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FOREWORD

This report describes a large-scale air monitoring and model
verification program undertaken by the California Department
of Transportation (Caltrans) in cooperation with.the Federal
Highway Administration (FHWA). This work was largely funded
by FHWA.,

The results of the program were many and varied. Valuable
knowledge was gained regarding the sensitivity of air quality
monitoring devices to operating conditions and sampling
techniques. An extensive data base was set up to help in the
development and validation of future line source models. Two
versatile and sophisticated mobile research laboratories were
constructed and thoroughly tested.

The obJectives of the program, the nature of the field data
collected and a broad overview of the project are contained
in this final report.



INTRODUCTION

Air pollution occurs in many different forms and results from
many different sources, The forms of air pollution vary from
noxilous and highly toxic gases to minute pieces of solid and
ligquid méterial. The sources range from dust storms and
volcanic eruptlons to flres in backyard incinerators.

The primary pollutants from the spark ignition internal com-
bustion englne are: Carbon monoxide (C0), oxides of nitrogen
(NOX), hydrocarbons (HC), lead, and particulates, Two of the
primary gaseous pollutants, oxides of nitrogen and hydrocar-
bons, react in the presence of ultraviolet light to form
secondary pollutants, The principal secondary pollutants
which have been identified are ozone CO3), peroxyacetyl
nitrate (PAN), and peroxybenzoyl nitrate (PBN). All of these
compounds are very actlve oxidants and have an extensive
effect on health and vegetation, California, with its cilties
built on flat lands surrounded by mountain ranges, a persis-
tent inversion aloft, a tremendous amount of ultraviolet
radiation, and a high concentration of automobiles in its
principal urban areas, ls an ldeal breeding ground for
photochemlical smog.

The principal factors affecting pollutant concentrations are:
the downwind distance hetween the receptor and the source,

the wind speed and assoclated turbulence, the source strength,
the mixing depth and solar radiation. In general, for primary
pollutants, the greater the distance between source and
receptor, the more chance there 1s for disperslon to occur
and hence lessen the concentration, Higher wind speeds have
the effect of increasing the amounts of air inte which the
emitted pollutants are dlspersed, thus causing greater



dilution. vertical Lurbulence further promotes the dispersion

of pollutants. The mixing depth dictates the volume of clean
aip available Lo aillute the pOllutants.

People 1iving, working, OY attending school immediately
adjacent to a 1line goure such as a highway are affectbed when
1ocalized pollutant concentrations reach levels injurious to
thelr health. This is the microscale effect and it musb be
analyzed and quantified in terms of pollutant concentration.
The environmental tmpact statement process requires, among
other things, that reliable microscale estimabes be made for
proposed projects, The indirect source review process, when

implemented, also requires these microscalé pollutant estimates.

in order to estimate microscale pollutant jevels with a degree
of pellabillty, the californila Department of Transportation
(Caltrans), funded by the Pederal Highway paministration and
rhe State of cglifornia, initiated g study with the followling
objectives:

1. Determine the remporal and spatial distribublons of

highway—generated alr pollutants adjacent Lo major freeways
in the Los Angeles area for yarious types of highway design
(at-grade, elevated, and gepressed freeway ©rosS sectbions) .

20 Develop and evaluate prediction models which can
estimabe chemically iner?t pollutant concentrations for any
Freeway cross gsection and for any wind angle with pespect
to the Frecway .

3. Evaluate-other ayallable microscale prediction models.
A pesearch advisory committee Was organized so that alr

quality, atmospherio sclence, and transportation engineering
expertise could all be integrated into & unified, efficient



of California faculty, and Caltrang Personnej, A Complete
list ig found ip Appendiy 4.

The main task or this resegreh effort began in July 1971,
with.approval of the pProject by FHwa, AsS shown in Figupe 2,
the line Source model wag developed and then modifieq after
Comparing the Predicteq CO valyes to the.measured fielq
Values of co, Also, the tasks op field Sampling, brobe con.

carbon monoxide.concentration adjacent to major freeways, a
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A line source prediction model wWas developed during the early
course of this study. References sa through 2T provide a
detailed description of the line source model and various
support activities which can be used in concert to provide alr
quality impact estimates., After analyzing the data base in
Reference 1, the model was improved. Reference 3 documents
the revisions to the line source model,

Two mobile research 1aboratories wWere consbructed using state
funds., These fully sutomated mobile labs were used to collect
the majority of the data for this proJect. Tables 1 through

3 summarize the data that were collected and reduced during
the latter phase of this project. A sysbtem checkout study

was conducted in order to determine whether O not the sam—
pling scheme used by the moblle 1aboratories had a significant
effect on the difference between the recorded and actual
pollutant concentrations. A detailled discussion of the study
is given 1In Reference L.

The sampling was controlled and the analyzer data recorded
and gummarized by using a mini~computer. An overview of the
system software and jndividual programs used is given in
Reference 5.



TABLE 1

MOBILE RESEARCH LABORATORY
GASEQUS POLLUTANT MONITORING AND DATA ACQUISITION

Instrument ) Number of
Manufactyre & Averaging Sampling Points
Pollutant Data Model Number —Time _2at Site —
Carbon monoxide Beckman 3158 60 minutes 15
NDIR
Carbon monoxide jJ Beckman 6800 15 minuteg# 9
Total Hydarocarhons Beckman 6800 15 minutes# 9
Methane : Beclman 6800 15 minuteg# 9
I\TO/I\IO?‘/I\J‘O.x Bendix 8101 B . 15 minuteg# 9
802 - HES - Tracor 250.y 60 minutes 1
1

Ozone ; " Rem 612 60 minutes




TABLE 2

MOBILE RESEARCH 1,ABORATORY
METEOROLOGICAL DATA ACQUISITION

Instrument Number of
‘ Manufacturer % Averaging Sampling Points

Meteorological Data Model Number, __?ime___ at Site
Three-dimensional Climed 60 minutes 2
wind speed and

furbulence
Wind Shear Climet 60 minutes’ 1
Temperature Cliimeb 60 minutes 2
Temperature over Cliimet 60 minutes 2

a vertlcal gpan of

17 feet

Ancoming Ultraviolet Eppley ‘ 60 minutes 1

radiation No 647a



;’TABLE's

MISCELLANEOUS DATA ACQUISITTON

'Traffic'Déta

Traffichlumes (Radar)

Traffic Speegs (Radar)

Traffic Volumes (Loop Detectors)
Traffic Speeds (Loop Detectors)

Particulate'Data
. —

Total Partieylabes (Hi-Vo1
Sampler)

Lead (Hi-ve1 Sampler)

Total Particulates
(Lundgren Impactor)

Various elements
(Lundgren Impactor)

@gﬁeorolégical Data
Cloud Coyerp (L.A, Alrport)
Celling Height (1,4, Airport)

10

Number op
AVeraging Sampling Points
=

Tim at Site
.___“___*_.__“___h____“___

60 minuteg 8
60 minutes 8
60 minuteg 2
60 minutes 2
120 minuteg#* 4
120 minuteg# 4

120 minutegs 45

120 minutegs 4o

Hourly‘Readings ~0=-
Hourly Readings -0~

t enough

time or traffic Occurance,



SUMMARY OF RESEARCH FINDINGS

The primary goal of this study was to establish an extensive
data base to be used for the development and validation of
microscale alr pollution models, This data base has been
established and should prove an Important resource for Pfuture
mieroscale modeling work, It includes data for the following
gaseous pollutants: (0, CHM, RHC, NO 3, H S and S0,. It
also contains detailed meteorological data including wind
speeds and temperatures at two heights, incoming solar
radiation flux, wind direction and directional variability.

Prelimlnary results from bag sampling operations (prior to
establishing the data base) led to an Improved version of the
California ILine Source Dispersion Model, CALINE 2. This
improved version incorporated slgnificant adjustments to
predictlons made for depressed sections,

Other results showed that €O and NO follow very similar
vertical dispersion patterns while total hydrocarbons diffuse
more slowly above the roadway, Lapse rates were shown to be
generally more unstable over roadways than adjacent areas,
Amblent levels of CO tended to be reached 300 feet (91 meters)
from the edge of the pavement in urban areas and 400 feet
(122 meters) in rural areas under stable atmospheric condi-
tions, On this project lead particles seemed minute enough
to not undergo significant gravitational settling within
1,000 feet (305 meters) of the roadway, and modeling lead as
a gas ylelded results with reasonable accuracy.

Interim reports issued in connection with this project include:
1, "Alr Pollution and Roadway Locations, Design, and

Operation ~ Preliminary Carbon Monoxide Study" by
Shirley, Ranzieri, and Bemis, May 1975.

11



"Minicomputer Software Data Acquisition and Process
Control System for Alr Pollutlon Monitoring" by Winter
and Farrockrooz, May 1376,

3. "CALINE2, An Improved Microscale Model for the Diffusion
of Air Pollutants from a Line Source'" by Ward, Shirley,
and Ranzieri, November 1976,

y, "Variables Affecting Alr Quallty Instrument and Operation"
by Peéter, Pinkerman, and Shirley, June 1377.




EVALUATION OF WIND FLOW FIELD

An evaluation of the wind flow fleld (wind speed and direction)
in the Los Angeles portion of the South Coast Alr Basin was
performed in order to isoclate geographical locations where

(1) winds tend to be parallel to the highway alignment, (2)
winds tend to cross the highway alignmeni, This information
was used as an ald In selectlng the field sites for the study.

The data used in this analysis were obtalned from both the
Los Angeles Alr Pollutlon Control Distriet (5 years of data)
and the Natlonal Weather Service at the Los Angeles Inter—
national Airport (10 years of data). This data set was
supplemented with data obtained by the use of mechanical
weather stations (MWS) operated by Caltrans,

The wind speed and direction data were summarized into
frequency dlstribution tables, In order to have a feel for
the prevailing wind speeds and directions associated with
peaks in directional vehicular traffic flow, summaries were
made for the hours of:

1. 0600 -~ 0900 {(am. period)
2, 1100 - 1300 (midday period)
3. 1600 - 1800 (p.m. period)

From these frequency dlstribution tables, surface streamlines
were obtained (Figures 3 to 8). Figure 3 illustrates the
general flow of the land and drainage winds during the winter,
This is primarily caused by the difference in temperature
between land and the ocean, These land winds generally range
from 4 to 6 mph (2 to 3 m/sec) at the coastline decreasing
somewhat inland, During these periods, the surface atmo-
spherlc conditlons are generally stable and ground level
concentrations of primary pollutants may be high, Figures
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"4 ana 5 {11ustrate the general flow of the sea breeze regime
during the winter. This again is primarily caused by the
difference in temperature of the ocean and land, The sea
breezes generally blow at speeds of 8 to 10 mph (4 to 4.5
m/sec) along the coastline and decrease somewhat inland.
Figures 3 and 4 also 1llustrate the topographic effects that
the Palo Verdes Hills have on the surface alr flow,

Figures 6 through 8 Indicate typical conditions that exist
during the summer months, The morning periods (a.m.) are
generally assoclated with light winds varying in direction.
This Is the transition period in which the land breeze is
changing to a sea breeze regime, Figures 7 and 8 illustrate
the strong summer sea hreezes generally ranging from 10 to
15 mph (4.5 to 7 m/sec) at the coastline and decreasing
somewhat inland.

Based upon the wind flow field information, potential sampling
gsites were categorized'as tending to be a crosswind or parallel
wind site, The upwind and downwind sides of the sites were
also establlshed, This information was then used as a factor
in the selection of fleld sampling sites and design of the
probe conflgurations for the sites chosen,
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SITE SELECTIONS

The following is a brief discussion of the various types of
highway designs considered in the site selection procedure:

1, At Grade Sections

The roadway is at the same elevation as the surrounding land.
This can lead to fairly high pollutant concentrations (all
other factors being constant) due to the close proximity of
the source of pollutants to the receptors.

2. Pill Sectlons

The roadway is ralsed above the adjacent land on an earth fill.
This type of highway deslign can lead to possible reduced
ground level pollutant concenfrations downwind., The elevated
pollutant source tends to De more adequately ventilated
reducing the concentrations for both the motorist and the
receptor on the adlacent land, Speclal consideratlon was
made to evaluate pollutant congentrations near the downwind
toe of the £ill due to a revérse eddy generated by strong
winds. .

3. Depressed Sectlons

The roadway 1is continually hounded on both sides by an earth
eut., Pollutants are confined laterally restricting dlsper-
sion within the zone bounded by the cut. Thls may cause
pollutants to bulldup on the roadway under parallel wind
conditlons. However, thils has not been observed to date(l).
Ground level receptors may recelve reduced pollutant con-
centrations because of the larger cell in which mechanical
mixing attributable to vehlcle generated turbulence takes
place,

21



7 As méntionediin‘thé previous section, a wind flow field
analysls was performed to determine the prevailing wind
speeds and directions, In addition, each potential site was
evaluated to determine the feasibility of gampling at that
particular site, It was imperative to have sites where the

pollutants under study could be isoclated from external sources.

Side streets and- frontage roads contribute relatively minimal
- amounts to the atmospherie concentration of the pollutants
near the freeway and were assumed to have negligible effects.
Large industrial sources and: alrports could have easily
overshadowed freeway emlssions at a specific site and were
therefore avoilded.

Another consideration for site selection was adjacent lznd
use, Of importance was the nature of the land use and the
physical heilghts, shapes and spacing of obstructions. Such
factors have a measurable effect on wind flow and surface
stabllity, Both single story residential and two story
residentlal sites were selected. These sltes provided data
from ar€as having aerodynamic roughness characteristics
representatlve of urban condltlons, where most pollutant
predictlons are made for impact analyses, Open, semirural
sltes, where the surface roughness elements are small, were
-also included since most dispersioh parameters currently used
to characterize downwind spread of pollutants have been
obtained from study of such areas,

Still another consideration was loglstics, The sites had to
be easily accessible for fileld personnel, Structures such as
freeway signs, light poles and pedestrian overcrossings were
required in order to support the meteorological instrumenta-
tion and pollutant probes, &Sites alsc needed room for the
-mobile research laboratory, when employed. Disruption of
local trafflec patterns was to be avoided.
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162"

FiG 9 GEOMETRICS OF SITE 1--SANTA MONICA FREEWAY

AT 4TH AVE PEDESTRIAN OVERCROSSING
(NOT TO 5 CALE)
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Filgure 15 View of Site 1 From
Freeway Looking East

Figure 16 View

of Site 1 Looking
North and Away From Freeway
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Figure 17 View of Site 1 Looking
South and Away From Freeway




Site 2 - Harbor Freeway at 146th Avenue Pedestrian
Overcrogsing '

This site 1s a typical 8 lane urban depressed section.

Figure 18 shows the geometrics of the section. This site is
representative of a highway located within a single story
residential area. The average helght of dwellings ranges
from 15 to 20 feet (4.6 to 6.1 meters) above the ground
surface. The highway alignment i1s essentially a north-south
direction (bearing N 00° 06! 57" E)., One of the most
important reasons for selecting thils site 1s that the pre-
vailing sea breeze 1s nearly normal to the highway allgnment.
"This permits evaluation of aerodynamic effects on air flow
wlthin the cut sectlon (see Flgure 19), the resulting impact
on pollutant concentrations on the freeway, and the downwind
dispersion of pollutants characteristic of this type of site
under crosswind condltions. Also, the site can be compared
to Site 1 for differenceé of pollutant concentrations between
parallel and crosswind conditions at the same time of day.

This site is located at the end of a cul-de-sac which mini-
mizes outslide pollutant sources. The pedestrian overcrogsing
and residential street provide access to sensors both on the
shoulder and median of the highway and in the downwind
direction to study the dlspersion of pollutants. This site
1s also located on the Surveillance Loop Project., Figures

20 and 21 illustrate the configuration of the sampling‘probes
during various phases of the study. Pictures of the site and
surrounding area are shown in Plgures 22 through 24.
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L 198' _ _‘

" FIG. 18 GEOMETRICS OF SITE 2 -- HARBOR FREEWAY
AT 146TH ST. PEDESTRIAN OVERCROSSING

(NOT TO SCALE)
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" SURFACE
WIND | >

::>' ‘ >

'FIG, 19 AERODYNAMIC EDDIES IN DEPRESSED
’ SECTION

(NOT TO SCALE)
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Figure 22 View of Site 2 From
Freeway Looking. North

Figure 23 View of Site 2 From
East Side Looking West Toward Freeway
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Figure 24 View of Site 2 From the
st Side Looking East Toward Freeway

We
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' 'Site 3 - San Diego Freeway at Weigh Station

This site is a typlcal at-grade 8 lane highway section. It
is representative'of a highway located in a rural area with
a flat, open terrain in both the upwind and downwind
directions. The area surrounding the highway consists of an
open grassy field on the east side, and a golf course on the
west side. The total width of highway from edge of pavement
to edge of pavement 1s 138 feet (42 meters), see Figure 25
for the highway geometrics and probe locations for this site.

There are no other local freeways or surface streets within
the immediafe area to contribute to the pollubant levels.

The site was selected to compare downwind dispersion in an
open area with low roughness elements to dispersion 1n a
built-up area with large roughness elements. Study of the
surface streamline analysis indicates that prevailing surface
winds are génerally in a crosswind direction with respect to
the highway alignment. Plctures of the site and surrounding
area are shown in Flgures 26 through 28.

Sites such as this are ildeal for model valldatlon because of
the simpliclty of the terrain. This site 1s not on the
Surveillance Loop Project, however, traffic monitoring pads
from which traffic volumes can be obtained are located
approximately 1l/4-mile (400 m) from the site. The pollutant
measurements on the highway are limited to both shoulders of
the pavement because there are no support strudtures located
in the median to mount pollutant sensors. The measurement
of the horizontal dispersion of pollutants is limited to

400 feet (122 m) from the shoulder in the easterly direction
becausé of a local flood control channel. On the western
side of the freeway, the maximum distance from the shoulder
is limited to about 60 feet (18.2 m) because of the golf

4o
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TFigure 26 View of Site 3 - San Dlego
" Freeway at Welgh Station as Viewed
’ From Freeway

Figure 27 View of Slte 3 From
The East Side Looking West Towards Freeway
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a

uve 28 View of 3ite 3 Looking
West Away From Freeway
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”fCOﬁbgeifaciIities{“ This site can be used only for sea breege
conditions (3 wing from the westerly direction).

Site 4 - San Diego Freeway at Nationai Boulevard

loecations ror this site. The area surrounding both sides or
the site consists of ‘apartment housing for students at the
Unlversity of'California at Los Angeles. They are typical
two-story dwellings, - - -

This particﬁlér slte 1s also located near a major interchange
of the Santa Monica and San Diego Freeways, approximately 1/4-
mile (400 m) south of the interchange. The interchange is

located about 20 feet (6.1 m) from the edge of the highway
on both sides. This site was Selected because of the close
proximity or receptors to the highway Capproximately 50 feet
(15.2 m) minimum distance), and the opportunity 1t offered to
study the effects of the major freeway interchange and loeal
Streets on pollutant concentrations., From the streamliine
analyses, the brevalling surface winds are generally in g
crosswind direction with respect to the highway alignment.
The site is on the Surveillance Loop Project, and there is

a road sign crossing the northbound lanesg from whieh Probes
can be supported to monitor the pollutants on the median andg

Ly
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the east shoulder of the highway. On the west side, a light
standard was used to support the. probes. Measurement of the
downwind pollutant dispersion is limited to about 300 feet

{90 m) before the major surface streets are reached. Plctures
of the silte and surrounding area are shown in Figures 31 through
33.

Jite 5 = San Diego Freeway at l22nd Street

This site 1s typical of an 8 lane freeway in an urban area on
an earth fill section. The height of the fill is 15 feet

4.6 m) above the surrounding terrain. Figure 34 shows the
geometrics of the section. The area adjacent to the site is
flat and open in both directions. There is a road sign located
over the northbound lanes to support probes to monitor the
pollutants on the east shoulder and in the median of the
highway. On the west slde there 1s a light standard to support
a sensor monitoring that side of the highway. There are no
other sources of pollutants in the lmmediate area. The
prevailing surface winds are in a crosswind direction with
respect to the highway alignment. The site is located on the
Surveilllance Loop Project.

The major factors in selecting this site are to: evaluate

the effect that an elevated source has on the ground level
concentrations, evaluate the aerodynamlc effects of air flow
over a fill on ground level concentratilons near the top of

the fill (see Figure 35}, and compare pollutant dispersion
from elevated highways with at grade and depressed sections.
Plctures of the site and surrounding area are shown in Figures
36 through 38. The configuration of the sampling probes for
the initial bag sampling phase of the study are shown on
Figures 39 and 40.
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‘Figure 31 ' View of Sibte 4 - San Diego
Freeway: at National Blvd. as Viewed
- From Freeway Looking North

‘Figure 32 View of Site 4 Looking
- East Away From Freeway
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Figure 33 View of Site 4 - East
Side Looking West Across Freeway
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FIG. 34 GEOMETRICS OF SITE 5 —
SAN DIEGO FREEWAY AT 122np AVE
(NOT .TO SCALE)
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FIG. 35 AERODYNAMIC EDDIES OF AIR FLOW FOR FILL SECTION
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Santa Momica 385 F
£

*

. ‘Flgure 36 View of Site 5 From
- : - 'Freeway Looking North

Flgure 37 View of Site 5 - East
Side Looking West Towards Freeway
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Flgure 38 View of Site 5 - West
Side Site Looking Bast Towards
IFreeway
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ons of that study. Once the First research
van was ready, it yag locateqd at Site 1. As exXperience was
galned wigh the mobile resegrch 1aboratory, it became apparent
that Sites 2 through 5 coulg not be adequately monitored by
the mobije laboratory. There wag not &nough room teo locate
the mobije laboratory a3 Sites 2, 3, or 4, ga¢ Site 5 there
was no way to monitor botp sldes of the freeway using g Single
mobile laboratory. Therefore, three alternate Sites were
chosen,

is very Similar to Site 5, byt it also hag a drainage conduit
Crossing under the highway. gee Flgures 41 apng 42 ror highway
'geometrics. The conduit wag used to pagg the bollutant brobesg

mooile laboratory. See Figures 43 through 45 ror Pictures
-of' the site,

Surface Street to g Nearby freeway. The Oh~ramp isg adjacent
to a Signaligzeq intersection. These Streets eXperience
congestion during the morning hours, Refer to Flgure 46 frop
the geometrics of the s8ite, Figures 47 through 50 show the
ares, surrounding Site 7, |
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Flgure 43 View
From HFreeway
North
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" QUALIDY CONTROL,

data Collection System, Quality contro}
procedures are necessary to Insyure that reliable data jig
being collected. )

136



Figure 45 View of Site 6

Looking West Across The

Frontage Road At Freeway
Embankment

61




(3238 oL 1oy

(SL6T) AVMHOIH
_ TWINIAWE LY *AMd 0931q NS
) £ 3LIS “SNOTIY207 3g0ug 97 *914

i Fs
1o
i (ol
uolipao) busjdwes foq adynyy ..q ._mm
S buyano,; 5o u01}D20| __W
SwDs 'AbmMpoo rogo L onot..o .
Aompoo: #oqo ¢ ann_lo - __. W
| : *002_ 1 3002 ]|
| v
foa .
_ 061 mm
. GA1g B Hyly [T &
- o

Or@sE puo L 3p

FZRSI# pup | 3n :
- LIV B#F #q0ud-Yjim dup wo
*0) »qoud woyy .ommu—_un.noa_o E.E

m.moon_m

¥

me]
=3




Figure 47 View of Research Van Location
at Site T
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148 View of Ori-Ramp and Probe
Location at Site 7
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Figure 49 View or On-Ramp Merge Zone and
: Probe Location at Site 7
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‘Figure 50 View of gite 7 Looking
La Clenega Boulevard

“North Along




grade site in an

n the
mpraffic

it is an at-

ces oites 3 and .,
swinds. This site ig ©

gite 8 repla
vallling cros

open area with pre

ganta Ana Freeway near the El Toro Marine ALY Baseo

counts are available from nearby grafflc gensorsS. Geometrids
apre shown in Figure 51.

of the highway
Table L gives the general gummary of all the sites used in

this study .
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Site
Ha.

Site Loeation

TABLE 4

SUMMARY OF SITES SELECTED FOR FIELD MONITORING

Wind Pattern

Banta Monica Freeway
at 4th Avenue
Pedestrlan Over=-
eroasi

{Interstate 103"

Harbor Freeway at
146th Avenue
Pedestrian Over=-
erossing
{alifornia
Route 11)

San Diego Freeway
at Welgh Station
(Interatate 405)

San Diego Freeuaé
at Hational Blvd,
{Interstate 40%)

San Diege Freeway
at 122na@ Street
(Interstate 0%5)

San Diego Preeway
L3kth Street
(Interstate HOB)}W

San Diege Freeway
at Imperial Highway
(Interstate 405)%

Saﬁca Ana PFreeway
{Interatate 5}*%

Prevallling winds
generally
paraliel to
freeway

Prevailing windsz
are generally
normal to
Ireeway

Preveiling winds
are genearally in
a ¢rosswind
direction

Prevailing winds
ars generally
normal to
freeway

Prevailing winds
are generally
normal te
froeway,

Prevalling winds
are generally
nermal to

freeway alignment

Prevalling winds
are generally
nermal to

fraewsy alignment

Prevailing winds
are generally
normal to

frasway plignmant

Minor site is located
on a eul-de=sac in
mixed one- and two-
story residential area

Minor aite is located
on a culede=dac in
eingle stery residentfal
area

Ho background inter-
farence., Site 1a
locgted in flat open
open area (semi-rural}

Baokground interfersnoe
may be a problem. How=
aver, this site is
reprassntative of CO
lavels of receptor
near major highway
interchanges end

parallel surface atreets,

No background inter-
ference. 3ite 1a
located in a flat
open area,

Minor interference

from adjacent murfeae
streets

Two heavily travelled
surface streets

Hona

*Indicates site for Mebils Regearch Laborstory

69

Type of

Cut Pedestrian overcrosaing
& city streets provide
axcellent monitoring
capabilities .

i
Cut Pedestrian ovurorossing

&k city streetz provide
excalient monitering
papabilities

At Grade Excellent monitering
capabllitles except
the median of freeway
is not aceesaible for
monitoring

At grade Excellent menitoring
capabilities on free-
way; however, limited
in herdzontal dlraction
to about 300 feet from
highway.

Earth=  Excellent monfitoring

r111 eapabilities on the
froeway and
horizontally.

Berth= Exoellent, except not

£411 good for land breeze.

On-ramp Jocd on west side only
to 111

At grade Excellent both pides.

Highweay
Background Interfepsnce Desipgn Monitoring Feasibility Miscellan¢ous

Site located on
the Survelllance
Project Loop

Site located on
the Survelllance
Loop Project

Site is not located
on Survelllance Loop
Project. However,
traffic census pads
arg lecated in
immediate area for
traffio data

$ite 15 located on
surveillance Loop
Project.

51te 18 lecated on
Surveillance Lacp
Project

Site is located on
Surveillance Loop
Project.

Near Lenncx AFCD
Station.

Net on Survelllanhce
Loop, However
traffic data are
avallable.




FIELD BAG SAMPLING STUDY FOR CARBON MONOXIDE

In order to obtain a preliminary knowledge of the distribution
of pollutants adjacent to heavily traveled freeways, a bag
sampling study of carbon monoxide was undertaken. Information
from this study led to optimizing the probe configurations for
the various sites, Preliminary evaluation of the California
Line Source Model (CALINE) was also performed using the bag
dafa. Probe configurations for the various sites are detailed
in Figures 10, 11, 20, 21, 25, 29, 30, 39, and 40.

Typlical carbon monoxide concentrations for Sites 1, 2, 3, and

5 are depicted'in Figures 52 through 55 for each site. Figure
56 indicates the‘carbon monoxide distribution adjacent to Site
5 during an air pollution episode.

'Refer to Reference 1 for more detalls of the bag sampling
-study.
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CALIFORNIA LINE SOURCE MODELING DEVELOPMENT AND EVALUATION

A line source model (CALINE 1) was developed by Caltrans for
the purpose of evaluating microscale air quality impact.
References 2a through 2f provide a detailed description of

the line source model and various support activities which

can be used in concert to provide air quality impact estimates.

The California Line Source model is a combination box and
Gaussian diffusion model. Initial pollutant dispersion is
achieved through the_mechanical'turbulence of the vehicles on
the roadway. Pollutant dispersion in the downwind direction
is achieved through atmospheric turbulence, characterized by
a Gaussian distribution of pollutant concentrations. Figure
57 illustrates the model for crosswind conditions and an at-
gradé]source.

“As” data became available from the carbon monoxide bag sampling
phase of this sbudy, it became apparent that the model gen-
e:ally over-predicted.

An attempt was made to improve the model for depressed freeway
_sections, using empirlcally derived curves for the vertical
dispersion rate of CO.

- From the data gathered during the bag sampling study, a
_mathematical’relationship using regression techniques relating
height above pavement to carbon monoxide concentrations as a
function of surface stabllities was derived. The relationship
“was derived from heights above the pavement of 4 feet to 44
feet (1.2 m to 13.4 m) and applies only to depressed sections.
These CO concentrations were measured in the median on the
Santa Monica Freeway at the Uth Avenue Pedestrian Overcrossing
(Site 1) and on the Harbor Freeway at the 146th Avenue
Pedestrian Overcrossing (Site 2).
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Different relationships were derived for stability A, B, and
¢-D combined. Not enough data were gathered to reliably
determine separate relationships for stabilities E and F,
however. Until further data are obtained, it is assumed that
the relationship derived for stabililty c-D can be used for
stablility E or ¥.

In order to incorpbrate this change in the microscale
modeling analysis, a CO reduction factor was developed. This
transposes the mixing cell concentration on the highway within
the depressed segtion into an imaginary mixing cell at the
same height as the surrounding terrain (Figure 58). The
Gaussian dispersion equation 1s then used to calculate
‘eoncentratlons downwind from the depressed sectlon. The CO
réduction factor was derived from the CO concentrations
measured at 4 feet, 12 feet, 20 feet, 36 feet, or U4l feet
(Le2 m, 3.7 m, 6.1 my 11.0 m, OF 13.4 m), divided by the CO
concentration at 4 feet (1.2 m). The reducbion factor for

4 feet (1.2 m) is 1.0 and for any height above 4} feet (l.2 m)
- is less than_l.o.

In almost all cases observed for the depressed sectlion sites,
the carbon monoxide concentration decreased with height. This
decrease was gradual in the bottom 12 feeb (3.7 m), reinforcing
the concept that a uniform mixing cell concentration exlsts.
There were, however, a few cases where aerodynamic eddles
caused some increase in CO concenbrations with height. These
cases were excluded from the analysis and will be subject to
future research.

The revised version of CALINE 1 incorporating the ¢0 reduction
factor enabled the prediction of carbon monoxide as ¢close as
the top of the cub section. Previous estimates were available
no closer than 100-200 (31-61 m) feeb downwind from the top
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of the cut, depending upon the atmospheric stability class(2d).
But the improved model, while a significant improvement over
the original method, still did not adequabtely handle the
-parallel wind component., A further modification was necessary
to improve parallel wind predictions.

‘he latest model, called CALINE 2, calculates carbon monoxide

- econcentrations for any wind angle, uslng a weighted sum of
the "pure" crosswlnd case and the "pure" parallel wind case
ifor eachrreceptor. The "pure" crosswind concenbration is
obtained using the existing Gaussian theory for an infinite
1ine source. The "pure" parallel wind concentration 1is

-ealculated by summing an "infinite" number of area sources
used to represent the line source. The two concentrations
are then summed using welghted factors obtained from the
trigonometric identity.,

0052¢ + sin2¢ = 1

The factor 0052¢ s is applied to the parallel wind component,
and the factoﬁ sin2¢ , to the crosswind component.

An additional;improvement incorporated into the parallel wind
calculation fdr CALINE 2, 1s the capacity to handle differing
highway width§ in a dynamic manner. The ilnitial portions of
the horizontal dispersion parameter curves, O.» are adjusted
to begin at the oy corresponding to the mixing cell width,
the latter being caleculated from the highway width.

With these improvehents and a few minor refinements of the
equations used %o represent the Gaussian theory in the
internal workings of the model, CALINE 2 represents a much
more general approach. Initial correlation studies indicate,
in general, good agreement between measured and observed
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PRELIMINARY EVALUATIONS OF OTHER LINE SQURCE MODELS

AeroVironment

AeroVironment Incorporated, under contract with Caltrans
District 04, has developed a line source model for air quallty
impact studlies, Reference 6 discusses the theory and develop-
ment of the AeroVironment model, It can be used only for at-
grade freeway sections, but has the eapability for including
surface roughness heights in its analysis. However, a
sensitivity analysis made by the Transportation Laboratory
indicates that the model is not sensitive to this lnput
parameter;

The input to the model lncludes the following:

1. Wind speed

2. Angle of wind to roadway

3. Radlation flux

4, Reference roughness

5. Actual roughness

6. Ratio of vertical to horizontal dispersion speeds
7. Vehicles per hour

8. Emission factor

9. Background level _

10. Coordinates of Plane 1 to road segment

Initial model evaluation, using data from the bag study, shows
that the model performs quite well at downwind receptor lcca-

tions, Figures 62 and 63.

Systems, Science and Software

The Systems, Sclence and Software (S3) conservation of mass
line source model was developed for the Callfornia Alr
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CO (ppm}

OBSERVED

SITE 3
SAN DIEGO FREEWAY /
AT WEIGH STATION

APRIL 1972

~ 0BS =CALC.

ns=33
F =785
Sy = 1.4
® r = .85
®
0BS = 1.413 + .748 ( CALC)
™
I l |
8 10 15

COMPUTED  CO (ppm)

FI6. 62 AEROV VS. SITE DATA AT 100' FROM
EDGE RDHY. FOR CO
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OBSERVED

CcO(ppm}

©r SITE 3 -
SAN DIEGO FREEWAY 4

AT WEIGH STATION
APRIL 1972
0BS = CALC. ///////

10—
n= 32
F o= 1393
sy = .99
r =0
oBs = 717 + .824 { CALC.)
5%
_ : l | _ i
0 5 10 15

CcOMPUTED CO (ppm)

16, 63 AEROV VS. SITE DATA AT 200° FROM EDGE RDWY FOR o,
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'E?Rééodréeé Board.” Reference 7 documents the theory ang TR
of the model, It can be used for a1l types of highway =--

were obtained from Reference 7.

The inputs required to ruyn this mogel are:
L. Grid neight and lengtn

2. Roadway height ang width

3. Stability class

b, Wind profile

5. Diffusivities

6. Terrain features

7. WinETSpeed and direction

8. Emission factors

S Vehiicleg ber. hour

Except for diffusivities, all the above values are readily

88
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PREDICTED CONCENTRATION ~ PPM

: ] ]
0 N % R 2 3 4 5 6

OBSERVED CONCENTRATION - PPM

FIG. 65 PREDICTED VS. OBSERVED CO CONCENTRATIONS
* FOR S MODEL, AT-GRADE SITE INCLUDING
ROAD EDGE POINTS
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- FOR S MODEL, FILL SITE

92









outside power sources,

External modifications to the vaﬁ include the mounting of a
mast for meteoroclogical equipment and the required conhections
for wiring to such Seénsors. Alsc included are AC power
outlets for sensor Support. These outlets include one ground-~
fault'interrupt system for AC power to be supplied where the
public might have access to cables or sensors; this will
brevent electrical shock, even if eXposed cables are cut, due
to the instantaneous bower disconnect upon grounding,

Other outlets through the van walls were limited to instrument
vents and one inlet fitting for ethylene. The ethylene cylinder
and regulator are enclosed in g portable box for protection.
This is necessary as ethylene ig considered an explosive gas

and cannot be contained or transported in the passenger
compartment of any motor wvehicle by state law.

The main vacuum bpump, bag box vacuum bpump, and the air
compressor are mounted under the body and suspended from the
vehicle frame.

The main Support system necessary for all equipment operation
is the electrical Supply. The power Wiring for electronic
equipment and the gir conditioner-heater Operation was divided
into separate phases to isolate power demand fluctuation which
would possibly affect data output. In addition, various
components were divided into several fused circuits to
segregate them into equal loads with the least interference
factors, |

The actual wiring is split down each side of the van ang
terminated in receptacles for all major components, One
central panel on the desk top remotely controls all electrical
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systems. Elght switches handlé'low voltage to relays which

switch the 110V A.C. At instrument and pump locations, additional
switches allow individual swltching as may be necessary during
calibration or partial operation. With this type of switching,
the hard wiring then passes down both sides of the van and
CroSSOVers are not required. The relay wiring is included

into the solenoid control wiring ducts which cross overhead

“attached to the éeiling, The function of the central panel

provides: a ready access'to all electrical circuits for
convenlence and emergency shutdown if trouble develops.

The interior deslgn concept 1s one of central operafion focus

wiph,acéess to equipment for ease of maintenance. Therefore,

,wthe Qentral point lles petween the operation display board and
L the, computer system control (Figures 69 through 71).

As the'reséarch,testing plan requires a maximum of 15 sample
input lines, the sample flow system 1s designed around this
requirement with the versatillty of monitoring fewer lines
or combinations of lines.

These 15 lines are Ecavanged at a constant rate of 10 litres
per minute to provide a real time sample to each subsystem
for analysis. Occupancy time 1n the lines will be a maximum

of 60 seconds for 600 foot (180 m) 1lines down to 10 seconds

for the shortest lipes.

The sample lines are divided into two gub-systems, the 15 line
carbon monixide analysis and the 9 or 15 line bag box integrated
sampleé(Tedlar bag col;gction).

The system display poard (Flgure 72) shows 15 sample lines,
carbon monoxlde analysls system, the bag box sampler system,
and thé secondanjipollutant analysis system. The sysbem uses
solenoid valves to conbrol air actuabted valves (Figure 73).
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Figure 70 Meteorologlcal Signal Conditioning
Carbon Monoxide Analyzers (Rt. Center)
UV Radiation Recorder (Lower Rt.)
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Figure 71 Alr Sample Flow System, Manual
Switching & Electrical Control
Panel
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3 Sample System Plumbing with Solenold
Valves Controlling Air Activated Sample

Line Valves.

Filgure 7
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© A1l théﬁelvalvea,aré controllied on the display board by switches
and have indicator lights for operation. The computer output
driver interface is parallel wlred to these switches to allow
auvtomatic operation of the sSample flow system. Therefore,
with computer software changes, the operation of the sample
flow system can be changed to various sample times and patterns.

These can be on magnetic tape or paper punched tape depending
on origin.

The operation of the system after field testing consisted of

a 1 minute sampling time for carbon monoxide for each of 15
lines. Using 3 analyzers, this allows each line to be sampled
at 5 minute intervals and brovides 12 data points per line

ber hour.

The ozone analysﬁs and the sulfur dioxide, hydrogen sulfide
analysis is done on one short line to minimize sample
degradation. This sampling is continuous.

The other siée of thE‘analysis uses the bag box sampler (see
Figure 74). This device takes s sample (approximately 8 to
10 litres (2.1 to 2.6 gals)) in a Tedlar bag with teflon
fittings. The box is brought below atmospheric pressure by

& vacuum pump by 20 to 24 inches (51 to 61 cm) of water,
8lightly below pressure in the sample lines, This pressure
differential creates a flow into the bags at a slow rate.
This is regulated by adjusting flow in the individual sample
lines so that the bags are filled in approximately 15 minutes.
This gives an integrated sample shown by previous statistical
tests to be representative of longer integrating times.

Under thé present operating conditions, 9 lines are sampled

each hour through this device. Fifteen minutes are used to
fill the sample bags, then the next 45 minutes of the hour
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Figure 74 Tedlar Bags For Sampling NO
and Hydrocarbons

X
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taré used for énﬁﬁ?éié%’“The 9 samples are analyzed for oxides
of nitrogen (NO, NO2, and NOX) and for hydrocarbons (methane,
total hydrocarbons). The analysis of hydrocarbons requires

5 minutes time per sample, thefefore, 9 lines can be analyzed
in 45 minutes. ;

-The data are recofdéd“both on magnetic tape and on paper strip
chart recorders. The'magnetic tape data are a parallel output
from the recorder source and are obtained by the multiplexer
portion of thé‘mini-computer. Various data scan rates are
used depen&ing on sensor sehsitivity, response speed and

critical need for contifidous record. For example, the anemometer

bivane is sampled 20 times a second as 1t is highly sensitive
and fast responding while the carbon monoxide analyzer 1s
scanned only once a minute at the time of true value for that
analysis periocd.

The strip chart record is used for backup and verification
work, also as a trend indicator for field rersonnel to check
instrument operatlon and calibration.

The strip charts are retained in Sacramento at the Transpor-
tation Laboratory in case of magnetic tape damage or- data

file loss invthe main processing computer.,

Monitoring Egquipment

A. Carbon Monoxideé Analysis
Long Path NDIR (3) Beckman Model 315 BL
B. Other Gases

l. NO and NO2
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Chemiluminescence (1) Bendix Model 8101m
2. 03

Ohemiluminescence (1) REM Model 612
3. THC, CH#’ co

Gas Chromatography-FlD (1) Beclman Model 6800
4, 802 and‘HQS

Gas Ghromatography = FP (1) Tracop Model 2501
Particulste Sampling

High~volume SamplerS'(3) MISCO Model 620
Méteorology

Anemometerp Bivane (3) Climet

Cup Anemometep (2) Climet

Temperature (3) Climet

Temperature (2) Climet

Humidity (1) Climet

[») Q

Solar Radiation (2950A—3850A) Eppley

Traffic

Radar Transceiver (8) Frequency west
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quisition and Process CoO

G. Data Ac ntrol

ower Supply Hewlett Packard 21154

Processor and‘P
lett packard 7970

Magnetic Tape Drive Hew
Input—Output Registers
Multiplexer Redcor
Process conbrol Dis

gtrip Chart Recorders
and Leeds - Northrup

Daconics

t

play Panel Translab
(26) Rustrak, Esterline—-Angus

“H. calibration

1. Cylinder ases

arious concentrations)

co in dry nitrogen (v
concentrations)

(various

NO in dry nitrogen
trations)

HC in ailr (various concen

2. cenerated Gases

O3 - Ultraviolet 03 generator (1) REM

3, Permeation Tubes (Tracor Qven and System)

802
NO
C3H8 (Propane)

i, pDirect Current Voltage

variable DC Voltage gtandard Esterline-Angus

' Model V-2000

e for Meteorological Sensors

Electronic Substitub
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I. Flow and Flow Control

Filters MSA Cbmpany

Flowmeters Fischer-Porter Company

Sample Pumps Metal Bellows Company

Vacuum Pumps - :
Tubing Teflon (FEP) Fluorocarbon Company

Flttings Stainless Steel Swagelock
J . Miscelléneous Support
1. Gases

a. Ethylene

b. Oxygen _

C. Synthetic Air

d. Oxygen - ultra pure

2. Meteorology

Tubular Tower 40 ft (12.2 m) length
Tristac Tower Co. '

3. Alr Compressor

All instruments mounted in the van are shock-mounted either

on the racks they are attached to or directly to thelr own
housing (Figure 75). This protects electrical connections

and delicate compoﬁents from vibration and shock inputs. In
addition, all vibration producing equipment, pumps, compressor,
generator, etc. are shock mounted to reduce input vibration
during the monitoring operation. For more detail regarding
operation of mobile laboratories see References 4 and 5.
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Figure 75 Hydrocarbon Analyzer with Support.

Gases: Zero, Alr, Span, H. Generator
Input Sample Lines (Upper gicture
Center)
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Field Monitoring

On site preparation for operation requires a minimum 100 amp
220 volt AC power drop, and a meteorological pole (if the

40 foot (12.2 m) van tower will not extend over the roughness
elements). Some type of security should be prOV1ded elther
chain-1link fencing or 2! hour attendance including nighttime
guard service, if necessary.,

By utilizing the sampling site structures to obtain access to -
the roadway section, tubing can be placed into surrounding
resldential areas as well as around the roadway

The sample lines vary from 600 feet to 15 feet (183 m to 4.6 m)
in length. They are 3/8 inch (.95 cm) I.D. FEP type teflon,
semi-rigid tubing ending with teflon filter housings (Figure
76). Most tubing is enclosed with PVC pipe for security and
damage protection. The tubing runs in the gutters on
residential streets as well as over the freeway on pedestrian
overcrossings and down into the freeway Section.

Large metal reels were designed to hold excess tubing and
provide a means for collecting the tubing used at each site.
Short jumper sections - ‘connect tubing on reels to the -side of
the van (Figures 77 through 80) T

Meteorological equipment used with the van on a typical site
includes two sets of wind and temperature sensors, orie set

for background meteorological data, the other for in and over

the freeway section. The background 1s measured from a 70

foot (21.3 m) pole or the van mast and consists of one anemometer
bivane, for vertical and horilzontal wind components and true
vector wind speeds, two cup anemometers and two temperature
Sensors separated 17 feet (5.2 m) vertically for wind shear

and temperature lapse rate (Figure 81)., The freeway section
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Figure 76 Exterior Sample Lines 3/8 FEP Teflon
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Pigure 79 Storage Reels For 3

ample Lines
(Lengths Vary From Site to Slte, This is

& means for Storing Excess)
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igure 80  View Across Freeway Section

F
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Figure 81 Meteorologilcal Equipment Pole
Anemometer Blvane, Cup Anemometers,
Temperature Sensors for Lapse Rate
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”wéé”instrumén%éd with one ahémometer bivane and two temperature
sensors for reading turbulence and difference in temperature
lapse rate (Figure 82). A humidity sensor and the UV
radiation sensor are mounted on the van to complete the
package.

Traffic data were gathered with loop detectors on 8 of 12
lanes at the initial sampling site. An experimental radar
device was purchased and tested on the 4th Avenue and Santa
Monica Freeway site. The detection heads were mounted on

the pedestrian overcrossing pointing down and toward oncoming
traffic at a 45 degree angle (Figure 83). A signal conditioner
was installed in the van to operate these detectors. This
device outputs digital signals difectly to the multiplexer.
Under field usage, this device proved feasible for counting
vehleles but speed measurements were unreliable with the
present circult design. |

The van was also wired to allow operation of up to 3 sound
. level meters for studiéé”of'freéway generated noise., The
data were accessed by the computer and recorded on magnetic
tape. Information on this aspecﬁ of the study may be found
in Referance 10, :

Calibration

Instrument calibration is performed by several methods
including:

1. Span gases, National Bureau‘of Standards (NBS) traceable.
2. Permeation tubes,

3. Wet chemistry techniques, EPA recommended methods.

4, Voltage standards, NBS traceable.

5. Wind tunnel testing, pitot tube with inclined manometer.,
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Plgure 82 Freeway Section Meteorological
Instruments
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Span gases, those premixed concentrations of pollutants used
to set an up range span p01nt for an analyzer output, were
tested and verified by the Air Industrial Hygiene Laboratory,
Department of Health. They use NBS supplied cyiinders for
reference for the NDIR analysis of carbon monoxide (Figure 84),.

The oxides of niltrogen analysis 1s calibrated with span bottles
of NO in nitrogen. The instrument uses a converter to change
N02 to NO for analysis. Therefore, the calibration holds for
NO2 also, but a converter efficiency test 1s performed to
validate NO2 data produced. These bottles are originally
analyzed by the Saltzman wet chemistry method utilizing a NBS
traceable photo spectrometer for reagent color change in
proportion to concentration.

Hydrocarbon calibration also uses span gas cylinders. In this
case, they contain concentrations of methane (CHQ) in synthetic
air and also concentrations of propane (C H8) in synthetic

air. Both these mlxtures ‘are analyzed by laboratory gas
chromatographic flame ionizatlon techniques (EPA recommended
method). - They have been specifically mlxed in a1r to prevent
1nterferences in the lonigzation of the flame by indu01ng other
inert gases which may chill or alter flame ilon balance. The
ozone (O ) analyzer is calibrated by routing O3 concentratlons
from an ozone generator to both the Potassium Iodide (KI) wet
chemlstry analysis and also to the chemiluminescene O3 analyzer
(EPA recommended method). Thus, the analysis is calibrated by
the KI method using a NBS traceable photospectrometer for
detecting reagent color change in proportion to 03 in the alilr
sample generated.

The sulfur gas chromatograph is calibrated with a teflon

permeation tube contalning liquid sulfur dioxide (SO ) (Figure
85). If a constant temperature and a known constant alr or
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Figure 85 Analyzers For 80, and H,S, O
NOy Permeation Device and Sulfur Linéarizer
Van Rt. Side Power Control Relays
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" nitrogen flow raté are applied to the tube, the rate of
permeation into the gas stream can be determined by periodic
measurement of tube wéight loss, This glves a direct physical
measurement for primary calibration.

Meteorological instruments are calibrated in the facilities

at Translab against NBS traceable basic sensors. For wind
speed, a pltot tube and inclined manometer are uged with the
Translab wind tunnel. Accuracy and linearity of response

for wind direction are checked against a degree wheel for the
540° range following ﬁhgxmanufacturer's procedure. Temperature
sensors are tested agéinst constant temperature baths using

NBS traceable thermometers. The humidity sensor was factory

calibrated and was retested by the factory during the sampling
period.

The radar sensors were calibrated for speed using actual
vehlcles with previously calibrated speedometers. The count
was verified by lane vehicle counts versﬁs indicated totals
and by cross verifying the data from the loop system used by
Distriect 07 Freeway Operations, Caltrans.

Strip chart recorders and the computer data acquisition
devices are tested with a variable DC voltage standard. The
basic tests are zero, top scale span, and linearity. In
addition, the data acquisilition system (multiplexer) regularly
scans a consbtant DC voltage signal and records 1t on the data
tape. These voltage supply devices have NBS traceablility
through egquipment used by the Electronics Sectlion of Translab.

Due to multiplexer reliability problems, an electronic display
scope has been added between the multiplexer and the computer
data recording. This gives the operator an additional check
for system operation and data reliabllity.
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SYSTEM CHECKOUT

The mobile research laboratories present some unique air
sampling and analysis problems. The analytical instruments
on board are subjected to conditions not usually encountered
by permanent monitoring facilities. Sampling through long
intake lines and temporary storage of some samples in teflon
bags are two examples. As a consequence, it was necessary
to carry out a testing program to determine whether these
conditions would affect analytical results.

The air monitoring instruments of concern in this program

were three Beckman 315B carbon monoxide nondispersive infrared
(NDIR) analyzers, a Beckman 6800 gas chromatograph (co,

methane and total hydrocarbon analysis), a Tracor 250-H 802'
analyzer, a Rem 612 ozone analyzer, and a Bendix 8101B NO—N02~_
NOx analyzer. Several system variables were studied to
determine whether they would affect the responses of the above
instruments. These variables included the length of the sample
intake line, fluctuation of instrument input voltage, solling
of intake line filters, interior temperature of the research
laboratory, sample flow rate through the Beckman CO analyzers,
and sample retention time In the teflon bags.  Two or three
values were chosen for each variable, approximately representing
the span of values which would be encountered during actual
monitoring operations. Three known concentrations of each
pollutant were input to each analyzer either through the
sampling linés or affer storage in the teflon bags. A
statistically-based experimental design was developed which
assigned as many as 36 variable combinations (each combination
comprising a "data point") to which each instrument could be
subjected. Each data point or variable combination resulted

in a specific instrument response. Using the Bendix NO—NO2—NOx
analyzer as an example, when the input voltage was 120 volts,
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the van temperaturé 65°F, (18°C) and .75 ppm of NO was input
through. a 600 fqot (183 m) sample line with a clean line
filter, the indlcated NO concentration was .72 ppm. By use
of a stepwise multiple regresslon analysis computer program,
the data were analyzed to determine which of the variables
Cincluding instrument response), were significant in
estimating the actual gas concentration and which were not.
The results of this analysis are summarized in Table 5.

The interference of Iinterior laboratory room temperature was
removed by holding the temperature within the laboratory at
75°F (24°C) + 5°F (2.8°C). The problems with both the ozone
and sulfur analyzers were kept to a minimum by sampling only
through the shortest line (less than 225 feet (69 m)) and
not storing the sample 1ln the teflon bag boX system, Details
of this system check are discussed in Reference L,

It must be emphasized that these results may not be valid for
NO, NO2 and NOX measurements when amblent air is being
monitored. The NO, NO2 and NOx test gases analygzed in this
procedure were interference-free. Significant chemical
activity could take place in the sampling lines and bags when
ambient air is sampled since this alr will often contain
interferences such as ozone., These interferences could oxidlze
NO and decrease the NO/NO2 ratio during passage through the
sampling train.
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AUTOMATED DATA ACQUISITION AND PROCESSING

To best characterize air quality, meteorological and traffic
conditions, data must be collected on as nearly a continuous
basis as possible, The configuration of the air quality
instrumentation in the mobile research laboratories does not
permit completely‘continuous sampling. However, the pollutant
sampling scheme is designed to adequately represent averages
taken over a one hour period.

Carbon monoxidé is monitored in two manners. The NDIR system

is desipgned so that each probe is monitored for one minute out
of every five minutes during the houf. This provides 12 samples
evenly spaced over the hour, To obtain the samples, the valves
are switched by a minicomputer, the NDIR analyzer is read by

the minicomputer, and the values are stored on tape. The other
carbon monoxide monitoring instrument is incorporated in the
hydrocarbon analyzer and bag box system. It measures air
samples obtained by filling nine teflon bags during the first
15'minutes of every hour. Bag number 1 is analyzed from the
16th minute through the 20th minute, bag number 2 from the 21st
minute through the 25th minute, and so on. Bag number 9 is
always analyzed during the final 5 minute period of each hour.
The 5 mlnute period is the time required for the hydrocarbon
analyzer to measure carbon monoxide, total hydrocarbons, and
methane. The total eyele requires 60 minutes to complete.

It is repeated hourly from 6:00 a.m. to 8§:00 p.m. All of the
valve switching required to fill the bags, analyze the samples
within the bags and then purge the bags is handled automatically
by the computer. The data obtained from the bag box hydrocarbon
analyzer and NO/NOzNOx analyzer are automatlcally stored on
magnetic tape, as in the NDIR system.
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Measurements of ozone, HQS and SO2 are made at one point only,
due to sampllng train interferences. The czZone, HES and SO2
cannot be collected through a 600 foot (183 m) 1line at a rate
of 1 litre/minute without significant chemical degradation
occurring. Therefore, they are continuously monitored using
only one probe located near the mobile laboratory.

Meteorological data are also obtained on a continuous basis
at the site. The number of readings.taken each hour is as
follows:

Variable Sample/Hours
Three dimensional wind 36000
Horizontal wind speed 36000
Humidity ‘ 60
Incoming ultraviolet radiation 60
Temperature (T) 60
:'Temperature lapse rate (AT) 60

These data or their 10 second averages in the case of wind
directlon and speed are automatically stored on magnetic tape
by the minicomputer. Standard deviations for many of the
parameters are also calculated and stored on tape.

Figure 86 illustrates the data collection scheme. The ocutput
voltages from the various sensors are fed into a multiplexer
for processing. They are then accumulated in the minicomputer
and stored on magnetic tape. Incorporated in this scheme is a
serles of quallty assurance control operations. A cathode ray
tube monitors all channels feeding into the minicomputer as a
check on the data acquisition system. At the end of the day's
sampling period (8:00 p.m.) the magnetic tape is reread by the
minicomputer. Three hourly summaries are obtained at this time
to verify the operation of the data collection system. A system
of strip chart recorders to monitor amperage is also provided.
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'f&his seryves as & check on the minicomputer data acquisition
system, and as a backup system when the automated system is
not working properly.,

The daily magnetic tapes are mailed from the sampling site to
Translab in Sacramento for further processing. Each of the
tapes is then run through a series of IBM 370 computer programs
‘to check for errors and to update the master data file, Figure
87. The SAROAD master fille system (storage and retrieval of
aerometric data) and the AQDHS (air quality data handling
system) of the Environmental Protection Agency are the systems
used to f;le the data. Codes and related information for
each parémeter placed in the AQDHS flle from the project are
. shown -on Table 6.

These master file tapes, once complete for any one site, are
then run through the AQDHS report writer. This provides monthly
tables of the hourly averages of each of the variables requested.
Once the data have been reviewed, the master file may be inter-
faced with other programs to evaluate predictive models, check
for redundant probes or generate statistical analyses (see

Figure 88). These analyses are detalled in the sections on
"pypical Gaseous Pollutant Analyses” aﬁd "pTypical Atmospheric
Particulate Analysis",
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" QUALIDY CONTROL,

data Collection System, Quality contro}
procedures are necessary to Insyure that reliable data jig
being collected. )
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The fileld personnel fill out a daily log sheet detailiné ény
problems which may have arisen during the day. They also
record "down" times for any of the sampling systems in the
laboratory. These dlary sheets are used later to remove the
corresponding data from the master file.

TABLE 7

ESTIMATED RANGES OF POLLUTANT
CONCENTRATIONS IN PPM
{1 Hour Averaging Time)

Pollutant Upwind In Section Downwind
(810] 1-10 10~-50 . 3~20

THC 2-8 5-15 4-10
Methane 0.5-3 1-5 0,5-5

NO, 0.1-1.0 1-4 0.1-2

NO 0.05-0.5 1-4 0.05-1,0
NO, 0.05-0.5 0.1-1.0 0.05-1.0
03' ' 0.02=0,20 ———— 0.02~0.20
Hgs and 802 Trace = ==——— Trace

Note: If high CO, HC, NO, concentrations are measured, check
the measured values upwind, downwind, and in-section.
May be an episode.

These values are "ballpark" estimates based on other studies

with mini-vans and local APCD stations. However, this should

serve as a guide for the routine check-out of the system,
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" DYPICAL GASEQUS POLLUTANT ANALYSIS

Another intention of this study was to characterigze temporal
and spatial distributions of atmospheric pollutants adjacent

to highways, and to evaluate microscale models which predict
air pollution levels adjacent to highways. In order to collect
gaseous pollutant data for this purpose, the probe layouts

for the various field sites were chosen as illustrated in the
site selection séction. The probes with the asterisk (numbers
1l through 9) are the probes where data from the bag box and
NDIR system were obtained. Some of these probes also were
used to collect ozone, Hgs and 802 data. At the Santa Monica
Freeway site, the bag box probes were used in a vertical array
from November 1, 1973 until June 12, 1974, Figure 12. They
were placed in a horizontal array from June 13, 1974 until

the completion of the summer sampling, July 19, 1974, Figure
‘“13. At Sites 6 through 8, the probes were located as indicated
in Figures 41 through 51 and were not modified. In order to
compare the concentration gradients for different pollutants,
concentrations were normalized to a value of unity for the
lowest probe. Table 7 shows actual concentrations and normalized
values for a typical morning hour at the Santa Monica Freeway
site. The actual concentrations are presented graphically in
Figures 89 and 90, Figure 91 is a plot of the normaligzed
values. The following conclusions were drawn from this kind
of analysis. '

1. CO, THC and NOx tend to have the same vertical dispersion
charactéristics.

a. Uniform within cut section
b. Large gradient above cut (except THC)

C. All source-oriented in section

2. NO2 concentrations are low near source,
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3. NO concentrations are high on the roadway because of
emissions from vehicles.

b, Away from roadway NO2 coneentrations tend to increase
slightly.

5. Vertical concentration gradients from the b foot (1.2 m)
to 60 foot (18.2 m) probe locations for CO and NOx are similar.

6. Concentration gradients for CO and NOx are greater than
for THC.

T Lapse rates over the highway tend to be more unstable
than over areas adjacent to roadways. This may be caused by:

a. Different thermal conductivities of concrete
surface versus land use.

b. Exhaust gas temperatures (230°F!(110°C)) are
warmer than the environment.

8. Ambient levels of CO are approached about 300 feet (91 m)
from the edge of pavement in urban areas for single and two-
story dwellings for stable atmospheric conditions.

9. Ambient levels of CO for flat open rural areas are

approached at distances greater than 400 feet (122 m) from
the edge of the pavement for stable atmospheric conditions.
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TABLE 8

NORMALIZED DATA - BAG BOX SAMPLES -
SANTA MONICA FREEWAY AT 4TH AVENUE

P.0.C. (SITE 1)

Cco Cco

MAY 15, 1974 0700-0800

Height THC _THC NO_ NOx
2'1¢. ppm  Nor.,. ppm Nor. ppm Nor.
4y 16,0 1.00 8.5 1.00 1.70 1.00

12 12.0 0,75 8.0 0.94 1.32 0.78
20 10.0 0.63 7.5 0.88 1.12 0.66
42 6.0 0.38 6.0 0.,71L 0.60 0.35
60 4.0 0.25 6.0 0.71 0,32 0.19

instantaneous 15 minute averaging times.

A1l data are
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zZing the distribution of gaseous
pollutantskadjacent to freeways, a breliminary study of
barticulate concentrations adjacent to freeways wWas undertaken,

different highway geometrics,

Mg_prﬁﬁaluate the Practicality of using barticulate models
to estimate highway impact particulate levels adjacent to
freeways.,.



ure 92 View of Lundgren Impactor

Fig

and Hi Vol at Field Sampling Site
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determined.by funning s§éveral hi-vols side~by-side. One was
run for 12 hours continuously, one for U hours, one for &
hours, and one for a two hour time period. The average of
S8iX 2-hour time Periods was about the same as the 12 hour
Sample, By using a 2 hour averaging time one is allowed to
characterige the particulate concentrations as meteorology
and traffic volumes change throughout a gilven day.

Lundgren Impactor data were collected simultaneously with
most of the hi-vol data; as shown in Table 8. The Lundgren
Impactor (Figure 92) provides particle sige distribution ang
elemental sulfur, but does not Provide chemical composition,
The Lundgren samples are analyzed using Ion Excitegd X=~Ray
Emission(8). 'This is performed at the Crocker Nuclear
Laboratory at the University of California at Davis.

TABLE 9
PROBE LOCATIONS OF HI-VOLS AND LUNDGREN IMPACTORS
Site No, Probe No. Hi=Vol Lundgren

1 : 5 X X

1 6 X X

1l . 10 X X

1 9 X X

1 i X X

6 6 X X

6 13 X

6 2 X X

6 8

6 9 X X

8 near 3 X X

8 8 X X

8 6 X X

8 15 X X

146



Almost all of the lead collected by the Lundgren Impacbtor
on this project has been found to be less than 5 microns
in diameter. If this 1s the case, the lead may be assumed
to have a low gravitational sebbling veloclity while in the
vincinity of the roadway and the lead may be modeled as if
it were a gas. Another study (9}, apparently observing
larger size particulates, reports the corridor along a
roadway that would be expected to have high lead concen=
trations would be 1imited to approximately 250 £t (76.2 m)
from the roadway. It also states, however, that the
smaller particulates, 1ess than 3 microns, tend to stay
aloft until scavenged by rainfall or until impaction oceurs.
Modeling lead as a gas 1s a very gimplified approach.
However, initial comparisons indicate that it is atb least
within an order of magnitude of the actual £ield value.

Typicallz hour lead concenbrations are plotted in Figure 93
for the depressed section at aipe 1 for varying distances
from the source. As can be seen from the flgure, lead
concentrations are higher within the depressed section. The
values at the downwind top of cut are only slightly higher
than the value abt 300 feet (91 m) upwind and 300 feet (91 m)
doﬁnwind.‘ Note also that the upwind value 1is usually approached
within 300 feet (91 m) downwind.

The lead values obtained from the Lundgren Impactor were
compared to those obtained using the high-volunme sampler.

The hi-vol 1is currently'the accepted standard for measuring
both total suspended particulates and atmospheric lead. It
appears that the two instruments correlate fairly well at
locations removed from the source, bubt do not correlate well
closer to the source. This may he due to possible differences
in ranges of particle size measured by the two instruments.

Further sampling and analyses of particulate 1levels and
dispersion 1is needed for development of dispersion models.
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APPENDIX B

LOS ANGELES DATA BASE USERS GUIDE

Preface

This data base was accumulated using the Caltrans air pollution
monitoring research van in the Los Angeles area during 1974-75.
Four locations were monitored, "“Site 1" and "Site 2" represent
the same location with different probe configurations. The
location is the Santa Monica Freeway (Route I-10) at the 4th
Avenue Pedestrian Overcrossing, a depressed section. "Site 3"
is on the San Diego Freeway (Route I-405) at 134th Street, a
fiill area. "Site 4" was included to study the pollutant levels
adjacent to a freguently used on ramp. The investigators were
not satisfied with the collected data and the data are not
considered a viable portion of the Los Angeles data base. It
is;recommendedlthat data base users lgnore them. The Site 4
locatlion ié the San Diego Freeway along the 116th Street on-ramp.
"Site 5" is on the Santa Ana Freeway (Route I-5) at the South
Orange 0vercroSsing near El Toro, an at-grade location.

The site numbers above differ from the site numbers in the report.
The latter refers to "Site 1" as Site 1 and also "Site 2" as

Site 1; "Site 3" as Site 6, "Site 4" as Site 7, and "Site 5" as
Site 8, The site numbers used in this user's gulde are those
site numbers assigned for use 1n the Alr Quality Data Handling
System file, whereas the site numbers 1ln the report body refer
to'all sites considered during the project planning phase without
regard to whatever data each site may have generated for historic
filing. For consistency, the AQDHS site numbers will be used
throughout Appendix B, the Los Angeles data base users guide.

'The main report contains a detalled description of the sampling
equipment, site selection, data gathering and storage methods,

and related ailr guallty investigations.

154



Data Base Preparation

Included in the data base are: (1) raw data tapes, unedited,
which contain all dats taken for each day of sampling on the
project; (2) raw data tapes, edlted, which have been purged

(AQDHS or SAROAD) file which resulted from our work; (4)
traffic data tapes for the sampling vicinities, which were
taken from information gathered in our Surveillance Loop
Project; and (5) selectedlsamples of traffiec counts of heavy
duty vehicles for use in extrapolating diesel - gasoline
splits,

The first step in the editing process was to average the raw
data on an hourly basis and print out the results using the

LA HOURLY program and Program Eng 136. These data were checked
to insure correct header 1nformation, and all times have been
corrected to Pacifie Standard time. These hourly pPrintouts

were then inspected for bad data readings. Data recorded

during periods shown as "down" on the operator's logs were
stricken, as were data determined by the editors to be outside
reasonable limits. The months, days, and hours of bad data

were entered into an editing program and these data were purged,
Finally, the edited data were entered into our AQDHS-1 data file
using Program LA DATLY. Fligure 1 1s a flow chart of data
Preparation and editing starting with the tapes generated in the
research van, through programs LA HOURLY and LA DATLY to the
AQDHS-1 file. |

In preparing the data base, three computer programs were written,
The first program checked and corrected header information and
changed all data which were on a Pacific Daylight Time basis to
Pacifie Standarg time., The second bprogram inspected the AQDHS-1
file and prepared matrices for each sampling day showing, by
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meteorologic observation and/or pollutant, the hours for which
valid data exist and the hours valld data did not exist. The
third program edited the raw data tapes by reading them against
the matrices, passing the data during the hours for which valid
data existed in the AQDHS-1 file, and purging the data during
the hours the AQDHS-1 file was empty.

The data base and copiles of the three computer programs
mentioned above are now in the possession of the Federal
Highway Administration Research Office in Washington, D. C.

Forty-four of the 230 original tapes generated by our research
van did not pass into the AQDHS~1 file. Only unedited raw
data for these LI tapes are included in the data base. We

are planning to investigate thils problem with the intention

of entering these rejected data into the file.

The traffic count data are from the years 1974-75. The
Surveillance Loop traffic count file contalns a myriad of
traffic data, but only selected counts near our sampling sites
were included in the FHWA data file,

The data on heavy duty vehicles (diesel and gasoline) were
taken from Caltrans counts in 1974-75,

Raw Data

For each day the mobile laboratory was operated, one uniquely
numbered raw data tape exlists. The fapes-were generated by the
Hewlett-Packard mini-computer. Program ENG 136 updates the

raw data by reformatting the Hewlett-Packard raw data tapes

to IBM compatible format. These raw data tapes are fed from
Program ENG 136 as numerical voltage flgures, referred to here as
the "declmal voltage equivalent" (DVE), along with the time and the
"device" and "subdevice" codes. The raw data format is:
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Error Flag
+Device Code

Sub Device
Code

Hour

Minute

Second

(DVE)
Integer 1 | Integer

Decimal Voltage
Equivalent (real)

7 Fields of 2 Bytes = 14 Bytes

If the device code exceeds 64, the error flag 1s "on", and the
device code 1s obtained by subtracting 64.

The last two fields afe treated as two integer fields or one
real data field depending on the device code and include the
decimal voltage equivalent.

Two types of'updates'Wére done: (1) update incorrect header
information on any of the first 4 header cards; (2) update
hour wvalues by +1 hour in all records for any one day to
correct for daylight saving time.




J:!'J ’

Listings of the Device Codes and the Subdevice Codes

Table I equates the pollutant and meteorologic parameters to
the corresponding device and subdevice codes.

TABLE I
Site Code
X = 1 for Site #1
o Parameter and 2 for Slte #2,
Device Code Sub-Device Code Parameter Code ete,

0 0 Calibration Potential

1 1 CO 42101 X01

1 2 " - Xoz2

1 3 " X03

1 4 " X04

1 5 " X05

2 1 "o X06

2 2 L X07

2 3 n X08

2 h " X09

2 5 n X190

3 1 " X1l

3 2 " X12

3 3 " X13

3 4 " X14

3 5 " X15

4 0 THC 43101 X01 - X09

5 0 “CCOo 42101 X01 - X09

6 0 CH4 43201 X01 - X09

7 0 NO 42601 X01 -~ X09

8 0 NO2 42602 X01 - XO09

9 0 NOx 42603 X0l -~ X09
10 -0 H23 42402 X06
10 1 S02 42401 X06
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Tistings of the Device Codes and_the Subdevice Codes

Table I equates the pollutant and meteorologic parameters to
the corresponding device and subdevlice codes.

TABLE I
Site Code
X =1 for Site #1
Parameter and 2 for Site #2,
Device Code Sub-Device Code Parameter Code etc,

0 0 Calibration Potential

1 1 CO 42101 X0l

1 2 X02

1 3 X03

1 b X0k

1 5 X05

2 1 X06

2 2 Y X07

2 3 ‘ X08

2 y X09

2 -5 X10

3 1 X11

3 2 Xl2

3 3 X13

3 4 ' X14

3 5 X15

y 0 THC 43101 X0l - X09

5 0 cco 42101 X01 - X09

6 0 CHU4 43201 X0l - XO09

7 0 NO 42601 ' X01 - X09

8 0 NO, 42602 X01 - X09

9 0 NOx 42603 - X01 - X09
10 0 H2S 42402 X06
10 1 S02 42401 X06
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TABLE I (Continued)

Site Code

X = 1 for Site #1
Parameter and 2 for Site #2
Device Code Sub-Device Code Parameter Code etc.
11 0 THTA 75400 X0l
11 1 THTA (Std. Deviation) X0l
12 0 UBAR 75000 X0L
13 0 PHI 75500 X0l
13 1 PHI (Std. Deviation) X0l
14 0 THTA 75400 X02
14 1 THTA (Std. Deviation) X02
15 0 UBAR 75000 X02
16 0 PHI 75500 X02
16 1 PHI (Std. Devilation) X02
17 0 CUPA 75600 X01
18 0 CUPA 75600 X02
23 0 OZON Hh4201 X06
24 0 HUMD 75700 X01
25 0 SKY 75800 X01
28 0 TEMP 75900 X01
29 0 DELT 76000 X0l
30 0 TEMP 75900 X02
31 0 DELT 76000 X02
32 0=-7 Ignore

4
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Céfbbn monoxidérbjkNDIﬁﬁwas sampled from 15 probes. As can

be seen from Table I, the device codes for CO are 1, 2, or 3,
and the subdevice codes are 1, 2, 3, 4, or 5. The combination
of devlice codes and subdevice codes are determined by the probe
number. For the 15 probes the device and subdevice codes are
1-1 through 1-5, 2-1 through 2-5, and 3-1 through 3-5. Thus
Frobe No. 1 is device code one, subdevice code onej; Probe No.

5 is device code one, subdevice code five} Probe No. 6 is device
code two, subdevice code one; Probe No. 7 is device code two,

subdevice code two; Probe No. 12 is device code three, subdevice
code twoj; etc.

In the LA Data Base, the probe numbers also determine the AQDHS
"Site Code". The first dilglt of the three diglt site code is
the LA Data Base Site Number, the second and third digits
represeﬁt the probe number. For example, site 1, probe 12
would have a site code of 112; site 3, probe 1 would be site

code 301; site 5, probe 2 would be site code 502; etc. See
Table I,

Total hydrocarbons, carbon monoxide by the gas chromatography
method, methane, nitric oxide, nitrogen dicxide, and oxildes

of nitrogen are represented by device codes 4 through 9,
respectively. Each hour's readings for each of these
pollutants, however, yield nine distinet analyses. The nine
analyses are on one sample per hour from each of probes

1 through 9 (see probe configuration figures)¥. Probes 1
through 9 are read in numerical order once per hour. The AQDHS
site codes for the latter pollutants use the same system as

¥The sampling and analyzing done by the research van is fully
discussed in "Variables Affecting Air Quality Instrument Oper-
ation", by Peter, Pinkerman, and Shirley, June 1977.
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carbon monoxide. For a THC sample (AQDHS Parameter Code
43101) from Probe #9, Site #1, the site code is "109", For
the same pollutant from Probe #2 at the same site, the silte
code 1s 102; for Probe #2, Site 3, the site code is 302; etec.
See Table I for the site codes for the other pollutant and
meteorological parameters.

Program LA Hourly

Program LA Hourly is designed to read the raw IBM compatible
data from disk and reduce the decimal voltage equivalents
from the raw data to units of recognized air pollution
engineering terms by l-hour averages.

Program ENV 018 can be used to obtain a printout of the raw
data format shown on Page 5 which includes the device codes
subdevice codes, time, and decimal voltage equivalent (DVE).
Uslng these codes and the formulas glven below to reduce the
DVE value, instantaneous parameter values can be obtained.

The decimal voltage equivalents (DVE) are converted to re—
coghlizible units by the following formulas:

First -- add 1 to the device code shown in Table T#%

Carbon Monoxide (CO) -device codes 2, 3, and 4.

For device code #2 (# 1 before adding 1)

CO (ppm) = .06 + 20.38 (DVE) + 0.012 (DVE)Z - 0.05 (DVE)3
For device code #3 (#2 before adding 1)

CO (ppm) = .024 + 19.36 (DVE) + 0.31 (DVE)2 -0.082 (DVE)S3

¥*The user must remember the LA HOURLY adds 1 to the device

code before printing its output. Thus, device code 1, subdevice
code 1 (CO probe #1) will appear as device code 2, subdevice
code 1 on the LA HQURLY output.
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For device code #l4 (#3 before adding 1)
co (ppm) = -.05 + 18.82 (DVE) ¥ 0.813 (DVE)? —0.158 (DVE)>

Total hydrocarbons = device code #5
THC (ppm) = (DVE) i%%%.

Carbon monoxide by gas chromatography - device code #6

cco (ppm) = (DVE) i%%%f

Methane - device code #7
= 50.
CH), (ppm) = (DVE) T378.

Nitriec oxlde - device code #8
and Nigrogen dioxlde - device code #9
and Oxides of nitrogen - device code #10

NO ppm
— 2-
NOx ppm
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'ﬁﬁeiaﬁi#e ﬁhmidity ~ device code #25
Relative Humidity (%) =(i%¥§~)(149.) + 16,

Solar Radiation - device code #26

Solar Radiation(milligatts) = (DvE) 106.
S Cm

Difference in Temperature —device codes #30 ang #32
AT(°C) :(%FT)(G.) -3.

Year and Julian Day - device code #4o
Read directly

' Location - device code #43
" Read first digit ags District 07, secong digit as site (1~5)

All reaqd directly )
First fielg is traffic count
Second.field 1s speed

Hydrogen Sulfide - device code #11, Subdevige cdde 0

H2S (ppm) = (DVE) g&%?

¥Expect to find few, ir any, traffic entries on the tapes.
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Sulfur dioxide - device code #11 subdevlce code 1
91, INE = 80. for site 1; = 135. for site 2; = 330. for site 3;
= 140. for site 43 = 0 for site 5

S0, (ppm) = =0.001 + 1.32 (DVE)( 0. g”)+ 0.00008 (SLINE)

Bivane #1

Anemometer Azimuth — device codes #12 and #15

(12 ™)

THETA (vadians) = (DVE) 41505 (360)

Bivane Speed -~ device codes #13 and #16

(20.) (88.)
1016.3(60.)(3.28)(100.)

U (meter/sec.) = (DVE)(

Vertical Angle - device codes #L4 and #17

120.
PHI (radiang) = (DVE)(lS% -60. §%%L

Cup anemometer - device codes #18 and #19
Formulas are the same as Blvane Speed

Ozone - device code #24

0, (ppm) = (DVE) m55—
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LA HOURLY RAW DATA

Van bProject. The unedited_data are a complete ¢opy of all data
created during the course of the project and are discussed in
the "Raw Data" section,

The edited raw data are those data which were considered suffi-
cient and valid for Summarization in the AQDHS-1 master data
files for the projecf. Forty-four days of raw data were not
Put into the AQDHS master file, thus the edited raw data tapes
do not contain data for these days. These days are indicateq
in the "Edited Rayw Data" column by the entry "no validity data".

These data can be extracted from the data base tapes in the
following manner:

All unedited raw data are on standard label 1600 BPI tape reels
as noted in the column headed "Vol Ser Ray Data". The standarg
label for all data flles is of the form:

TM.ENV.LAHOURLY.RAWDATA.DAYYYDDD.TNNN

where YY is the year
DDD is the Julian day
NNN is the original tape number for that day's data

These values can be obtained from the following listing under
the heading "Day" and "Tape No.", 7Irp there is g discrepancy

in the label for the file different from those values,. it is
noted under "Remarks",
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Al]l edited raw data are likewise named:

TM.ENV.LAHOURLY ,RAWEDIT.DAYYYDDD.TNNN with the same day
and tape numbers as the equivalent unedited raw data files
(unless noted under "Remarks"). These are in AQDHS-1l format,
and can be accessed by EPA programs for AQDHS-1. Please
refer to EPA Publication APTD-1086 "Air Quality Data Handling
System Users Manual'.

The tape volume number for the edited raw data tapes is located
under "Vol Ser Edited Raw Datal.

The "Label" information refers to the label on the corre—
sponding unedited and edited raw data tapes.

In some cases a file exists for edited raw data which do_not
- exist. These files are empty and are so noted under "Remarks".

. Days .T4106, 74108, 74267 contained erroneous unedited raw data.
These three days were corrected and put on another tape with
data set names:

TM.ENV.LAHOURLY . RAWCORR. DAYYYDDD . TNNN

These data sets should be used in lieu of the RAWDATA data
sets for these three days.

The hoﬁrly averaged data can also be accessed from the Caltrans

AQDHS-1 file using programs developed by the EPA and/or Caltrans
personnel.
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Day Tape No. Site Raw Data Label Edited Raw Data Label

Input

Vol Ser

TABLE II

Vol Ser

Remarks

74100
101
102
105
106

108

110
112
113
115
116

119

120
121
122
123
126
128
129
130
133
134
135
136
137

215
216
217
218
220

221

222
223
224
226

228

229

230
231
232
233
234
236
237
238
239

240

241
242
243

1

TM8001

'

TM8002

1
2

3
y

5*

%]

O 0 ~3

10
11

12

13
14
15
16
17
18

20

v ow

170

TMB015

"
"
n

"

n

n
n

"

1

LS I — N U A

O o =3

10
11

No validity data —-

T™™M8015

"
"
n
n
n
n
n"
"
n

TM8016

n

12
13
14
15
16
17
18
19
20
21

Use Rawcorr
(TM8011,2) for
raw

Use Rawcorr
(TM8011,3) for
raw

Edited Raw Data
empty (hdr
record only)

No edited raw
data



TABLE II (Continued)

74140
141
142
143
14y
148
149
150
151
154
156
157

158
161
162

163

164
165

168
169
170
171
172
175

Input Vol Ser Vol Ser
Day Tape No. Site Raw Data Label Edit
244 1 TM8002 6 TM8016
2}_;5 7 "
246 8 n
2!;7 9 1
248 10 "
249 11 "
250 12 n
251 13 n
252 14 "
253 15 "
254 * 16 n
255 TM8003 1 "
\
256 2 n
257 3 "
258 * 4 - TMB017
259 } * 5 "
260 2 6 "
261 7 No validity
262 8 n " "
263 9 " n "
264 < 10 TM8017
265 11 "
266 12 "
- 267 13 No validity
268 + * 14 "o 1
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171

data

" n

n "

data

1 1"

n

‘O 0 ~1 ov W

10
11
12
13
15
15

ed Raw Data Label Remarks

Raw data mis-— .
named day 74161
Edited misnamed
T257

No edited
raw data

" i

n L

No .edited raw
data. Use Raw-
corr TM8011,4
for raw

No edited
raw data



‘PABLE II (Contilnued)

Input Vol Ser Vol Ser
Day Tape No., Site Raw Data Label Edited Raw Data Label Remarks
74177 270 2 TM8003 15 TM8017 7
178 271 16 " 8
179 272 17 " 9
182 273 _ 18 " 10
184 275 19 " 11
189 276 20 " 12
190 277 ' 21 " 13
191 278 | TM800 4 1 " 14
192 279 2 n 15
193 , 280 3 " : 16
196 281 4 " : 17
197 283 5 No validity data —— No edited data
198 . - 284 | 6 TM80L7 18
199 285 Y 7 " 19
228 300 3 8 No validity data =- No edited data
231 301 ' 9 TM8OLT 20
232 303 :§\ 10 " 21
233  30% 11 n 22
234 305 12 - TM8018 1
235 306 13 " 2
238 307 o 14 n 3
239 308 j*s | 15 " 4
240 309 16 " 5
241 310 * 17 " 6
22 311 18 " 7
2he6 312 TM8005 1 " 8 Only header ree
- ’ - on edited data
247 313 2 " 9
248 314 ' _ 3 n 10
249 315 4 " 11
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TABLE IT (Continued)

Day Tape No. Site Raw Data Label

Input

Vol Ser

Vol Ser

Edited Raw Data Label Remarks

74253
254
255
256
259
260
262
263
266
267
268
269
270
273
274
275
276
2717
280
288
289
290
291
294
295
296

316
317
318
319
320
321
323
324
325
326
328
329
330
331
332
333
334
335
336
337
338

339

340
341
342
343

3

A

TM8005

TM8006

5

S
H © v =~ o

S
w N

WO O~ oyl W

I I R T S (R SRy Sy
~N AU EWw N RO
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T™M8018

n

"

n
TM8019

n

No validity
TM8019

"
"

L

No validity
T™™8019
No validity

" L "
" " n
1 " n

n 4] n

TM8019

"

No valildity

TM8019
n

No validity

data

data

data

12
13
14
i5

No

No

No
n

n
n

"

No

No

edited data

edited data

edited data
1 1" 1t

1 n it
noon it

1 " 1

edited data

edited data



TABLE TT (Continued)

- Input Vol . Ser Vol Ser
Day Tape No. Site Raw Data Label FEdited Raw Data Label Remarks
74297 344 3 TM8007 1 TM8019 14

298 345 2 No validity data -- No edited data

3Ql 346 3 non w LT No edited data

302 348 4 TM801.9 15

303 349 5 " 16

304 350 6 'No validity data -- No edited data

305 351 7 noon " " —- No edited data

308 352 '8 noon " " —.  Ignore these

- data sets
(see raw 11)

310 353 <§\ 9 poon " " -~— No edited data

311 354 . ' 10 TM8020: 1

308% 352% , 11 No validity data ~- No edited data

312 356 ' 12 TM8021 1

316 357 \ 13 " 2 Edited data

L AN o set is empty

317 358 ‘ 14 " 3

318 359 15 " !

319 360 16 n 5

322 361 ' 17 " 6

323 362 T™™8008 1 n 7

324 363 2 " 8 Raw data file
has T364 in
name

325 364 3 " 9

326 365 4 " 10

329 366 5 No validity data -- No edited data

330 . 367 ' Y 6 oon u no__ n o on n n

331 3 68 7 n " n "o n 4 n )
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TABLE ITI (Continued)

Input

Vol Ser

Vol Ser

Day Tape No. Site Raw Data Label ©Edited Raw Data Label Remarks

74336
337
340
343
344
345
346
347
350
351
352
353%

354
357
358
75015
016
017
020
021
022
023
024
027
028
029
030
031

369
370
371
372
373
374
375
376
377
378
379
380

. 381
382

383
384
385
386
387
388
389
390
391
392
393
394
395
396

3

AN

!

TM8008

TM8009

TM8010
"

8

9
10
11
iz
13
14
15

= w

O o~ O\

10
1l
12
13
14
15
16
17
18

1

175

TM8021
"
No validity data
T™™8021

"
"
1
"
TM8022
"
"

1"

"
"
L
L
it

"

No validity data
TM8022

"
"
L
L
"
L
"

"

11
12
13
14
15
16
17

oW N

O o0~ Oy WY

10

1l
12
13
14
15
16
17
18
19

No edited data

Raw data has
T354 in name

No edited data



TABLE IT (Continued)

Input Vol Ser , Vol Ser
Day Tape No. Site Raw Data Label Edited Raw Data Label Remarks

75034 397 3 TM8010 3 ou7641 1
035 398 - ' 4 " 2
036 399 5 " 3
037 400 6 " y
038 U401 7 " 5
041 Loz ‘ , 8 " 6
042" 1403 : \§\ 9 " 7
LT ol yoly 10 " 8
045 405 11 " 9
049 406 12 " 10
050 407 '_ 13 " 11
-1 051 . 408 - - 14 " 12
052 409 036163 1 M 13

055 410 | 2 No validity data -- No edited data
056 411 3 047641 14
057 k12 Y " 15
058 413 5 n 16
059 414 6 048216 1
062 415 , 7 n 2
063 416 - *g\ 8 " 3
064 417 9 " il
065 ’-!18' 1.0 n 5
066 419 11 U 6
069 420 . 12 " 7
070 421 13 n 8
07X k422 ' 14 " 9
072 423 ' TM8012 1 " 10
" 2 " 11

073 424
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TABLE IX (Continued)

Day Tape NoO.

Input

gite Raw Data Label

Vol Ser

Vol Ser

zdited Raw Data Label Remarks

75076
077
078
079
080
083
08l
085
086
087
090
091
092

093
094
097
100
101
104
105
106
107
108
111
112
113

114
115
116

425
126
427
428
429
430
431
n32
433
434
435
436
437
438
439
h40
4y
uhu2
443

oy

145
446
4T
49
451
452

453
45y
456

3

TM8012

T™M8013

\DOO'*-J—O\\J“IJ:

3

10
11
12
13

lh

w oo iul = w =

10
1l
12

13

14
i5
16

171

048216

"

12
13
1h

No validity data --

048830

L
L\l
L)
n
L
1"
n
"
A
"
"

n

No validity data
048830

i

- n

No vallidity data
048830

L}

009577

i

"

"

No validity data

1
2
3
4
5
6
7
8
9

10
11
12
13
14

15
16
17
18
1
2

No edited data

No edited data

No edited data -

Empty data set
(no validlty
data)

No edited data



-,,fﬂgLEZII (éonﬁinued)

 ;75

178

- Input Vol Ser | Vol Ser
Day Tape No. Site Raw Data Label Edited Raw Data Label RemarEE
75151 501 5  TM8013 17 009577 5
153 502 " 18 " 6
156 5p3 T™™M8014 1 " 7
157 504 2 " 8
160 505 3 No validity dats —_ No editeq
161 506 4 " u n Ll ] n n
. 162 50 7 5 n H n n - " n n
_:_'163 508 6 n n 1t "o " n "
- 164 509 7 009577 9
U167 510 | 8 n 10
168 517 - 9 L 11
1169 512 \ $ 10 " 12
170 513 11 No Validity datg —. No editeg
171 514 ' ' 12 009577 13
174 5315 13 No validity datg —_ No editeq
175 s16 + 14 009577 14
176 517 + 15 No validity datg - No edited
178 519 TM8011 1 " 1t " "o ] " n
U 74106 220 1 mM8o11 Corrected
: : raw data
108 221 1 1 3 " "
' 266 2 ¥ 4 " "

da+

data

data

data

n



Table IIT

AQDHS Area and Site Codes for LA
Hourly Data

Area Code Site Code

¥3ite 1 - Santa Moniea Freeway at 4th 4180 1XX
Avenue Pedestrian Overcrossing

*Site 2 ~ Same location 4180 2XX

Site 3 - San Diego Freeway at 134th Street 3120 3XX

Site 5 - Santa Ana Freeway near E1 Toro 2390 5XX

¥Sites 1 and 2 differ in probe configurations only

In thé AQDHS-1 file for the LA study no information exists for
"Barometric Pressure". The file will either be empty or show
"0" and should be ignored.

The temperature difference (AT) should also not be considered by
~a potential user. The AQDHS-1 file will not handle minus signs
"-", and negative values of AT occur quite frequently. The

raw data, however, are correct for AT,

The mathematics used to calculate the standard deviation of

the anemometer azimuth (THETA) are erroneous and information
in the AQDHS-1 file and the raw data should not be used.
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e

User‘s‘Instructibns'féf Surveillaﬁce Loop Traffic Count Data Tapes

Tape attributes:
1600 BPI
9 track
'binary
record length 96
blocksize T200
file name - TM.ENV,LAHOURLY.TRAFFIC,COUNT.FILEX

The start day, stop day, number of days data, and label position
are on the attached listing, Table IV. The file name parameter
"FILEX" is also on this listing where X ls the input file number.
A format of the records on each file 1s attached in the format
description.,

"ianes" is the number of directional lanes of traffic at the
sampling point, and "pcotive Lanes" i1s the number of lanes
actually being sampled at that point. "Vol" represents the
traffic volumes for actilve lanes only. This information will
need normalization for total lanes. "Occupancy" is a parameter
from whilch traffic speed was calculated. The formula used to
calculate speed from the "Occupancy" value was:

Speed = VPH/[(no.bf'lanes) (occupancy) (K)J

where K = 5280/(average vehilcle 1ength)

and VPH = volume per hour.

For the Transportation Laboratory's purposes, K was assumed
to be 272. For low occupancy values the speeds do not reflect
actual conditlons because of significance problems. Speeds

on the order of 400 mph can be calculated, thus care must

be taken when using the "occupancy" value to evaluate the
trafflc speed. ‘
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: P

The foregoing user's 1nstrucbions are O T

grom the “Surveillance 1.00p" and are gaeful for gites NOS:e 1, 2>

and 3- The attached 1,00 Locabtlon Map” and 1arge scale rreeway

schematics will serve $o 10cate the graffic monitoring statlons
£fic tvape daba.
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TABLE IV

Tape Start Stop No.
No. Day Day Days Dafca Remarks
007789 4-09-TL4 5-06-T4 - Tape contains too many errors, lgnore
017736 5-08-Th 6-05-TH 29 032965 1,8L  FILE2
006510 6-05-T4  6-25-74 21 2,8L , FILE3
010460 6-=27-T4  7-24-Tk 26 3,8L  FILE3 (should be 4)
020419 B8-06-74  B8-31-T4 26 4,8, FILE3 (should be 5)
009930 9-01~Th  9-08-74 26 5,SL  FILEG
008116 9-~11-74 10-07-T4 28 6,8 FILEY
011039 10-08-74 10-31-74 26 7,SL  FILES
001680 11-01-74 11-26.7% 23 q§\ 8,8L  PILEY
016418 11~-27-74 12-11-74 11 9,SL  FILElO
007398 12-12-T4  1-07-75 24 10,8L  FILE1l
006217 1-08-75 1-25-75 16 11,8L  FILE12
002265 2-10-75 2-28-75 19 12,8L  FILEL3
012162 3-03-75 3-31-75 25 ' 13,8L FILELl}4
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Site 5 Traffic Data

Traffic infofmation that we had planned to use with the pollutant
and meteorologic data for Site 5 (Route 5 near El Toro) were lost
due to the expiration of a computer file., We have, however,
collected bits and pieces of available data in an attempt to
reconstruct a traffic inventory for Site 5.

1. ' The average total traffic for the monitoring period was
on the order of 88,000 vehicles per day.

2. Trucks, as a percent of total vehicles, totaled 6.1% or
5400 trucks per day.

3. Of the total number of trucks, U45% were 2-axle, 107 were
3-axle, 6% were u-axle, and 39% were 5-axle or greater. It
should be assumed that the multi-axled trucks, or 55% of the
total, were diesel-powered.

y, The following percentages of traffic were extrapolated from
December 1975, and dJuly 1976 traffic count data near the monitor-

ing site. The hours are on the 0000 to 2400 "military clock"
basis.

0000 to 0100 = 1.2%; 0100 to 0200 = 0.7%; 0200 to 0300 = 0.5%;
0300 to 0400 = 0.4%; 0400 to 0500 = 0.6%3 0500 to 0600 = 1.7%;
0600 to 0700 = 5.2%; 0700 to 0800 = 8.7%; 0800 to 0900 = 6.9%;
0900 to 1000 = 5,2%; 1000 to 1100 = 5.0%; 1100 to 1200 = 5.0%;
1200 to 1300 = 4.8%; 1300 to 1400 = 4.8%; 1400 to 1500 = 5,4%;
1500 to 1600 = 7.1%; 1600 to 1700 = 7-7%3 1700 to 1800 = 8.2%;
. 1800 to 1900 = 6.3%; 1900 to 2000 = h.hg; 2000 to 2100 = 3.1%;

2100 to 2200 = 2.8%; 2200 to 2300 = 2.5%3 2300 to 2400 = 1.,8%.

When emissions are being considered in connection with Site 5,
it 1s recommended that necessary traffic data be developed from
the preceding information.
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