115 06775 531 Meighborhood Transport
£17 20-Moy A6 177VRE =115 06097 541 Meighborhood Gradient
Z19 (18l 20-Mowy 36.15360 -115.06733 541 Meighborhood Gradient
A9 (2ndi | 23-Moy 3619273 -115.05871 541 Meighborhood Gradient
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Table 3-2. Saturation Manitoring Network — Dynamic Sites

Latitude Longitude Elevation | Site Chjective | Site Objactive
Site ID  |Start Date|  {dd.ddddd) {ddd.ddddd) | (m} (msl} {Scale) {Zong)
xBE12 (7-Dien 3612972 -116.03817 TEA Meighborhood Transport
xBE16 (7-Dien 3615624 -116.04272 G20 Meighborhood Transport
rBE18 07-Dec 3618500 -115.04 267 546 Meighborhood Ciuter
®M19 17-Dec 2619217 -116. 19878 [ ]H] Meighborhood Gradient
L) [5] (8-Den 2616637 -116. 18342 - Meighborhood Gradient
P16 19-Diec 36165617 -116.17195 - Meighborhood Inner core
wP17 19-Diec 3617325 -116. 16645 - Meighborhood Inner core
w19 19-Diec 3618047 -116. 17382 G35 Meighborhood Gradient
218 17-Dec 26, 18443 -115. 16647 G2 Meighborhood Inner core
w2 07-Dec 2621400 =116 10967 T Meighborhood Gradient
w20 07-Dec 2619983 -115.09600 550 Meighborhood Gradient
xX18 (7-Dien 3618317 -116.080932 551 Meighborhood Transport
w12 17-Diec 3613107 -116.07407 S2h Meighborhood Gradient
xL16 (7-Dien 36.16400 -116.06643 - Meighborhood Transport
xZ10 27-Dec 2611031 -115.067156 507 Meighborhood Gradient
w16 26-Dec 2616070 -115.11400 5] Meighborhood Inner core
%P1 27-Dec 2611680 -115. 16638 a1 Meighborhood Inner core
wP13 27-Den 36.141083 -116. 16940 G Meighborhood Inner core
wR17 27-Dec 36173487 -116. 14247 G617 Meighborhood Inner core
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4, QUALITY ASSURANCE

CQuality assurance activities were a fundamental portion of all phases of the Study. The
activities included equipment tests and data validation following U.S. EPA monitoring
guidance, network siting following a standard operating procedure written for the study, and
independent audits of network siting, CC sampler calibrations, and data validation.

41 Acceptance Tests

The equipment and gas standards used in the Study underwent acceptance tests prior to
use in data collection.

Calibration Gases

Zero air certified as containing less than 0.1 ppm CO, and two cylinders of CO in nitrogen
at concentrations of 43.3 and 43.5 ppm for span gas were purchased from Scott-Marin, a
reputable supplier of gases used in air quality studies. The concentrations in the span
cylinders werea verified using an EPA multiblend protocol gas within the supplier's analysis
tolerance of £5% using the Dasiki 3003 analyzer.

Dasibi 3003 CO Analyzer

The Dasibi 3003 analyzer usad in testing and in the mobile van was calibratad using
multiple concentrations diluted from an EPA protocol multiblend cylinder. The analyzer was
calibrated to a slope of 1.00 and intercept of £0.2 ppm at the laboratory temperature of
25°C. Subsequent zero and span checks ware performed in the field to verify the
instrumeant responded with a zero within 1 ppm and a span tolerance of £105%, using the
project cylinders described above. The operational environment for the analyzer was
maintained at 25 +4°C. In most instances the tolerance was maintained within +2°C of
25°C. All calibrations during the acceptance test were performed while operating on the
12-volt powered sine wave inverter system to duplicate the power environment in the
mobile van during the field program.

Cnset CO Analyzers

The Cnset CO analyzers selected for the field sampling were still in a prototype status at
the time of the figld program. In order to purchase the units we signed a relzase
recognizing this status and acceptad the role of evaluating and establishing our own
calibration for each of the individual units. Prior to delivery, Onset performed thair own
manufacturing acceptance testing, which assured the units functioned properly and mat
their own intemal acceptance criteria for performance. Upon delivery atthe Parsons figld
office in Valencia, each of the units underwent a detailed performance evaluation to
establish the logger response to known concentrations of CO.
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The specific goals of the acceptance testing were as follows:

« Establish that the units could be programmed, operated and data offloaded in
accordance with the manufacturers operating instructions

= \erify the appropriate time keeping of the intermnal clocks in each of the units

« Verify the physical serial number on the outside of the logger matched the serial
number embedded in the data stream

s Establish the performance charactaristics of each unitin terms of a calibration
slope, zero intercept and correlation coefficient

Each of these goals was evaluated simultansously through chamber testing of the CO
instruments. The chamber consisted of a modified “lung” type sampler with three access
ports for calibration gas input, sampling of the concentrations within the chamber, and an
excess calibration gas exhaust. The concentration of the calibration gas within the
chamber was kept uniform by using four mixing fans located at each corner of the chamber.
Figure 4-1 shows the chamber with the cover openad and approximately 30 units being
prepared for testing. The line to the middle of the chamber provided the calibration gas
input. The terminal block on the lower right connectad power to the fans as well as a data
line for one of the Onset analyzers to monitor the reaktime CO concentration, as seen by
their data loggers. The reaktime unit is seen in the lower right. With the top closed the
entira chamber was sealed and the only vent was from the exhaust port on the right side of
the chamber.

Figure 4-1. Chamber for Calibrating the Cnset CO Analyzers
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Each of the instruments within the chamber was exposed to zero and three upscale
concentrations of CO. The upscale CO concentrations were 11.2, 20.0 and 40.1 ppm.
These concentrations were selected to represent anticipated concentrations within the
normal operating range of a CO analyzer that is operated in accordance with EPA
guidelines. Each unit then had a calibration sticker applied that provided the slope and
intercept as well as a calculated tolerance for any subsequent zero or span test performed
to detarmineg if the calibration had changed. The criteria for acceptable response in these
subsequent tests was £1.5 ppm on the zero and £10% on the span. This sticker can be
seen on the sampler shown in Figure 4-1. A calibration database was maintained for all of
the Cnset samplers with the link to the sampler basad on the unit specific serial numkber.
The database of calibration factors for all samplers showed slopes ranging from 0.86 to
1.08, and zero intercepts ranging from -3.2 to +0.3 ppm. The average slope of all CO
logoers was 0.94, The response of the samplers to the varying CO concentrations was
very linear with the worst of the correlation coefficients being 0.9996.

4.2  Audit Results

Independent audits were conducted of all major components of the study. Interal reports
including audit methods and results are included as Appendix D of this report. Findings
are summarized below.

4.2.1 Clark County CO Network Performance Audits

On November 14 and 16, performance audits were conducted at four County air monitoring
sites (City Center, Sunrise Acres, JO Smith, and Freedom Park). Complete audit results,
including a summary of the audit standards, are included on forms found in Appendix D. A
summary of the results is presented in Table 4-1. Mo problems were noted, with all
analyzers reading within approximately 4 percent of true

Tahle 4-1. Clark County Audit Rasults

Site Slope Intercept Correlation
City Center 0,987 -0.1 1.0000
Sunrise Acres 0.959 -0.1 1.0000
JO Smith 1.011 0.7 1.0000
Freedom Park 0.977 0.1 1.0000

4.22 Static Network Siting Audits

On November 16 and 17, 25 of the Static sites were visited and reviewed against EPA
criteria for siting micro-, middle-, and neighborhood-scale CO monitoring scales. Possible
deviations from thase criteria were noted and forwarded to the field personnel for
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consideration. Based on the audit chservations, one of the static locations (Z19) was
moved to better meet neighborhood-scale siting criteria.

4.2.3 Onset CO Analyzer Performance Audits

On November 14, performance audits were conductad at the Las Vegas field office of all
60 of the Onset CO analyzers available at the time. The audits consisted of exposing the
monitors to three CO concentrations (0, 10.35 and 25.2 ppm). The audits were conducted
using the same standards used during the audit the County's CO monitoring effort (above).
Audit responses were compared against the calibration equations previously obtained for
gach Onset analyzer.

In general, the results of the audit were very good. Some variability was noted between the
audit response and the ariginal calibration response; howeaver, this variability was centerad
around a slope of one, showing essentially no bias. Only two Onset analyzers had
response differences that statistically fell outside of the audit results as a whole (based on
two standard deviations from the mean). One of the units was removed from the study after
further review of calibration data confirmed its poor performance.

As partof the performance audit, two additional calibration-related issues were
investigated. First, several variations on the chamber calibration methodology were
explored to see if they had a bearing on the calibrated response of the analyzers. While
some differences in response were noted, they were minor and not considered significant.
The second issue concemed the possibility of the Cnset analyzer's response baing
affectad by ambient temperature. Several units were put in a small calibration chamber
and placed in a freezer. A span concentration was pumped into the chamber and the
response noted. The chamber was then removed from the freezer and allowed to slowly
warm up. Results of this test pointed to a significant change in the Hobo's response as a
function of temperature, which resulted in further investigations that are discussed
elsewhere in this report.

4.2.4 Sampling Van Performance Audit

The Dasibi modal 3002 CO analyzer and the two Onset analyzers used in the sampling van
were audited using procedures and standards identical to those of the performance audits
described above. No problems were noted.

4.2.5 Data Processing Audit

On February 1, 2002, a systems audit was conducted of the study's data processing effart
at the T&B Systems facility in Santa Rosa, CA. The audit consisted of interviews with key
data processing personnel, and included tracking raw data points through the data
processing effort to verify that procedures were being followed. The only data processing
issue of note concemed the application of the zero factors to the Hobo data. A review of
the data using the originally established slope and intercept calibration equations revealed
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a large number of CO concentrations that were negative, indicating that there might be
problems with the zero (intercept) calibration factors, which were typically in the —0.5 to —
2.0 ppm range. Further investigation showed that the zeros for the Hobos depend
significantly on temperature, and that zero offsets essentially disappeared during cold
nighttime hours. This issue is discussed elsewhere in this report.

4.3 Field Zero/span Checks

During the course of the field program there were routing zero and span quality control
checks performed on the CO measurament equipment. These checks are described
below for the mobile monitoring van and the Onset CO analyzers.

Mobile Van

For the mobile monitaring van, quality control checks that included zero and span gas
checks were performed several times during each of the two intensive operational periods.
The zero and span checks were performed by introducing the cylinder air through a “tee”
arrangement placed on the inlet ling on top of the van. All zero and span checks were
therefore performed through the entire sample systam, including filters and the relatively
long inlet line. The zero check was performed prior to the span check. and both traces
were allowed to stabilize at least 3 minutes before the readings were taken.

The results of the zero and span checks were noted in the field log book and compared to
a criteria of +1 ppm for zero and £10% for the span concentration. All checks with the
Dasibi were within criteria, while the calibration did shift on the reaktime Onset analyzer
after a sensor replacement on 1218, The results of that zero/span immediately after
replacement prompted a change in the calibration equation used for that unit.

Cinset 0O Analyzer

The same calibration chamber used to perform the acceptance testing and development of
the initial response factors was used in the field to conduct routine zero and span checks
on the Onset analyzers. Standardized project zero and span cylinders provided the
calibration gas to conduct the checks. Any specific analyzer was checked at the field office
at time intervals ranging from 2 to 3 weeks, depending on the schedule for deployment and
retrieval of the units from the network. During each of the zero/span check runs, anywhera
from 10 to 35 units were placed in the chamber and 30 minutes allowed for concentration
stabilization. The calibration database was keyed to the Onset CO analyzer serial number
and contained the results of the initial multipoint calibration as well as each zero and span.
Any Onset analyzer failing to maintain either the zero or span tolerance was pulled from
service and evaluated further to determing the reasons for the failure and the potential for
re-calibration and return to service. With the exception of only two units, all Onset CO
analyzers maintained their respective responses within the acceptance criteria of £1.5
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ppm on zero, and +10% on span. Data from these two samplers were flagged for further
investigation during data validation.

44 Data Processing and Data Base Structure

Processing the three million one-minute average data records taken during the Saturation
Study was accomplished applying individual sampler calibration factors, a correction factor
for apparent temperature bias, and deployment records tracking the samplers as they were
used at various locations. The individual sampler calibration factors were computed from
sampler tests in a controlled chamber environment applying EPA Protocol calibration CO
gas flowing through the chamber. The relatively small (small fraction of a ppm) temperature
bias was computed from comparisons of the collocated samplers at two DAQM CO
stations. Preliminary data processing performed in the figld maintained good continuity of
the information on any Study site which characteristically included several different
analyzers during the field study. The one-minute instantaneocus measurements were
compiled into a relationalkstructured data base. Both one-hour and running 8-hour
averages were computed to conform with the time periods needead to show compliance
with NAACQS. The subsequent data summaries were utilized in identifying the time periods
when the highest CO concentrations were experianced.

441 Static and Dynamic Network Measurements

Raw (Data Validation Level 00) CO measurements underwent processing bath in the field
(Data Validation Level 0.5) and in Santa Rosa after the completion of the field study (to
Data Validation Level 1.5). Standard Operating Proceduras for both infield and post-field
data handling and processing are given in Appendix B. Those procedures are
summarized below.

In-Field Processing

Data records in Onset's native format were exported to ASCI format after checking to
ensure date and times were consistent with technician notes. The ASCII file was read into
an Excel format, and each record transformed to include the Site 1D, unit serial number,
and a data validation flagging field. The first hour of data after installation was
automatically flagged as "suspect” based on our experience with regard to the time
required for the instrument to stabilize.

Post-Field Processing
A computer-based processing and objective screening program was developed. All of the

Level 0.5 files that were created in the field were processed through the program.

The one-minute CO readings were first screened to flag as invalid single-record spikes
greater than 10 ppm. The one-minute CO readings were next span-adjusted using factors
developad from multi-point calibrations (refer to Appendix E). The calibration corrections
were applied on the basis of serial number rather than site as instruments moved between
sites.
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A data base of hourly-averaged one-minute records was compiled. At least 20 records
(30 minutes) were required for a valid hourly-average. An hourly-average not meeting this
requirement was flagged as invalid or missing. The hourly-averaged data were next
adjusted for ambient temperature based on an algorithm developed from cold-chamber
test results (refer to Appendix G). Time-series plots of the one-hour averaged data were
produced and examined by experienced personnel for outliers.

A data base of eight-hour averaged CO levels was compiled from the validated hourly-
averaged data set. A minimum of six valid hourly-averages were required to produce a
valid eight-hour average.

Further validation {Level 1.5) of the data base was based on analyses of the data. As
outliers were identified, records were flagged either as "suspect” or "invalid”. Data was
declared "invalid" only if there was compelling supporting evidence. Otherwise the data
are flagged as "suspect”.

Database Structure

The CO measurements acquired during the field study were compiled into an electronic
data base for transfer to the Clark County DAGM. Both hourly-averaged and eight-hour
running averages are available in Microsoft Excel compatible file formats. The file and
record structure is shown in Table 4-2.

4.42 Sampling Van Measurements

The sampling van acquired measurements consisted of a number of components that were
mergad to form the final database of one-minute averages. The van and data recording
system was described in Section 2.

The navigation, Dasibi and Onset data streams were merged in reakime at the end of
each minute. The merging was performed based on the time of the Dasibi data stream as
it was recorded on the CR10 data logger. All clocks in the data logger and computers
were synchronized to the nearest second at the start of each sampling run based on the
GPS reported time as the project standard. The merged data file then provided one-
minute records containing date, time, latitude, longitude, altitude, ambient temperature,
Dasibi CO and Onset CO. As the CO values had any needed correction factors applied in
the initial data stream, the data in the merged file only neaded validation to flag, as
appropriate, any invalid or suspect data points based on observations noted in the
observation log from each of the data collection periods.

Table 4-2.  File and Record Format

File Format:
MicroSoft Windows Excel (XLS) -Version 2000
MNaming convention: NMNNmimddyy, where NMNN refers to
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T&E Systems site names (See Appendix A) and mmddyy
refers to version release data.

Record Format

Column Field Description
A Site Name (Appendix A)
E Cnset Instrument Seral Mumkber
[ Site Latitude
B Site Longitude
E Date
F Start Time (PST) of averaging interval
& CO average (hourly or running 8-hour average)
H Data Validation Flag
="Yalid
5= Suspect
| =Invalid

The chservation logs were manually reviewed and validation flags applied to the merged
data file to flag any values not considered valid. The validation codes used were as
follows:

-90  Interference from local sources such as high emitting vehicles
-95  Data suspect due to calibration or temperature drift
-99  Data invalid due to instrument malfunction

For all practical purposes no data were usad in the analysis that had any of the above
codes. Inthe analysis and data displays, the Dasibi data took precedence when that data
were available; otherwise the data from the reaktime Onset analyzer were used.

45 Comparison Tests

At two DACM sites, Freedom Park and Crestwood, Onset CO analyzers were collocated
with standard (Dasibi) CO monitors at the inlet to the DAGM system. The two sites were
recommended by DAQM personnel based on potential CO exposure and site access
considerations. Measurements were made continuously for the extent of the field study.
Data was lost for approximately one-week (December 23-28) due to a data logger failure.
Both 1-hour and 8-hour averaged Onset data were compared with the DACM monitor data
set. The initial comparison was using Onset measurements corrected only for calibration
span (slope). Results of the comparisons are summarized in Table 4-3. As can be seen,
given the fact that hourly averages <0.50 ppm occurred with more than a 40 percent
frequency during the figld study and that the DAGQM Standard Procedure is to report CO
levels less than 0.50 ppm as zero (0.00 ppm), the data compare reasonably well. Eighty-
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five percent of the differences between the two instruments at Freedom Park, and 74
percent of the differences observed at Crestwood were less than 1 ppm.

It was noted that differences between the collocated instruments showed a distinet diurnal
pattern, i.e. the Onset analyzers read lower than the Dasibi units during the nighttime and
greater during the daytime. This was consistent with results of our cold-chamber tests of
the Onset CO analyzer in which the calibrations appeared to be sansitive to ambient
temperature. The relationship between maonitor differences at the two sites and ambient
temperature can be observed in Figure 4-2, which shows the differences observed at
Freedom Park as a function of ambient temperature. The best fit linear regression to the
data yielded a slope of 0.163 and intercept of -1.78 (shown on figure).

The results of applying this adjustment to the Onset measuremeants are shown in

Table 4-3 as well and can be compared to the non-adjusted data. It should be noted that
the adjustment factor was derived from the Freedom Park collocated instruments, and
applied to Crestwood as validation that this adjustment can be likewise applied to the other
sites in the network. All the comparative paramaters were improved. The Crastwood data
set correlation improved from 0.69 to 0.76 and the standard deviation of the differences
decreased from 0.686 to 0.82. Perhaps even more significant is that after adjustment for
ambient temperature 92 percent of the differences were less than 1 ppm and all (100
percent) were less than 2 ppm at Crestwood. The calculations included DAGQM readings
<{.5 ppm that had been truncated to 0.0 ppm.

The two data sets were subjected to Wilcoxon Matched Pairs tests. Eesults showed that
the actual probability of the differences occurring by chance is less than .01 percent.

Table 4-3. Intercomparison Descriptive Statistics

Standard Deviation .81 .52 0.86 .64
Correlation Coefficient 0.79 .86 0.69 0.85
=<1 ppm* 85% 97% 74% 92%
<2 ppm* 97 % 99% 94% 100%

*percent of CO measurement differences less than indicated amount.
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Figure 4-2. Differences Between Onset and Dasibi CO Analyzers vs Ambient
Temperature - Freedom Park

Feak daily 8-hour averages using the fully adjusted and validated data sets were next
comparad with the County's collocated measuraments. The average difference between
the instruments was 0.26 and 0.29 ppm for Freedom Park and Crestwood, respectively,
well within the accuracy of the equipment. The standard deviation of the differences was
0.55 and 0.53 ppm, respectively. Time series plots of the measurements are shown on
Figures 4-3 and 4-4. |t can be concluded that the Cnset analyzers are comparable to the
County's CO monitors over the range of ambient levels experienced during the study.

46 Data Capture

The overall data capture rate for the Saturation Metwork Static and Cynamic sites was 94.7
percent. Data capture in this study is defined as the number of valid hour average records
in the data base as opposead to the maximum possible, based on the date and time of site
startup. The capture rate for each individual site is given in Table 4-4 along with the start
date and time.
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Table 4-4. Hourly Data Capture Rates for the Saturation Netwaork

Site Start Date |Walid Data Rec| Max Possible | Data Caplurei %)
AT 27-Mov-01 B0 Q43 92.3
AAR 7-Diec-01 L0z 707 71.0
BES 20-Mov-01 1122 1125 ==
BES 20-Mov-01 1122 1125 ==
019 21-Mov-01 1015 1088 93.3
E13 20-Mov-01 1051 1125 93.4
522 27-Mov-01 A7 Q4.4 92.3
H17 27-Mon-01 G40 a43 ==
J11 20-Mon-01 1062 11256 93.5
J24 30-Mon-01 821 a3 G40
L16 20-Mion-01 1122 11256 ==
L20 20-Miov-01 1121 1126 G9.6
M7 20-Miov-01 1121 1126 G9.6
M14 20-Mon-01 1073 11256 G54
P12 27-Mon-01 Q43 Q46 ==
P23 20-Mon-01 1122 1125 ==
Pa 20-Mon-01 1124 1126 99,8
213 20-Mon-01 1122 1125 99,7
220 20-Mon-01 1121 1125 99,6
R15 A-Dec-01 G582 584 29,7
R3 26-Mov-01 2493 245 99,8
Ra 20-Mov-01 1123 1125 99,8
213 20-Mov-01 1121 1125 99,6
216 20-Mov-01 1121 1125 99,6
=17 7-Dec-01 700 703 99,6
318 30-Mow-01 BET a7l 99,5
SoH 30-Mov-01 815 BED 93.8
T11 20-Mov-01 1122 1125 ==
T14 20-Mov-01 1121 1125 99,6
T15 20-Mov-01 249 1125 a4 4
T16 20-Mov-01 1120 1125 99,6
I)-3 17-Die-01 416 468 88,9
14 20-Mov-01 1120 1125 99,6
(03] 20-Mov-01 1122 1125 ==
W13 20-Mon=-01 1121 11256 S5.6
W15 20-Mon-01 35 11256 83.1
VAT 20-Mon-01 1121 11256 95,6
10 20-Mion-01 1120 11256 G996
x15 20-Miov-01 834 1126 741
X6 20-Miov-01 1001 1126 840
*23 30-Mon-01 819 a7l G40
14 20-Mon-01 934 1125 830
A7 20-Mon-01 a0z 1125 1.3
219 20-Mon-01 1122 1125 99,7
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Table 4-4. Hourly Data Capture Rates for the Saturation Netwaork

Site Start. Date  |Valid Data Rec| Max Possible | Data Capture®.)
BB 12 7-Dec-01 G100 T BE.3
¥BE15 7-Dec-01 G059 T 861
BB 14 7-Dec-01 GOE T0E 861
xM19 17-Dec-01 461 463 99,6
X016 &-Dec-01 G40 G2d g93.6
xP11 27-Dec-01 225 225 100.0
xP13 27-Dec-01 224 225 99,6
xP15 159-Dec-01 414 416 8.5
xP17 19-Dec-01 413 415 99.5
xP19 15-Dec-01 414 415 99,8
®218 17-Dec-01 462 463 99,8
xR17 27-Dec-01 224 224 100.0
16 26-Dec-01 246 246 100.0
W21 7-Dec-01 G5 704 861
EW20 7-Dec-01 GG 705 BE.0

X118 7-Dec-01 656 705 93.0
Y12 17-Dec-01 411 462 85,0
xZ10 27-Dec-01 222 222 100.0
il [ 7-Dec-01 G657 T 92.9
SLMMARY: b2144 SR05T ad.7
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5. FIELD PROGRAM

Operational aspects of the field measurement program are provided in this section to
further document the CO measurements taken during the Study.

5.1 Project Weather Conditions

Synoptic and local weather conditions were monitored and analyzed each day for the
duration of the project beginning on November 18, 2001, and ending on January 5, 2002,
The metecrological information routinely gatherad during this period was used to
determine the daily atmospheric dispersion conditions cccurring in the Las Vegas Valley,
and to generate dispersion forecast information that was used for planning Intensive
Operating Period (I0P) deployment. Weather data that was routinely gathered included
surface and upper air synoptic maps, satellite images, local {Desert Rock) upper air
soundings, surface wind data from key valley sites and Mational Weather Surface (NWS)
published discussions of forecast model output.

Acridge of high pressure dominated the weather over the Westem U.S. for several days
prior to Movember 20, and continued to influence dispersion conditions in the Las Vegas
Yalley into November 21. The result was relatively stagnant conditions with clear skies and
light winds with significant low-level inversion development during the nocturnal hours, and
only weak mixing during the daylight hours. Synoptic scale wind flow was minimal, thus
enabling local valley transport patterns to predominate. Pollutant concentrations did
elevate during this period particularly during the nocturnal periods, but the mixed layer
deepenad enough from diurnal surface heating during the daylight hours to allow moderate
daytime dispersion, and not allow significant carryover of concentrations from one day to
the next.

By the morming of November 21, the ridge had weakenad and slid eastward as westerly
flow aloft brought more moisture and less stability to the project area. The resultant deeper
mixing conditions produced increased dispersion by afternoon and a corresponding
significant drop in pollution concentrations by evening. This marked the beginning of a
cooler and more unsettled period of weather that prevailed through the remainder of
Movember. A series of alternating short-wave troughs and ridges migrated out of the
Eastern Pacific and across the Western U.5. during that time. No precipitation occurred in
the project area, but deep mixing layers and strong gradient winds resulted. Even during
the short-lived short ridge events, synoptic-scale wind flow enhanced strong Colorado
River regional flow to keep both thermodynamic and mechanical mixing optimal.

The unsettled pattern of late November continued into early December as fast moving short
troughs and ridges migrated off the Pacific and across the Great Basin. However, by
December 5 a somewhat broader and longer-ived ridge followed a short wave trough into
southeastern California, Nevada, and Arizona. The ridge brought weaker gradient flow,
warmer temperatures aloft, and generally stagnant dispersion conditions to the project
area during the 5™ and ™. The IOP crew was alerted to this situation two days previously,
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but deployment was cancelled on the 5" because of forecast strong winds expectad on
12/07/01. A strong surface highpressure area developed in the northern Great Basin on
the 7" and slipped southward into the southern area by December 8. The initial
development of this ridge on the 7" increased the surface gradient considerably during that
day resulting in strong enough winds in the project area to clean out any accumulated
pollutants remaining from the quasi-stagnant conditions of the previous two-day. By the
evening of December 8, surface and upper ridging had settled over the area again leading
to poor dispersion conditions. However, those conditions only persisted through the
morning of December 9, as greatar mixing and less nocturnal stability associated with an
approaching trough produced good dispersion by aftermoon.

By the aftarnoon of December 9. a cold front associated with a long-wave eastern Pacific
trough was moving across northem and central California. The effects of a lifting air mass
ahead of this approaching system were felt in the project area by the afternoon of that day.
The frontal system marked the beginning of a period of a broad-scale trough along the
Facific coast and associated good air quality in the project area that lasted through
December 15.

A fast-moving storm system impacted southern Nevada late on December 14 and had
moved eastward into the Inter-Mountain area by early on the 15™. This system signaled the
end of the unsettled weather pattern that had dominated the project area during the
previous week. A broad high-pressure area began to build over the region on December
15 initially bringing decreasing clouds but breezy and somewhat unstable conditions on
that day. In anticipation of the development of stagnant conditions associatad with this
high-pressure ridge, the ICP crew was alerted on December 14, and deployed on
December 16. By the evening of the 16", pressure gradients had decreased and wind
flow had diminished sufficiently to allow the air mass in the project area to stahilize. During
the period from December 17 through 19, the broad ridge of high pressure was prominant
enough to block the influx of several short wave troughs into the southern Great Basin,
allowing the air mass over the project area to remain stable. Shallow nocturnal inversion
layers and light surface flow characterized the dispersion conditions during the nighttime
periods on the 17", 18", and 19™. Vertical mixing during the daytime periods were
somewhat restricted, but surface heating from insolation deepened the boundary layer
enough to inhibit the accumulation of CO from day-to-day carryover,

By late on December 19, the Great Basin ridge was flattening and a new Pacific trough
was forming offshore. However, the limited dispersion conditions in the project area
persisted through the 19" and well into the 20™ before the advancing weather system
affected the area. In addition, overrunning high cloudiness during the daylight hours on the
20" inhibited daytime mixing and allowed the persistence of elevated CO readings well
into the late morning. Limited dispersion conditions continuad in the project area until the
onset of stronger gradient wind flow that evening. The area then experiencead the influx of
colder, less stable air accompanied by windier conditions that persisted to Dacember 24,
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Avwvery strong but narrow ridge of high pressure developed off the Pacific coast on
December 23 behind the troughing pattern that was affecting the Great Basin at that time.
The ridge moved onshore early on the 24™ producing stable atmospheric conditions in the
project area by late that evening. The new air mass was initially quite cold, and the daytime
mixing layer was fairly deep with some leftover Colorado River regional drainage
persisting on the 25™. Local radiation inversions formed during the evening of the 25™
accompanied by diminished winds. The 0P crew was alerted on December 24 for
possible deploymeant onthe December 26. Intensive sampling began the evening of the
26" Although the West Coast ridge produced relatively stable conditions in the project
area through December 28, the center of the ridge never moved eastward out of California,
and the area remained in northery flow with relatively cool air advection aloft. As a result,
dispersion conditions were poor at night, but the atmosphere destabilized enough during
the daylight hours to prevent carryover during the 10P. By 12/28/01, the strength of the
ridge had been significantly eroded, and sub-tropical moisture from a disturbance in the
Pacific off Southem California was advecting aloft into the area. Dispersion conditions
were still relatively poor during the morning of the 28", but stagnant conditions were gone
by that evening.

An upper level disturbance that caused the influx of sub-tropical moisture aloft moved
through the project area during December 29, and was followed by a weak short wave
ridge on December 31, 2001 and January 1, 2002. The ridge was rather diffuse and
transitory, but it did allow some stabilization during the evening of the 31% and moming of
January 1, 2002, A short wave frontal system moved through central California on January
2, and enhanced dispersion in the project area during the 2™ and 3™. A somewhat
stronger ridge of high pressure built in over the Great Basin on January 4th. The
atmosphera did not immediately stabilize in the project area, however, because the
incoming ridge induced a rather strong north-to-south pressure gradient, and the resultant
breezy conditions kept the boundary layer relatively deep and well-mixed. By January 5,
the gradient had relaxed, and the ridge stabilized the air mass in the Las Vegas Valley.
Relatively stagnant dispersion conditions prevailed through January 3, but no carryover
occurred due to sufficient daytime mixing. Dispersion conditions during that period were
similar to those measured during the two 10P periods in December.

52  Continuous Monitoring

The operation of the Saturation Network took place in two phases. They were: 1) the siting
and installation of the Static sites; and 2) the expansion, maintenance, and data recovery
operations phase. The initial phase took place during the period from Movember 10 to
Movember 22, and the second phase was accomplished from November 22 through
January 20, including the five-day decommissioning period after the termination of
monitoring on January 5.

5.2.1 Static Network Establishment (November 10 to 22, 2001)
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Field site selection activities began shortly after November 10. The original 35 Static sites
were installed by November 22. Site locations were determined using the criteria and
philosophy discussed in Section 3 of this report. A typical installation consisted of
attaching a mounting hook to an existing pole or structure at the locations determined
during the siting process. An installation was considered complete when the instrument
enclosure and operating Onset CO analyzer was installed at a site. Table 5-1 presents a
list of the original Static sites and the dates that valid data collecting started. During the
installation, site GPS coordinates and elevation were determined. A map of the site
locations is included in Section 3 of this report. Site Descriptions, which include
coordinates, elevations, site objectives, physical descriptions and pictures, are given in
Appendix A. Standard Operating Procedures (SCP) for the launching and deployment of
the Onset CO analyzers are included in Appendix B. A complete summary table
documenting all the site deployment activities is presented in Appandix C.

Table 5-1. Data Start Dates for Original Static Network

Site 1.D. Data Start Date Site 1.D. Data Start Date
AT 20-Miowy S18(1s8h) 20-Maow
BES 20-Mow T14 20 Mo
BES 20-Mow T15 20 Maow
E13 20-Mowy T16G 20-Maow
H17 20-Mow 114 20-Miow
J11 20-Miow (5] 20-Miow
L16 20-Mow W13 20 Mo
L20 20-Mow W15 20-Mow
M4 20-Mowy VAT 20-Maow
M7 20-Miowy X6 20-Maow
P23 20-Mow X5 (1st) 20 Mo

Pa 20-Mow »10 20-Maow
213 20-Mow Y14 20-Miow
220 20-Miow rati 20-Miow
A 20-Mow Z19{1st) 20-Mow
513 20-Mow 14 21-Maw
516 20-Mow R3 22-Mow
T11 20-Mow -3 22-Maow

Maote: All sites operated through Jan. 5, '02.

The initial network of sites was discussed with the DACQM staff at the DACIM offices an
Movember 21. As a result of that meating, Static sites D19, B3, and U-3 were established
and became operational on November 21 and 22. The addition of those sites to the
Metwork of 32 that was operating by November 20, made the total number of criginal
operational Static sites 35,

Aninternal performance and siting audit was conducted during the initial start up period.
Multipoint calibration checks of the Onset CO analyzers were conducted, and 25 of the
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Static sites were checked during the audit. Audit activities are discussed in Section 4.2 of
this report.

5.2.2 Network, Expansion, Maintenance and Data Recovery
{(November 22, 2001 to January 20, 2002)

The base of knowledge of the dispersion characteristics of the project area was
broadenad as information was gathered from the initial Static Network, the DAQM Network
measurements, and observations by field personnel. This additional insight enabled the
expansion of the Saturation Network to more effectively measure the CO exposure. As a
result, the original 35-site Static Network was expanded to 44 sites during the period from
Movember 27 to Decamber 8. The deployment crew made siting decisions for the addition
of sites G22, P12, R15, 317 and $18. The new 518 site was relocated within the secure
area at tha M.A.S H. facility after the criginal unit was stolen from its location on
Foremaster Lane. In addition, a meeting between DACM and study personnel on
Movember 30 resultad in the establishment of the AAB, J29, SoH and X23 sites. Table 5-
2 lists the added sites and the operations start date. In addition, descriptions of the sites
can be found in Appendix A.

In anticipation of a possible initial |IOP event, the first eight Dynamic sites were established
and installed during December 7 and 8. Siting decisions were once again made by the
deployment crew, and were based on additional information obtained during the first two
weeks of the monitoring program. Anticipated |OP conditions did not materialize, but it
was decided to leave the eight Dynamic sites in operation in order to gain more
information. The sites remained operational for the remainder of the program. In like
manner, ancther six Dynamic monitoring sites were established during the first IOP
operation on December 17 to 19, and five more wera installed during the second 10F on
Dacember 26 and 27. All those sites also remained operational through the end of the
study. Table 5-2 also lists all the Dynamic sites and the dates when data logging started.
Maote that Dynamic site names all contain a prefix lower case (x). Site descriptions for all
the Dynamic sites can be found in Appendix A of this report.
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Table 5-2. Data Start Dates for Expanded Static and Dynamic Netwaork

Site 1.0, Data Start Date L[5 07-Dec
219 (2nd) 23-Mov R1& 08-Dec
522 27-Mov X016 (8-Dec
F12 27-Mov Z15(2nd) 15-Dec
J29 A0-Mow xXM19 17-Dec
=18 (2nd) A0-Mow X218 17-Dec
SoH 30-Mow xY 12 17-Dec
X23 A0-Mow xP15 19-Dec
AAR 07-Dec xP17 19-Dec
517 07-Dec xP19 19-Dec
xBE1Z2 07-Dec 16 26-Dec
xEB15 07-Dec ®Z10 27-Dec
xBE14 07-Dec xP11 27-Dec
V21 07-Dec P13 27-Dec
W20 07-Dec xRA7 27-Dec
W18 07-Dec

| sitelD. | Data Start Date |

Motes: All sites operated through Jan. &, 02
Prefix x denotes Dynamic sit

Maintenance of the Saturation Network consisted of periodic site visits by the field
technicians to download data and repair or replace damaged equipment. A complete
summary of the site visit and data recovery activity is available from the Deployment and
Recovery Summary in Appendix C. During the initial period of monitoring, one sampler
was stolen from the original 518 location on Foremaster Lane before any data could be
recoverad. In addition, four samplers failed to operate propery during the initial 10 days of
monitoring resulting in data lose. Site vandalism also occurred at the original X15 site,
resulting in data lose there despite eventual recovery of the Onset analyzer. The site was
subsequently relocated. Three more analyzers failed to operate late in the project. Sites
T15 and 217 failed during the first IOP, and site AAB collected no data after December 30.

In order to check and document the operational consistancy of the Onset CO analyzers,
three rounds of zero/span calibrations were run on each sampler during the field study. The
first round of zero/span checks was performed at the T&B Systems field office during
Cecember 3 to &; the second round took place after the first [OP during December 21 to
24 and the third run took place after the end of the monitoring program, on January 8 to 9.
The checks, which are described in more detail in Section 4, were run using the same
sealed controlled airflow chamber used during acceptance testing and the internal audit.
Certified standard zero air and 43.3 ppm CO span gas wera used in the chamber for
durations of 30 minutes each. Appendix B contains the SOF's describing the zero/span
procedure. The results are provided in tabular form in Appendix E.
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Recorded CO data were downloaded from the Onset analyzers on an as-required basis
during the period of field operations. Mo more than a 12-day interval between downloads
occurred for any given sampler, and more often the interval was much shorter. A particular
effort was made to download data just prior and after IOP operations, and also during the
initial week of the project in order to assure that problams were identified early. See
Appendix C for a complete summary of the sampler deployment and data downloading
history.

Data was typically downloaded at the T&B Systems field office, where it then underwent
initial processing and QC. The processing included the conversion of the raw data files to
ASCI text format, and then to MS Excel format. An initial visual check of raw data plots
was also paerformed immediately after the download. The Excel formatted data was then
labeled and trimmed of extranecus data recorded outside of the valid monitoring period.
The data set was then examined again, and invalid or suspect data were flagged. At that
point, the data was considerad to be at Validation Level 0.5, and it was sentto the T&B
Systems main office for further processing. Appendix B in this report contains the S0OF's
for the field data recovery and initial data processing sequence.

53  Intensive Operations Period (IOP) Activities

The synoptic weather conditions during the field effort provided two pericds when a full IOP
effort including the operation of the sampling van (for instantaneous mobile measuraments)
and Saturation Network {continuous monitoring) was possible. These periods were
Dacember 16 through Decamber 20, 2001, and December 26 through December 29,
2001,

Figure 5-1 shows time-series histogram plots of the daily peak CO 8-hour averages for
two Saturation Network monitoring sites; one reprasentative of the inner core area and the
other representative of the outer fringe, away from direct urban influence. There were three
distinct time periods whean high CO loading in the inner core area was evident. The CO
peaks were centered on December 8, December 19, and

Dacember 27. As discussed above, the latter two periods were [OPs and full operations
were conducted. The period from December 4 through December 9 provided the first
opportunity for an 10OP operation, and in fact the IOP field crew was ready to travel to the
field on the morning of the 5™ when the I0P was aborted due to forecast increasing winds
for December 7. Stronger winds did materialize on the 7™ as a short wave system slipped
through the Great Basin. Ancther short ridge of high pressure built into the area on
December 8 and 9, but that feature was cut short by more troughing activity by the 10", As
can be seen from Figure 5-1, CO lavels were building up on December 4-6, dropped
significantly on December 7, then increased again on the 8th and Sth before CO levels
dropped to background values again on the 10th. Itis clear that IOPs were conducted
during the most favorable conditions for producing high CO concentrations that occurrad
during the field study.
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Figure 5-1. Time-Series of B-hr Averaged CC Peaks from Saturation Network

5.3.1 I0P Coordinated Operations

The Saturation Network was expanded three times during the 10P periods to include
Dynamic monitoring sites. Placement of the Dynamic sites was determined based on
intelligence gainad from stationary (Static sites) and mobile sampling. During the first 10P,
54 sites comprised the Saturation Network. Six Dynamic sites were added during the first
IOP. At the start of the second |OP, the Saturation Network consisted of 63 sites.

The sampling van was maintained in a ready mode by the operators throughout the study
and was mobilized once the decision for IOP sampling was made.

IOP field sampling operations were run out of the T&E Systems field office in Las Vegas.
Sampling van instrumentation warm-up and shutdown, as well as zero/span calibration
checks, was done atthat location. The sampling strategy, including the routes and times,
was determined based on the conditions existing during the operational days. Current
weather and CO concentrations, available in near reaktime from the DACM Network, and
real-time feed back of monitored data from the van were used to adjust operations
sequence in a reaktime while thus optimizing measurements.
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5.3.2 Mobile Van Sampling

Data from the van served two purposes, to map the spatial distribution of CO throughout
the Las Vegas Valley, and to aid in the selection of the regions to place the dynamic
samplers. Table 5-3 summarizes the mobile van sampling runs within the 10F periods and
provides a brief overview of the goals of the sampling and an indication of the maximum
observed CO concentrations during the mapping exarcises. Figure 5-2 is an example of a
map showing the route of the sampling van and times when sampling was performed.
Maps depicting the van routes for each sampling run are given in Appendix H.-
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Table 5-3. Summary of Sampling Van Cperations

Run Period of Description of Sampling Perfommed Maximum
# Ciperation CO (pprm)
1 1216 + Evaluation of the system to sample on busy strocts 56

183 7-2200 »  Test and identify appropriate streaets fortraversing
o Perform initial surveys of key identified areas
2 1217 +  Map extent of CO plume down Boulder Highway 0.6
0731-095R + Investigate CO levels in haze plumetoward Henderson
+ Investigate the NS extent of the CO values in 5-points area
+ Investigate the EXW extent of the CO plume along Charleston
3 12417 «  Mapthe EAV and MiS extent of CO plume in downtown and 5- 8.0
1712-2218 points area
# Implement a “confirmation loop™ to verify higher SO levels along
the major roadways by performing short trips through
neighborhoods adjoining the primary traverse roads
» Investigate the relationship of observed wood smoke smell o CO
levals
4 1218 » Focus ontarget areas and map neighborhoods around 9.0
0717-1029 maximum concentrations near existing monitaring stations
+ Investigate the southern extent of the CO plume
+ Investigate the western extent of the CO plume
5 1218 + Investigate the northwest extent of the CO plume during the 9.5
1807-2215 evening rush hour traffic
# Perform a detailed investigation of the higher CO levels inthe
target area and spatial extent of the highest concentrations
G 1219 * Investigate the northwest extent of the O plume during the 8.3
O708-1017 morning rush hour traffic
»  Evaluate the MN/S and EAV extent of the CO plumea
» Investigate the regions around salect AQM stations to verify
appropriate siting for high 0O levels
+ Investigate the southeast extent of the CO plume to try and
observe CO entrained in the drainage flow
7 121812120 «  Evaluate the N/S extent of the CO carryover from the daytime 8.5
1830-0009 » Characterize the evening profile along Rancho Road inthe
northwest
» |dentify the potential drainage flow pattem and frack the path of
the CO plume when drainage is established
2] 12126 « Ewvaluate the postrush hour traffic to lock at the spatial extent of 7.7
271 6-2330 the CO plume
s Observe the somewhat reduced traffic citvwwide during the haliday
period
+ Evaluate the first day plume of a multi-day event
] 12027 «  Aftemptto observe carryover from previous evening 7.9
0703-1001 +« Evaluate the CO distribution during non-school and reduced work
travel schedule
» |dentify other potential areas where CO may be present
» Evaluate the entire valley CO from northwest to southeast
+ Explore areas south of Owens and west of Eastern for areas of
alevated CO
10 1227-12/28 »  Perform extensive spatial mapping to find additional potential CO a7
1711-0206 maximums
+ Identify if the drainage flow is draining CO toward Lake Mead
+ Investigate the CO levels in the northwest and around those
Casinos
11 12/28-12/29 ¢  Parform north o south traverse down strip to observe CO 8.3
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Figure 5-2. Sample Map of Mobile Sampling Times and Locations for the Evening of Decembsr 16, 2001
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6. RESULTS
6.1 Saturation Netweork Sampling - Static and Dynamic Sitas

The 1-hour and 8-hour averaged datakases from the 63-site Saturation Metwork were
examined to determine the geographic distribution of CO during peak periods. The
Saturation Metwork included three sites that had besn classified during the siting
process as representative of the micro-scale, and were intended to measurs impacts
from very localized sources. Three other sites, although not originally classified as
micro-scale, exhibited charactern stics that suggest significantimpacts from local sources
on an intemittent basis. This subset of sites is addressed separately in the following
discussion.

6.1.2 Maximum CO Levels
6.1.2.1 Maximum Ower Pariod of Field Measurements

The major objective of this study is to determing if the DACQM CO Network captures
peak CO ambient concentrations, and is representative of the CO exposure levels in the
Las Vegas Valley. As can be seen from Figure 6-1, this appears to be the case. In the
figure, isopleths of the peak running &-hour averaged CO levels generated from the
Saturation Metwork data for the perod of the field study (November 20, 2001 to January
5, 2002) are shown. The locations of the existing DAQM sites that measure CO are
shown as well. Of particular note is that there is a concentration of DAQM sites in the
most severaly impacted area. The Surrise Acres (SA) site was ideally located o
measure maximum levels as defined by the Saturation Network., Generally low CO
concentrations (peaks <2.5 ppm)were experenced inthe finge areas outside the inner
core. A sense of the CO gradient between the core and the outer areas inthe Las
“egas Valley is provided on the ime-series plots shown in Figure 5-1 of this report. A
representative sample of peak concentrations at select locations throughout the Valley
i= given in Table 6-1.

Table 6-1. Peak &-hour CO Concentrations (ppm) from Select Sites
in the Saturation Metwork

. . : 2nd 3rd
Location Site 1D Highest Highest Highest

Inner Core - Las Yegas 16 7.8 7.07 7.0
Airport Access Road RS 2.92 2.88 2.88
Mew Development - So. SoH 1.85 1.84 183
Highlands
Westside Community - E13 1.96 1.95 1.94
The Lakes
Southside Community - BRE 2.29 2.28 2.26
Galleria Mall
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Figure 6-1.  Peak §-hour Average CO (ppm) for Period Movember 20to January 5 Showing DACQNM CO Sites

Ci0 Saluraion Final Report a-2



Figure -2 shows the Saturation Metwork sites that were used to develop the CO map
on Figure 6-1. The philosophy associated with the sslection of Saturation sites is
discussed in Section 2 of this report. As can b= seen from Figure 6-2, the Saturation
Metwork included representative sites from throughout the developed areas of the Las
YVegas Valley.

6.1.2.2 Maximum During IOPs

It should be noted that Figures 6-1 and &-2 were constructed using the peak 8-hour
concentrations experiencad during the field study without regard to date. In fact, 50
percent of the peaks shown occurred on either Decemlzser 26 or 27, and 80 percent
during one of the two [0OF's (December 17-20 and Decamber 26-28). However, the
number of sites in the Saturation Metwork increased from 26 on Movember 20 to 63 by
the end of the second [OP. Ten additional sites were installed after reviewing the Static
and mobile measurements acquired during the first 10P thus providing additional
coverage in potential locations of elevated CO levels. The reader is refered to Tables
5-1 and 5-2 in this report for a complete list of the dates data acquisition started at sites
inthe Saturation Metwork.

The maximum or peak &-hour CO concantrations occurring during the two [OF's are
shown in Figures -3 and &-4. All sites in the Saturation Metwork are included in the

dataset from which the figures were developad, including micro-scale sites. Although all
days that comprised the 10Ps were included, the peak concentrations experienced
during the first 10P were evenly distributed b=tween the 17th and 18th, and mostly on
the 27th during the latter 1OP.

In general, the geographic distribution of CO was similar during both episodes in that
the inner core area was impacted the greatest, and high concentrations tended to follow
the terrain sloping southeastward parallel to the Las Vegas wash. The latter feature is
due to transport by terrain-induced drainage flows during the nighttime. CO levels
within the drainage flow were measured in more detail during mobile sampling thatis
discussed in Section 6.2

Motable differences in the geographic distribution of CO between the two episodes are
that high concenfrations were more wides pread and background levels throughout the
Walley were somewhat lower during the late December [DP.

Although the DAQNM Metwork covers the maximum impacted area, secondary areas to

the southeast and northweest of the Las Vegas City Center whers impacts owing to
drainage-iow transport are not well defined.
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Figure 6-2. Peak 8-hour Average CO (ppm) for Period Novermnber 20 to January 5 Showing Saturation Metwork Sites
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Figure 6-3. Peak 8-hour Average CO (ppm) for Pericd Decembser 16 to 20, 2001 Showing DAGKM Metwork Sites
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Figure 6-4. Peak 8-hour Average CO (ppm) for Perod December 27 to 29, 2001 Showing DAQM Network Sites
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6.1.3 Micro-scale Measurements and Abarrations
6.1.2.1 Micro-scale Sitas

Three of the Saturation Metwork sites were dassified as micro-scale and were induded
to aid in understanding the =havior of local sources. The 516 site was located at a tax
lzading area adjacent to the Fremont Street Experience. A second site, Q13, was
curbside to Las Vegas Blwd, in front of a theme park (Wet and Wild), and exposed to
heavwy vehicular traffic. The third site, Y15, was located at the DAQM's designated
Microscale site (MS) {CO monitoring has been discontinued at this site).

The highast CO levels experiencad in the Saturation Metwork were at the 316 or "Taxi
stand” site. Peak instantaneous levels in excess of 40 ppm were measured. Hourly
averages ranged as high as 18.3 ppm. Both levels were the maximum measured in the
Saturation Metwork. Owing to the more intermittent nature of the source activity (waiting
taxis), 516 did not experenca the highest 8-hour averages in the Saturation Metwiork.
The typical diurnal variation in hourdy concentrations is shown in Figure §-5.

=]

Hourly g (ppm)
=]

5]

(=]

21561718190 2122220 1 2 34 567 2 9101112
Hour (P 5T}

Figure 6-5. Diurnal Vanation in Hourly CO at S16 (Taxi Stand)
December 11to 12, 2001

6.1.3.2 Aberrations

Thres other sites that were initially classified as either middle- or neighlcorhood-scale

stood out as outliers when the measurements at those sites were compared to the other
sites in the network. The sites, N14, L16, and P12 exparienced isolated high CO levels
that, from our examination of the high-resolution minute readings, were considered valid
measurements. The former two are located in residential neighborhoods with only local
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traffic thus it can only b2 assumed that the high levels were caused by vehicles parking
with engines running for extended pericds (5-10 minutes). This resulted in
unexpectedly high hourly averages on an occasional basis but did not appear to
significantly affect the 8-hour averaged levels. The third site (P12) was located in front
of the Fashion Show mall on Las Yegas Blvd., The analyzer was located approximately
25 meters from the intersection of Las Vegas Blvd. and Fashion Show Rd., near the
front entrance to the Saks Fifth Avenue Department store. The site should be
adequately distanced far enough away from Las Vegas Blvd. so as not be overehelmed
by wehicular traffic. Mevertheless, high CO levels were persistent to the exdent that the
hourly averages were elevated albove those of the surrounding saturation sites. These
three sites were excluded from houdy analyses but induded in the results for 8-hour
average CO readings.

An examination of the maximum concentrations e xperiencad during the field program
provides additional useful information. Table 6-2 provides the peak § -hour averagesd
CO levels measurad by the Saturation Network ranked by concentrations. The data set
used to produce the table itself was a subset of the total data consisting of the top five
levels measured at each site in the Metwork hence the maximum entries possible in
Table 6-2 is five. Also included is the site name, date and time of occumence. Mote that
the peak levels in the table were experienced at four of the 63 sites inthe Saturation
Metwork., The 516 site at the tax stand is a micro-scale site not necessarly
representative of a significant health risk exposure to more than a small group of
people. The three other sites, xU16, %15, and T16 are of primary interest. They are all
located inthe so-called inner core area. The W15 monitor was located at the DACM
Microscale site at which the routine measurement of CO was discontinued, as it was not
considered representative of the general population exposure in that area. However,
the Saturation Metwork xU16 site was located nearby in a neighborhood at a reasonable
distance from heavy vehicle traffic orindusfrial sources. As can be seen from the data
in the table, the highest levels were measured at that site. The Saturation T16 site was
also located in a neighborhocd several blocks west of the Sunrise Acres site.
Measurements at the T1E site were among the highast levels experiencad during the
study.

The maximum 8-hour SO concentrations at all Saturation sites are shown in Table 6-3.
The date and time of ocourrence is also given. Mote that most of the peak levels were
measured during the two 10Ps. Meady all of the 10 sites that were exceptions ars
located outside the urban area. 119, situated near the county’s J.D. Smith site,
experienced maximum CO levels on December &, which had besn a candidate |OF day.
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Table 6-2. Twenty 8-hour CO Concentrations Measured
in the Saturation Metwork

Site ID Diate Start_hr | Colppm)
xHE  [27-Dec-01 18 7.18
xU1E  [27-Dec-01 17 T.07
516 |27-Dec-01 17 7.05
«U1E  [26-Dec-01 15 T.01
516 |11-Dec-01 E] G
516 |27-Dec-01 18 B.97
xU16  |27-Dec-01 19 697
516  |27-Dec-01 16 5.95
xU1E  [26-Dec-01 18 6.9
516 |27-Dec-01 15 B.92
V15 |27-Dec-01 18 B.55
V15 |27-Dec-01 19 6.45
W15 |27-Dec-01 17 B.41
wi1b |27 -Dec-01 18 611
W15 |26-Dec-01 18 EB.0
T16  |19-Dec-01 [ 5.81
Ti6 [18-Dec-01 19 (=3
Ti6 [19-Dec-01 T =T
TI6  [27-Dec-01 19 5.1
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Table 6-3. Maximum 8-hour &0 Concentrations at All Saturation Metwork Sites

Site Date  |Start_hr] CO{ppm) Site Date  |Start_hr] CO{ppm)
19 20-D=c-01 13 237 TG 18-Diec-01 8 581
17 20-D=z-01 12 3,50 T1E 20-Di=c-01 2 216
14 27-D=c-01 19 L.5B T14 26-D=c-01 19 £33
216 [22-Oec-01 19 2.1 T11 26-Di=c-01 2 375
L0 |27-Cec-01 19 4.23 SoH 17-D=c-01 2% 1.95
k12 |27-Dec-01 19 4.65 518 27-D=c-01 18 4.058
18 |27-Cec-01 18 4.05 517 26-Di=c-01 19 473
W20 |27-Dec-01 17 2.32 513 20-D=c-01 2 4.63
21 |27-Dec-01 17 242 Ra 13-Di=c-01 19 292
W16 [27-Cec-01 18 7.18 R3 26-Mow-01 1 1.09
R17 |27-Dec-01 18 3.23 R15 27-D=c-01 19 4.39
218 |27-Cee-01 18 £.25 020 |27-Cee-01 18 355
<P19  |27-Dec-01 18 278 213 19-Di=c-01 B 444
P17 |01-JanO2 18 .66 Pa 18-Dic-01 1 229
<P15  [19-Cec-01 18 2.94 P23 08-Di=c-01 18 2.058
«P13  |27-Dec-01 20 257 P12 29-Mow-01 4 278
xP11  [27-Dec-01 19 2.19 M14 30-Mow-01 5 285
216 |27-Dec-01 19 2.62 |17 18-Di=c-01 3 2.05
W19 |27-Dec-01 18 247 L20 27-D=c-01 18 248
<BE18 [17-Dec-01 23 1.97 L16 05-Di=c-01 3 2.0
xBE15 |27-Cec-01 19 249 1z 17-D=c-01 22 1.06
xBE12 |27-Dec-01 22 258 J11 28-D=c-01 18 2.04
X273 17-D=z-01 3 1.96 H17 20-Di=c-01 7 230
M6 |27-Dec-01 19 £.14 G22  |20-Dec-01 [ 236
H1E [27-Dec- 19 | E13 05-Di=c-01 [ 1.98
W17 27-D=c-01 18 EA45 C19 16-Di=c-01 3 1.99
W15 27-Di=c-01 18 5.56 EE9  |27-Dec-01 19 3.92
W13 27-D=z-01 18 E53 EB5  |19-Dec-01 3 2.29
LG 17-Di=z-01 23 1.08 S8R |27-Dec-0 18 3.20
-3 17-Di=c-01 =3 1.05 A17 04-Oec-01] 10 2058
119 08-D=c-01 18 £.5E
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6.2 MOBILE SAMPLING

The results of the sampling performed using the sampling van are presented in two
sections. The first section describes the measurements during the first IOP from
December 16 to 20. The second section describes measurements during the second
|OP from December 26 to 29. Within each section are discussions for each of the
periods when sampling was performed. Included with each discussion are color-coded
maps depicting the cbserved spatial distribution of CO over the respective sampling
period. As appropriate, more detailed discussions and finer resolution maps are
provided to present the sampling results. One of the key areas of focus was in the inner
core region around the intersection of Charleston Blvd., Eastern Avenue, and Fremont
Street. For simplicity this area is referred to in the discussions below as the CEF area.

6.2.1 December16-20

Seven sampling events were conducted during the first [IDP. The results from each of
the events are described below.

Decamber 16 Evening

Figure 6-7 presents the overall CO observations during the sampling period. Key
findings from the run include:

« While not high in relative concentration, there were several instances
when rises in CO concentration were accompanied by the smell of wood
smoke. These observations were made on Owens Avenue between North
Pecos Road and North Lamb Drive.

« |t appeared that heavy traffic, such as traffic along Decatur or Charleston
in peak commute times, added about 1 to 2 ppm to the general
background of CO in the area. Medium to light traffic, with no high
emitting vehicles nearby, had little or no influence on the observed CO
concentrations.

¢ Little CO was seen in the region west of 15 and south of 95.
Additionally, the region in the northwest from Charleston to W. Lake Mead
and from Rainbow over to Buffalo saw no significant levels of CO.

o Ofthe eastiwest traverses made, the highest concentrations were
observed in the areas around Eastermn Avenue.

December 17 Morning

Figure 6-8 presents the overall CO observations during the sampling period. Key
findings from the run include:
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¢ Morning concentrations in the CEF area were greater than 6 ppm with
some observations to over 9 ppm along Desert Inn Road, betweean
Eastern and Boulder Hwy, south of this region.

+ Atraverse down Boulder Hwy showed the drainage flow had been
established with concentrations above 4 ppm in the region northwest of
Missouri Ave. Concentrations remained above 2 ppm down to Warm

Springs Road.

+ Traveling down toward Henderson to the region where the haze was
observed showed relatively low concentrations of CO.

+ The primary CO plume during the north/south traverse along Eastern
showed the highar levels of CO to be between Lake Mead Blvd and
Desert Inn Road.

December 17 Bvening

Figure 69 presents the overall CO observations during the sampling period. Key
findings from the run include:

+ The region of highest concentrations was bounded on the east by Lamb
Elvd and the north by Carey Ave.

+ Atraverse along Charleston Elvd. showed the highest concentrations
centerad in the CEF area. A north/south traverse along Eastern Ave.
showed the highest concentrations in the vicinity of Stewart Ave.

¢  Multiple traverses along Vegas Drive/Owens Ave showed a peak in the
vicinity of Rancho Drive {(Business 95) and at about the crossing with
Eastern Ave.

+ |mplementation of the “confirmation loop™, where a short drive through
neighborhoods adjoining the busy streets was performed, confirming the
addition of about 1-2 ppm to the ocbservations along heavily traveled streets.

+ Traveling through some neighborhoods there was a wood smoke small, but
concentrations appeared to have no more than 1 ppm added as a result.

December 18 Morning

Figure 6-10 presents the overall CO observations during the sampling period. Key
findings from the run include:

+ eneral CO levels throughout the mapping area from the west through the

CEF region and to about Lamb Elvd were inthe Sto 7 ppm range. Little CO
was observed in the northeast area around Freedom Park. It appearad the
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primary CO plume was broad and may have been draining in the direction
of Boulder Hwy.

The highest concentrations were cbhserved prior to 9:00 with levels
throughout the neighborhoods surrounding the CEF region showing values
upwards of 9 ppm.

By 9:00 much of the overall CC was diminishing rapidly in concentration
with the traverse south on Pecos Road from Cheyenne Ave. showing only a
minor increase to about 5.5 ppm as Boulder Hwy. was crossed.

The southem areas down to and around McCarren airport were mapped
after 9:00 and little CO was seen. This was potentially due to the later hour
and associated greater vertical mixing of the CO significantly reducing the
surface level concentrations.

December 18 Evening

Figure 6-11 presents the overall CO observations during the sampling period. Keay
findings from the run include:

CO Saturation Final Report

Concentrations along Rancho Rd. in excess of 7 ppm were observed
heading northwest. The elevated concentrations continued to about the
Morth Las Yegas Air Terminal after which they dropped to under 5 ppm. By
Craig Road the concentrations were under 4 ppm. The concentrations then
dropped to under 32 ppm by the intersection of Rainbow Blvd and Rancho
Road. Observations made by the sampling van in this southern part of
Rancho Road prompted the addition of Saturation Network sites to
characterize this area.

Several traverses south on Eastern and in the neighborhoods within 2 km of
the CEF area showed that to be the region of maximum CO concentration.
Figure 6-12 shows a map with this area and ocbserved CO concentrations
displayed. Itis clear that while some of the highest CO concentrations were
observed along Eastern Ave, the surrounding neighborhoods also showed
significant concentrations.

Cbservations made this evening with the sampling van prompted the
addition of anather Saturation Network site (Dynamic site) during the
second 1OP within the neighborhood adjacent to the Sunrise Acres DADIM
station. It appeared the higher lavels of observed CO were due to a source
other than vehicle emissions.



December 12 Morning

Figure 6-13 presents the overall CO observations during the sampling period. Key
findings from the run include:

The initial morning traverse up Rancho Road to the northwest showed
elevated concentrations of CO up until just before Craig Road. Confirming
the neighborhood scale of the CO, rather than just representative of road type
emissions, a trip through the housing development just south of Vegas Drive
showed values over 7 ppm. Additionally, levels above 5 ppm were seen as
far south as Flamingo Road while traversing Decatur on the west side. This
showed a more general plume throughout the valley during the marning
hours.

The traverse from north to south along Martin Luther King Blvd showed
relatively low concentrations (<4 ppm). This implied a region of lower
concentrations of CO between the northwest and wast regions, and the inner
core area in the eastern portion ofthe valley. The subsequent traverses
through the regions around Freedom Park and Sunrise Acres showed
concentrations over 8 ppm.

Traverses along Stewart Ave in the region of Eastern showed that area to
have some of the highest concentrations, with the peak observed value over
B ppm. Surveys around the DACQM sites showed them to bein the
appropriate general region.

A traverse down Boulder Hwy showed the CO plume to start tapering off
between Tropicana Ave. and Russell Road, where concentrations fell below
4 ppm. This implied some of the CO had been entrained in the nighttime
drainage flow.

Ey the 9:00 to 10:00 hour the overall CO concentrations were dropping

rapidly. This was a result of the mixed layer growing and diluting the morning
Co.

December 19 — 20 Evening/Might

Figure 6-14 presents the overall CO observations during the sampling period. Key
findings from the run include:

CO Saturation Final Report

Low concentrations (<3 ppm) were seen along the very western traverse up
Durango Drive and then down Rancho Road to the south. The northwest
area north of Vegas Drive and west of Decatur had concentrations less than
4 ppm.

The north/south and eastiwest extent of the plume was more extensive during
this period suggesting the Valley did not clean out during the daytime, and a
general elevated CO background was carried over into the nighttime hours.
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Concentrations in excess of 5 ppm were seen from Flamingo Road on the
south to above Lake Mead Blvd in the north and from Decatur Blvd. on the
west to Nellis Blvd. on the east.

The higher concentrations of CO crossing Nellis Blvd to the southeast of the
main CO area suggests that drainage flow was setting up to the southeast.
This is further illustrated in Figure 6-15 which shows the numeric values of
the concentrations observed in the vicinity of Vegas Valley Drive and Mellis
Elvd. Further downwind, concentrations east of Boulder Hwy and south of
Stallion Mountain Golf Club suggestad the plume was following the Las
Wegas Wash toward Lake Mead. While relatively low, the values along the
drainage path of 4 ppm, falling to around 3 within the wash, does support the
drainage pattern. The reduction in concentration was most likely due to
dilution from low CO concentration air draining from the hills to the sast.

On the basis of the mobile cbservations, an additional Saturation Network site
was added in the vicinity of the Boulder Hwy intersection with Flamingo and
Mellis, behind Sams Town. This site would help identify drainage flow
concentrations heading toward the Las Vegas Wash. The site was added
prior to the first sampling event of the second 10P.

6.2.2 December 26-29

December 26 Evening

Figure 6-16 presents the overall CO observations during the sampling period. Key
findings from the run include:

Only low concentrations of CO were observed west of -15.

The mapping of the CO plume showed the highast concentrations to be in the
region of the CEF intersection and down Framont Street toward Bouldar Hwy.
Concentrations over 7 ppm were observed.

December 27 Morning

Figure 6-17 presents the overall CO observations during the sampling period. Key
findings from the run include:

The highest observed concentrations were within an approximate 3 km radius
of the CEF area. The highest values were seen along the Eastern Ave
traverse and along Fremont from the intersection to the northwest. While the
focus was on areas other than around the Sunrise Acres School, that area
most likely was also seeing higher values. Prior mapping identified the
additional Saturation Network site that was installed at the start of this second
[OP, so additional mapping was not performed.
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Given the reduced amount of traffic due to schools being closed, and overall
lighter traffic due to the holiday period, much of the CO seen may have been
due to carryover through the night period, or possibly locally produced from
home or water heating.

December 27 — 28 Evening/Might

Figure 6-18 presents the overall CO observations during the sampling period. Key
findings from the run include:

Mapping performed on the wast side around the new developments and
casinos showed no significant concentrations of CO.

The most significant concentrations of CO were not on either the extreme
east or west side of the valley, they were found back in the region of the CEF
intersection and in the region around Cwens Drive betwean Main St. and
Eastern Ave. Figure 6-19 shows the numeric concentration values in the
Owens region with some of the highest values seen off of the major streets.
Given the lack of automobile sources, the CO may be more related to home
or water heating related sources. Similarly, Figure 6-20 shows the CO
measurements around the neighborhood near the Sunrise Acres site. Again,
the high values were observed away from the major streets and was not
related to adjacent vehicle sources.

Along Boulder Hwy is a secondary peak in CO that was observed in the
vicinity of Boulder Hwy and MNellis Blvd. This was in the vicinity of Sam's
Town. Figure 6-21 shows the measured CO concentrations.

Traverses made down Boulder Hwy showed the plume extending almost to
Henderson. Tracing the plume out along East Lake Mead Drive and down
into the low areas where drainage would occur showed slightly elevated
concentrations in the low areas thatwould be draining toward Lake Mead.
Figure 6-22 shows the observed CO concentrations along the southeast
portion of the sampling van track.

Decaember 28 — 289 Evenina/Night

Figure 6-23 presents the overall CO observations during the sampling period. Key
findings from the run include:

The traverse down the Strip did show some elevated concentrations when
traffic was heavy. However, concentrations were no higher than in the CEF
region. The higher concentrations were seen down to approximately
Tropicana Ave.
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+ The general concentrations throughout the study region were still relatively
high, but values diminishied significantly south of Tropicana Ave. | as they did
down the Strip. Higher levels were also seen up to the nothwest, potentially
due to a change in the wind direction.

« Some of the highest levels were seen along an east'west traverse on Stewart
Ave. from Mellis to Las Wegas Blvd. up to Bonanza and across Rancho to
YVeqgas Drive and finally ending at Decatur Blvd.

+«  Survesing the area around Sunrise Acres showed that this site was not in the
maximum CO region this night. The maximum region was more 1o the
northwest, It is suspected that a wind direction from the southeast may have
mioved the overall plume in that direction.
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Figure 6-7. Observed CO Concentrations (ppm) During December 16 Evening Period
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Figure 6-8. Observed CO Concentrations (ppm) During December 17 Morning Period
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Figure -9, Observed CO Concentrations (ppm) During December 17 Evening Period
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Figure G-10 Observed CO Concentrations (ppm) During December 18 Morning Period
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Figure 6-12. Observed Mumeric CO Concaentrations (ppm) During December 18 Evening Pericd in the
CEF Region. (The DACQM sites are shown in blue tiangles. )
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Figure 6-15. Observed Mumeric CO Concentrations (ppm) During December 12 to 20 Evening/Might Period
Concentrations illustrate the drainage flow. DAQM sites are shown in blue tiangles.
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Figure G-19. Observed Mumeric ©O Concentrations (ppm) During December 27 to 28 Evening/Night Period
in the Region of Owens Ave. DAQM sites are shown in blue triangles.
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Figure 6-20. Observed Mumeric CO Concentrations (ppm) During December 27 to 28 Evening/Might Period
in the Region ofthe Sunrise Acres Site. The DAQM sites are shown in blue tiangles.
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Figure 6-21. Observed Mumeric O Concentrations (ppm) During December 27 to 28 Evening/Night Period
Showing the Concentrations in the Vicinity of Boulder Hwy and MNellis Blvd. There are noDAQM sites
in this region.
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The concenfrations illustrate the drainage flow. The DAQM sites are shown in blue tiangles.
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7. KEY FINDINGS AND RECOMMENDATIONS

Key Findings

Six of the Clark County DAQM CO monitoring sites are located in the parts of the Las
Vegas Valley that experience the higher CO levels, and the Sunrise Acres site is centerad
in the area of maximum impact. This absarvation leads to the conclusion that the DACIM
CO monitoring sites are suitably located to identify the peak CO concentrations and the
corresponding general area inwhich the higher levels occur,

Aside from the 16 micro-scale site in downtown Las Vegas, the highest CO
concentrations measuraed during the Saturation Study occurred in the vicinity of the Sunrise
Acres DACQM site. This site has experienced the highest concentrations in the DAGIM
network during recent years. The Saturation Network revealed that relatively high CO
levels extend beyond the major streets in the area into the residential neighborhoods.
Figures showing the peak 8-hour average CO concentrations indicate that the higher
concentrations (above 5 ppm) extend about ane mile to the north, south, and east of the
peak area. This area includes six of the DAQM CO monitoring sites: CC, CW, JD, FP, SA
and MC. Most of the area covered by the higher CO concentrations is east of Interstate 15.

The peak 1-spe-hour average CO concentration measured at the Saturation Study sites
was 18.3 parts-per-million (ppm); this occurred at the 516 micro-scale exposure site near
Casino Center and Fremont Street. The peak 1-hour averages at the remaining sites werg
all less than 10 ppm. These levels are allwell below the 1-hour National Ambient Air
CQuality Standard (NAALS) of 35 ppm.

The peak 8-hour average CO concentration measurad during the program was 7.2 ppm.
This occurred at the U16 site, which is two blocks south of the DACQM monitoring site at the
Sunrise Acres School near the intersection of Eastern Avenue, Charleston Boulevard and
Fremont Street. This CO lavel is below the 8-hour NAAQS of 9 ppm. The peak 8-hour
average occurring at the Sunrise Acres DACQM site (from November 20 through December
2001)was 6.0 ppm, which was during the same

B-hour time period as the maximum at U1&.

At least two secondary CO peak areas ware observed in the Saturation Network that are
not as well covered by the existing DAQM. One area is just northwest of the 115/95
interchange. The other is along the Boulder Highway where elevated concentrations of CO
entrained in the nocturnal drainage were observed.

In the autlying areas of the Las Vegas Valley where DACIM monitoring is sparse,
measurad levels within the Saturation Network were confirmed to be very low.

Higher than expected CO levels were observed in residential neighborhoods that are not
immediately adjacent to major thoroughfares. These elevated concentrations may not be
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related to traffic pattems but instead, may be the result of other sources of CO, such as
space orwater heating. The areas where this was observed are high population density
residential neighborhoods where CO exhaust from older heaters and water-heating
appliances may be significantly higher than in newer neighborhoods.

Key REecommendations

While the Sunrise Acres site CO levels were close to the peak B-hour averages observed
in the Saturation Study network, the area east and south of that site experienced slightly
higher concentrations during the peak nighttime episode of this Study period. The
differences may be due in part to uncertainties in each of the sampling instruments, and
partly due to differences in CO concentrations occurring under the specific emission and
dispersion conditions occurring that particular night. Thus, CO manitoring near the Sunrise
Acres site seems highly recommended to continue documenting maximum concentrations
occurring in the Valley.

Two areas might be considered for possible future CO monitoring sites if the rapidly
increasing population growth continues in the Las Vegas Yalley. These are the area
northwest of the downtown freeway interchange, and near Boulder Highway south of the
intersection with Nellis Blvd. and north of the intarsection with Tropicana.

To gain a better understanding of the CO transport and dispersion in the Las Vegas Valley,
it is recommended that a database of the metecrology in the boundary layer be acquired
and examined.

As the data suggest, the emissions inventory should be examined for contribution from
norevehicular CO sources, especially in high-density residential areas where older
appliances may be inuse.
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APPENDIX A

SITE DESCRIPTIONS AND PHOTOGRAPHS
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Static Site A17

Objective: Meighborhood secale ! Outer zone

Location: an existent District site, at the intersection of Greenmoor and Pavilion Center, on the edge of
the parking lot for the Palo Verde High School. Mounted on the Met Tower, Wery quiet residential
neighborhood, at our wastern-most location rising up out of the valley, Mo obstructions.,

Closest Main Intersection: Alta & Town Center Drive
(Approdimately 400 m north of Alta and 820 m west of Town Center Drive),

Elevation: 3036 /925 m

Lat/Long.: M3G.17233% W 11532267

Site pictures with views looking toward the indicated directions.
MNorth East

South VWast




Static Site AAS

Objective: Middle scale / Transport zone

Location: in a low-income housing project, in a cul-de-sac that is the first right (M) on Hacienda after
turning left (W) off of Stephanie; just NV of the intersection of Hacienda and Stephanie; ME of nearby
power substation (2800-900 m). Residential neighborhood to the west and to the immediate south, low-

density industrial elsewhere. Metal pole. Mostly unobstructed except for a one-story residence
approximately 7-8 m to the east.

Closest Main Intersection: E. Russell & Boulder Highway
(Approximately 1100 m north of Russell and 260 m west of Boulder Hwy).

Elevation: 1685 /514 m

Lat./Long.: N 26093607 W 115045687

Site pictures with views looking toward the indicated directions.
MNorth East




Static Site BBS
iInitially AAd & CC4)

Objective: Meighborhood scale [ Outer zone

Location: the edge of the parking lot for the Galleria Mall, at the SE “corner”. Enter at the easternmost
Mall entrance off of Sunset, down incline til facing parking lot, turn narth (right) and the site is on the
second light post on the left. Metal pole. Mo obstructions.

Closest Main Intersection: Sunset & Stephanie, just west of the LSS5/ nterstate 515,
(Approdimately 220 m north of Sunset, 560 m east of Stephanie and 625 m weast of the 92/515).

Elevation: 1743t / 531 m

Lat./Long.: M36.06533% W 115.04017°

Site picturas with views looking toward the indicated diractions.
MNorth East

South VWest




Static Site BB9
{Initially CCT)

Ohjective: Meighborhood scale ! Transport zone

Location: Bunch, mid-way between Whitney and Keasnan, on west side of the street batwean 5251 &
5859 Bunch., Quiet residential street, residential/commercially mixed area. Wood pole. Mo obstructions.

Closest Main Intersection: E. Tropicana & Boulder Highway
iapprodimately 275 m south of Tropicana, 280 m northeast of Boulder Highway).

Elevation: 1662 ft / 507 m

Lat./Long.: M3G6.09832% W 115.04282°

Site pictures with views looking toward the indicated diractions.
MNorth East




Static Site D19
(Initially D18)

Objective: Meighborhood scale / Outer zone

Location: just off of a roundatout called Village Center Drive, betweean Town Center Drive and Hills
Center Orive, in anempty ot in the ME “quadrant”, hung on a large sign advertising a future business
park. Residential/commercially mixed area, low-density, Mo obstructions.

Closest Main Intersection: Town Center Drive & Summerlin Parkway
(Approximately 700 m norheast of intersection, 80 m east of the roundabout).

Elevation: 2700 ft /223 m
Lat./Long.: M36.1925% W 11530117

Site pictures with views looking toward the indicated directions.
North East

FUTURE
BUSINESS
PARK

e
TRETPL b

South VWest




Static Site E13
(Initially G133

Ohjective: Meighborhood scale { Outer zone

Location: the intersection of Wateriew and Gentle Rain. Very quiet residential intersection (Sentle Rain
ands @ Watarview)., Concrate pole. Mo obstructions.

Closest Main Intersection: W. Sahara & Fort Apache
(Approximately 530 m south of Sahara and 450 m east of Fort Apache).

Elevation: 27301 /832 m
Lat./Long.: M3G 12857 W 115.29233°

Site pictures with views looking toward the indicated directions.

—

Morth East




Static Site G22
(Initially R20)

Ohjective: Meighborhood scale [ Quter zone

Location: justwest of Coral Shores, at intersection of Coral Shores and Soaring Gull, at base of man-
made “‘canal’. Very quigt neighborhood. Yery light local traffic. Metal pole. Mo obstructions.

Closest Main Intersection: Rampart & W . Cheyenne
(Approximately 400 m south of Chevenne and 420 m east of Rampart).

Elevation: 24291t/ 740 m
Lat/Long.: MN3G6.21467% W 115.27437

Site picturas with views looking toward the indicated directions.
MNorth East

South WWast




Static Site H17
(Initially G17)

Ohbjective: Meighborhood scale ! Gradient zone

Location: an existent District site, at the intersection of Villa Monterey and Ducharme. On an elevated
pole attached to west side of the District's enclosing fence. On elementary school grounds, across the
street from a park, otherwise a residential area. Mo obstructions.

Closest Main Intersection: Alta & =, Buffalo
(Approximately 350 m north of Alta and 300 m west of Buffalo).

Elevation: 2526 ft /770 m

Lat./Long.: M3616967% W 115262837

Site pictures with views looking toward the indicated directions.
Morth East

South VWeast




Static Site J11
Ohjective: Meighborhood scale [ Gradient zone

Location: the intersection of Baywood and Boxwood, directly in front of house with foreclosure notices
(northeast corner). Quiet residential neighborhood. Metal pole. Mo obstructions.

Closest Main Intersection: Torrey Fines & Spring Mountain
(Approximately 350 m south of Spring Mountain and 250 m west of Torray),

Elevation: 2325/ 705 m

Lat./Lonmg.: M3B.12233% W 115237

Site pictures with views looking toward the indicated directions.
North East

South West




Static Site J29
Objective: Meighborhood scale ! Outer zone
Location: an existent District site, in a park just south ofthe Joe Meal elementary school, on Rebecca
between Azure and Tropical Pkwy., Mounted on the Met tower. Low-density residential neighborhood,
combined with undeveloped open space, our Morthern-most site. Mo obstructions.

Closest Main Intersection: W. Ann & M. Rainbow Blvd.
(Approximately 880 m north of Ann and 360 m east of Rainbow).

Elevation: 2308 ft/703 m

Lat./Long.: M3G6.2T057 W 1152387

Site pictures with views looking toward the indicated directions.
MNorth East
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Static Site L16
(Initially K16)

Ohjective: Meighborhood scale ! Gradient zone.

Location: Evergreen Ave. between |dle and Evergreen Circle, directly in front of 5609 Evergreen Ave.
Residential neighborhood. Wood pole. Mo obstructions.

Closest Main Intersection: 5. Jones Blvd, & W, Charleston B,
tApproKimately 450 m north of Charleston and 550 m eastof Jones).

Elevation: 2258 ft / 688 m

Lat./Long.: M3G61637 W 1152187

Site pictures with views looking toward the indicated directions.
MNorth East




Static Site L20
(Initially K20)

Ohjective: Meighborhood scale ! Gradient zone.

Location: Balzar between Foster and Jeanne, directhy in front of 5525 Balzar. Quiet residential
neighborhood. Metal pole, south side of street. Mo obstructions.

Closest Main Intersection: W. Lake Mead Bhvd. & M. Jones
(Approximately 430 m north of Lake Mead and 500 m east of Jones),

Elevation: 2235 ft/681 m

Lat./Long.: M3G6 19967 W 115.21723°

Site pictures with views looking toward the indicated diractions.
MNorth East

South VWeast




Static Site M17
(Initizlly M18)

Ohjective: Meighborhood scale ! Gradient zone,

Location: bend of the intersection of Hogan and Fortune, across from 4336 Hogan, Quiet residential
neighborhood, 500 m north of the 95 Freeway. Metal pole. Mo obstructions.

Closest Main Intersection: W. Washington & M. Decatur Blvd.
(Approdimately 200 m south of Washington and 680 m eastof Decatur).

Elevation: 2201 ft /671 m

Lat./Long.: M36.17833% W 115.19982

Site pictures with views looking toward the indicated directions.
North East

South . West




Static Site N14
Ohjective: Meighborhood scale ! Gradient zone.

Location: ElParque Ave. between Los Altos and Las Verdes, on the first wooden pole east of Los Altos,
directhy across from an elementary school. Residential neighborhocd, some additional through traffic. Mo
obstructions.

Closest Main Intersection: W. Sahara & 5. Valley View Blvd.
(Approximately 575 m north of Sahara and 430 m west of Valley View).

Elevation: 2163 ft /659 m

Lat./Long.: M36.14933% W 1151956

Site pictures with views looking toward the indicated directions.
MNorth East
-l ]

Mot available




Static Site P8
iInitially 7}

Objective: Meighborhood scale / Gradient zone

Location: the west side of the Airport, at the intersection of Four Seasons Drive and Giles (the street sign
atintersection still reads “Diablo™ and Giles, but turn onto “Four Seasons” off of Las Vegas Blvd.; the

streat must have recently been re-named). Al low-density industrial area, steady traffic on Las Vegas
Blvd. Wood pole on NW corner of intersection. Mo abstructions.

Closest Main Intersection: Las VWegas Blvd. & Four Seasons Drive
(Approximately 200 m east of Las Veqgas Blvd.).

Elevation: 2144 ft / 653 m

Lat./Long.: M36.09% W 11517057

Site pictures with views looking toward the indicated diractions.
North East

South




Static Site P12
(Initialty P11
Ohjective: Middle scale ! Gradient zone

Location: approximately 35 m from the intersection of Las Yegas Blvd, and Fashion Show Rd., directly in
front of the Saks Fifth Awve., in front of the Fashion Show Mall, hetal pole. Mo obstructions.

Closest Main Intersection: M. LasVegas Blvd. & Spring Mountain
(Approximately 275 m north of Spring Mountain).

Elevation: TBA +.

Lat./Long.: M3B12767" W 11516857

Site pictures with views looking toward the indicated directions.
North East

South West




Static Site P23

Objective: Meighborhood scale / Outer zone

Location: Fuselier, between Gowan and Gilmore, on the 2™ telephone pole south of Gilmore, Wery little
traffic, located in a large area of raw land between residential neighborhoods, Wood pole, Mo
obstructions.

Closest Main Intersection: W. Chevenna & Martin Luther King Blvd.
(Approximately 1100 m north of Cheyenne and 1400 m west of Martin Luther Kinag).

Elevation: 2159 ft / 658 m

Lat./Long.: M36.2275% W 11517767

Site pictures with views looking toward the indicated diractions.
MNorth East

South WWest




Static Site Q13
QOhjective: Micro scale ! Inner core

Location: the east side of Las Vegas Blvd. at the southwest entrance to Wet & Wild. Sitz is 1 m from the
curb. Metal pole. Mo obstructions.

Closest Main Intersection: 2. Las Vegas Bivd, & W, Sahara Ave.
(Approximately 500 m south of Sahara),

Elevation: 2038 ft /621 m

Lat./Long.: M36.14080% W 11515897

Site pictures with views looking toward the indicated directions.




Static Site Q20
{Initially R20)

Ohjective: Meighborhood scale ! Gradient zone.

Location: the northeast outer-edge quadrant of a roundabout, across from Johnson Park (which forms
the circle in the center), east of Balzar and Concord, very near Bartlett and Concord. Low-density
residential neighborhood. Wood pole. Mo obstructions. Morning davlight only visits recommended.

Closest Main Intersection: Lake Mead Bhvd. & Martin Luther King Blvd.
iApprogimately 480 m north of Lake Mead Blvd and 490 m east of Martin Luther King).

Elevation: 1992 ft / 607 m

Lat./Long.: M36.19980% W 115.15582°

Site pictures with views looking toward the indicated diractions.
Morth East

/ —




Static Site R3
iInitially R2)

Objective: Meighborhood scale / Outer zone

Location: an unpaved extension of Mesa Verde Lane, approximately 80 m east of Bermuda iMesa
Yerde pavement ends at Bermuda), Wood pole # P1430. Mo obstructions.

Closest Main Intersection: W. Windmill Lana & Bermuda
(Approximately 425 north of Windmill).
Metro Map Coordinates: 75 Ad

Elevation: 2172 ft / 662 m
Lat./Long.: M36.04610° W 115152297

Site pictures with views looking toward the indicated diractions.
MNorth East




Static Site R8
(Initially R}

Objective: Meighborhood scale / Gradient zone

Location: Faradise approaching the Airport, at the split to Kitty Hawk & Swenson (heading south, in
empty ot on the left just before the split), Approx 850 m north of Airport Terminal. Steady airport traffic
on both sides. Wood pole, Mo obstructions.

Closest Main Intersection: Paradise at Swenson
tApprodimately 20 m east of Paradise, 70 m west of Swenson).

Elevation: 2065 ft /629 m

Lat./Long.: M36.09357 W 11514717

Site pictures with views looking toward the indicated diractions.
MNorth East

Snuth WWest




Static Site R15

Ohjective: Meighborhood scale ! Inner core

Location: approximately 20 m off of California mid-way between 3™ and Casino Center on a wood pole
(HPE1623) in a parking area behind an unoccupied building (one-stany 10 m to the west), othervise
unobstructed.

Closest Main Intersection: 3. Main & E. Charleston Blvid.
(Approgimately 200 m south of Charleston and 150 m east of Main).

Elevation: 2016 ft /614 m

Lat./Long.: M36.15748% W 115151847

Site pictures with views looking toward the indicated directions.
MNorth East

South . VWest




Static Site $13

Ohjective: Meighborhood scale ! Inner core

Location: behind the BPL office building at 2770 5. Maryland Pkwy, about 40 m north from the rear
parking lot across a dirt field, on a pole in the backyard of a cream colored house bordering the [ot (facing
Karen Ave.). 9 to & staff all arriving and departing near the same time from the parking lot may then affect
CO levels, Steady heavy traffic on Marvland Pkwy, a major thoroughfare.

Closest Main Intersection: 3. Maryland Fkwy & E. Sahara Ave,
(Approximately 80 m south of Karen Ave. and 100 m east of Manrdand).
Elevation: 1994 ft /608 m

Lat./Long.: M36.13855% W 115.135608°

Site pictures with views looking toward the indicated directions.
Morth East

Mot available



Static Site 516

Objective: Micro scale ! Inner core

Location: the east side of Casino Center Drive, directly across the street from the main entrance to the
Golden Mugget, 30 m north of the intersection of Casino Center and Carson. 80 m south of the Fremont
Experience. Metal pole, 1 m from the curb. A busy tadi-stand in the evening, with taxis idling below the

sampler. Possible CO spikes andior RF electronic noise from taxis.

Closest Main Intersection: 2. Las Veqgas Blvd, & Fremont
(Approdimately 230 m west of Las Vegas Blvd).

Elevation: 2059 ft /6258 m

Lat/Long.: M36.17034% W 115144627
Site pictures with views looking toward the indicated diractions.
MNorth

VWast

Mot availabla

ane— -

anniial -




Static Site 517

Objective: Middle scale / Inner oore

Location: downtown near the ME corner of Fremont and Las Vegas Blvd, Wood pole # P523473, at the
edge of a parking lot (at alleyway). Lots of traffic, no obstructions.

Closest Main Intersection: = Las Vegas Blvd. & Fremont
(Approximately 20 m north of Fremont and 10 m east of Las Vegas Blwd).

Elevation: 2024 f /617 m

Lat./Long.: M36.16963% W 115140237

Site pictures with views looking toward the indicated directions.
Morth East

Sauth West




Static Site 518

Objective: Meighborhood scale ! Inner core

Re-Location: M.A.S H site, on the northwest corner of the MASH property, onone of the white painted
poles holding up a canopy over playground equipment, about 180 m west of the intersection of W, Cwens
Ave.and M. Main. Meed to enter the property from M. Main and identify yourself to security before being
allowed an entrance. Mostly unobstructed, except for the canopy rising to the immediate south of
sampler.

Closest Main Intersection: W. Owens Ave. & M. Main
Elevation: TBA +

Lat/Long.: M36.18783% W 115138237

Site pictures with views looking toward the indicated directions.

Morth East




Static Site SoH
(aka Southern Highlands site)

Ohjective: Meighborhood scale ! Outer zone

Location: the intersection of Biagi and YWemoa Drive (northeast cormer), approximately 30 m south of the
intersection of Biagi and Somerset Hills Ave., on a matal light pole. Residential area, steady construction
traffic in the area during dayvlight hours, mostly south of the area on Southern Highlands. During the last
few weeks of monitoring, grading occurred and a foundation was poured almost right beneath the sampler
for a new house, and this will reflect in the data as heavy equipment was used. Our southern-most site.
Mo obstructions.

Closest Main Intersection: Southern Highlands Pkwy & Somerset Hills
tApproximately 150 m West of Southern Highlands Flwy (the area’s main thoroughfare).

Elevation: 2415 f/736 m
Lat./Long.: M 35 993507 W 115.20830°

Site pictures with views looking toward the indicated directions.
MNorth East

South VWest




Static Site T11
(Initially S11)

Objective: Meighborhood scale / Inner core

Location: on Ottawa Drive between Ottawa Circle and Spencer, just east of Spencer, on the first woodean
pole on the south side of Ottawa Dr. Quiet residential neighborhood, no through traffic (sign posted as
well). Mo obstructions.

Closest Main Intersection: =, Maryland Pkwy. and E. Desert Inn
(Approximately 800 m south of Deseart Inn, and 200 m east of Maryland).

Elevation: 1888 ft/ 579 m

Lat./Long.: M36.12283% W 115127337

Site pictures with views looking toward the indicated directions.
MNorth East

==Y T




Static Site T14

Objective: Meighborhood scale ! Inner core

Location: Crestwood mid-way between Canosa and Hassett, in a very quiet residential neighborhood.
200 m north of 5t Louis Ave., on pole # P17075,

Closest Main Intersection: E. Sahara Ave. & 5. Eastern Ave..
(Approximately 650 m north of Sahara and 200 m west of Eastern Ave..).

Elevation: 1858 ft / 566 m

Lat/Long.: M36.15004% W 115121317

Site picturas with views looking toward the indicated directions.
Morth East

Mot available



Static Site T15
(Co-location: @district site CW , both collecting CO data)
Objective: Meighborhood scale ! Inner core

Location: Crestwood School, 1300 Paulin Way (at the intersection with Franklin Ave.); site is located =
the far west side of the school; access from Wengert Ave., through the back of the parking lot.

Closest Main Intersection: E. Charleston Blvd. & 5. Maryland Plwy.
(Approximately 420 m south of Charleston and 820 m east of Maryland).

Elevation: 1932 ft / 585 m

Lat/Long.: M36.15522% W 115127027

Site pictures with views looking toward the indicated directions.
MNorth East

A

South Weast

Mot available




Static Site T16

Objective: Meighborhood scale ! Inner core

Location: the entrance o an alley off of Sunrise Ave. directly across from M. 19" (which ends at a “T7).
Site is approximately100 m north of Fremont and 150 m east of the intersection of Sunrise and Fremont.
Heawvy traffic on Fremont, but not here, Pole # 88860,

Closest Main Intersection: Fremont & E. Charleston Blvd & M. Eastern Ave.

Elevation: 1877 ft /572 m

Lat./Long.: MN36.16238% W 115.12260°

Site picturas with views looking toward the indicated directions.
North East

South VWest

Mot available




Static Site U6
iInitially LIS

Ohjective: Meighborhood scale [ Gradient zone

Location: the east side of the Airport, in the parking ot of “Park 20007 Business Park, on metal pole
directly across from Suite 18 ("Veqgas and More™. Industrial area. Steady traffic (both streets are major
thoroughfares). Mo obstructions. Immediately under an Easterly runway approach to the Alrpaort.

Closest Main Intersection: 5. Eastern & Sunset
tApproximately 100 m north of Sunset and 50 m east of Eastern).

Elevation: 20281 /618 m

Lat/Long.: M36.0730% W 115.11783°

Site picturas with views looking toward the indicated diractions.
MNorth East

South West




Static Site U19

Objective: Meighborhood scale ! Inner core

Location: the western edge of a Mormon Church parking lot at the intersection of Tonopah and
M. Eastern Aves; parking lot entrance on Tonopah, directly across from 2504 Tonopah.

Closest Main Intersection: E. Eastern Ave. & E. Oweans Ave,
(Approximately 280 m north of Owens and 80 m west of Eastern).

Elevation: 18181t/ 554 m

Lat/Long.: M3G6.19175% W 115117307

Site picturas with views looking toward the indicated directions.
Morth East

Mot available

South VWest




Static Site U-3

(Erronecusly referenced as U3)

Ohjective: Meighborhood scale / Outer zone

Location: South of the intersection of Green Valley Plowy and Coronado Center Drive on a new unusad
dead-end road that will become Coronado Yalley Rd once future housing development that it leads to is
built, on the third metal light pole on the right; site is approximately 80 m south of the intersection, south of
Coronado High School and approximately 200 m =south of the High School's parking lot. May see some
increased CO levels at around the beginning and end of the school day. Mo obstructions.

Closest Main Intersection: Green Valley Pkwy & 5. Eastern Ave.
(Approximately 840 m west of Eastern).

Elevation: TBA +.

Lat./Long.: N35.99039% W 115110287

Site pictures with views looking toward the indicated directions.
MNorth East




Static Site V13

Objective: Meighborhood scale / Inner core

Location: Mojave just north of Heritage Lane, approximately 200 m south from E. Sahara Ave. Mojave is
not a major thoroughfare, but is well trafficked during daylight hours.

Closest Main Intersection: E. Sahara Ave. & Fremont/Boulder Highway
(Approximately 475 m southwest from main intersection)

Elevation: 1836 ft /560 m

Lat./Long.: M36.14262% W 115.10532%

Site pictures with views looking toward the indicated directions.
MNorth East

Sauth West




Static Site V15

Ohjective: Micro scale ! Inner core

Location: an existent District site (MS) but not collocated (MS doe not monitor CO) at the intersection of
28 and E. Charleston Blvd., about 15 m north from Charleston.,

Closest Main Intersection: Fremont & E. Charleston Blvd & M. Eastern Ave,
(Approzimately 440 m east of this intersection).

Elevation: 1843 ft / 562 m

Lat./Long.: MN36.1597 W 115110887

Site picturas with views looking toward the indicated directions.
North East

South West




Static Site V17

Objective: Meighborhood scale ! Inner core

Location: an existent District site (FP), co-located (collecting CO data as well) in Freedom Park,
approximatelyis mile north of E. Bonanza (400 m), and % mile west of Pecos (425 m). Entrance off of
Eonanza is the most reliable access (though that off of Mojave is closer to the actual site). Sampleris
mountad on top of the building but not on the Met tower.

Closest Main Intersection: E Bonanza & M. Pecos

Elevation: 1810 ft / 552 m

Lat./Long.: M36177177 W 115103017

Site pictures with views looking toward the indicated directions.
Morth East

South i West




Static Site X10
(Initially ¥10)

Objective: Meighborhood scale | Gradient zone

Location: Brighthill Ave. west of Annie Qakley Drive, directly in front of 3952 Brighthill. Quiet residential
neighborhood, 520 m west of the 93/515. Metal pole. Mo obstructions.

Closest Main Intersection: E. Flamingo and 5. Sandhill, just west of LS, Highway 93 / Interstate 515,
(Approximately 520 m south of Flamingo, 280 m east of Sandhill).

Elevation: 1844 ft / 562 m

Lat/Long.: N36.11057; W 115.088°
Site picturas with views looking toward the indicated directions.
Morth East

S‘t_:uth West




Static Site X15
(First location)

Objective: Meighborhood scale ! Gradient zone

Location: inthe center of Shoong Park, approximately 30 m west of Wesley, and 300 m
east of Snyder Elementary School. Very little traffic. Dark lamppost/fMetal pole. Mo obstructions.

Closest Main Intersection E. Charleston Elvd. & 5. Lamb Blvd.
(Approximately |5 Kilometer south of Charleston and 350 m east of Lamb).

Elevation: 1740t/ 530 m

Lat/Long.: M26.1535% W 115073337

Site picturas with views looking toward the indicated diractions.
MNorth East




Static Site X15

(Second location)
(Start date 121501, at 1149 PST; site re-located due o repeated vandalism to the site in the park)
Objective: Meighborhood scale ! Gradient zone

Location: Colorado Ave, 40 m west of the intersection of Colorado and Charmaine. Cn a metal
(silver pole, 2 m off of Colorado, along the northern edge of the Snvder Elementary School and at the
northwest corner of Shoong Park. Wery quiet street with little traffic, but there will be peaks before and
after school, Mo obstructions.

Closest Main Intersection: E. Charleston Bivd. & 5. Lamb Blvd.
(Approximately 350 m south of Charleston and 200 m east of Lamb).

Elevation: 1740t/ 520 m
Lat./Long.: M26.155817; W 115079027

Site picturas with views looking toward the indicated directions.
MNorth East

South West




Static Site X16
ilnitially W16)

Ohjective: Meighborhood scale [ Gradient zone

Location: inthe far northeast corner of a Mormon Church near the intersection of Prince and Stewart,
approximately 100 m north of Stewart. Lot almost always empty, will be lots of micro-scale sources for a
few hours on Sunday mornings. Prince t=2rminates at Stewart. Pole # 115131

Closest Main Intersection: Stewart Ave.. & M. Lamb Blvd.
(Approximately 480 m west of Lamb).

Elevation: 17501t/ 533 m

Lat./Long.: M3616650° W 115.085557

Site pictures with views looking toward the indicated directions.
North

South

Mot available




Static Site X23
Objective: Meighborhood scale { Outer zone

Location: in the Alexander Villas Park near the MW corner, near the intersection of Lincoln and E.
Gowan, (13 m east of Lincoln and 80 m north of E. Gowan). Residential area to the north and northwest,
Lundeveloped to the south and east). Metal lightpole next to walkway. Mo obstructions.

Closest Main Intersection: M. LasYegas Blvd. & M. Lamb Blvd.
(Approximately 350 m north of Las VYegas Blvd. and 400 m east of Lamb).

Elevation: 1862 ft / 568 m

Lat./Long.: M36.226% W 115.08467°

Site picturas with views looking toward the indicated directions.
Morth East




Static Site Y14
(Initially Z173)

Objective: Meighborhood scale ! Transport zone

Location: Frank mid-way between Cleveland and Baltimore Aves., in a residential neighborhood.
Closest Main Intersection: E. Sahara Ave. & 5. Nellis Blvd.

{Approximately 260 m north of Sahara and 200 m west of Mellis).

Elevation: 1741 ft/ 531 m

Lat./Long.: M36. 146717 W 115067797

Site pictures with views looking toward the indicated directions.
f‘;.!::]l’:th East

I




Static Site Z17

Ohjective: Meighborhood scale ! Gradient zone

Location: e approximately 50 m south of the infersection with Harris, on the west side of the street;
pole # 28414, Ute is a very quiet residential street, Harris will have some local rush hour traffic.

Closest Main Intersection: E. Bonanza and M. Mellis Blvd,
(Approdimately 425 m north of Bonanza and 100 m east of Mellis).

Elevation: 1775# /541 m

Lat./Long.: M 36177657 W 115.0604977

Site pictures with views looking toward the indicated directions.
MNorth East
Y

pre—




Dynamic Site Z19
(First location)
(End date 11/23/01, at 1433 PST)
Ohjective: Meighborhood scale ! Gradient zone

Location: Kel between Ringe Lane and Betty Lane. Pole # 75097,

Closest Main Intersection: M. Mellis Blvd. & E. Lake Mead Blvd.
tApproimately 400 m south of Lake Mead Elvd and 120 m east of Mellis).

Elevation: 1775 ft/ 541 m

Lat./Long.: M36.15357 W 115.05733

Site pictures with views looking toward the indicated directions.
MNorth East

NO PHOTOS AVAILAELE

South VWast



Static Site 219
(Second location - start date 11/23/01 at 1436 PST)
Ohjective: Meighborhood scale ! Gradient zone

Location: about 114 blocks east of the ariginal location on Kell, in the southeast cornear of the parking lot
of a very small church ithe size of a housa), so church vehicle traffic should be light even when the church
is in use.

Closest Main Intersection: M. MNelis Blvd. and E. Lake Mead Blvd.
(Approximately 400 m south of Lake WMead Bhvid and 300 m east of Mellis).

Elevation: 1774 ft/ 541 m

Lat./Long.: M3B.19273% W 115.058717

Site pictures with views looking toward the indicated directions.
MNorth East

South West




Dynamic Site xBB12:
Objective: Meighborhood scale ! Transport zone

Laocation: just outside of the ME corner of the golf course at the Stallion Mountain Country Club,
immediately south of the Nevada Power Sunrise Generating Plant (1/2 mile, 825 m) and a water treatment
plant (400 m). Onan unpaved road ¥ mile east of the pavement's end of Desert Inn Bd. Very near the
Las Vegas Wash, Wood pole, Mo obstructions, Some construction traffic.

Closest Main Intersection: E. Desert Inn & Cabana Drive.
(Approimately 1 mile east of Cabana Drive)

Elevation: TBA +.

Lat./Long.: M36.12972% W 115.03817°

Site pictures with views looking toward the indicated directions.
Morth East

South VWest




Dynamic Site xBB15
Ohjective: Meighborhood scale ! Transport zone

Location: immediately next to a tributary of the Las VYegas wash, in an undeveloped tract of land
immediately adjacent to a housing development to the east and to another tract of land being graded in
preparation for development about 50 m to the north. On weekends the site is accessible directly from
Charleston through the construction area, but during the week the site must be accessed from the end of
Flowering Plum Ave. by crawling through a drainage hole in the wall that demarcates the edge of the
development. Wood pole. Mo obstructions.

Closest Main Intersection: E. Charleston Blvd. & 5. Sloan Lane
(Approximately 280 m south of Charleston, 425 m east of Sloan and 30 m west of the end of Flowering
Flumy).

Elevation: 1706 ft / 520 m
Lat./Long.: M36.15624% W 115.04272%

Site picturas with views looking toward the indicated diractions.
MNorth




Dynamic Site xBB18

Objective Meighborhood scale [ Cuter zone

Location: Honevgrove Ave. a %2 block (50 m) eastof M. Sloan Lane, in a vacant ot in the midst of a
neighborhood between 5930 & 5850 Honeygrove, on the north side of the street. Very quist residential
area, local traffic only., Wood pole. Mo obstructions.

Closest Main Intersection: M. Sloan Lane & E. Washington Ave,
tApproimately 480 m north of Washington)

Elevation: 1791 ft / 546 m

Lat./Long.: M36.185% W 115042677

Site pictures with views looking toward the indicated directions.
MNorth East




Dynamic Site xM19
{Initially xMM1 9

Objective: Meighborhood scale / Gradient zone

Location: Gave just East of Parkchester Drive on the South side of the street, just before the bend in
the road, 60 m east of the intersection. Quiet residential neighborhood. Wood pole. Mostly

unobstructed, but thera is a leafless tree (leafless during the duration of this project) approximately
4-6 m to the East.

Closest Main Intersection: Vegas Drive & M. Decatur Blvd.
(Approximately 400 m north of VYegas and 700 m east of Decatur)

Elevation: 2166 ft / 660 m

Lat/Long.: M36192177 W 115198787

Site pictures with views looking toward the indicated directions.
Morth . East

West




Dynamic Site xO16

Objective: Meighborhood scale  Gradient zone

Location: Campbell Drive, approzimately 60 m south of the infersection of Campbell and Alta Drive, on
the east side of the street. Unobstructed except for bushy trees 15 =20 m to the east and south. Light
traffic. Wood pole.

Closest Main Intersection: Alta Drive and 5. Rancho Drive
(Approximataly 1060 m south of the US95, 860 m west of Ranchao).

Elevation: TBA +

Lat./Long.: M3B6.16537% W 115183427

Site pictures with views looking toward the indicated directions.
Morth East

Mot Available



Dynamic Site xP11

Dbjective: Meighborhood scale ! Inner core

Location: in alarge paved area between two apartment buildings on Koval Lane; between Winnick Ave,
and Albert Ave., on the 2™ wooden pole west of Koval (about 80 m). Mot directly above parking spaces,
butthere are parking spaces on either side (15 - 25 m away). Mo obstructions.

Closest Main Intersection: E. Flamingo & Koval Lane
(Approximately 210 m north of Flamingo and 750 m east of Las Vegas Blvd).

Elevation: 2071 ft/631 m

Lat/Long.: M36.11680% W 115165387

Site pictures with views looking toward the indicated directions.
Morth East




Dynamic Site xP13
Ohjective: Meighborhood scale ! Inner core
Location: in an allevway mid-way between Western Ave. and 5. Highland Drive (to the southeast &
northwest), and mid-way between Presidio and Sutter Ave. (to the southwest & northeast). Very industrial
area, wedged between the I-15 and the Union Pacific RR fracks, Wood pole. Mo obstructions, Daylight
hours recommended; difficult to access this area, only from either Wyoming Ave. at Western Ave.) o the
narth, or from Fashion Show Lane (at Highland Drive) to the south., Mo major cross-streats,

Closest Main Intersection: Spring Mountain & Industrial
(ApproKimately 280 m east of the F15, 150 m west of the RR tracks, and 820 m west of the Strip).

Elevation: 2099 ft / 640 m

Lat./Long.: M36.14192% W 11516947

Site pictures with views looking toward the indicated diractions.
MNorth ) East




Dynamic Site xP15
Objective: Meighborhood scale ! Inner core

Location: Waldman Ave. approximately 40 m west of Pine and 20 m east of Rancho Drive, on the
south side of the street. Wood pole #28821. Mo obstructions.

Closest Main Intersection: Rancho Drive & W. Charleston Blvd.
(Approximately 410 m south of Charleston).

Elevation: TBA +
Lat./Long.: M36155177 W 1151714957

Site pictures with views looking toward the indicated directions.
MNorth East

Mot available



Dynamic Site xP17

Objective: Meighborhood scals ! Inner core

Location: Shadow Lane and W. Mesquite Ave. 5 m from the SW corner. Metal pole. Mo obstructions,
butthers is a small bushy tree approximately10 m to the West, Residential neighborhood, very little
traffic. 250 m south of the LIS95 freeway.

Closest Main Intersection: Alta & Martin Luther King Blvd.
(Approximately 800 m north of Alta and 450 m west of Martin Luther King).

Elevation: TBA +

Lat/Long.: M36.17325% W 11516545

Site picturas with views looking toward the indicated diractions.
MNorth East

S__nut__h West




Dynamic Site xP19

Ohjective: Meighborhood scale ! Gradient zone

Location: Beatty Lane mid-way between Manhattan and Luning (40 m from eithar), on the South side of
the street. Residential neighborhood. Wood pole. Mo obstructions.

Closest Main Intersection: “egas Drive & Martin Luther King Bhvd.
tApprokimately 180 m north of Wegas and 1180 m, 3% mile, west of Martin Luther Kingj).

Elevation: 2083 ft /635 m

Lat./Long.: M36.19047% W 115172837
Site pictures with views looking toward the indicated directions.

Maorth East

Mot available

South




Dynamic Site xQ18:
Objective: Meighborhood scale ! Inner core
Location: a ¥ block (60 m) north of the intersection of Madison Ave, and J Street,
on the west side of the street just north of the church. Quiet residential neighborhood.  Mostly
unobstructed, but there is a tree approximately 5 mto the west,

Closest Main Intersection Martin Luther King Bhd, & W, Washington Ave..
(Approdimately 290 m north of Washington and 400 m east of Martin Luther King).

Elevation: 2036 ft / 621 m

Lat./Long.: MN36.18443% W 115156477

Site picturas with views looking toward the indicated diractions.
MNorth East

South West




Dynamic Site xR17
Objective: Meighborhood scale ! Inner core
Location: inthe far northeast corner of the Main Street Station (open-air) parking lot
(not the parking structure), 40 m from Casino Center Drive. Immediately south of (100 m
from) the LIS 93/Interstate 515, Metal pole. Mo obstructions.

Closest Main Intersection: Main Street & Stewart Ave.
(Approximately 180 m southeast of Main and 100 m northeast of Stewart).

Elevation: 20251 /617 m

Lat/Long.: M3B.17387% W 115142477

Site picturas with views looking toward the indicated directions.
Morth East

South VWest




Dynamic Site xU16:

Ohjective: Meighborhood scale ! Inner core

Location: M. 26" between Yalley and Sunrise Street (not Avenue), about 10 m north of Sunrise, on the
west side of the street. Wood pole (#P90120). Mostly unobstructed, but there is a one-story (emptyi
building 2-4 m to the west, AM only visits recommended. This site is located very near static site V15,

Closest Main Intersection: Fremont & M. Eastern Ave. & E. Charleston
(Approgimately 200 m north of Charleston and 200 m east of Eastern).

Elevation: 1857 ft / 565 m

Lat./Long.: M36.1607" W 115.11400°

Site pictures with views looking toward the indicated directions.
North ] East

West




Dynamic Site xV21
{Initially xL21)

Objective: Meighborhood scale ! Gradient zone

Location: the intersection of E. Brooks and Harewood, on the MW corner, very close to the Las VYegas
Wash (50-60 m west of the Wash), Quiet residential neighborhood, [ocal traffic only. Metal pole. Mo
obstructions.

Closest Main Intersection: M. LasVegas Blvd. & E. Evans Ave.
(Approdimately 425 m north of Evans and 550 m northwest of Las Veqgas Blvd).

Elevation: 1859 ft / 567 m

Lat./Long.: MN36.2147 W 115109677

Site pictures with views looking toward the indicated directions.
North East

South West




Dynamic Site xW20
Objective: Meighborhood scale ! Gradient zone
Location: an unpaved rmad approximately20 m north of the paved intersection of M. Judson and
Clifford, on the first wooden pole on the east side of the road. Low-density residential area, very little
traffic. Mo obstructions.

Location: a ' mile east of the Las Vegas Wash (Approx 500 m).

Closest Main Intersection: M. Pecos & E. Lake Mead Elvd.
(Approximately 500 m north of Lake Mead Blvd and 225 m east of Pecos).

Elevation: 1505 ft/ 550 m

Lat./Long.: M26. 199837, W 115.0967

Site picturas with views looking toward the indicated directions.
Morth East




Dynamic Site xX18
Objective: Meighborhood scale ! Transport zone

Location: immediately next to the Las Yegas Wash, on the northwest corner of Proclamation & M.
Sandhill fwhera both streets terminate). Residential neighborhood. Metal pole. Mo obstructions.

Closest Main Intersection: M. Pecos & E. Washington
(Approximately 250 m north of Washington, 830 m east of Pecos).
Metro Map Coordinates: 46 AR 3

Elevation: 1807 ft/ 551 m

Lat./Long.: M26.183177; W 115089237

Site picturas with views looking toward the indicated diractions.
MNorth East

West




Dynamic Site xY12

Objective: Meighborhood scale / Gradient zone

Location: Mountain Vista, 50 m south of the intersection with Linda Ave., and 150 m north of the
intersection with E. Desert Inn (Approx). Onwooden pole # P74602, on the east side of the street,
LInobstructed, but here is a high wall about 20 m o the west.

Closest Main Intersection: E. Dasert Inn & 2. Mellis Blvd.
(Approgimately 800 m east of Mellis),

Elevation: 1721 ft /525 m

Lat/Long.: M36.13107% W 115.07407"

Site pictures with views looking toward the indicated directions.
Morth East

Sauth West




Dynamic Site xZ10

Ohjective: Meighborhood scale ! Gradient zone

Location: west side of Crater directly in front of 4355 Crater, approximately 40 m north of E. Harmon
Ave,, 600 m southeast of Sam’s Town Casino. Metal pole, no obstructions. Residential neighborhood,
but Boulder Highway is 300 m to the southwest, a busy commerncial thoroughfares.,

Closest Main Intersection: E. Harmon Ave. & Boulder Highway

Elevation: 1662 ft / 507 m

Lat./Long.: M36.11031% W 115057157

Site pictures with views looking toward the indicated directions.
North East




Dynamic Site xZ16:

Objective: Meighborhood scale / Transport zone

Location: awood powerling pole on the median of Sir George Drive at the intersection of Sir Philip
Drive, Wery quiet low-density residential neighborhood, litte traffic. Mo obstructions.

Closest Main Intersection: E. Charleston Blvd. & M. Mellis Bhd.
(Approximately 625 m north of Charleston, 560 m east of Mellis),

Elevation: TBA .

Lat./Long.: M38.1649% W 115.056437

Site pictures with views looking toward the indicated directions.
MNorth East

South West
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APPENDIX B
STANDARD OPERATING PROCEDURES
1. Siting CO Saturation Monitoring Network

To clarify the nature of the link between general monitoring objectives and the physical
location of a particular monitoring station, the concept of spatial scale of
representativeness of a monitoring station has been defined by EPA and others. The goal
in siting stations is to correctly match the spatial scale represented by the sample of
monitored air with the spatial scale most appropriate for the maonitoring objective of the
station. The primary manitoring objective of this study is to determine the adequacy of the
current Clark County CO monitoring network to identify the highest CO concentrations
occurring in the valley, and the extent of geographic area experiencing concentrations that
approach or exceed the National Ambient Air Quality Standards. EPA requires
(40CFR58.14) that analyzers used in this way meet the siting criteria of SLAMS stations
(State and Local Air Monitoring Stations).

Spatial scale of representativeness is described in terms of the physical dimensions of the
air parcel nearast to a monitoring station throughout which actual pollutant concentrations
are reasonably similar. The scalas of representativenass that we need to be concernad
about in this project are:

Micro-Scale-defines the concentrations in air volumes associated with area
dimensions ranging from several meters to about 100 meters. A few stations along
Las Vegas Blvd and in other areas with large amounts of pedestrian traffic are
planned in this spatial scale.

Neighborhood Scale-defines concentrations within some extended area of the city
that has relatively uniform land use with dimensions inthe 0.5 to 4 kilometers range.
Most of the stations will be in this scale to complement most of the Clark County
network stations that were sited to these scale criteria.

One study objective is to determine maximum CO concentrations, including areas wheare
pedestrians may reasonably be exposed, such as the Las Vegas Strip. Such areas would
most likely be located within major street canyons of large urban areas and near traffic
corridors. Stations located in these areas are micro-scale, since CO concentrations
typically peak nearest roadways and decrease rapidly as the monitor is moved from the
roadway. Forthis scale, physical location is determined by consideration of CO emission
pattemns, pedastrian activity, and physical characteristics affecting pollutant dispersion.

To determine typical CO concentrations over a reasonably broad geographic area having
relatively high CO concentrations, a neighborhood scale station is more appropriate. Such
a station would likely be located in a residential or commercial area having a high overall
CO emission density but not in the immediate vicinity of any single roadway.

CO Saturation Final Report B-2



Given the goal of siting micro-scale and neighborhood stations, the EFPA siting guidance
for CO stations includes the following limitations on site and inlet locations.

Horizontal and Verical Placement of the Probe - EPA recommended required height of the
inlet probe for CO monitoring is about 3 meters above ground level, which is a

compromise between the breathing height and protecting the inlet from interference and
vandalism. In practice, probes are placed between breathing height and on top of
buildings, and the EPA allows vertical placemeant heights betweaen 3 and 15 meters for
middle and neighborhood scale sites. (the Fresno (EPA) supersite, Santa Rosa and San
Francisco Arkansas BAAQMD sites are two-story buildings with probes on roof.)

Adhering to probe heights close to the breathing zone is more critical for micro-scale sites,
where the EPA recommends inlet heights of 2.5 to 3.5 meters.

Spacing from Roadways - Roadways tend to contribute to the levels of CO in the ambient
air. Thus average daily traffic is an important criterion in determining distance from the
nearby roadways. For neighborhood scale analyzers, EPA recommends minimum
separation distances from 10 metars to 250 meters for most roadways in the Las Vegas
area. Furthermore, mid-block locations are preferable to intersections, where CO
concentrations become locally elevated with start and stop driving conditions. |In selection
of the micro-scale site along a roadway, it is preferable that the site be on the side of the
road that will have traffic back up to a red light. [t is the idle mode in vehicles that produce
the most CO that could impact pedestrian traffic.

Spacing from Trees and Buildings - EPA generally recommends distances greater than
10-meters from the trees. Buildings and other obstacles can obstruct normal wind flow
around a probe or monitoring path. To avoid this interference, the probe or at least 80
percent of the monitaring path must have unrestricted airflow and be located away from
obstacles so that the distance from the probe or monitoring path is at least twice the height
that the obstacle protrudes above the probe or monitoring path. This requirement could be
too restrictive but do the best you can documenting any sight shortcomings. Furthermore,
the probe should be at least one-meter from any supporting structures or obstacles. This
may not be possible if the supporting structure is a phone pole, but in those instances the
exposure will likely still meet the 90% criterion.

In summary, the samplers will be located about 3-meters above ground level and at least
one-meter from walls or structures, in locations providing reasonably unrestricted airflow.
Micro-scale samplers could be within 10-meters of roadways, near the intersection, and on
the side where traffic will back up to red lights, while the remainder of the network will be
located in mid-block locations at distances greater than 10-meters from roadways or other
specific CO sources.
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APPENDIX B

STANDARD OPERATING PROCEDURES

2. Launching, Deployment and Retrieving Onset Analyzers

The following steps are to be followed in the process of operating the Onset CO analyzers:

Prior to leaving for the field:

Check computer clock using GPS time (local PST)

Run Boxzar

For each monitor to be deploved, connect to computer using Onset interface cable and press
‘Connect” icon

Set “Description” to monitor serial number followed by deplovment number 555555 0D

Set “Sampling interval” to one-minute

‘Measurement”™ to Channel 1 {only)

Make sure “wrap around” and “delayved launch™ boxes NOT checked.

Check battery condition; if less than 10 percent set aside

9, Log serial numkser, deplovment number, curent date, average logger reading

10, Enter *Start” to launch

11, Unplug monitor and check to ensure operations light (blue) is blinking

12, Connect next monitor following instructions above for all subsequent units that will be deploved
At each site:

1. Wisual check of site condition. Document site anomalies.

2. Remove existing monitor, noting serial number, date and time

3. Check to ensure that new monitor is operational (blue light flashing). If not set aside.

4, Log serial number of newly installed unit and time installed

5, Mote keep removed analyzers separate from those being installed

Back from field:

1.

2
a3
4,

Enter the deploved and retrieved monitor information into master database

- - vs ste o f : :

Check computer clock using GPS time (local PST)

Run Boxcar

For each monitor retrieved, connect to computer using Onset interface cable and press “Connect’

icon
a) Check “file name” to ensure the file header is correct and in format 355555 00D
bl Check that the downloaded file destination is D:\Las VYegas CO
Study\DataLevel(-5

Check the resulting data plot to ensure unit operated properly, and period of measurement is

consistent with master data base launch and retrieval dates/times

Place retrived monitor into proper bin (not trash)
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APPENDIX B
STANDARD OPERATING PROCEDURES

3. Level 0.5 Data Validating of Onset CO Analyzers
From BOXCAR menu double click on desired dtf file
“Export” file to Microsoft Exoel
1. Channel 1 series only
2. Include serial number

3. Check sample data listing for
i. Datedime OK

ii. GO values are reported to tenths of ppm (xx.x)
1. Then press “Export” button
2. Save naming file with sitel D Serial Mo and Deployvment Mo, with txt extension Example= V15
47720 4THT
Fepeat for the complete set of new raw Level O data files before continuing
Read tat files into Excel
Delimited file type
Check boxes for tab, comma, and space
Then *Mext” and “Finish”
Format time field as “13:307 example shown
Inzert two columns before first column

Paste in headers for columns
‘Bite 5W Date Time CO DataFlag”

Copy/Paste SN from original header information to all records
Paste Site 10 to all records

Delete first two rows which are the original header

Celete all data records from start to time sampler actually hung
Flag first hour of data after hanging to suspect (5)

Save file as type “Excel Workbook™ in Folder “Level0. 57 using naming convention as follows;

5555 MMDD serialnumber where 5555=site name, MMDD=start date of data in this file

CO Saturation Final Report



APPENDIX B

STANDARD OPERATING PROCEDURES

4. Level 1 Data Validation

1. One-minute CO readings are subjectad fo an objective screening routine that lags as invalid one-
record spikes that are greater than 10 ppm.

2. One-minute CO readings are adjusted for slope and zero offsets developed from muolti-point
calibrations (See attached table). Calibration corrections are applied on the basis of serial number
rather than site as units moved between sites.

3. As required, the one-minute CO readings will be adjusted for ambient temperature based on the
algorithm developed from cold-test results.

4, Time-series plots of the one-hour averaged data will be examined by experience personnel for
oltliers.

5. Daily peak levels will be examined outliers relative to the network of sites will be examined and
validated.

C0O Saturation Final Report B&
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APPENDIX B
STANDARD OPERATING PROCEDURES

5. Onset Multipoint Calibration Database Instructions

Each calibration point in database will have a separate record, even if multiple points are collected
during the same calibration run.

The entries made must be the raw data logger output and not have any calibration factors
applied. The only reason the factors are listed on the loggers is to give a field sense of the
ohserved concentrations.

Motes are to be included of any observation of significance. This includes temperatures or ather CO
sources in the vicinity or calibration system problems.

The calibration source information should be entered for each point. This will include a distinction
betwesn the dilution calibrator or a zer/span cylinder.

Any cvlinder calibrations should include the eylinder number or 10,

Dilution calibrations should include the calibrator 1D and cylinder 10, The flow settings are
maintained in the calibration log.

The Cal factors are manually caloculated for each data logager using a linear regression of
input/response calculations.

Mo modifications are to be made to the format of this database (adding or deleting fields) as we wil
be merging multiple records from various entry sources.

The column for both the main database and cal factors under initials provides the information on who
collected the data and who entered the data, Don't skip this step as it provides a means of tracking
the infarmation.

. The cal factor records will be used to calibrate the collected data over a given interval. The decision

of what interval fo apply the calibration will be made after multiple entrigs are made.
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APPENDIX B

STANDARD OPERATING PROCEDURES

6. Zero and Span Measurements of Onset CO Analyzers

Check then note cylinder pressures (Zero air and span gas)

Launch all the analyzers being tested noting in file description that this is a chamber test.
Example: 353555 11-25 Chamber test

Place monitors into chamber being careful to leave space betweesn each units inlet ports. Maximum
capacity of chamber is 35 units

Plug one of the analyzers to data cable.

Connect zero air cvlinder to flowmeter and adjust flowmeter to full-scale using regulator valve not
flowmeter valve,

Disconnect flowmeter and connect inlet line to chamber

Allow 25-30 minutes for reading to stabilize.

After reading has stabilized, close zero air regulator stage one valve first then stage two.

Remove inlet line from zero air regulator and connect o span gas and repeat flowmeter setting as
described in step 5. Connect inlet line to chamber.

, Allow 2530 minutes for reading to stakilize,
. At completion, close both regulator stage one and two valves.,

Remove monitors from chamber and, using Boxear software pick off zero and span readings for
each unit. Record:
Serial Mumber
Time {end of test)
Zero reading
Span reading
Fass or fail
Fass or fail is detemrmined by comparing zero and span tolerances marked on each unit. Readings
must fall within stated levels,
Any units failing set aside.
Enter data into master spreadsheet.
Each point separate record in spreadsheet

CO Saturation Final Report E-&
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APPENDIX C
Deployment & Recovery Summary

To Deploy Time Recovery Time Onset  Launch Launch  Dumped Comments
Site Date  (PST)  Date [PETi | Serial Ho Date  Time [PST)

P23 e 1220 1E7 13EE 447608 11/20 a:01
G 1ne 12k NEv 1413 447703 N0 0:01
AT e 131 NET 1818 447672 10 0:01
HIT 1118 1344 1127 1830 447712 10 a:01
L1e 118 1357 128 30 4R 1A a0
Lan g 1421 1128 205 447702 1120 a:01
M7 1118 1442 128 @18 4o 1 0:01
M4 1118 1457 1128 54 447678 1120 0:01
E13 1118 1626 127 1547 447688 1120 a:01
JIT1iHE k45 12T 1620 447674 120 01
HO 118 18EF 1121 1338 447722 10 a:01
RE 1118 164 11RE 1036 447678 1120 a:01
g 1Ae 1t 18 1085 447673 10 0:01
(ST N VA W R § P 1024 447601 1120 a:01
BES 1119 850 ey 1124 447732 10 01
BEO 1119 923 1er 1.8 447680 1120 a:01
™ g 1231 1R 1318 447736 120 a:01
oonne 1301 NEs 1284 447725 1D 0:01
¥4 1118 1317 1R 1488 447733 N0 a:01
Y12 o1ne 13w 1L 1345 447740 NE0 0:01
X5 1Ae 1348 NS 1447 447724 N0 0:01
e e 424 128 1020 447720 120 a:01
VIF o 1ne 441 N 1210 447718 N0 a0
FATI DA T: BN F R R 2 1847 447737 10 a:01
219 e R0F NG 1926 4477116 10 0:01
g 1ne ks N6 1828 447738 10 a0
Q20 1ne 1e1d 126 1601 447704 1120 a:01
=3I R U T B e ] no 7 120 01
TE 1118 1644 126 1418 447602 120 a:01
L0 T AT T [ R N 2 14231 447726 10 a:01

Dalayed slart o 1120 @ 0001

Dalayed slart 1o 11/20@ 0001 falkd In ek, no data
Dalayed slarl to 1920 @ 00 01/DATA SUBPECT
Delayed skark o 1120 @ 00:01

Datayed slart o 11520 i@ 0001

Dalayed skart o 1120 @ 00:01

Datayed slart 1o 1120 @@ 0001

Dalayed skark o 1120 @ 00:01

Delayed skark o 1120 @ 00:01

Dalayed slar o 11/20 i@ 0001

Dalayed slartto 1120 @ 00:01. Site removed
Datayed slart 1o 1120 @@ 0001

Delayed s lart 011520 @ 0001

Delayed skark o 1120 @ 00:01

Dalayed slart o 1120 @ 0001

Dalayad start 1o 11/20 @ 00:01

Datayed slart 1o 1120 @@ 0001

Datayed slart o 11520 i@ 0001

Dalayed slart o 1120 @ 0001

Datayed slart 1o 1120 @@ 0001

Dalayed skark o 1120 @ 00:01

Delayed skark o 1120 @ 00:01

Datayed slart o 11520 i@ 0001

Dalayed skart o 1120 @ 00:01

Datayed slart 1o 1120 @@ 0001

Dalayed skark o 1120 @ 00:01

Delayed skark o 1120 @ 00:01

STOLEN FROM SITE

Dalayed skart o 1120 @ 00:01

Datayed slart 1o 1120 @@ 0001

G B el e e G Def ef e Dol Dol D el Dol Dol Dl Del Dl DD DD Dl Dol DD DD D0 Dol Dl D Def et

CO Saturalion Final Report



APPENDIX C - Deployment & Recovery Summary

Te  Deploy Time Recovery Time Onset  Launch Launch  Dumped Comments
_Site_ Date  (PST) _ Date [PST] | Serial Mo Date  Time (PST) o

T15 1119 1008 1125 14:05 447689 11020 0:m X Dalayed start o 1120 @ 0001

T14 1118 10z 1125 13:56 447721 1120 0:01 X Dalayed start o 1120 @ 0ol

212 1119 1040 11025 13:29 447731 11120 0:01 X Dalayed start bo 1120 @ 0001

@13 1ne 1148 11026 12:52 447708 1120 0:m X Delayad startto 11/20 @ 000

516 1119 1444 127 13:00 447687 1120 0:01 X Dalayed start to 1120 @ 0001

P12 1119 15:48 1127 12:28 447681 1120 0:01 X Dalayed slart to 1120 {0 00:01lled in fi=dd, no data

R3 11722 9:27 1125 11:08 447682 21-MNav 21448 = unitrais infeld, data suspsct, pulked out of rolabon

-3 12z 100s 1125 11:21 447685 21-Naov 2145 X

014 1z 15:08 1127 14:48 447722 x Site Installation - Summeadin Lbrary

w15 11125 14:22 1213 10:00 447735  25-Mav 2:50 x sampler falied In the feld; no data; will test

X165 1126 1448 1213 11:24 447686  25-Nov a:68 X

¥4 11025 15:00 1213 11:42 447675 2E-Nov 2:56 X samplar fallad In the el ; no data; will lest

ZiT 1126 1519 1213 9:23 447701 25-Nav a:65 X

Z10 112s 1827 1213 T 447709 2E-Naov a2:63 X

g 112 1540 1213 93 447700 25-Nov a:54 X

Q0 1Es el 125 9:24 447723 Z5-Nav a:52 X

Pa 1128 102e 1214 1615 447604  2E-Naov =R [ X

Ra 1125 1038 124 16:26 447677 2B-Nov 914 X

g 1126 1059 1214 16:02 447706  25-Nav 9:.07 X

T16 1128 14:19 1213 9:62 447727 2E-Naov 9:01 X

™ 1126 1318 1213 10:58 447684 25-Mov 9:03 X

1% 11Es 133 1213 10:21 447705 25-Nav 916 X

VIR 1128 1348 1213 11:09 447734 2E-Naov a1 X

T4 1126 1357 1213 10:19 447707 25-Mov :00 X

T15 1125 14:06 1213 10:12 447697 25-Nav 9:02 X

R3 1125 1110 1206 11:21 447736 2E-Naov 9:06 X

ik} 11z2e 1132 1206 11:10 447600 25-Mov 9:05 X

X100 12s A2ET 1213 12:21 447693 25-Nov 9:02 X

13 12e 12Es 1213 13:00 447605 2E-Naov 9:00 X

VAT 112 1205 1213 2:33 447608 ? ? X

AT 1ET 15119 124 2:60 447708 ZT-Naov 1007 X

N4 11728 9:67 124 11:30 447670 2T-Nov 1006 X

SO Ealuralion Fnal Report
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APPENDIX C - Daploymant & Recovery Summary

Te  Deploy  Time Recovery  Time Onset  Launch  Launch  Dumped Comments
_Site  Date [PET) Date (PET1 | Serial Ho  Date  Time (PST) y
J1 11027 1622 1214 1303 447715 27-Mav 10105 X
HIT 1127 1522 10:06 447683  27-Mav 10108 X
L1& 11028 9:32 1214 12244 447711 27-Mav 10:15 X
MIT 11028 9:20 1214 10:24 447726 27-Mov 10:16 X
P12 1127 1242 1213 12.52 4476099  2T-Mav 1017 X
X186 11028 1022 1213 1122 447714 27-Mav 10:19 X samplerfalizd In the fleld; no data;
D19 1ET 14:80 1214 9:38 447672 2Z7-Mav 1020 X
Gz Ny 1415 1214 9:25 447685 27-Mav 1022 x
E12 11027 1548 1214 1222 447691  27-Mav 1026 X
BEBS 11127 1156 1214 1345 447723 ZT-Mav 1027 X
BBS 11127 1128 1214 1412 447725 ZT-Mav 1020 X
Lz20 11028 @07 1214 1024 447737 2T-Mav 1021 X
B1E 1T 13:02 1213 1311 447729 2T-Mav 1022 x
Fz3 127 13.57 1214 G:09 447678 27-Mow 1024 X
518 11030 1827 1213 1324 4476898 30-Mav 12105 X
SoH 11030 1706 1216 10:47 447722 30-Mav 12106 X
X3 10E0 1503 1213 1345 447687 30-Mov 121089 X
J2a 11030 1315 1213 1424 447680  30-Mav 12:11 X
P12 1213 12.64 12114 1248 447728 02-Dec T:22 X
Y14 1213 1145 12114 13.52 447740 03-Dec 7:23 X
x15 1212 11:27 12114 onground 447702 02-Dec T:24 x twize vandaled; all dala suspect
X186 1213 1124 12114 12:55 447719 02-Dec T:25 X
Z19 1213 9:19 12114 1208 447704  02-Dec 727 x
V1E 1213 1002 12118 1342 447673 02-Dec T:28 X
TiE 1213 9:54 12118 1310 447712 02-Dec 7:29 X
VT 1213 9:35 12115 1225 447692  02-Dec T:30 X
Zi7 1213 @25 12114 1216 447739  02-Dec T:31 X
J29 1213 14.25 12115 @:00 4477311 2-Dec T3z X
w23 1213 13:47 12114 1122 447732 2-Dec 7:33 x
516 1213 1312 12114 1427 447689 02-Dec 7:35 X
13 1213 1302 12114 1322 447676 02-Dec T:38 X
x10 1213 1222 12114 1422 447681 02-Dec T40 X

SO Eaturalion Final Report



APPENDIX C - Deployment & Recovery Summary

Te  Deploy  Time Recovery  Time Onset  Launch  Launch  Dumped Comments
_Site  Date [PET) Date (PET1 | Serial Ho  Date  Time (PST) y

Ti1 1213 10:58 12115 16:25 447718 02-Dec 741 X

V13 1213 1111 12115 16:01 447738 2-Dec T43 X

Ti4 1213 10:20 12118 1485 447710 02-Dec 745 X

513 1213 10:22 12118 1537 447688 (2-Dec T4B X

(L 1] 1213 945 12114 1516 447716 02-Dec TA47 X

518 1213 1327 121& 1028 447720 02-Dec T48 X

TiE 1213 10:14 12115 1414 447721 02-Dec T49 X

R3 126 1122 12118 13.62 447805  4-Dec 7:39 x

SoH 126 10:49 1217 1002 447698 (4-Dec 740 X

J1 1214 13.06 12114 1542 447693  4-Dec T4z X

Qz0 125 9:28 12114 1554 447709  04-Dec T43 X

L& 1214 1506 12115 1202 447724  4-Dec T4 X

R& 1214 1529 12115 1147 447705 04-Dec TA45 X

U3 126 1112 1217 10:20 447680 (4-Dec TAE X

BE9 1214 13.48 12114 14:40 447686 (4-Dec 747 X

BES 1214 1416 12114 1454 447734 4-Dec TA48 X

P& 1214 1518 12115 1214 447687 04-Dec T49 X

H17 1214 10:08 12115 1021 447700 04-Dec T:50 X

E12 1214 1225 12118 1027 447701 4-Dec T:51 X

M17 1214 10:28 12118 1127 447727  4-Dec T:62 X

N14 1214 1125 12115 1112 447697  4-Dec T:h3 X

Lz0 1214 1028 12115 @15 447707  04-Dec T:54 X

Gez 1214 9:28 12115 9:38 447684 04-Dec T:55 X

L1& 1214 1247 12118 10:58 447605 (4-Dec T:56 x

019 1214 940 12118 @:52 447729  4-Dec T:E7 X

AT 1214 @52 12115 10:10 447674 4-Dec T:hE X

Fz3 1214 @11 12115 8:36 447609 04-Dec T:58 X
xBB12 127 11.25 12114 1408 447722  0OF-Dec 47 X

xZ16 127 11:65 12114 1310 447679 OF-Dec @49 X dynamicsile
xBB18 1277 12220 12114 1320 447725 0O7-Dec @:50 X dynamicsila
xBB15 1277 1145 12114 1323 447691  0O7-Dec @:51 X dynamicsile

xx18 127 1318 12114 1156 447677  O7-Dec @62 X dynamicsie

SO Eaturalion Final Report



APPENDIX C - Deploymant & Recovery Summary

SO Ealuralion Fnal Report

Te  Depley  Time Recovery  Time Cnset  Launch Launch  Dumped Comments
_Site  Date  {PST)  Date (PST) | Serial Ho _Date  Time (PST) o

W20 127 13:50 1214 11:47 447737 07-Dec 963 X dynamicsile
AAR 127 11:08 1214 14:34 447708 0O7-Dec 9:65 X

21 127 14:42 1214 11:35 447726  O7-Dec 9:56 X

217 127 15:35 1214 14:48 447736 0O7-Dec 967 X new static site
R1& 128 10:48 1214 14:00 447733 08-Dec M X new static site
«1E 128 10:58 1214 16:35 447678 08-Dec 9:20 X dynamicsile
10 1214 1438 1224 1:17 447711 14-Dec 904 X

AAR 1214 1438 1221 12:51 447723 14-Dec 9:05 X

i I T R i 1223 18:27 447670 14-Dec G:08 X

219 1214 1214 12623 15:18 447706 14-Dec 07 x

X3 12n4 1128 121 1217 447683 14-Dec a:08 X

J11 124 1545 1221 47 447685 14-Dec a:10 x

Y14 1214 1400 1223 16:10 447690 14-Dec a1 X

BBG: 1214 1457 12124 11:36 447694 14-Dec 912 X

BBO 1214 14:44 12724 11:06 447715 14-Dec 913 X

X168 1214 1258 12023 15:51 447401 14-Dec 9:14 X

F12 1214 1327 2@z 10:18 447728 14-Dec 1323 X

013 1214 1350 1222 10:22 447676  14-Dec 1348 X

R16 1214 141 2@z 10:33 447733 14-Dec 14109 X

B1&8 1214 1442 1222 10:47 447689  14-Dec 1439 X

E17 124 1m0 1222 10:55 447736 14-Dec 14:58 X

u1g 1214 1529 1222 11:18 447716 14-Dec 1526 X

Qo 1214 1608 1222 10:31 447709 14-Dec 16104 X

M1T  16-Dec 11:30 122 947 447719 15-Dec 724 X

L16  15-Dec 1102 1222 2:33 447732 15-Dec T:26 X

P&  16-Dec 1218 122 1201 447737 15-Dec 726 X

Ni4  15-Dec 11016 1221 @7 447691 15-Dec T X

L20  15-Dec @018 12E2 1002 447722 15-Dec T:28 X

G222 15-Dec 940 1221 11:07 447726 15-Dec T:30 X

A1T  16-Dec 10015 121 10:22 447704  15-Dec 73 X

R&  15-Dec  11:51 1222 11:28 447725 15-Dec T34 X

U  15-Dec 1205 2@z 11:50 447702 15-Dec T:38 X

C-6



APPENDIX C - Deployment & Recovery Summary

O Ealuralion Fnal Report

Te  Deploy Time Recovery Time Onset  Launch Launch  Dumped Comments
Site  Date  (PST)  Date [PST] | Serial Mo Date  Time (PST) o

J28 16-Dec 91 1221 11:42 447681  15-Dec T:38 X

D18 15-Dec 966 1221 10:55 447734 15-Dec 740 X

H1T 15-Dec  10:25 1222 220 447686  15-Dec 741 X

E12  15-Dec  10:40 1221 10:05 447693 15-Dec 743 X

P22  15-Dec  8:30 1222 10:45 447740 15-Dec Tidd X

X158 15-Dec  11:52 1222 16:59 447678 15-Dec 1149 X

VAT 16-Dec 1257 12022 1126 447602 15-Dec 12:80 X

T16 15-Dec 1335 1222 11:29 447712 15-Dec 1322 X

V1B 15-Dec  14:0d 1222 11:49 447673 15-Dec 13:89 X

T16  16-Dec  14:32 12022 12:04 447721 15-Dec 1425 X

T14  15-Dec 1608 1223 16:32 447710 15-Dec 15104 X

512 15-Dec  16:51 1222 16:48 447688  15-Dec 1547 X

W13 16-Dec 1615 12022 16:22 447738 15-Dec 16:11 X

T11  15-Dec  16:51 1222 17:05 447718 15-Dec 1646 X

x¥18 16-Dec 11:25 1222 12:33 447677 16-Dec 8:35 X
*BB15 16-D=c  11:55 1221 1318 447700 16-Dec 8:38 X

21 16-Dec  10:45 1221 1228 447679 16-Dec a:40 X

518 16-Dec  10:32 1222 11:08 447708 18-Dec a:41 X
W20 16-De=c  10:56 1221 1237 447684  16-Dec 842 X

xZ16 16-Dec  11:36 1222 16:44 447674 16-Dec a:43 X

R3  16-Dec  13:58 12024 10:40 447707 16-Dec a:44 X
*BB12 16-D=c  12:10 1221 13:04 447607 16-Dec 846 X
*BE18 16-D=c  11:45 1221 13:04 447701 18-Dec 247 X

«016 16-Dec  10:18 1222 11:22 447729  16-Dec a:48 X

SoH  1T-Dec  10:07 1221 11:34 447720 17-Dec 8:33 X

U3 17-Dec 10:25 1221 1223 447695 17-Dec 82:34 X

12 17-Dec 1614 1221 1322 447696 17-Dec 13:53 X new dynamic sl installed during 10P
=M19 1T-Dec 1540 12622 .55 447688  17-Dec 1354 X nesw dynamic sl installed during 10P
«Q18 17-Dec  16:00 1222 10:24 447680  17-Dec 13:55 X new dynamic sl Installed during 10P
P17 18-De=c 1R:EL 12022 1106 447727 18-Dec 12:585 x new dynamic sl installed during 10
«P1E  18-Dec  14:38 1222 11:14 447705 18-Dec 12:88 X new dynamic sl e Installed during 10F
P13 19-Dec 15115 12622 10:15 447724 18-Dec 743 X nesw diynamic el Installed during 10P

c-r



APPENDIX C - Daploymant & Recovery Summary

Te  Depley Time Recovery  Time Cnsat  Launch  Launch  Dumped Comments
Site  Date [PST) Date (PST) | Serial Ho  Date  Time (PST| A |
[TF& Jez-Dec| 1205 | 17 | 935 | 447685 | z2-Dec] 8234 ® |

P15 22-Dec 1118 1220 10:04 447693  Z2-Dec 8:35 X

Ug  22-Dec 11:54 17 10:08 447734 I2-Dec 8:36 X

F&  22-De=c  11:42 17 248 447361  I2-Dex 8:37 X
16 22-Dec 11:26 1220 94 447388  I2-Dec 8:38 X

L20  22-Dec 1006 1220 224 447739  I2-Dex 8:30 X
P17 22-0Dec 11:08 12020 9:65 44773 Z2-Dec 2:40 x
#2118 22-Dec 10:28 12020 248 447695  Z2-Dec 241 x

P22 22-Dec  10:48 116 11:23 447681  Z2-Dec R x

Q20 22-Dec 1035 12020 a:65 447301 2-Dec 2:43 x
P19 22-Dec 1019 120 an3 447684 Z2-Dec B:dd X

MIT  22-Dec 95D 120 9:35 447691  Z2-Dec 845 X

L1 22-Dec 937 118 13:08 447726 Z2-Dec 846 X
19 22-Dec 958 120 a1z 447687 Z2-Dec 847 X

HIT  22-Dec 925 118 963 447704  Z2-Dec 848 X

T16  22-Dec 1207 12029 16:23 447701 Z2-Dec 245 o samplerhad shut off at Installalion; static charge? .
e 22-Dec 1118 120 11:19 447304  Z2-Dec 847 X

VAT 22-Dec 1128 1229 16:00 447359  I2-Dec 8:50 X

517 22-Dec 158 1230 10:37 447606 Z2-Dec 8:62 X
xM¥lE 22-Dec 1236 1230 11:52 447609 Z2-Dec 8:53 X

R16  22-Dec 1036 17 11:46 447700 Z2-Dec 8:54 X

T16  22-Dec 1142 1229 14:12 447720 I2-Dec 8:55 X

516 22-Dec 10D 17 10:33 447363 I2-Dec 856 X

V1B 22-Dec 1152 1229 14:47 447683 I2-Dec 857 X

518 22-Dec 11:08 1220 11:00 447679 I2-Den 8:50 X

M3 22-Dec 1026 17 11:52 447607  Z2-Den 200 X

P12 22-Dec 1018 1T 1227 447723  2-Dec @02 x

AT 23-Dec 901B 1229 1355 447702  I2-Dex =1 X

J11 0 23-Dec 844 12029 13:20 447705 23-Dec TeT x

N14  23-Dec 85D 12020 10:18 447721 12-Dec 768 x

E13  23-Dec 904 1229 13:42 447677  I2-Dec 754 X

22 23-Dec 933 12029 14:12 447729 12-Dec 2:00 x

SO Eaturalion Fnal Report



APPENDIX C - Daploymant & Recovery Summary

SO Ealuralion Fnal Report

To  Deploy  Time Recovery Time Onset  Launch Launch  Dumped Comments
Site  Date [PET) Date (P5T] | Serial Ho  Date  Time (PST) o
W20 23-Dec 1437 18 12223 447733  Z3-Dec a2:01 X
x23 23-Dec 1421 116 11:29 447716 Z3-Dec a:02 X
019 23-Dec 925 1229 14:04 447736 Z3-Dec a:03 X
21 23-Dec 1428 116 11:54 447740  Z3-Dec a:04 X
xBB18 23-Dec  14:48 18 12:49 447728  Z3-Dec a:05 X
¥BB15 23-Dec 1456 118 16:28 447680  Z3-Dec a:06 X
J29  23-Dec 13:54 116 10:54 447708  Z3-Dec 12:48 X
SoH  23-Dec 1606 17 11:08 4476098  Z3-Dec 12:52 X
w12 23-Dec  15:09 1220 13:41 447676  Z3-Dec 12:52 X
*BB12 23-Dec 115 118 13:27 447692  Z3-Dec 12:54 X
U3 23-Dec 1625 17 10:48 447673  Z3-Dec 12:56 X
AAE 23-Dec  1R2E 1220 15:13 447685  Z3-Dec 12:58 X
Tl 23-Dec 1709 118 14:17 447737  Z3-Dec 1126 X
X156  23-Dec 15:54 1220 12:12 447686 Z3-Dec 14:13 X
513  23-Dec  16:50 1220 10:11 447727  Z3-Dec 14:14 X
xZ16 23-Dec 1545 1220 12:24 447722 Z3-Dec 14:17 X
W13 23-Dec 1626 1229 16:52 447732  Z3-Dec 14:19 X
21T 23-Dec  15:29 18 15:10 447725  Z3-Dec 1421 x Sampler falizd In ek, no dala colaclked
X165 23-Dec 1601 1220 12:53 447718 Z3-Dec 1422 X
219 23-Dec 1520 18 15:22 447708  Z3-Dec 1423 x
T4 23-Dec 1624 1229 18:17 447724  ¥3-Dec 1425 X
Y14  23-Dec 1612 1220 13:15 447712 Z3-Dec 1426 X
R3  24-Dec  10:45 17 10:27 447690  24-Dec 949 X
BEO 24-Dec  11:09 17 12:00 447688  24-Dec =t X
10 24-Dec 11221 1220 14:26 447710 24-Dec 9:59 X
BES 24-Dec  11:40 17 12:42 447738  24-Dec 1004 X
| AE  26-Dec  16:28 1229 14:23 447674  25-Dec 14:51 X newdynamiz sils;
ARIT ET-Dec 14045 118 11:15 447718 ET-Dec 1155 X nesw dynamic site
«P12 27-Dec 13:E0 1220 13:25 447715 27-Dec 1157 X new dynamic site
P11 27-Dex 1308 12120 13:47 447401 2T-Dec 11:58 X nesw dynamic site
xZ10 27-Dec  16:04 1220 14:05 447706  27-Dec 1345 X new dynamic site
Ti6  29-Dec  14:28 118 14:25 447720  28-Dec 1424 X

c-g



APPENDIX C - Daploymant & Racovery Summary

Te  Deploy  Time Recovery  Time Cnset  Launch Launch  Dumped Comments
Site  Date [PST) Date [PSTI | Serial Mo Date  Time (PST) A
A6 28-Dec 1448 178 12:08 447674  26-Dec 1443 X
V1B 28-Dec 150G 116 9:55 447683 20-Dec 1504 x
T4 28-Dec 1529 178 15:28 447724  26-Dec 1526 X
Ti6  28-Dec  15:48 116 10:12 447701 28-Dec 1542 X
VAT 28-Dec 1614 176 11:04 447368  286-Dec 1612 X
V12 28-Dec 1707 178 1412 447732 280-Dec 17103 X
M1T  30-Dec  S30 116 1227 447678 30-Dec 751 x
«P17 30-Dec  10:00 178 10:00 447705 30-Dec T:R2 X
«Q18 30-Dec 852 10T 1422 447711 30-Dec T:E5 X
xP19  30-Dec 907 178 @:02 447707 20-Dec T:58 X
«P15  30-Dec 10:08 18 1012 447670 30-Dec 750 x
020  30-Dec 858 ] 1144 447694  30-Dec a:0 X
N14  30-Dec  10:22 116 1321 44TETT  30-Dec a:03 X
«M19  30-Dec 9015 178 9:34 447738  30-Dec a:04 X
¥016  30-Dec 947 116 1224 447702 30-Dec a:05 x
L20  30-Dec 928 176 12:80 447729  30-Dec a:08 X
J11 30-Dec 12220 116 @17 447391 30-Dec 1124 X
ATT 30-Dec  12:44 116 1012 447695 30-Dec 126 X
D19 30-Dec 1300 116 10.25 447684 20-Dec 1128 X
Ef2 |30Dez| 1232 108 o35 | 447730 | 30Dec]| 1120 b
G2  30-Dec 1308 116 10:25 447693 30-Dec 1145 X
«F13  30-Dec 1328 178 1021 447681  30-Dec 1146 X
xP11 30-Dec  13:51 178 1045 447687  20-Dec 1147 X
512 30-Dec  10:27 18 1341 447727 30-Dec 1023 x
217 30-Dec  10:54 107 1015 447698  30-Dec 10:52 X
518 30-Dec 1112 118 1120 447679 30-Dec 11:10 X
U9 30-Dec 11031 176 1124 447304  30-Dec 1120 X
x¥18  30-Dec 1205 18 12.35 447609  30-Dec 12403 x
X186 30-Dec  12:24 18 1547 447688  30-Dec 1221 X
xZ16 30-Dec 1248 119 1121 447722 30-Dec 1243 X
X185 30-Dec 1304 178 1558 447719 30-Dec 1302 X
Y14  30-Dec 1327 178 1618 447712 30-Dec 1324 X

CO Eaturalion Fnal Repart



APPENDIX C — Depleyment & Recovery Summary

To  Deploy Time Recovery Time Onset  Launch Launch  Dumped Coamments
_Site  Date [PET) Data (PST) [ Serial No  Date  Time (PST) +
xf12 30-Oec 1355 16 16:00 447676 30-Dec 13862 X
*xZ10 30-0Oec 1417 178 13:52 447706 30-Dec 14:14 X
¥10  30-Dec 14:50 19 11:29 447710 30-Dec 1435 X
AAR 30-Dec 1528 17 11:48 447689  30-Dec 1522 no  Samplerfalked infiekd, no dalacolecked

HOTE: Data files labelad with "x" signify that these filas are from dynamic sites (e.g., xBB12)

O Ealuralion Fnal Report



CO Saturation Final Report

APPENDIXD

AUDIT RESULTS

£-1



Memorandum

To:

cc:

Fraom:

Date:

Rea:

Don Lehrman, Bob Baxter
Bill Knuth, Derek Lehrman
David Bush

11/18/01

Las Vepas Siting Audit

This is a quick summary of the siting audits that I conducted on November 15 and 16, 2001, T was able to
visit 25 of the static sites. The sites visited werer G13,G22, 111, K16, K20, N14, N18, P23, R20, 511,
SI3, T VI WI6, X15 Y10, Z13, Z17. 219, CW, FP, M5, PM, PV, and W1, The following issues
were noted:

The W16 site is located within approximately one meter of a large group of trees that effectivaly cuts
off about 907 of the monitoring path. Thus, the site does not meat EPA CO siting criteria. which state
that the inlet should be 10 meters from the dripline of trees, and barely meets criteria for exposure

and distance from obstaclas. As an obstacle, the trees also change the scale of the site from
“neighborhood™ to “middle™, which may not be desired. The location of this site should be evaluated.

The K16 site is, in general, properly sited as a “neighborhood™ scale site. However, during the audit
visit, an unusually large number of vehicles (some of them of older models) were parked at the
residences surrounding the site. Up to four or five vehiclas per house were noted in some cases. It
may be that the current location will have an unreprésentative number of “local sourcas™,

A saturation monitor is being sited at the County s microscale PM site (MS) for microscale CO
measuraments. The monitor is currently located at a height of four meters. To hast simulated
microscale CO measurements. it is recommendad that the monitor be lowerad to a height batween 2.5
and 3.5 meters, the EPA criteria for siting CO microscale inlats.

The W13, Z£17 and £19 sites are all located within a couple hundrad meters of major, busy streets.
This would make their scale more “middle” than “neighborhood™. Inaddition, the Z17 site is located
about six meaters west of a large wall, which may act as an obstruction, again making it more
“middle™ than *neighborhood” scales. I *neighborhood™ scale siting is desired (for comparison with
virtually all of the other saturation sites, which are “n2ighborhood™ scala), it is recommended that the
sites ba located further from thase streats.

[n general, the County “neighborhood™ sites are located on the grounds of public facilities. In most
cases, the sites are located not too far away from public parking lots. This is inherently different from
the siting of the saturation study “neighborhood™ sites, which are located primarily near single family
homes. Since goals of the study included measurement of CO at County sites not currently
measuring CO and collocating measurements at County sites currently measuring CO, no changes in
siting are reconmmended. However, this inharent difference in the siting of *neighborhood™ scales
sites should be taken into account when reviewing the data.
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*#  The T14 site is located very near the County CW site, and both of these “neighborhood™ sites are
likely sampling essentially the same air mass. In addition, the T14 siting is not ideal. since a wall,
treas and shrubs are located starting at about two meters west of the monitor. It may be that the
saturation monitor may be more useful in a different location. However, there may be some
differences between the two sites due to the parking lot adjacent to the CW site. This may provide
information addressing the previous comment, though the site might have to be changed to get away
from the trees/obstacles. The purpose for this site should be further evaluated.

#  The 513 site could not be located given the instructions available.

My recommendation is the Bob visit the sites that [ was not able to visit to provide a quaskindependent
review of the siting of those locations.

Feal free to call me if you have any questions.
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Memorandum Response

Ta: David Bush

ce: Bill Kruth, Derek Lehrman, Don Lehrman, Bob Baxter
From: Bob Baxter

Date: 11.21/01

Re: Response to Las Vegas Siting Audit

This memorandum responds to the Las Vepas Siting Aundit parformed by David Bush. The audit
identified some very pertinent subjects and our response to the comments is provided below. Sites were
selectad to as closely as possible reprasent the micro and neighbaorhood scale EPA recommendad siting
criteria. Because of some limitations in site availability some of the selected sites should be raclassified
as middle, as opposad to neighborhood. This should not ba a problem since the overall goal is to see if

thera are regions, either micro, middle or neighborhood, that are in exceedance of the standard. The
original comments by Mr. Bush are in italics, our response is in standard text.

This s o quick summary of the stfing awdits Shat § conducted on November 15 and 16, 2000, §was alle fo
viset 25 of the static sites. The sites visited were: GI3, G22, 081, Ko, K20, Ni4, NI8 P23, R20, 811,
§I3, Ti4, VI3, Wi, X153, Yi0, £13, £17, Z19, CW, FP, M5, PM, PV, and W The following (ssues were
nofed:

*  The WIG site is located within approximately one meter from a large group of trees that effectively
cuts aff abowt 907 af the monttoring paifi. Thus, the site does pot mect EPA OO sittng criteria, which
sfate that the inlet showld De 10 meters from the dripline aof trees, and barely meels criferia for
exposure and distance from obsiacles. Ax an obstacle, the frees also change the scale of the sife from
“neighborhood " to “middle ", wiich may not be desived. The location of this site showld be
evaluared.

Response: Apread, thera is some blockage to the flow and it may be more representative of middle
scale. The site was revisited on 1 121 and the nei ghborhood behind the church was explored but no
appropriate site was identified as security and wooden polas were not available. An alternative site is on
the pole within the parking lot of the church, which is away from the obstructions, but in the middle of the
Sunday morning parking (a source). We favor leaving the site where it is currently located and labal the
site as middle scale. CO is inert and we don™t feel the adjacent foliage will influsnce the ambient CO
concentrations.

*  The K10 soieis in general properly sited as a "nefghboriivod ™ scale stte. However, during the audil
vistf, an wnusuaily large mwmber of vehicles (some af them af older models) were parked af the
residences surrounding the site. Up fo four or five vehicles per house were nofed in some cases. 5
may be that the current location will have an unrepresentaiive number of “local sources ™.

Response: The site was revisited and no unusual vehicle loads were observedat 1700 PET on
11/21/2001. While thera were vehicles parked, the number of them did not look out of the ordinary. We
favor keeping the site as is.
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* L paturaon mondtar 5 belng sited af the Connty's microseale PM site (MS) for micrascale CO
measurements. The monitor {s currentiy focated af a helght of four meters. To Dest simulared
microscale OO measurements, if 65 recommended that the monitor be lowered fo a height between 2.5
and 3.5 meters, the EPA criteria for stfing CO microscale inlets,

Response: While we agree that the criteria reconmmends up to the 3.5 meter height, we placed the
sampler at4 meters to be above the influence of the adjacent monitoring shelter. We favor a little higher
sampler height versus the potential for interference from the adjoining structure. We will maintain the
sampler height at the existing height.

*  The Vi3, ZI7 and Z19 sites are all focated within g conple nndred mefers of major, busy sfreers.
This would mage their seale more "middie ” than “neighborhood ", In addiiion, the Z17 site is
Tocated abonr six meters west of @ large wall, wiich may acl as an obstruciion, deall making it more
“middie " than “neighborhood ” soales, P "nefghforiood ” scale sifing is desived (for comparison
with virtwally all of the ofher saturation sites, which are "neighborhood " scale), it is recommended
Fhai the sties be located firther from fhese sireels,

Response: For site V13, we agrea it should be relabelad as middle scale. Atsite Z17 the large wall
was recognized in the placement and the sampler is located above the top of the wall. The obstruction
created by the wall is no worse than what would be created by an adjacent shelter. 'We agras that it should
ba relabaled as middle scale but the exposure is good and we will retain it as a site. At site Z19 we apgree

it is in a region that would be considered middle scale. We will be moving the site approximately ong
block to the east in front ofa church and it can then be classified as Neighborhood.

*  Jngeneral, the County “neighborhood " sites are located on the grounds of pubilic facilities. In most
comes, the sites are located not foo far avwady from pubiic parking lots. This & inherently different
[from the stting of the saturation stwdy “relghborivod ™ sties, which are located primarily near single
Sfamaly homes. Since goals of the study included measurement of CO ar Counly sifes not currently
measuring CO and collocating measurements at Connty sites currently measuring OO, no changzes in
siting are recommended, However, this inherent difference in the stiing of "nefghborfiood ” scales
sifes showld be faken info account when reviewing the data.

Response: Apreed, this will be considered in the analysis.

*  The T14 site iy located very Rear the County CW site, and both of these “neighborhood ™ sites are
fikedy sampling essentially the same air mass. fn additon, the T14 siting is not fdeal, since a wall,
frees and shrubs are located starfing ab abowt fvo meters west of the mondior. It may be that the
saturation mondtor may be more wsefild (o a different location. However, there may be some
differences between the two sifes due fo the parking lof adfacent fo the CW sete. This may provide

information addressing the previous comment, though the site might fave fo be changed fo gef away
fram the trees/obstactes. The purpose for this site showld Be furiher evaluaied.

Response: While the two sites (T15CW and T14) are in the same general air mass. the T15 site is
almost a microscale site because of the heavy traffic during school hours. The purpose of the T14 site is
to sae if the school site is representative of the general neighborhood. While the T14 site does not mest
all of the exposure criteria, the general neighborhood is older and has established large trees and shrubs
evervwhere making the siting difficult. On 1121 the site was revisited and a better site that met security
and exposure criteria was not be identified. We favor leaving the site as-is.

*  The 513 site conld not be localed given the instructions availa e,

Response: We would like Dave to audit this site, as well as other potential sites on a second trip he
will be making in the near futura on his next visit.
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Memorandum

Ta: Dom Lehrman, Bob Baxter
CC: Bill Knuth, Derak Lehrman
From: David Bush

Date: 1121401

Rea: Las Vepas Hobo Audits

This is a quick summary of the audits that | conducted on MNovember 14, 2001 of the Hobo CO monitors.

The audits consisted of exposing the monitors to three CO concentrations (0, 10,35 and 25.2 ppm) by
pumping gases genarated using a Dasibi 3009 dilution calibrator through a chamber containing a number
of Hobos, The concentrations were introduced in the following order: zero, 10 ppm. 25 ppm. followead by
4 final zero. A period of 0.5 hours was allowed for each point to stabilize. An audit Hobo was used to
monitor the conditions within the chamber. A fotal of four runs were made in order to audit all of the
available Hobos, as follows:

*#  The first tun (beginning at 08:50) was conductad using the small case that had been originally
designated for the andits. A total of five Hobos (plus the audit Hobo) fit in this chamber.
Concentrations were introduced into the chamber at 5 Ipm. Since this equates to a windspaed of only
about 0.01 m/s, it had been determined that this method was not the most representative of actual
monitoring conditions, where wind would most likely assist in the monitors™ sampling. The method
was also not very practical, since, given the relatively long response times and the large number of
monitors, it would have taken several days to audit all of the Hobos, However, since this had besn
the original plan for the audit, this method was used for this first bateh.

*  The remainder of the audits was conducted in the large chamber that Bob used for the original
calibrations. The five Hobos from the first run were also reaudited using this chamber. About 20
Hobos were audited at a time. The chamber was equipped with four fans that kept the air within the
chamber circulating, simulating wind assisted sampling. For the first set in this chamber  beginning
at 12:307, andit concentrations were introduced at a flow rate of 5 [pm. Noting the long response time
for the final zero after the span concentrations, the flow rate was increasad to 8 lpm for the final two
runs (beginning at 14:40 and 16:40) in order o see if a higher purge rate for the chamber affected the
audit results in any way.

*#  Several Hobos were involved in multiple runs in order to identify anv variations betweaen runs.
Results of the audits are included in the attached table. This table was genarated using Bob’s original

workbook containing his initial calibration data. with three extra sheets. The table presents the results by

serial number, with only the first test of each Hobo (for reasons presented below) presented. The
following was noted:

* [n general, the results of the audit were very good. Some variability was noted between the audit
response relative to the original calibration response:; however, this variability is centered around a
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slope of one, showing essentially no bias. The audit zero responses were typically higher than the
calibration response, though the reason for this is not known for sure. One possibility is that CO is
not being completely flushed out of the chamber, though this doessn™t seem likely. A more probable
explanation is that a response period greater than 0.5 howrs is required. However, a 0.5-hour response
period seems like a reasonable test for the system.

*  Only two Hobos had responses that statistically fell outside of the audit results (bassd on two
standard deviations from the mean). These were serial numbers 477730 and 477708, which both had
issuas with the zeros.

*  Span responses obtained using the small case weare about 4.5% lower than those obtained using the
large, fan-equipped chamber. This is consistent with expectations that wind will improve the
response characteristics of the samplers. The results are more interesting for studies whera the
samplers will be used indoors, with the implication that they will read about 5% lower.

*  Hobos subjectad to multiple runs consistently showed an increase in response with each additional
run. The incraase occurred both for the zero and for the span points. Of the 14 repeat audits, only
two monitors did not show this increase. It is presumed that this increase is a byproduct of the long
response times encountered when the monitors recover from high spans, though it is not apparent
wlty the span values would also show an increase.

# Mo significant differences were noted between the three runs using the large chamber, even taking
into account the increase in the calibration gas flow rate describad above.

[n conclusion, based on the audit results, T would say that the Hobos have an accuracy of about £1 ppm.,
and that all of the Hobos appear to be operational. The zeros for the two outlisrs mentioned above should
be rechecked. All of the other Hobos produced audit results that appear to fall under the category of
random errar.

Feel free to call me if vou have any questions.
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Raw Correct ed T di 11 erence Audi t
SI'N 10.35 ppr ppm 10.35 pp25.2 ppm[10.35 ppf25.2 ppm I'nt
447670 1. 062 .0 140 2.4 12.1 26.6 0.6 10.9 26.3 5. 7. 39 1.021 0.5 0. 9999
447673 0. 883 .9 140 2.2 13 31.5 1.1 10. 6 26.9 2. 39 6. 89 1.031 0.6 0. 9989
447674 0.877 .5 140 2.7 14.4 32. 4 0.9 11.1 26.9 7. 49 6. 79 1. 035 0.7 0.9998
447675 0.939 .3 140 0.7 12 28.3 0.4 11.0 26.3 6. 29 4.49 1.029 0.4 1.0000
447676 0. 856 .3 140 1.7 13.2 31.5 1.2 11.0 26.7 6. 59 5. 99 1.015 0.9 0. 9996
447677 0.878 .1 140 2.7 13.9 31.5 1.2 11.1 26.5 7.19 5. 39 1. 006 1.0 0.9997
447678 0.916 .9 140 1.7 12.9 30 0.6 10.9 26.6 5. 2% 5. 4% 1.031 0.5[  0.9999
447679 0. 956 .3 140 0.8 11 26.6 0.4 10.2 25.1 -1.79 -0. 49 0.981 0.3 0. 9998
447680 0. 945 .5 130 2.7 13.5 30.5 1.1 11.3 27. 4 9. 29 8. 69 1. 045 0.9 0.9997
447681 0.959 .5 140 1.6 12,1 28.6 1.0 111 26.9 7.39 6. 99 1.031 0.8 0.9997
447683 0.954 .0 140 1.4 12 28.3 0.4 10.5 26.1 1. 49 3.49 1.021 0.2[ 0.9998
447684 0. 908 .4 140 1.9 12.7 29.5 0.4 10.2 25. 4 -1.79 0. 99 0.997 0.2 0. 9998
447685 0.890 .2 140 2.7 13.8 31.5 0.2 10.1 25.9 -2.49 2. 69 1.021 0.0[ 0.9996
447686 1.022 .9 140 1.7 11.7 26.6 0.1 10. 1 25.3 -2. 5% 0. 4% 1.010 -0.2] 0.9999
447688 0. 855 .0 140 2.2 13.7 31.5 0.1 9.7 25.0 -5.99 -0. 99 0. 996 -0.3 0. 9998
447689 0. 938 .0 140 1 11.5 28 0.0 9.8 25.3 -5.19 0. 49 1.008 0.2 0.9997
447690 0.906 .3 T 40 1.6 12.3 29.1 0.1 9.8 25.0 -5.29 -0.79 0.991 -0. 1] 0.9997
447691 0.904 .9 140 1.2 12 28.6 0.2 9.9 24.9 -4.29 -1.19 0.985 0.0[ 0.9998
447692 0. 968 .9 150 0.7 10.5 25.2 0.2 9.3 23.5 -10. 19 -6. 69 0.943 -0.3 0. 9999
447693 0.3881 .0 140 1.4 12.3 29.9 0.2 9.8 25.3 -5.39 0.59 1.000 -0. 1] 0.9995
447695 0.922 .0 40 2.4 12.9 29.5 0.2 9.9 25.2 -4.69 -0.19 0.994 0.0[ 0.9996
447697 0. 957 4 140 1.7 12.9 30 0.1 10.6 27.0 2.7 7.19 1.076 -0.2 0. 9999
447698 0.918 .6 130 1.2 11.5 27.7 0.5 10.0 24.9 -3.49 -1. 39 0. 968 0.3 0.9997
447699 0. 966 .0 140 1.7 12.5 28.6 0.4 10.0 25.6 -2.99 1.69 1.033 -0.5] 0.9999
447700 0.938 4 140 1.6 12.5 29.1 0.1 10.3 25.9 -0.59 2.79 1.026 0.I] 0.9999
447701 0.992 4 140 0.7 10.5 25.6 0.0 9.7 24.7 -6.19 -2.09 0.982 -0.2 0.9998
447702 1.051 .3 130 0.7 10 24.7 0.5 9.2 24.7 -10. 89 -2.09 1. 004 -0.8 0.9997
447703 0.870 .0 40 1.2 12,1 28.6 0.0 9.5 23.9 -8.3Y -5.49 0.947 -0.I] 0.9999
447704 0.952 .7 150 0.2 10.5 26.5 0.5 9.3 245 -10.39 -2.79 0. 996 -0.7] 0.9998
447705 0. 862 .6 140 2.7 14. 4 32.2 0.3 9.8 25.2 -5.39 -0. 29 1.011 0.4 0. 9999
447706 0. 980 .8 140 0.7 11 26. 4 0.1 10.0 25.1 -3.39 -0.49 1.000 -0.2] 0.9999
447707 0. 885 1 140 1.7 12.7 29.8 0.4 10.1 25.3 -2.29 0.29 0.989 0.2[ 0.9998
447708 0.917 .2 140 2.7 13.9 31.55 0.7 9.5 25.7 -8.09 2. 09 1.053 -1.0 0. 9997
447709 0.913 .2 140 1.7 12.7 29.8 0.3 10. 4 26.0 0. 19 3. 19 1. 020 0.1 0.9998
447710 0.926 .1 40 1.2 12,1 29.4 0.0 10.1 26.1 -2.79 3.59 1.040 -0.3] 0.9996
447711 0.943 .8 140 2 12.9 29.5 0.1 10. 4 26.1 0. 59 3.49 1.031 0.0[ 0.9999
447712 0.961 .3 130 1.5 11.9 26.6 0.1 10.1 24.3 -2.19 -3.79 0. 957 0.2 1.0000
447714 0. 894 .3 130 0.5 10.9 27.6 0.1 9.4 24.4 -8.79 -3. 39 0. 964 -0.1 0. 9995
447715 0.915 .5 130 1.1 11.8 28.3 0.5 10.3 25.4 -0.59 0. 89 0.990 0.3] 0.9998
447716 0. 930 .2 130 0.2 10.5 26.6 0.0 9.6 24.5 -7.69 -2.6Y9 0.977 -0.2 0. 9997
447717 0.910 .3 130 0.2 10 27.1 0.1 8.8 24. 4 -15. 09 -3. 39 0.977 0.6 0. 9986
447718 0.920 .0 30 0.2 10 26.6 0.2 9.2 245 -11. 19 -2.99 0.968 -0.2] 0.9990
447719 0.913 .0 130 1.2 12 28 0.1 10.0 24.6 -3.49 -2.49 0.972 0.I] 1.0000
447720 0. 905 .5 - 30 1.7 12.5 28.6 1.1 10. 8 25. 4 4.79 0. 89 0.967 1.0 0. 9999
447721 0. 968 .0 130 0.5 10.5 26. 1 0.5 10.1 25.2 -2.19 0. 19 0. 985 0.3 0. 9997
447722 0.910 1 130 1.2 12.5 28 1.0 11.3 25.4 8. 7% 0. 6% 0.967 1. 1] 0.9999
447723 0. 965 .5 140 1.2 11. 4 26.9 0.7 10.5 25. 4 1. 49 1. 09 0. 986 0.5 0. 9999
447724 0.987 4 150 1.7 10.9 25.6 1.0 10.0 24.5 -3. 19 -2.6Y9 0.939 0.7 0. 9996
447725 0. 905 .4 130 1 11.7 28.2 0.5 10. 2 25.2 -1.29 -0.29 0.978 0.4 0.9998
447726 0.903 .9 140 1.9 12.9 30 0.9 10.8 26.2 4.29 4.09 1.009 0.7] 0.9998
447727 1. 006 .5 150 1.2 10.5 24.7 0.7 10.1 24. 4 -2.6Y9 -3. 39 0. 940 0.6 0. 9999
447728 0.942 .5 140 1.5 12 28. 1 0.9 10.8 26.0 4.79 3. 19 0. 996 0.8 0. 9998
447729 0.916 1 130 0.8 111 27.6 0.7 10. 1 25.2 -2. 5% 0. 0% 0.977 0.4 0.9995
447730 0. 960 .3 140 2.2 12.2 27.6 1.8 11.4 26.2 10. 69 4.19 0. 969 1.7 0.9998
447731 0. 952 .2 130 1.1 11. 4 27.6 0.9 10.7 26. 1 3. 29 3. 69 1.004 0.7 0. 9997
447732 1.000 .8 :50 1.2 10.5 25.1 0.4 9.7 24.3 -6. 39 -3.69 0.951 0.2 0.9997
447733 0.991 .6 130 1.5 12 27.6 0.9 11.3 26.7 8. 89 6.09 1.027 0.8[ 1.0000
447734 0.942 .9 140 2.2 12.9 29.5 1.1 11.2 26.8 8. 39 6. 59 1.022 0.9 0. 9998
447736 0. 925 .3 140 0.2 10.5 27 0.4 10.0 25.2 -3.7Y 0. 19 0. 987 0.2 0. 9995
447737 1.006 .5 130 1.2 11.8 26.8 0.7 11. 4 26.5 10. 0% 5. 1% 1.022 0.8[ 1.0000
447738 0. 965 .5 130 0.7 11 26.3 0.2 10. 1 24.9 -2.49 -1. 39 0.981 0.1 1. 0000
447739 0.919 .4 130 1.5 12.5 29.2 1.0 11.1 26. 4 7.29 4.99 1.011 0.9 0. 9999
447740 0.917 .3 730 1.2 12 28.5 0.8 10.7 25.8 3.39 2.59 0.995 0.6 0.9999
477672 0.917 .3 40 1.5 11.3 26.6 1.1 10.1 241 -2.99 -4.49 0.916 0.9] 0.9997
477687 0.917 .3 140 1.2 12.5 29.3 0.8 11.2 26.6 7. 89 5. 49 1.024 0.7 1.0000
Aver age -0.7% 1.2% . 997 0.25
Std Dev 6. 0% 3.5% .031 0.52




Memorandum

Ta:

cC:

From:

Date:

Ra:

Don Lelrman, Bob Baxt er
Bill Kruth, Dergk Lehrman
David Bush

1 /30001

Additional Hobo Test

This is a quick summary of the tests I conducted on the Hobo s response to cold.

Below is a graph that is representative of each of the five Hobos that I put in the freezer. It shows the
original zero and two span points audit of the sampler conductad at room temperature (297 C) using the
large calibration chambear. The sampler was then placed along with four other Hobos in the small audit
case which I had placed in the freezer in Bill s apartment, and Iimmediately began introducing the high
span (25 ppm) audit gas into the case at 18:535. A gas flow rate of 5 1pm was maintained throughout the
test. The case had been placed in the freezer approximatel v one hour before to allow it to equilibrate to
the colder temperatures. After letting things stabilize for half an hour, I recordar the air temperature
within the case using the Radio Shack probe that I had sealed within the case, and removed the case from
the freezerto allow it to gradually warm up. Irecorded the following temperatures and times:

19:25 -t C
19:32 45 C
19:41 " C
19:54 T C
20:06 0= C

At this point, in an effort to devise a method of making things warm up quicker, [ accidentally severed the
linz leading to the tempearature probe, and therafore ended the test.

COppm) ¢

0 447673

25
20
15
10

&

0
17:00:00 1&00:00 190000 20.00.00 210000

1111501 17200:00 Time 1111501 21:0x00

As vou can see, the CO response appears to be significantly affected by temperature. The span response
appears to have droppead from 26.6 ppm at 257 C to 20,8 ppm at sub-freezing te mparatures, approximately
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a 20% drop. However, thera is not a good correlation between the instantaneous temperature and the
corresponding CO readings, with a notable lag between the CO trend relative to the temperatura trend.
Omne possible explanation would be that the temperature of the air within the sampler itself lagged the
“ambient™ air temperatura, This is consistent with observations made in a previous memo that highlight
the limitations of using a chamber that does not have fans to force circulation. Another is that the
“temperature correction” featura within the Hobo has some sort of inherent lag. Or it could be that poing
from 29 C to-77 Cinhalf and hour somehow confuses the sensor and/or the “temperature
compensating” feature,

Since we don’t have a stable trace associated with a stable tempearature, and since the test was aborted
priorto returning to the higher temperature, the test is far from conclusive. However the audit test does, |
balieve, demonstrate a need for more thorough tests of this natura. In terms of establishing CO gradients
within the Las Vegas network, any temperature dependency on the part of the Hobos is not that critical,
since the entire network will be operating under essentially the same temperature conditions at any given
time. All five to the tested Hobos behaved in the same manner and magnitude, so [ am reasonably
canvinced thatany temperature dependency is svstematic, and consistent for all of the samplers.
However, if tha Hobo data is to be used to evaluate data relative to ambient air standards, a 20%
underestimating of concentrations is probably significant, and should be accuratzly quantified.

Some quick thoughts on additional tests. My initial idea is to place an ice bag(s) in the big chamber, using
the fans to circulate the air. The temperature in the chamber could hopafilly be regulated by the amount
of ice and the flow rate of the gas being introduced into the chamber. I would place the Hobos on some
sortof insolated platfonm to eliminate any possible influence caused by the Hobo box cooling off at a
significantly different rate than the air within it (just trying to simulate ambient operation). No doulbt
there may be better ways to do the test. 1 think the key is trying to create relatively stable, maintained
cold temperatures to asswre that any change in response is not due to rapid/differential heating/cocling of
the sampler's componants.
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Memorandum

Ta: Bob Baxter
CC: Don Lehrman
From: David Bush
Date:  02/08/02

Ra: Van Performance Audit Results

Aftached are the performance audit results for the CO monitoring equipment that you used in the van. Per
our discussions at the time of the audit, no problems were noted. with both the conventional Dasibi CO
analyzer and the Onset Hobo CO monitor reading within 3% of true.

0 Saturation Final Repart C-11



Date:
2tart:
Finish:
E2udited kby:
Witnasa:

Analvzer make:
Serial Ho.:
Sample flow:
Zarc setbing:
Range:

PARSCONE ENGINEERING SCIENCE
CAREBON MONCXIDE

11/12/01
17:55 LET
19:30 LET

Cawild EBush
Bob Baxter

Cazikbl
HA
I
HA
50 PFM

Cperator provided correction factora:

Corrected data

B

DAS
Qoo
.0ao

Site name:
Oparator:
Project:

Model :
Filter:

Zpan esstting:
Vacuum:

Last cal.:

Factore= R:
B:
Andit
Polint
1
2
3
4

Linsar Regresslon:

2lope:
Intercapt:
Correlaticon:

Comments:

Zudit Equipment

= (IND. * A} +
Chart
1. 000 1
Q.00 [}
FPM
Input
|: x ::
o.3 #H
5.5 #H
1E5.9 ¥
3IT.6E #H

DAS
Q0%
.1
oaoo

(¥=PPM Corrected,

¥X=PPM Input)

Wan
Parscns
Saturaticn Study

3003
HA
HE
HA

Lasat
Calibraticn

Cilution System:
Zero Alr System:

Calibration <as:

Chart

#H/A 1

#H/ A

#M/ R 1.

HNonsa .

Make
Dazl
OF A
EMI

CO Saturation Final Report
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S5a0e CP
SMI

Multi

JI1Z4 56

10/17/01
HE
a7 /07700
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PARSCNZ ENGINEERING SCIENCE
CAEBON MONOXIDE

Date: 11/12/01 Site name: van
Start: 17:55 LST Oparator: Parscns
Finish: 12:30 LST Project: Saturaticn sStudy

2udited by: David Bush
Witnesz: Bob Baxter

Analyvzar make: Cnset Model: Hobo C0O
Serilal Ho.: 447671 Filter: Ha
Sample flow: HA Zpan setting: HA
Zerc setting: HA Vacuum: HA
Range: 0 PEM Last cal.: 10/1&/01

Cparator provided correcticon factors:

Corrected data = (IND. * &) + B
Chart DRSS
Factora= A: 1.000 1.000
B: Q. 00a o.aao
FPM FFH FFHM
andit Input Chart CAS
roint (X} (Y ()
1 0.3 /8 0.z
z 5.5 /8 6.2
3 15.9 /8 15.2
4 37,6 a0 Y i6.6

Linear Regression: (¥=PPM Corrected, X=PFM Input)

Chart CAS
2lope: AN/ A 0.978
Intercept: AN/ A -0.2
Corraelaticon: AN/ A 1.0000
Comments : Hone .
Eudit Equipment Last
Make Modsl 1D Calikbraticn
Dilution System: Dazibi o0 Cp 281 10/17/01
Fero ARlr Systeam: UF Alr SMI A HA
Calikration <as: EMI Multi JIT1Z2456 a7/ /0700
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Memorandum

Ta: Don Lehrman
cC: Bill Knuth
From: David Bush
Date:  02/08/02

Ra: Clark County CO Monitoring Network Audits

Attached are the results of the performance audits conducted at the Clark County as part of the Las Vegas
Saturation Study. Mo problems were noted, with all analyzers reading within about 4% of frue. In
addition to conducting the performance audits, a brief systems audit was conductad at each site.  Again,
no problems wers noted.
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PARSCNZE ENGINEERING SCIENCE

CARBON MOMNCXIDE
Date: 11714701 Site name: Clty Center
a2tart: 02:50 LST Oparator: Clark County
Finish: 10:15 LST Project: Clark County
2udited by: David Bush
Witnesz: Mickey Palmer
Analvzer make: Dasiki Model: 2008
Serial Ho.: 278 Filter: Yes
Sample flow: 1.1 lpm Zpan setting: 100
Zarc setting: 43 mv Vacuum: HA
Range: 5 PEM Last cal.: la/oa/0l
Cparator provided correcticn factora:
Corrected data = (IND. * &) + B
Chart CAS
Factores= R: 1.Q04 1.000
BE: Q.ooa C.aano
FPM FFM FFM
audit Input Chart DRSS
roint LX) [Y) (¥
1 o.a a.o .1
2 5.5 5.5 a.3
3 17.3 25.0 15.8
4 3%.9 39.2 319.4
Linesar Regression: (Y=PPM Corrected, X=PFM Input)
Chart CAS
2lope: 0.953 o.a87
Intercapt: 1.9 -0.1
Corraelation: 0.9748 1.0000
Comments : Hone .
Audit Equipment Last
Make Modal ID Calikbraticn
Cillution System: Daz1bi Soos CP o281 1a/17/01
Zero ARlr Bystem: UOF ARir 5MI LA NA
Calibration <as: EMI Multi JJ1Z4 56 a7 /o7 00

PARSCNZE ENGINEERING SCIENCE
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CRRBON

Date: 11/14/01
Start: 10:50 LET
Finish: 12:00 LEST
Eudited kv: David Bush
Witnesz: Mickey Palmer
Enalyzer make: Dasikil
Serial Ho.: 1d3e
Sample flow: 1.1 lpm
Farc setbing: &4 mV
Range: 50 PEM

MOMZXIDE

COparator provided correcticn factors:

B

DRS
Q00
Q00

2ite name:
Oparator:
projact:

Model :
Fllter:

Zpan setting:
Vaouum :

Last cal.:

Corrected data = (IND. * A) +
Chart
Factore= A: 1.000 1
E: -5. 000 o
FPM
audit Input
Boint (X
1 o.a
2 5.5
3 17.2
4 3.9

Linesar Regression:

(¥=PPM Corrected, X=PFM Input)

Sunrise Acras
Clark County
Clark County

3008
Yea

117

WA
10,/05/01

Last
Calikbraticn

Chart DRSS
2lope: 0.8%53 0.95%
Intercapt: -1 -0.1
Corralaticon: 1.00040 1.0000
Comments : Hone .
2udit Equipment
Make Modsl 1D
Cilution System: Daz1bi Soos O 281
Zerc Alr System: UOF AR1r SMI LA
Calibration <as: SMI Multi JT1z2456

PARSCNZ ENGINEERING SCIENCE
CARBON MOMNCXIDE
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Date: 11;714/01 Site name:

Start: 14:20 LET oparatolr:

Finish: 15:20 LSBT Projact:
Eudited ky: David Bush

Witness: Monte Symmonds

Analyzar make: Dasibkbi Model :

Serial Ho.: 1121 Filter:

Sample flow: 1.3 lpm Span sstting:

Zaro setting: 96 mv WACUIIMm £

Range: 53 PFM Last cal.:

Cparator provided correcticn factors:

Corrected data = (IND. * A) + B

Chart DAS
Factora= A: 1.000 1.000
B: Q. 000 0.0ano

FPM EFHM FPHM

anditc Input Chart LAS

Point (8] (Y '

1 o.a a.o0 -a.7T

2 5.5 5.5 5.8

3 17.2 17.8 15.%

4 3G6.9 40.2 19.6

Lingar Ragression: (¥=PPM Corrected, X=PFM Input)

Chart DAS
2lope: 1.008 1.011
Intercapt: 0.a -0.7
Corralaticn: 1.4a0040 1.0000
Comments : Hona .
Eudit Equipment
Maks Mocdal 1D
Dilution System: Dazibi Sao% CP 281
Zero Alr System: UF Alr SMI IR
Calibration Gas: SMI Multi JI1Z24 56

PARECHME ENGINEERING SCIENCE
CRRBON MONCXIDE

Date: 11;/16/01 Site name:

CiO Saturation Final Report
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Clark cCounty
Clark County

3008
¥Yes

190

HA
10711701

Laat
Calibraticn
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Start: 10:40 LST
Finish: 12:00 LST
Eudited by: David Bush
Witness: Monte Symmonds
Enalyzar make: Dasibl
Serlal Ho.: 1170
Sample flow: 1.3 lpm
Zaro setbing: &8 mv
Range: 5O PEM

Cparator provided corraction fa

cbora:

Oparator:
project:

Modeal :
Filter:

Span satting:
Vaouum:

Last cal.:

Coarrected, X=PFM Input)

Corrected data = (IND. * &) + B
Chart CAS
Factors= RA: 1.0040 1.4000
BE: Q.o0a C.aao
FPM FFHM EFFHM
audit Input Chart DRSS
Polint tZ) e (¥l
1 o.a 2.7 a
2 6.5 7.0 a.
3 17.32 17.8 17
4 3%.9 19.3 319
Linear Eegression: (Y=PFM
Chart CAS
2lope: 0.968 0.977
Intercapt: 0.8 0.1
Correlaticon: O.9%59 1.0000
Commenkts : Hone .
Audit Equipment
Make Modsl
Cillution System: Da=1ibi Saos CP
Zero Alr System: UF ARir 5MI
Calibration Gas: SMI Multi

CO Saturation Final Report
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Clark County
Clark County

1008

YTes

232

HA
10711701

Last
Calibraticn
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Memorandum

To: Don Lehrman

[ Bill Knuth, Derek Lelrman, Bob Baxter
From: David Bush

Date:  02/11/02

Ra: Van Performance Audit Results

The following is a brief summary of my observations obtained during the data processing audit that I conducted at
T&B Systems on Febmary 1, 2002, In addition to discussions with Bill and Derek regarding the processing of the
Hobo CO data, 1 also spoke Bob about the van data.

As we discussed at the time of the audit, the only data processing issue of note was the application of the zmo
factors to the Hobo data originally anticipated based on the calibrations before and during the study. A review of the
processed data revealed a large number of CO concentrations that were negative, indicating that there might be
problems with the #aro calibration factors, which were typically in the —0.5 to—2.0 ppm range. Further investigation
showed that the zeros for the Hobos depend significantly on temperature, and that zero offsets essentially
disappearad during cold nighttime hours. This relationship has since been investigated, resulting in the current z2ro
adjustment strategy, which estimates #ero offsets as a function of temperature.  This current strategy has
successfully remove the bulk of the negative concentrations and made the data in general more comparable with the
County s monitoring network.

Orther than this issue, no problems were noted. Raw data points followead through the data processing effort were all
handled correctly.

C0 Saturation Final Repart C-149



CO Saturation Final Report

APPENDIX E

FIELD CALLIBRATION (ZERQO/SPAN)

E-1



Appendix E.

Field Callibration (Zero/Span)

Time] Time CO (ppm}
SN Date Start | Finish | Location Cal Source Input | Response | Initials
44 76T 12002001 17121 1747 | Field HO Zen ) 2.7 wrk
44767 12002/01) 1754 | 1826 | Field HO Span 43,3 5 wrk
447719 120201 17123 1747 | Field HQ Zerno [ 1.9  wrk
447719 120201 1754 | 1826 | Field HQ Span 43.3 47 wrk
44768 120201 1713 ] 1747 | Field HQ Zerno [ 39 wrk
A47ER 120201 1764 ] 1826 | Field HQ Span 433 51 wrk
A4TERN 1200201 1712 ] 1747 | Field HQ Zerno [ 394 wrk
A4FERN 120201 1754 | 1826 | Field HQ Span 43.3 48 wrk
A4773 120201 1712 1747 | Field HQ Zero [ 1.9  wrk
A4773 120201 1754 | 1826 | Field HO Span 43.3 481  wrk
44771 120201 1712 1747 | Field HO Zero [ 1.9 wrk
447710 120201 1754 ] 1826 | Field HQ Span 43,3 49 wrk
44767 120201 1712 ] 1747 | Field HQ Zeno [ 29 wrk
44767 120201 1754 | 1826 | Field HQ Span 43.3 S wrk
47694 120201 1713 1747 | Field HQ Zerno [ 2.4 wrk
447694 120201 1754 | 1826 | Field HQ Span 433 471 wrk
4768 120201 1712 1747 | Field HO Zero [ 1.9 wrk
447689 120201 17564 ] 1826 | Field HD Span 43.3 47 wrk
44771 120201 1712 1747 | Field HO Zero [ 0.9  wrk
447719 120201 1754 ] 1826 | Field HOQ Span 43,3 481 wrk
44770 120201 1713 1747 | Field HQ Zerno [ 3.4 wrk
44779 120201 1754 | 1826 | Field HQ Span 43.3 4810  wrk
47704 120201 1713 ] 1747 | Field HQ Zerno [ 1.4 wrk
A47704 120201 1754 ) 1826 | Field HQ Span 433 424 wrk
44771 1202001 1712 ] 1747 | Field HQ Zerno [ 4wk
4771 1202010 1754 | 1826 | Field HQ Span 43.3 A7 wrk
447719 120201 1712 1747 | Field HO Zero i 3.9 wrk
44771 120201 1754 | 1826 | Field HO Span 43.3 49  wrk
A47704 120201 1712 1747 | Field HO Zero [ 1.9 wrk
447704 1202/01 1754 ] 1826 | Field HOQ Span 43,3 4994 wrk
4477290 120201 1712 ] 1747 | Field HQ Zeno [ 4 wrk
4477290 120201 1754 | 1826 | Field HQ Span 43.3 479  wrk
4773 120201 1713 ] 1747 | Field HQ Zerno [ 2.4 wrk
47734 120201 1764 | 1826 | Field HQ Span 433 459  wrk
477N 120201 1712 1747 | Field HO Zero [ 1.4 wrk
A4V 120201 1754 ] 1826 | Field HO Span 43.3 444 wrk
4773 120201 1712 1747 | Field HQ Zero [ 1.9 wrk
44773 120201 1754 ] 1826 | Field HOQ Span 43,3 481 wrk
447740 120201 17123 ) 1747 | Field HQ Zerno [ 2.4 wrk
447740 120201 1754 | 1826 | Field HQ Span 43.3 4810  wrk
A47720 120201 1713 ] 1747 | Field HQ Zerno [ 29 wrk
A47720 120201 1754 ) 1826 | Field HQ Span 433 490 wrk
CO Saturation Final Report E-2




Appendix E. Field Callibration (Zero/Span)

Time| Time CC (ppm}
SN Data Start | Finish | Location Cal Source Input | Response | Initials
447724 120201 1713 ) 1747 | Field HO Zern [ 2.9 wrk
447724 120201 1754 | 1826 | Field HG Span 43.3 44.3  wrk
447609 120301 1955 2031 Field HZ Zemn [ 2.4 wrk
447699 1203001 20328 ) 2110 | Field HQ Span 43,3 474 wrk
44770 120301 1955 2031 Field HZ Zemn [ 1.9 wrk
447700 120301 20328 2110 | Field HQ Span 43.3 44.4  wrk
447734 12003/01] 1955 | 2031 Field HZ Ferm [ 2.4 wrk
447734 1200301 2038 2110 | Field HQ Span 43.3 481 wrk
A47ET4 12003001 1955 2031 Field HO Zern [ 37 wrk
A47674 120301 20328 ) 2110 | Field HO Span 43,3 51.9  wrk
A47720  12003/01| 1955 2031 Field HO Zern [ 1.9 wrk
447720 1200301 2038 2110 | Field HQ Span 43,3 4390 wrk
44768 12/03/01| 1955 2031 Field HZ Zemn [ 2.4 wrk
447686 1200301 20328 2110 | Field HQ Span 43,3 457  wrk
447607 12/03/01| 1955 2031 Field HOQ Zerm [ 2.9 wrk
4476070 1203001 2038 ) 2110 | Field HO Span 43,3 490 wrk
447709 12/03/01| 1955 2031 Field HO Zern [ 1.9 wrk
447709 12003001 20358 2110 Field H Span 43,3 481 wrk
447729 12003001 1955 2031 Field HZ Zern [ 1.4 wrk
447729 12003001 20358 2110 | Field HO Span 43,3 479  wrk
447687 120301 1955 2031 Field HZ Zern [ 1.9 wrk
447687 120301 2038 ) 2110 | Field HQ Span 43,3 474 wrk
447680 1200301 1955 2031 Field HZ Zemn [ 2.9 wrk
447680 120301 2038 2110 | Field HQ Span 43.3 51 wrk
A47ER  12/03/01] 1955 | 2031 Field HZ Ferm [ 2.9 wrk
447684 1200301 20358 2110 | Field HQ Span 43,3 4910  wrk
4477000 12/03/01| 1955 2031 Field HO Zern [ A wrk
447700 12003001 20358 2110 | Field HO Span 43,3 489  wrk
447709 120301 1955 2031 Field HO Zern [ 34 wrk
447709 1200301 2038 2110 | Field HQ Span 43,3 529 wrk
447707 120301 1955 2031 Field HZ Zemn [ 2.4 wrk
447700 120301 20328 2110 | Field HQ Span 43,3 490  wrk
447697 12/03/01| 1955 2031 Field HOQ Zerm [ 1.9 wrk
447697 1203001 2038 ) 2110 | Field HO Span 43,3 490 wrk
447609 12/03/01| 1955 2031 Field HO Zermn [ 2.7 wrk
447609 1200301 20358 2110 | Field HO Span 43,3 4949  wrk
447724 12003001 1955 | 2031 Field HZ ZEr ! 1.9  wrk
A47724 12003001 20358 2110 | Field HO Span 43,3 4479  wrk
447609  12/03/01 1955 2031 Field HZ Zern [ 3.4 wrk
447699 120301 2038 ) 2110 | Field HQ Span 43,3 490 wrk
447609  12/03/01| 1955 2031 Field HZ Zemn [ 1.9 wrk
447699 120301 2039 2110 | Field HQ Span 43,3 490  wrk
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Appendix E.

Field Callibration (Zero/Span)

Time]| Time CO (ppm}
SN Date Start | Finish | Location Cal Source Input |Response | Initials
47400 12006/01] 1850 ) 1520 | Field HQ Fero [ 1.9 wrk
447400 12006/01 1925 1868 | Field HQ Span 43.3 44  wrk
47401 12/06/01] 1850 1520 | Field HO Zero [ 1.4 wrk
474010 12006/01] 1925] 1858 | Field HQ Span 43.3 444  wrk
447404  12/06/01] 1850 1920 | Field HO Zero [ 1.9 wrk
447404 12/06/01 1925 1858 | Field HQ Span 43.3 447  wrk
44768 1206/01] 18501 1520 | Field HG Zern [ 1.9  wrk
44768 12006/01] 1925 1858 | Field HO Span 43.3 459  wrk
447731 12006/01] 1850 1820 | Field HG Zero [ 1.9  wrk
4777 12006/01] 1925 ] 1868 | Field HQ Span 43,3 454  wrk
A477 1 12006/01] 1850 1520 | Field HQ Zero [ 2.4 wrk
4771 12006001 1925 1868 | Field HO Span 433 47 wrk
47674 12/06/01] 1850 1520 | Field HO Zero [ 1.9  wrk
A4767TH  12/06/01] 1925 1868 | Field HO Span 433 491  wrk
A4771H 12006/01] 1850 1820 | Field HO Zero [ 1.4 wrk
44771 12006001 1925 1868 | Field HG Span 43.3 461  wrk
44772 12006001 1850 | 1820 | Field HG Zero [ 1.9  wrk
4477294 12006001 1925 1868 | Field HO Span 43.3 449 wrk
476910 12/06/01] 1850 ) 1520 | Field HQ Fero [ 1.9 wrk
447601 12/06/01] 1925 1868 | Field HO Span 43.3 479  wrk
447694 12/06/01] 1850 1520 | Field HD Zero [ 1.9  wrk
447694 12/06/01] 1925] 1858 | Field HQ Span 43,3 464  wrk
A47RTH 12/06/01] 1850 1520 | Field HD Zero [ 29 wrk
A4TETH 12/06/01 1925 1858 | Field HQ Span 43.3 499  wrk
47670 12006001 18501 1820 | Field HG Zern [ 29 wrk
A47670 12006/01] 1925 1858 | Field HO Span 43.3 444  wrk
A4770g 12006/01] 1850 1820 | Field HG Zero [ 1.4 wrk
44770 12006001 1925 1868 | Field HO Span 43.3 45,4 wrk
447724 12006/01] 1850 1520 | Field HQ Zero [ 1.4 wrk
447724 12006001 1925 1568 | Field HD Span 433 481  wrk
476490 12/06/01] 1850 1520 | Field HO Zero [ 2.4 wrk
47690 12/06/01] 1925 1858 | Field HO Span 433 491  wrk
A4772H  12006/01] 1850 1520 | Field HQ Zero [ 1.4 wrk
47728 1206/01] 1926 ] 1958 | Field HQ Span 43.3 461 wrk
44768 12/06/01 1850 | 1520 | Field HQ Zero [ 2.4 wrk
44768 12/06/01] 1925 1858 | Field HD Span 43.3 499  wrk
447679 12/06/01] 1850 ) 1220 | Field HZ Zero [ 1.4  wrk
447679 12/06/01] 1925 1268 | Field HO Span 43.3 471 wrk
447739 1200601 1850 1520 | Field HO Zero [ 1.4 wrk
47739 12006/01] 1925] 1858 | Field HQ Span 43,3 481 wrk
44772 12/06/01] 1850 1520 | Field HO Zero [ 2.4 wrk
44772 12/06/01] 1925 1868 | Field HO Span 433 49 wrk
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Appendix E. Field Callibration (Zero/Span)

Time| Time CC (ppm}
SIN Date Start | Finish | Location Cal Source Input |Response | Initials
447709 12006/01] 18501 1520 Field HQ Zern [ 3.4 wrk
447708 12/06/01] 1925 1858 Field HQ Span 43.3 499  wrk
47737 12006101 1850 1920 Field HQ Zero [ 1.4  wrk
4773 12006/01] 1925 ] 1968 Field HQ Span 43,3 44.4  wrk
447679 1221001 2120 | 2200 Field HQ Zero [ 1.4 wrk
47679 12121001 2203 | 2238 Field HQ Span 43.3 47, Wrk
47704 1221001 2130 2200 Field HQ Zero [ 1.4 wrk
47704 1221001 2203 | 2238 Field HQ Span 433 51 wrk
4772 12021001 2120 | 2200 Field HQ Zero [ 2.4 wrk
A4772¢ 12021001 2202 ] 2238 Field HQ Span 43.3 499  wrk
4768 1221001 2120 2200 Field HQ Zero [ 34 wrk
A47aEH 1221001 2203 | 2238 Field HQ Span 43.3 5 wrk
447687 1221001 2120 2200 Field HQ Zero [ 2.4 wrk
47687 12021001 2203 | 2238 Field HQ Span 43,3 481  wrk
476910 1221001 2120 | 2200 Field HQ Zero [ 2.4 wrk
476910, 1221/01] 2203 ] 2238 Field HQ Span 43,3 481 wrk
47699 1221001 2120 | 2200 Field HQ Zero [ 1.9 wrk
47691 122101 2202 | 2238 Field HQ Span 43.3 5 wrk
447684 122101 2120 2200 Field HQ Zern [ 2.4 wrk
447684 1221001 2202 | 2238 Field HQ Span 43.3 5 wrk
476810 1221001 2120 2200 Field HQ Zero [ 1.9  wrk
476810, 12/21/01] 2203 ] 2238 Field HQ Span 43,3 471 wrk
447734 12121001 2120 2200 Field HQ Zero [ 1.9 wrk
47734 12121001 2203 | 2238 Field HQ Span 43.3 471 wrk
47390 1221001 2130 2200 Field HQ Zero [ 0.4 wrk
47390 12021001 2203 | 2238 Field HQ Span 433 434  wrk
476495 1221001 2120 2200 Field HQ Zero [ 2 wrk
44769 122101 2202 | 2238 Field HQ Span 43.3 47 wrk
4773 1221001 2120 | 2200 Field HQ Zero [ 1.4 wrk
4773 1221001 2202 | 2238 Field HQ Span 43.3 A7 wrk
447739 122101 2120 2200 Field HQ Zero [ 1.9  wrk
447739 12021001 2203 | 2238 Field HQ Span 43,3 500 wrk
47361 1221001 2120 | 2200 Field HQ Zero [ 0.9 wrk
4736 1221/01] 2203 ] 2238 Field HQ Span 43,3 49  wrk
47720 122101 2120 | 2200 Field HQ Zero [ 1.4 wrk
Q47720 1221001 2202 | 2238 Field HQ Span 43.3 499  wrk
47697 1221001 2120 2200 Field HQ Zern [ 1.9  wrk
47697 1221001 2202 | 2238 Field HQ Span 43.3 471 wrk
447384 1221001 2120 2200 Field HQ Zero [ 0.4 wrk
447389 1221001] 2203 ] 2238 Field HQ Span 43,3 4339 wrk
47724 12121001 2120 2200 Field HQ Zero [ 1.9 wrk
47724 12121001 2203 | 2238 Field HQ Span 433 461  wrk
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Appendix E. Field Callibration {Zero/Span)

Time]| Time CO (ppm)

SIN Date Start | Finish | Location Cal Source Input |Response | Initials
47700 1221001 2130 ) 2200 | Field HO FErn [ 1.4  wrk
47700 1221001 2203 | 2238 | Field HO Span 43.3 44.4  wrk
4769 122101 2130 2200 | Field HO FErn [ 2.4 wrk
4769 12/21/01) 2203 ) 2238 | Field HO Span 43.3 499  wrk
477000 1221701 2130 2200 | Field HO Zern [ 1.4  wrk
47700 122101 2203 | 2238 | Field HO Span 43.3 47 wrk
447304 122101 2130 2200 | Field HO =) (o] [ 0.9  wrk
447394 1221001 2203 | 2238 | Field HO Span 43.73 43.4  wrk
4769 1221001 2130 2200 | Field HO Zero [ 2.4 wrk
4476949 122101 2203 2238 | Field HO Span 43.3 457  wrk
47369 122101 2130 2200 | Field HO FEero [ 0.4 wrk
44736 1221001 2203 2238 | Field HO Span 43.3 437  wrk
447354 122101 2130 2200 | Field HO = (o] [ 0.4 wrk
447399 122101 2203 | 2238 | Field HO Span 43.3 44.4  wrk
4768 122101 2130 2200 | Field HO Fero [ 1.9  wrk
47689 122101 2203 2238 | Field HO Span 43.73 489  wrk
4768 12/22/01) 1915 ] 1845 | Field HO Zero [ 1.4 wrk
447689 122201 1947 | 2017 | Field HO Span 43,3 A7 wrk
447699 1222101 1915)] 1845 | Field HO FErn [ 0.9  wrk
447699 1222101 1947 | 2017 | Field HO Span 43,3 491  wrk
47674 1222101 1915 18945 | Field HO FErn [ 1.9  wrk
A47ETH 122201 1947 ) 2017 | Field HO Span 43.3 S wrk
47708 1222101 1915 ] 1845 | Field HO = (o] [ 29 wrk
47708 1222101 1947 | 2017 | Field HO Span 43.3 50 wrk
47694 1222001 1915 ] 1845 | Field HO =) (o] [ 1.4  wrk
A47R94 1222001 1947 | 2017 | Field HO Span 43.73 457  wrk
47680 12/22/01) 1915 ] 1845 | Field HO Zero [ 2.4 wrk
47680 1222101 1947 | 2017 | Field HO Span 43,3 491  wrk
4767 1222101 1915 ] 1945 | Field HO FEero [ 1.9  wrk
44TET 12022001 19471 2017 | Field HQ Span 43.3 S wrk
47729 1222101 1915 1845 | Field HO = (o] [ 1.4  wrk
47729 1222101 1947 | 2017 | Field HO Span 43.3 47 wrk
4771 12022001 1915 1845 | Field HO Fero [ 1.4  wrk
4771 1222001 1947 ) 2017 | Field HO Span 43.3 479 wrk
4774 12022001 1915 1845 | Field HO Fero [ 1.4  wrk
47740 1222001 1947 | 2017 | Field HO Span 43.73 49  wrk
4773 1222101 1915)] 1845 | Field HO Zero [ 0.9  wrk
4773 1222101 1947 | 2017 | Field HO Span 43,3 47 wrk
4477394 122201 1915 ] 18945 | Field HO FErn [ 1.4  wrk
A4773] 122201 1947 ) 2017 | Field HO Span 43.3 479 wrk
47729 1222101 1915 1845 | Field HO = (o] [ 0.9 wrk
47772 1222101 1947 | 2017 | Field HO Span 43.3 47 wrk
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Appendix E. Field Callibration (Zero/Span)

Time]| Time CO (ppm)
SI/N Data Start | Finish | Location Cal Source Input | Response | Initials
A4TETH 1222001 1915 )] 1945 | Field HO Fern ( 2.4 wrk
A4TETH 1222001 1947 | 2017 | Field HO Span 433 0 wrk
4772 1222101 1915 ] 1945 | Field HO Zero ( 0.9 wrk
47T 12022001) 1947 ) 2017 | Field HO Span 433 43,4  wrk
47714 12022001 1915 | 1945 | Field HO Zero ( 1.4 wrk
4TI 12022001 1947 | 2017 | Field HO Span 433 454  wrk
47728 12/22/01) 1915 ] 1845 | Field HO Zero ( 0.9 wrk
AA4T72H 12/22/01) 1947 | 2017 | Field HO Span 43.3 A7 wrk
447724 1222101 1915 ] 1945 | Field HO Zero ( 1 wrk
447724 122201 1947 ) 2017 | Field HO Span 433 439 wrk
447734 1222101 1915 ] 1945 | Field HO Zero ( 1.4 wrk
47734 1222/01) 1947 | 2017 | Field HO Span 433 444  wrk
447704 1222101 1915 ] 1945 | Field HO Zero ( 4wk
47704 1222001 1947 | 2017 | Field HO Span 433 48  wrk
47724 1222101 1915 1945 | Field HO Zero ( 0. wrk
47724 12/22001) 1947 ) 2017 | Field HO Span 433 451  wrk
4771 1222001 1915 ] 1945 | Field HO Zero ( 1 wrk
4771 12022/01) 1947 | 2017 | Field HO Span 433 47  owrk
447709 12220010 1915)] 1945 | Field HO Fern ( 3.9 wrk
4770 1222/01) 1947 | 2017 | Field HO Span 433 53 wrk
447704 12/22/01) 1915 ] 1945 | Field HO Zero ( 0.9 wrk
447704 1222/01) 1947 ) 2017 | Field HO Span 43,3 41.1  wrk
447E8E  12/22/01) 1915 ] 1945 | Field HO Zero ( 1 wrk
447E8E  12/22/01) 1947 | 2017 | Field HO Span 433 454  wrk
4773 12/22/01) 1915 ] 1845 | Field HO Zero ( 1.4 wrk
AATTAN 0 12/22/01) 1947 | 2017 | Field HO Span 43.3 449  wrk
4772 1222101 1915 ] 1945 | Field HO Zero ( 1 wrk
4772 1222001 1947 | 2017 | Field HO Span 433 439  wrk
447401 1224001 &0 a20 Field HQ Zero ( 0.9 wrk
447401  12/24/01) 825 a55 Field HOQ Span 433 43,4  wrk
447ERH  12/24/01] 7&O a20 Field HOQ Zero ( 1 wrk
44768 12/24/01) 825 a55 Field HQ Span 433 0 wrk
447680 12/24/01) T&O a20 Field HOQ Zero ( 1.4 wrk
447680 12/24/01) 825 a55 Field HO Span 433 480  wrk
447708 1224001 TEO a20 Field HQ Zero i 1.4 wrk
44770 1224001 825 255 Field HQ Span 43,3 45,4  wrk
447719 12/24/01) TEO a20 Field HQ Fero ( 0.1  wrk
447718 1224001 825 a1l Field HQ Span 433 491  wrk
447710 1224001 7EO a20 Field HQ Zero ( 1.4 wrk
447710 1224001) B25 B55 Field HOQ Span 43,3 491 wrk
447738 12/24/01) TEO a20 Field HOQ Zero ( 0.9 wrk
447738 1224001 825 a55 Field HQ Span 433 47 wrk

CO Saturation Final Report E-7




Appendix E. Field Callibration (Zero/Span)

Time]| Time CO (ppm)
SI/N Data Start | Finish | Location Cal Source Input | Response | Initials
47674 1224001 TEO a20 Field HQ Fern ( 1.9 wrk
447e74 1224001 825 a55 Field HQ Span 433 51 wrk
A4TETC 1224001 TEO a20 Field HOQ Zero ( 1 wrk
A4TETC 12024001) 825 et Figld HQ Span 433 43,4  wrk
A47E7H  12/24/01) TEO a20 Field HQ Zero ( 1.4 wrk
A4TETH 1224001 825 aEL Field HQ Span 433 490  wrk
4477400 01/08/02) BED 720 Field HQ Zero ( 1.4 wrk
447740 010802 725 a05 Field HQ Span 43.3 49  wrk
447688  O1/08/02) 650 720 Field HQ Zero ( 1 wrk
447684  O1/08/02) 725 a05 Field HQ Span 433 S wrk
447381 010802 B0 720 Field HQ Zero ( 1.4 wrk
447381 010802 725 /05 Field HOQ Span 433 47 wrk
447734 0108102 BEO 720 Field HOQ Zero ( 1 wrk
447734 010802 725 a05 Field HQ Span 433 48  wrk
47677 010802 B&0 720 Field HOQ Zero ( 2.4 wrk
4767 010802 725 a0G Field HQ Span 433 8 wrk
4771 0108102 650 720 Field HQ Zero ( 1 wrk
4771 010802 725 a0G Field HQ Span 433 481  wrk
447688 010802 BEO 720 Field HQ Fern ( 2.4 wrk
44768  O1/0802) 725 a0G Field HQ Span 433 491  wrk
447729 0108102 B0 720 Field HOQ Zero ( 1.4 wrk
447729 010802 725 B05 Field HOQ Span 43,3 491 wrk
44TE7H  O1/08/02) BEOD 720 Field HOQ Zero ( 1 wrk
44767 010802 T25 205 Field HQ Span 433 0 wrk
47674 0108102 BED 720 Field HQ Zero ( 1.4 wrk
4767 010802 725 a05 Field HQ Span 43.3 49  wrk
44771 0108102 650 720 Field HQ Zero ( 0.9 wrk
44771 0108I02) 725 a0G Field HQ Span 433 47 wrk
44736 010802 B0 720 Field HQ Zero ( 0.4 wrk
44736 010802 725 /05 Field HOQ Span 433 47 wrk
44768 O1/08/02) BE0 720 Field HOQ Zero ( 1 wrk
44768 010802 725 a05 Field HQ Span 433 8 wrk
447680 O1/08/02) 650 720 Field HOQ Zero ( 1.4 wrk
4476800 010802 725 a0G Field HOQ Span 433 47 wrk
47711 010802 B&0 720 Field HQ Zero i 11 wrk
447711 0108102 725 a05 Field HQ Span 43,3 4810  wrk
447684 010802 BEO 720 Field HQ Fero ( 0.1  wrk
447688 010802 725 a0G Field HQ Span 433 481  wrk
447684 010802 650 720 Field HOQ Zero ( 1.4 wrk
447684 010802 725 B05 Field HOQ Span 43,3 491 wrk
447361 0108102 B0 720 Field HOQ Zero ( 0.9 wrk
447361 010802 725 a05 Field HQ Span 433 0 wrk
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Appendix E.

Field Callibration {Zero/Span)

Time

Time

CC (ppm}

S/N

Date

Start

Finish

Lacation

Cal Source

Input

Response

Initials

447689 O1/08/02] 650 720 Field HC fero L 0.9 wrk
44768 O1/08/021 T25 805 Field HC Span 43.9 481 wrk
447704 010802 650 720 Field HQ FEro ! 1.4  wrk
447704 0108021 T25 805 Field HOQ Span 43.3 491  wrk
447697 010802 650 720 Field HOQ £Er0 ! 1.9 wrk
447697 0108021 725 805 Field HOQ Span 43.3 481 wrk
447681 01/08/02] G50 720 Field HOQ Fero L 1.4 wrk
447681 0108021 T25 805 Field HCQ Span 43.9 47 wrk
447709 O1/08M02] 650 720 Field HC Zero ! 2.4 wrk
447709 O1/08/021 T25 805 Field HC Span 43.9 481 wrk
4477319 O1/08M02] 650 720 Field HC Zero L 1.4  wrk
447731 0100802 T25 805 Field HQ Span 43,3 47, wrk
447739 010802 650 720 Field HQ Zero ! 1.4 wrk
447739 0108021 T25 805 Field HOQ Span 43.9 4810 wrk
447700 010802 650 720 Field HCQ Zero ! 1.4  wrk
447700 01/08/02] 725 805 Field HO Span 43.3 46.9  wrk
447726 01082 6RO 720 Field HCQ Fero ! 1.9 wrk
A47T2E 0108021 T25 805 Field HC Span 43.9 499 wrk
447389  O1/08/02] 650 720 Field HC fero L 0.9 wrk
447389 00108/02] T25 805 Field HC Span 43.9 47 wrk
447704 010802 650 720 Field HQ FEro ! 0.4 wrk
447704 0108021 T25 805 Field HOQ Span 43.3 41.3  wrk
447699 010802 650 720 Field HOQ £Er0 ! 0.9 wrk
447699 O108/021 725 805 Field HOQ Span 43.3 491  wrk
447729 O1/08M02] G50 720 Field HOQ Fero L 0.7 wrk
447729 0108021 T25 805 Field HCQ Span 43.9 453 wrk
447729 O1/08M02] 650 720 Field HC Zero ! 0.9 wrk
A47T2) 00802 T25 805 Field HC Span 43.9 45.4  wrk
4476098  01/08/02] G50 720 Field HC Zero L 2.4 wrk
44769 01/08/02] T25 805 Field HQ Span 43,3 499 wrk
447401 010802 650 720 Field HQ Zero ! 1.4 wrk
447401 O108M02] 725 805 Field HOQ Span 43.9 42.9  wrk
447739 01/09:02 Field HCQ Zero ! 0.3 wrk
A4773H 01090021 T25 805 Field HO Span 43.3 49.9  wrk
447609 01/09/02| 650 720 Field HOQ Zero L 1.9 wrk
447609 010902 T25 805 Field HC Span 43.9 4539 wrk
447604 01/09/02] 650 720 Field HC fero L 1.4 wrk
447694 010902 T25 805 Field HC Span 43.9 47 wrk
447729 01/09002] 650 720 Field HQ FEro ! 1.4  wrk
447729 01/09002] 725 805 Field HOQ Span 43.3 47 wrk
447686 01/09/02] 650 720 Field HOQ £Er0 ! 1.9 wrk
44768H 0109021 725 805 Field HOQ Span 43.9 4594  wrk
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Appendix E. Field Callibration (Zero/Span)

Time | Time CO (ppm)

SIN Date Start | Finish | Location Cal Source Input |Response | Initials
447687 01/09/02) 650 720 Fiald HZ Zern [ 1.4 wrk
44768737 01/09/02) 725 805 Field HZ Span 43.73 4710 wrk
447709 01/092/02) 1720 ] 1750 | Field HQ Zerm [ 0.7 wrk
447708 0109/02) 1755] 1830 | Field HO Span 43.79 44,9 wrk
4477094 01/09/02) 1720 ] 1750 | Field HO Zerm [ 1.4 wrk
4477094 0109/02) 1755 1830 | Field HO Span 43.3 4810 wrk
447724 0109/02) 1720] 1750 | Field HO ZErm [ 0.7 wrk
447724 010902) 1755 1830 | Field HO Span 43.7 471 wrk
447680  01/0902) 1720 1750 | Field HO Zermn [ 2.4 wrk
447680  01/09/02) 1755] 1830 | Field HO Span 43,73 490 wrk
447729 01090020 1720 ] 1750 | Field HO Zero [ 1.0 wrk
4477270 01092/02) 1755 ] 1830 | Field HOQ Span 43.7 4379 wrk
447694 0109202 1720 ] 1750 | Field HQ Zerm [ 1.0 wrk
447694  01/09/02) 1755 ] 1830 | Field HO Span 437 470 wrk
447690 0109/02) 1720 ] 1750 | Field HO Zermn [ 1.4 wrk
4476090, 0109/02) 1756] 1830 | Field HO Span 43.73 470 wrk
447737 010902) 1720 1750 | Field HO Zermn [ 1.4 wrk
447737 0109/02) 1755 1830 | Field HO Span 43.3 44,94  wrk
4477004 01/09/02) 1720 ] 1750 | Field HO Zern [ 1.4 wrk
4477004 01/09/02) 1755] 1830 | Field HO Span 43.73 43,0  wrk
447734 0109202) 1720 ] 1750 | Field HQ Zerm [ 1.4  wrk
447734 0109/02) 1755] 1830 | Field HO Span 43.79 44,9 wrk
447730 0109/02) 1720 ] 1750 | Field HO Zerm [ 1.4 wrk
447730 0109/02) 1755 1830 | Field HO Span 43.3 457 wrk
4477194 0109/02) 1720] 1750 | Field HO ZErm [ 1.4  wrk
4477184 0109/02) 1755 1830 | Field HO Span 43.7 4910  wrk
447719 0109/02) 1720 ] 1750 | Field HO Zern [ 1.0 wrk
447719 0109/02) 1755 1830 Field HZ Span 43.73 4810  wrk
447710 01/09/02) 1720 ] 1750 | Field HO Zero [ 1.4 wrk
447710 0109/02) 1755 ] 1830 | Field HQ Span 43.7 490  wrk
447679 01/092/02) 1720 ] 1750 | Field HO Zerm [ 1.4  wrk
44767 01/09/02) 1755 ] 1830 | Field HO Span 437 51.9 wrk
447394  010902) 1720 ] 1750 | Field HO Zermn [ 1.4 wrk
4473094  0109/02) 17556] 1830 | Field HO Span 43.73 470 wrk
447708 0109/02) 1720 1750 | Field HO Zern ) 39 wrk
447709  0109/02) 1755 1830 | Field HO Span 437 E2.9  wrk
447724 01090020 1720 ] 1750 | Field HO Zern [ 1.7 wrk
447724 01/09/02) 1755] 1830 | Field HO Span 43.73 44,4  wrk
447679 01/092/02) 1720 ] 1750 | Field HO Zerm [ 0.7 wrk
4476794 0109/02) 1755] 1830 | Field HO Span 43.79 47 wrk
447728 0109/02) 1720 ] 1750 | Field HO Zerm [ 1.4 wrk
4477284 0109/02) 1755 ] 1830 | Field HO Span 43.7 4579  wrk
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Appendix E.

Field Callibration { Zero/Span)

Tima| Time CO (ppm)
SIN Data Start | Finish | Location Cal Source Input | Response | Initials
447687 0108/02) 1720 ) 1760 Field HQ Fero i 1.4  wrk
447687 O1/08/02) 1765 1830 Field HQ Span 43.3 471 wrk
447738 010802 1720 1750 Field HQ Zero ( 0.9  wrk
447738 010902 1755 )] 1830 Field HQ Span 43,3 457  wrk
47720 010802 1720 1750 Field HQ Fero ( 1.4 wrk
447720 0109702 1755 1830 Field HQ Span 43.3 491  wrk
447707 010202 1720 ) 1750 Field HO FEr ( 1.9 wrk
447707 010902 1755 1830 Field HQ Span 433 491  wrk
A4TE7C 0108702 1720 1750 Field HQ Fero ( 29 wrk
447670 0108/02) 1765 ) 1830 Field HQ Span 433 439 wrk
447674 0108/02) 1720 1750 Field HQ Zero ( 3.4 wrk
47674 01/08/02) 1755 | 1830 Field HQ Span 43.3 B2 wrk
447355 01/08/02) 1720 1750 Field HQ Zero ( 1.4  wrk
447355  01/09/02) 1765 1830 Field HQ Span 433 471 wrk
447714 010902 1720 1750 Field HQ Fern ( 1.4 wrk
447714 0102/02) 1755 ) 1830 Field HO Span 433 471 wrk
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ACCEPTANCE TEST MULTIPOINT CALIBRATIONS
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Appendix F. Acceptance Test Multipoint Calibrations

Span cylindar value (ppm): 43.4,

Span tolerance (% 10%,

Jero tolerance (

ppmi: 1.6

Slope

Int.

Corr.

Calculated Raw Telerance Values

SIN

Date

(.2

3
3

(#. i)

Zaro min

ZETD M H}J

span min

Span Imakx

447348

10/12/2001

0.900

1.0000

-1.3

2.9

43.

1 ]

53.5

447670

1041 6/2001

1,06

1.0000

0.5

3.4

38.7

416.5

]
i3] &

447671 | 100162000 1.020 0 0.0004 15 T4 38.9 I
447672 | 10nezoo] 1o @ 0.0009 -0.9 2.4 30,4 48,0
447673 | 101162000  osed @ 0.0009 0.9 2 151 560
447674 | 101162000 oBrd A 0.000d 0.4 3.4 161 56,0
447675 | 101162000 oo @ 1.0004 13 41.0 511
447676 | 10116200 o850 0,5909 1.5 459 56.0
447677 | 10162000 oard 1.0000 0.4 45.6 55.5
447678 | 10116200 oo 0 0.9909 0.7] 43.6 530

447679

1041 6/2001

1.0000

-1.2

447680

1001 6/2001

1.0000

-0.1

]
i =9 I

[all w1 T ] T W] Hied M) Bis]

447681 | 10/16/2001 5 -0 (.9999 1.1 41.4 50.3
447682 | 10/15/2001 0,958 -0 0.9999 -1.4 41.1 50.1
447683 | 10/15/2001 0. 954 -1 1.0000 -0.§ 41.9 !
447684 | 10/15/2001 0,905 0.99949 -0.3 444 c
447685 | 100152001 0,890 -2 0.9994 0.5 46.7

447685

1041 5/2001

1.0000

0.4

447687

1041 5/2001

1.0000

-0.4

rofeo| ol wafra| = oo = [ raf o | =

| W] ESE Bl W]

=l rafom o] Lol —| &) e
el A I RS = B

L
L Nai=0 Dl Kbl Hasl sl E0s0 FSE Dl Favl Fasl E0sE o0 0N Daell S Dial Tl FASE DsE M FS0 WS Fial Eisl E{al Fasl D] in

447688 | 10/15/2001 -2 0.9994 0.2 3. 47.9

447689 | 10/15/2001 0.935 -1 1.0000 -0.6 2.6 42.4 1.
447690 | 10/15/2001 0. 905 -1 0.9594 -0.3 3.0 44.9 4.0
447691 | 10/15/2001 0. 904 - (0.9994 -0.7) 2. 441 3.7
447692 | 10/15/2001 0. 065 -0 0.9897 -0.7] 2.4 41.4 .2
447693 | 10/15/2001 0.881 -1 (0.9099 -0.7] 2.7 45.4 .
447694 | 10/15/2001 0,942 -1 0.9999 -0.1 3.1 43.0 e
447895 | 10/15/2001 0. 92 -2 0.9999 0.4 3.1 444 g
447696 | 10/15/2001 0.911 -1 1.0000 0.3 3.4 44.7] .
447697 | 10/15/2001 0.957] (0.9995 0.1 3.3 42.9

447698

10/15/2001

1.0000

-1.1

]
]

447699

10152001

1.0000

0.5

bl B
d

447700

10/15/2001

1.0000

-0.2

L
p

= =]
il Y Dl Deal

Elenlenlenlenlenlenl en|enlenl enl enlenl enlenl &= en| enlen| o

mliglelinl o

] Reoll OS] Y § O] QU QRN EA] OS] k) ]

g

A
447701 | 10/15/2001 .99 -0 (0.9999 -0.§ 2.7 40.1
447702 | 10/15/2001 1.051 -1.7 1.0000 -0.1 2.7 384 46.7]
447703 | 10/15/2001 0,870 -1.0] 0.9849 -0.7] 2.9 45.9 55.4
447704 | 1015/2001 0,952 -0.7] 0.9999 0.8 2.3 41.7] 50.8
447705 | 10/15/2001 (. 862 -2.4 1.000] 0. 4.3 47.9 58.0
447706 | 10/15/2001 .98 -0.49 (0.9995 -0.4 2.3 40.4 49.5
447707 | 10/15/2001 0. 885 -1.1 1.0000 -5 2.5 45.4) 55.1
447708 | 10/15/2001 0.917] -3.9 0.9899 1.6 4.9 45.9 55.3
447709 | 10/15/2001 0.913 -1.9 0.9894 -4 2.9 44.0 53.5
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Appendix F. Acceptance Test Multipoint Calibrations

Span cylinder value (ppmi: 43.4, Span tolerance (%) 10%, Fero tolerance (ppmi: 1.5
Slope Int. Corr.  [Calculated Raw Tolerance Values

S/N Date (2 7ihE) (#.4) (#.f518) |Zero min|zero max span minjspan max|

447710 | 10015/2001 0,924 -1.1 0.9097 -0.5 2.9 43.3 52,7
447711 | 10115/2001 0.943 -1.4 0.9899 0.2 3.4 43.2 52.4
447712 | 1001512001 0961 -1.73 1.0000 -0.3 2.9 41.9 51.0
447714 | 10015/2001 0,894 -0.3 0.9099 1.4 2.0 44.10 53,7
447715 | 10/15/2001 0,815 -0.§ (0.9999 -1.1 2.1 43.2 52.7]
447716 | 10015/2001 0,930 -0.3 0.9994 -1 .4 1.9 42.2 515
447717 | 100152001 0.910 -0.3 0.9995 -1.3 1.9 43.2 52.9
447718 | 10/15/2001 0.9201 0.0 1.0000 -1.6 1.6 42.4 51.4
447719 | 10015/2001 0.913 -1.0] (.99 94 -0.7] 2.6 43.7 53.2
447720 | 10015/2001 0,904 0.5 0,999 -1.2 2.1 43.9 53.2
447721 | 10015/2001 [ 0.0 (.9999 1.5 1.6 40.4 494
447722 | 1001512001 0.910 -0.1 1.0000 1.5 1.9 43.0 52.H
447723 | 10015/2001 0.965 -0.9 1.0000 =10 2.1 41.0 50.0
447724 | 10/15/2001 0,987 -0.7] 1.0000) -0.5 2 40.3 49,1

447725 | 1001572001 0.905 -0 0.9995 -1.3 ! 43 531
447726 | 1001572001 0.903 -0 0.9997 -0.5 : 44, 53.5

39.
41.! 51.9

1.0000 -1.0
(0.9999 -1.1

447727 | 10015/2001 1.008 -0.

N1 a1 191 Y T
o
ol
i

447728 | 1015 2001 0,942 -0.
447729 / 0915 -
447730

447731

] ]

42.7 52.9
41.
41

1.0000 -1.65
1.0000 -1.3
(.9999 -1.4

0.960 -0.
0.952 -0

50.10

50.3

=l

el Bl =l sl e W] e oSl Ol B e R e Bl Nl L )

Lag .Ln. :'TI [l %) :'-_I LLs N D] i—':l i’\.'l L — Lolin ;:l.-.l .Ln.

0

.2
447732 1.000 -0 1.0000 -0.7] 3 39.9 48.5
447733 0,991 -0, 1.0000) -0.9 A 40.1 489
447734 0,943 -0. 0.99899 -0.7] 4 42.4 51.5
447735 0.920 -0 0.9995 -1.4 J 42.9 52.3
447736 0,925 0. .99 06 -1.6 A 42.0] 51.4
447737 1.008 -0. 1.0000] -1.0 g 39.3 47.c
447728 (0.965 -0 1.0000] 1.0 A 41.0 50.0
4477329 0.918 -0 (.9999 -1.4 0 42.9 52.4
447740 0.917 -0. 1.0000 -1 4 42.9 5.4
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ONSET CO ANALYZER SPECIFICATIONS AND TESTS
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APPENDIX G: ONSET CO ANALYZER SPECIFICATIONS

HOBOE Carbon Monoxide Logger

Monitor carbon monoxide (CO) levels in areas such as garages, terminals, loading docks, construction sites,
fumace rooms , office buildings and living areas. Convenient battery operation eliminates the need to run
wiras for AC power, making it @asy to deploythe HOBD CO logger at various potential hotspots. Usa the
resulting data to help identify problems with furnaces, vehides, water heaters, stoves, fireplaces, ventilation,
air supplies, and flues (non-condensing ervironmeants only). Optimize resolution and accuracy with three
software selectable ranges: 0to 125 ppm, O to 500 ppm, O to 2000 ppm (parts per million).

Faatures and specifications

Capacity: 32 520 measure ments total

Usarsalaectable sampling intervals: 0.5 seconds to 9 hours, B,
recording times up to 1 year Pl i
Readout and relaunch with optional HOEO Shuttle or 12’0
HandCar software running on a Palm& handheld []
Wall or ceiling mounting kit (hook/loop and screws 'ﬁ‘ i
includad) tameits
Programmable start time/d ate p— |
Memory modes: stop when full, wrap-around when full !_ﬁ-:_wﬂ“"' |
Morvolatile EEPROM memory retains data even if battery
fails

Blinking LED {blu=) confimms operation

Usar-replaceable battery lasts 1 yvearin normal
applications®

Battery level indication at launch

Expected sansor life: 5 years

Operating range: -20°C to +50°C (<4°F to +122°F), 10to -
95% ralative humidity, non-condensing, non-fogging

Operating pressure range: 1 Atmosphere + 10%

Time accuracy: 1 minute parweek at +20°C (+65°F)

SizedWeight; 5.7 x 2.6 x 1.6" (144 x 60 x 40 mm)/ approx.

0.29 |bs. (012 kilograms)

Measurament Specifications

Mominal Range  Actual Range Resolution Accuracy
(Ppm) (ppm) ppmj

0—-125 0.2-124.3 0.5 +1 ppm +10%
0- 500 1- 4971 2 £3 ppm +10%

0 - 2000 4- 1988 8 5 ppm +10%

The CO sensor is temperature compensated over the entire operating range ; however, very rapid
temperature changes can contribute as much as an additional 10% emror to the above accuracy
specifications.

Physical shocks or rapid changes in ambient pressure may show up as spikes in the data.

Response time: 11 minutes typical, depending on installation location and oiantation.

Exposure lavel referancs

0-1 ppm Nomnal background
9 ppm ASHRAE Standard 62-1982 for living areas
50 ppm OSHA enclosed space 8-hour average levels**

100 ppm OSHA exposura limit**
200 ppm Mild headache, nausea, fatigue, and dizziness

A00 ppm Convulsions and death within 2-3 hours

*Battery life is shorerwhen CO levals average 10 ppm or more. Foraxample, battery life is & months at average
concentrations of 100 ppm.

** 1.2, Degpartment of Labor Occupational Safaty & Health Administration (OSHA) regulation 1917 .24: The CO
content in any enclosed space shall be maintained at not more than 50 ppm (0.005%). Remowe all personnel from
enclosad space if the CO concentration exceeds 100 ppm (0.01%:).
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Appendix G
Onset CO Analyzer Tests

Overall Response to CO

The initial evaluation of the CO analyzer was performed in a glass vessel to determing
the overall response characteristics of two prototype units to determine the feasibility of
the samplers to collect ambient level concentrations of CO. Figure 1 shows the vessel
with the two CO analyzers being exposed to the various CO concentrations. Thae CO
was generated by mass flow dilution of protocol gas through an Environics model 100

calibrator and verified with a Dasibi 3003 CO analyzer.
Figure 2 shows the initial response data.

Figure 1. Initial CO Response Tests of the Prototype Onset CO Analyzer

On the basis of the test results the Onset CO analyzer was determined to be suitable for
measurament of the anticipated levels of ambient CO, but would require further
information on the individual calibration curves for each unit. This test led to the next
set of evaluations for response characteristics and environmental enclosure
development.
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Figure 2. Initial Response Data from Two Prototype Onset CO Analyzers

Multiple Analyzer Comparison with No Air Flow Around Onset Analyzer

The response of two CO analyzers to changing concentrations of CO were evaluated in
what may be called a “large chamber”. The chamber was the workshop area at the
Parsons Valencia office with the CO source being an older, pre emissions controlled
vehicle. The goal of the test was two fold; first, to compare the response of two CO
analyzers to each other, and second, to compare the response of the CO analyzer to an
EPA dasignated equivalent method CO analyzer, the Dasibi 3002, The CO analyzer
were programmed to collect one-minute samples while the data from the Dasibi were
recorded as one minute averages of one-second scans. The sample inlet for the Dasibi
was placed adjacent to the two Onset analyzers. The test was conducted by injecting
C0O into the shop area in the evening, closing the doors to the shop area, and allowing
the CO concentrations to decrease through the night and into the next morning. The
ambient temperature in the shop area was monitored throughout the test. Air flow
during the test was negligible.

Figure 3 shows the comparison of the two Onset CO analyzers. |t is clear from the
figure that the two Cnset analyzers produced nearly identical responses.

Figure 4 shows the comparison of the response of one Onset analyzer used in the test
to the Dasibi measured concentrations at the same time. The observed trends were
closely matched, but there was anobserved lag in the rate of decrease of the CO
concentration from the Onset analyzer. \Whether this lag was due to lack of airflow
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around the Onset analyzer (they are a passive sampler) was not known, so a
subsequent test was designed to evaluate the effect of airflow around the samplers.
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Figure 2.  Comparison of Responses from Two Onset CO Analyzers to CO
from Large CO Source

Dasilyi vs. Onset (No air flow across Onset)
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Figure 4. Comparison of Onset Analyzer vs. Dasibi Measured Concentrations
to Fixed Concentrations of 43.5 ppm
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Multiple Analyzer Comparison with Air Flow Around Onset Analyzer

Essentially a repeat of the above test, this test evaluated the decay response of the
Onset analyzer, but added airflow around the samplers using a fan to mix the sampled
environment around the Onset analyzer. Additionally, the particulate vents were
removed from the analyzer to allow air to free-flow into the analyzer and around the
detector cell. Results showed litlle change from the unventilated response above.

CO Comparison with Air Flow Around Onset Analyzer and Forced Air Circulation
Through Detector Cell

Similar to the above tests with air flow around the Cnset analyzers, this test added a
vacuum pump to the Onset enclosure to force air circulation through the detector cell
and determine if the passive nature of the detector caused the observed lag time or
“tail” in the response of the analyzer after receiving a CO spike. For this test the
ambient temperature was added to the data stream to document the environment
around the Dasibi. It is well recognized that the model 3003 does have a temperature
sensitivity that affects the zero response. The results of the test showed the response
time of the Onset analyzer to be faster than the Dasibi, but the lag time, or tail, was still
present implying the tail was due to the detector technology, not the passive nature of
the sampling method

Response Time Evaluation of Onset Analyzers

The testing evaluated the response time of the Onset analyzers relative to the
designated equivalent Dasibi CO analyzer. This was evaluated through two tests. The
first test provided step changes of 0, 25 and 0 ppm CO in a chamber to compare the
standard sampling configuration of the Onset analyzer to the Dasibi. The second test
provided a direct injection of sample into the Onset analyzer and the Dasibi through a
tee configuration to look only at the short lag time to the sensor cell and then the sensor
cell response to the step change. This second test also added one intermediate
concentration of 15 ppm after the 25 ppm maximum, before returning to zero. The
concentrations were generated through mass flow dilution of protocol gas diluted with
Zero air produced by a zero air generator system. While the zero air system did not
completely remove the CO, the intent of the tests were to evaluate the response time
and any residual CO in the zero air would not interfere with the tests. All data were
sampled and stored as one-second instantaneous values using an Cnset 4-channel
data logger. To compare equivalent data sets, the zero and span Onset concentrations
were normalized to the Dasibi concentrations to provide equivalent zero and span
responses. This provided a data set where any differences would be only due to
differences in response time.

Figure 5 shows the chamber response time tasts showing the slower response of the
Onset analyzer. Figure 6 shows the response time results using the direct injection of

the concentrations and the very rapid initial response obtained from the direct injection.
Felated response time calculations are shown in Table 1. The response time is shown
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to one time constant, or 63% of the stepped change. The overall results from the
chamber test shows that in relatively still conditions (low flow in chamber), the response
time of the Onset analyzer will be no more than three times as long as the standard
Dasibi instrument. With any air movement, this difference will become smaller.

When testing just the sensor cell response (through direct injection), the Onset
instrument was almost twice as fast as the Dasibi, with the exception of the
concentration returning to zero. At this retum to zero point, the apparent tail, or ending
lag. plays a more significant role by increasing the response time, but still keeping it
faster than the Dasibi.

Mormalized Onset to Dasibi Concentrations

Test Performead in Chamber
— Dasil — Haka

45

40

O ppm
5
.--'_"'--.

5 ‘J____m_i
ol
1200 10:15 1030 10045 11:00 1115 11:30 1145 120 1215 12:30 12:45 1200
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Figure 5. Chamber Response Time TestData Showing Slower Response
of Onset Analyzer in Relatively Still Air
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Mormalized Onset to Dasibi Concentrations

Test Performead with Direct Injection
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Figure 6. Direct Injection Response Time Test-Data Showing Response
Comparison of Dasibi and Onset Analyzer

Table 1. Summary of Measured Time Constants (In Seconds)

Dasibi in Onset in Dasibi Direct | Onset Direct
Chamber Chamber Injection Injection
Rise 0 10 25 ppm 176 453 38 27
Fall 25 to 0 ppm 158 405 == ==
Fall 25 to 15 ppm = = 31 17
Fall 15 to 0 ppm = = 33 25
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Evaluation Of Environmental Chamber Design

The Onset analyzers were not intended to be deployed in an outdoor environment, as
exposure to moisture may cause unit failure. Several concepts were evaluated for an
outdoor enclosure and a prototype design built for testing. Initial tests were performed
by placing a analyzer without an enclosure adjacent to one with an enclosure and
exposing both to the same changing atmosphere of CO. This test was performed in a
garage that served as a “chamber” and providing a source of CO by twice starting the
pre-emissions controlled vehicle to produce a momentary CO spike. Figure 7 shows
the results of the tests and the analyzer test setup. The chamber versus no-chamber
Onset analyzers showed no significant difference in the measured CO concentrations or
response time to rapidly changing conditions.

" |
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Figure 2-7. Test Results Comparing In Chamber Versus Outside Chamber
(Sample Results and Side-by-Side Instruments Shown)
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Evaluation of Temperature Sensitivity of the Onset CO Analyzers

Most of the chamber testing and calibrations performed were conducted under warmer
temperatures in the late summer and fall. The field study was performed in the winter
when temperatures were much colder. Prior to the field deployment, in November, the
audits that were performed identified a potential temperature dependency of the CO
analyzer response. Additionally, review of field data under the colder conditions
experienced during the study showed the zero response ohserved during the warmer
chamber tests may not be representative in the colder outdoor environment.

To further evaluate the potential dependency, four of the analyzers, selected at random
from the pool of instruments, were subjected to further chamber testing in temperatures
down to =10°C, bracketing the temperatures experienced in the field. The taests
exposed the CO analyzers to zero air and the span concentration used for verifying the
analyzer operation, 43.5 ppm. The chamber was placed in the temperature
environments and allowed to equilibrate for atleast one hour before the test
concentrations were put into the chamber. To assure the appropriate air temperature,
the inlet calibration gas was passed through 50 feet of Y4 inch copper tubing coiled
inside the chamber to reduce the gas temperature to the chamber temperature.

The results of the span tests did show a fairly significant termperature dependency of the
Onset analyzer with the response dropping with colder temperatures. Figure 8 shows
the response, with the calculated relationship displayed for the average response of the
four data analyzers.
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Figure 8. Average Temperature Dependency Response of Four Onset Analyzers
to Fixed Concentration of 43.5 ppm
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Additionally, under the colder temperatures, zero offsets, which initially ranged from
around 0.5 to 2.0ppm during the initial calibrations, were found to now be about 0.2
ppm. These results were further confirmed in multiple tests with randomly selected
Onset analyzers placed in an outdoor, cold environment, where it was noted that all of
the analyzers reported the lowest reportable value of 0.2 ppm when the temperature
dropped below about 8°C.

The results of the tests demonstrated a dependency of the analyzers on temperature for
both the response slope and zero intercept. To correct for this dependency, the zero
offset was removed from all calibration equations, the individual slopes applied, and the
response corrected for temperature dependency using the results from the Freedom
FPark and Crestwood co-located comparison evaluations. These evaluations are
described further in section 4.

Co-location of Onset Monitor with the Sunrise Acres DAQM Site

As afinal evaluation to determine the suitability of the Onset monitors and test the
design of the environmental chamber, one unit was co-located with the DACQIM operated
site at Sunrise Acres. The specific goal was to determine if the Onset systam measured
concentrations of CO comparable to those measured by the DAGQM and could observe
the concentration trends. The comparison data set was collected over a period of one
week in September 2001, The data collected by the Onset unit was averaged into 10-
minute values and compared to the 10-minute average data collected by the CO
analyzer at site. As the Onset unit had not been chamber calibrated, the Onset data
were normalized to the site data by performing a linear regression between the two to
establish a slope and intercept. This effectively "calibrated” the Onset monitor to the
site instrument so that the trends could be compared. Figure 9 shows the resulting
data. On the basis of the comparison it was clear that the Onset monitors would work
quite well for the needed data collection in the concentration range of interest.
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Figure 9. Comparison of Onset to Sunrise Acres CO Concentrations and Trends
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APPENDIX H

MAFS SHOWING MOBILE SAMPLING TIMES & LOCATIONS

S0 Saluralion Final Report



21002

Faoo-ziom
Lann-zann
LA L300

:'?_ilICIC-

Figure 1. Mobile Sampling Times and Locations for the Evening of December 16, 2001
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Figure 2. Mobile Sampling Times and Locations for the Morning of December 17, 2001
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Figure 3. Mobile Sampling Times and Locations for the Evening of December 17, 2001
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Figure 4. Mobile Sampling Times and Locations for the Morning of December 18, 2001
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Figure &. Mobile Sampling Times and Locations for the Morning of December 19, 2001
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Figura 7. Mobile Sampling Times and Locations for the Evening and Into the Might of December 12 & 20, 2001

T E..'."II = _".- = ! - L
zwam sy IR v 4
B bl [ . —— o

a oo 8d

SHE

I
K

Ci0 Saluration Final Report H-8



o

Figure 8. Mobile Sampling Times and Locations for the Evening of December 26, 2001
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Figure 9. Mobile Sampling Times and Locations for the Morning of December 27, 2001
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Figure 10. Mobile Sampling Times and Locations for the Evening, Mighttime and Early Morning of
December 27 & 25, 2001

CO Saluralion Final Report H-11



7 7  Heli A Fame Base

5
E B unr o
L i
= B __.z"
pt—
] ==
o am W g
LI |
a At .
. T N
(1] z i _
i <
1= Aarw et == = ’
i
- 5 ]
A
WE & A
. . "
-]
E : Eact Las —
pring | & = — |
P 8 D ot |
P - t L 4R e
i / =
i &

- 1 - ;?‘." |
oo P - -
=y ) _ 15

— - oy ~ 21
N / Ad
ooz . e - 1
Paipt——
. mim v g _
0 2000200 b P
200002 i) 1
a ! - =
PREE e g z . g i
y s sl Fu
o g a - {( T 4';1. -

Lo B e

Figure 11. Mobile Sampling Times and Locations for the Evening, Mighttime and Early Morning of
Deczmber 28 & 29, 2001
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