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IMPLEMENTATION

A user-oriented computer model has been developed to
predict carbon monoxide pollution concentrations near simple
signalized roadway intersections. The model is written in
FORTRAN and has been released with a detailed user's guide.
The model is superior in accuracy and functionality to pre-
vious intersection pollution models and is highly efficient
in terms of computer requirements.

DISCLAIMER

The contents of this report reflect the views of the
authors who are responsible for the facts and the data pre-
sented herein. The contents do not necessarily reflect the
official views or policies of the Federal Highway Administra-
tion, nor does this report constitute a standard, specification
or regulation. :
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SUMMARY

Air pollution levels in the vicinity of simple signal-
ized intersections were investigated. A thorough review of
the literature was performed and a new, simplified predictive
model was developed. The new model is known as the Texas In-
tersection Model (TEXIN) and incorporates the MOBILE-2 and
CALINE-3 computer programs with a set of established "short-
cut" traffic and excess emissions techniques. The result is
an efficient computer program capable of estimating carbon
monoxide levels near simple, signalized intersections given
minimal geometrical, meteorological and traffic parameters.
The TEXIN Model was compared to experimental data near inter-.
sections and to corresponding simulations by the Intersection
Midblock Model (IMM) and other existing intersection models.
The TEXIN Model only required approximately 10 per cent of the
inputs and the computer time required by the Intersection Mid-
block Model- (IMM). The new model also predicts pollution lev-
els with slightly more accuracy than the IMM.
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CHAPTER I

INTRODUCTION .

~ The | problem 4 oof estimating carbon . monoxide

'lconcentratlons due to automoblle emlSSlons in the v101n1ty»
:~of roadway 1ntersect10ns is perhaps ‘the most challenglng
'7tproblem in air pollutlon research today.' Extens1ve work~hasr
',been performed to monltor and predlct automoblle ‘emissions

a 'and thelr subsequent. dlsper31on ‘for stralght sectlons of

roadways carrylng well deflned trafflc at an average routej

':1speed._ Howevery comparatlvely 11ttle quantltatlve ‘work has
'I.been done for the case of roadway 1ntersect10ns. Moreover,
: s1gn1f1cantly 1arger' pollutant concentratlons are usually

.observed at’ 1ntersectlons than along stralght roadways.:fFor

‘__these reasons, pollutlon'"hot'spots“yat 1ntersect10ns and

parklng lots have been subjects of 1ncreased study in recent

'years.'

‘The - general approach whlch 1s most successful for

 ?predlCtl0n of. pollutlon near straxght roadways is to flrste
5model the em1ss;on source strength due to the vehlcular
hﬁtrafflc and to separately model the subsequent downw1nd
':it'dlsper51on,7 The first model ylelds a quantlty known as .an
f_“emlssion factor"'ln un1ts of pollutant mass (usually grams '

‘t of carbon m0n0x1de,' CO) per unlt dlstance traveled per '

‘TVehlcle (usually vehlcle mlles).' Inputs to the em1581ons



model normally include average route speed,“ ambient

temperature, vehicle operating characteristics and recent

vehicle history. The dispersion models are often based upon
a Gaussian plume assumption and require inputé such as
highway geometry, average ambient meteorology, and the
proper emission factors. -

Ideally, it would be desirable to derive correction
factors to adjust the results calculated for straight
roadways to apply for intersections. Unfortunately, to date
such simplified analyses have been impossible. Prolonged
and unwieldy calculationai schemes for intersection
pollution estimation have been derived for current
applications. The problems in applying such analyses to
intersections stem from patterns of automobile operation
near an intersection. Some vehicles may be cruising through
at the average speed of the surrounding roadway (as with a
green traffic signal), while others may be accelerating,
decelerating, or stopped altogether. The variation of
traffic signal timing sequences, turning patterns and
channelization, as well as effects of simple stop and yield
signs, élso add to the préblan of defining traffic flows
within aﬁ intersection. Since idling, acceleration and
deceleration generate ‘many times more pollution than
cruising, and since the -emissions during these modes of

operation are highly dependent on vehicle age and history

I




(whether it is catalytic—eqﬁipped, whether it is in the hot
or cold operation mode, etc.), a single emission factor for
a given intersection’is particulafly aifficult to obtain. |

The above considerations 'applyf*eﬁen' in the simplest

case of an at-grade intersection with four right angle

corners .and no surrounding topographical dispersion

barriers. Application of such techniques to more complex
configurations such as "street canyon" intersections formed
between.tall buildings in congested urban areas is thus even
more challenging.

Current. apprqaches to analyzing air quality at
intersecﬁiqns usuaily involve "worst case" estimates which
may be a factor of four to seven above the realistic average
value. These procedures often inVoive questionable traffid
and emission estimates based upon data obtained from
straight roadways and often shouldr only be regarded as
scfeening procedures rather than as predictive methéds.
Thus, the results méy be difficult to put into proper
persp_ec_tive‘in evaluations of the impact of a particular
highway design on air quality.

Most of the existing pollution models have been tested
againsﬁ rather limited data bases, especially fo;
intersection configurations. Oftén the data used for
comparison are the same data used for development of the

model. One purpose of the current research is to assimilate




all available data and to comparebdata to predictions by

major estimation methods.,
The main problems which all existing estimation
procedures have in common are that they require 'very

detailed traffic ahd meteorological inputs and/or a great

deal of manual computation time. Often for highway'design'

engineers, the very conservative answers (i.e., extreme

overprediction) obtained by these methods make it difficult

to justify the required effort. The most significant

achievement of the current work was the development of a -

highly simplified, user-oriented pollution model for

intersections which .is of equal or better accuracy than.

existing techniques.

A. QBQEQIIMES

The research described herein- has been conducted in
response to Federal Highway Administration (FHWA) .RFP No.‘
DTFH61-80~-R-00340 under Texas Trahspbrtation Institute (TTI)
project 2—8—81-541 and is intended to providé an improved
perspective in the énalysis of highway air pollution hot
spots. The study was directed toward the simple case of
intersections formed by four right angle corners with
negligible topographiqal or background pollution effects.
Thié fundamental analysis has yielded results Which should

guide later work for more complex configurations.
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The main objectives of the proposed research were to
evaluate the estimation methods for carbon monoxide vehicle

"~ emissions at simple signalized intersections by existing

analytical, numérical, and graphical techniques and to

subsequently evaluate carbon monoxide levels at receptors in
the vicinity of the intersection. Comparisons with existing
experimental data wére made and a simplified, user-oriented
intersection pollution model was developed.

The new model, dubbed the Texas Intersection Model
(TEXIN Model), was developed by the Chemical Engineering
Depa:tment and the Texas Transportation Institute at Texas
A&M Uﬁive;sity, and is basically a combination of various
short-cut techniques adapted from established traffic and
air pollution theory. TEXIN incorporétes the first existing
air pollution dispersion model with 1link capabilities,
CALINE-3, with the MOBILE-2 emissions program and with
existing traffic flow models. The study shduld enable
design engineers to easily evaluate pollution impacts from
intersections considering temporal and spatial variations of
traffic, emissions and meteorology, the nature of receptors,

and their relation to local intersection air quality.

B. OVERVIFW OF PROJECT REPORT
The remainder of this report has been organized in the

-following manner. A complete review of past and current




research is presented in Chapter II, Emphasis 'is placed

upbn existing>intersection pollutioh models and experimental
data bases. In Chapter III, the development of:the‘TEXIN
Model is described and _pertinehf equations are ’given_ in
detail. Comparisons of the new modél and other models
against the most complete data bases are discuésed. in
Chépter Iv. Othei less quantitative results of the study
‘are also presented'and discussed in that chapter. Project
conclusions and recommendations are presented in Chapter V
and sﬁpporting material such as: computer 1listings are
included in the Appendix. A detailed User;s Guide is
included in the Appendix and has been issued‘as a separate

aocument (TTI Report No. 2-8-81-541-2F).
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CHAPTER 11

REVIEW OF THE LITERATURE

The approach traditionally employed for modelling
pollutant concentrations near roadways has been to first
determine a composite emission rate for the vehicuiar
traffic using an emissions model and to model the subsequent
dispersion of pollutants with an atmospheric dispersion
model. For this reason, the methodé of estimating vehicle
emissions in general use today'are discussed first and then
several atmospheric dispersion models which will be of
interest in later chapters are'described. ‘These dispersion
and emission models apply to many types of roadway geometry.
Several composite models whicn predict both vehicle
emissions and pollutant concentrations specifically for
intersections are also presented. " Three of these models
will receive extensive use in the remainder of -the report.
Finally, previous and current experimental research in the
field of data acquisition and related modelling of vehicle

emissions and dispersion near intersections are reviewed.

A. WWWW

To determine the rate of pollutant emissions from
vehicles in actual use, the Enviromental Protection Agency

(EPA) has administered a series of exhaust emissions
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surveillance programs. These programs have resulﬁed in the
development of several pollution emissions models ' as

described below.

AP-42

The EPA has developed several standard driving
sequences to represent urban emissions. .Those of interest
are the 1975 Federal Test Procedure (FTP) and the
Surveillance Driving Sequence (SDS). - The data collected
from various surveillance programs using these procedures;
along with prototype vehicle data, assembly line test data,
and technical judgement form the baéis for the existing and
projected mobile source emission factors presented in the
EPA document, Compilation of Air Pollutant Emission Factors
(AP-42) [1].

Modal Analysis Model
The Automotive Exhaust Emission Modal Analysis Model
[2] is a computer program employing the emissions measured

during the Surveillance Driving Sequence. Five steady state

modes are established at the speeds: 0, 15, 30, 45 and 60

mph (0, 24,1, 48.3, 72.4 and 96.5 kph, respectively).
Thirty-two other modes represent either periods of
acceleration or deceleration from these speeds, and are
characterized by an average, constant acceleration and an
average speed. The acceleration/deceleration driving modes
consist of all the possible combinations of the five steady

state speeds.

A S
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The primary accomplishment éf the Modal Analyis Model
was the development of a mathemaéical model which expanded
the emissions from the 37 discreie modes into a continuous
function of time such that vehicle emissions can be
predicted over any specified driving sequence. The Modal
Analeis Model predictstO, HC and NOx emission rates for
light—dufy vehicles only and was laét updated in June 1977.
Dr. Clyde Lee of the University of Texas Center for Highway
Research is currently working to extend the Modal Analysis
Model to vehicles other than light-duty (Center for Highway

Research Project No. 3-8-79-250).

MOBILE-2

MOBILE-2 [3] is a second generation computer program
that predicts emissions from highway motor vehicles using
the emission factors and methodologies presented in the
previously described EPA publication AP-42. This model can
predict CO, HC and'NOx emission rates for light-duty, as
well as heavy-duty vehicles, but only for vehicles driving
at an average route speed or idling. MOBILE-2 is a March,
1981, revision of MOBILE-1 [4], which was first issued by
the EPA in 1978. |

B. PROLLUTANT DISPERSION MODELS

Two models describing the atmospheric dispersion of
pollutants which are in general use today and which are

capable of modelling an intersection situation are the
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HIWAY-2 and CALINE-3 deels. Both models are based upon the
assumption of Gaussian dispersion and have been approved for

use by the EPA.

HIWAY-2 | v

HIWAY-2 [5] is a revised version of the EPA's original
computer program, HIWAY [6], for predicting non-reactive,
gaseous pollutant concentrations downwind from roadwajs. In
the computér simulation, each lane of traffic is modelled as
a straight line source of finite length with a uniform
emission rate, This finite aspect of the model allows
application to intersections, HIWAY-2 uses - Gaussian
equations similar to those presented by Turner [7].
Concentrations are calculated by a numerical integration of
the Gaussian plume point source equation over a finite

length. The concentration is thus givén by:

X = -q—fD fdx C(1I-1)
u 0

where: = wind speed, m/s

= line source length, m

line source emission rate, gm/m-s
= point source dispersion functlon

= pollutant concentration, gm/m .

x o o o
n

+
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pepending on the atmospheric conditions, the model uses one

of three possible point source dispersion functions, For

‘stable conditions, the following form is used:

}f - Zwin’z exp (%(%‘) 2) exp (-%_ <§_—_H_>2>+ exp (—%_(%_j—_l—l_>2> (I1-2)

Z Z

y

L}

standard deviation of the concentration
distribution in the crosswind direction, m
Oz = gtandard deviation of the concentration
distribution in the vertical direction, m

where: ¢

72 = receptor height above ground, m
H = effective source height, m

In unstable or- neutral conditions, where Uz is greater than

1.6 times the mixing height, L(m):

fo 1 exp (—l(y )2) | - (1I-3)
L = 2\o
V2 L
T Oy y
In all other unstable or neutral conditions: (TI-4)

o () (7 () (3629

1 [exp (-1 <z—'H—2NL'>2>+ exp (-1 (Z+H+2NL)2
2 7, 2 7,

| : 2
+ exp (-1 (z-H+2NL>2 + exp (-1 <Z+H—2NL)
2 o, 2 Y

Z
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In each of the three equations above, the values,for Gy and
c, are evaluated for the given stability class and dowhWind
distances, and include factors of ihitial turbulence caused
by vehicles which takes place in the mixing zones as well as
ambient turbulence between the mixihg‘zone and therrecepﬁor;

The predicted concentration at a selected receptor is
calculated as the summation of the numerical integration of
equation (II-1) fér each line source contributing to that
location. Queued traffic can be modelled by considering it
as a separate line source with the Same physical location as
the line source fepresenting the through traffic. Thus,
each line source must be assigned_ an emission factor

corresponding to its traffic flow conditions. A more

complete discussion of the HIWAY-2 model is given in the

HIWAY-2 User's Guide [5].

CALINE-3

CALINE-3 [8] is a third generation model developed by
the Califofnia Department of Transportation for predicﬁing
pollutant concentrations downwind from a 1line source.
CALINE-3 uses a more complex geometrical representation of
the roadway than HIWAY-2. It models the roadway as a finite
line source and divides the individual highway links into a
series of discrete elements. Each element is modelled as an
r"equivalent finite line source" (EFLS) positioned normal to
the wind direction and centered at the-element midpoint.

Each element is further divided into £five <discrete

b4 ! o ' f ‘
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sub-elements represented by corresponding segments of the
vequivalent finite 1line source, with emissions from -each

sub-element dispersing in a Gaussian manner downwind.

- Incremental concentrations from the elements are modelled

‘using the crosswind finite line source (FLS) Gaussian

—
H ke I
| 7

formulation:

ac = __gqdy exp <:y__2> <exp (—(z—H)2>+ exp <—(_z+H)2>> (I1-5)

2muo_o, ' 2
Yy z Zoz 202 Zoz

S

3

o T
i i

where: dC = incremental concentration, gm/m

1

. i
R

e

Receptor concentrations are calculated by approximating the

crosswind FLS equation with:

CNT ' 2
1 ) (%xp (—(z—H+2kL) )
o_ k=-CNT 2 (II-6)
z i. 202.
1
' 2
+ exp(—(z+H+2kl) ))
20 2
23
n = total number of elements
CNT = number of multiple reflections needed
for convergence
QEi = Central sub-elgﬂent lineal source

strength for i~ element

WT. = SgHrce strength weighting factor for
S j sub-element
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(Yj¥l)/°yi 2
PD,. = ~— exp —— dp
s Yi/ s 2
'
Y. = offset distance for the
J .th

3 sub-element,
CALINE-3 treats the region directly over the roadway as
a zone of uniform emissions and turbulence, designated as
the mixing zone, and determines the initial mixing ana
dispersion. A distinct linear relationship between the
initial vertical dispersion parameter and residence time in
the mixing zone is used in CALINE-3., CALINE-3 arbitrarily

defines mixing zone residence time as:

TR W2/u - : (I11-7)

residence time, sec
roadway half-width, m

where: TR
w2

Vertical dispersion curves are formed using the value of bz
at ten kilometres as defined by Pasquill and the initial
vertical dispersion parameter. Horizontal dispersion curves

used by CALINE-3 ere besed on those developed by Pasquill

and Gifford. A complete discussion of CALINE-3 is presented

in the User's Guide [8]. For historical purposes it may be

" of interest to consult the earlier California model,

CALINE-2 [9].

L. COMPOSITE MODELS FOR INTERSECTIONS

‘The foregoing discussion presents several models that

predict either (1) emission factors, given such inputs as

ambient temperature, vehicle mix and history, driving
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sequence and mode of operation; or (2) pollutant

concentrations at selected receptors given such inputs as
emission factors, traffic volumes, meteorological data and

highway/receptor geometry; For intersection analyses,

'severel 'modeisr' have been developed which utilize

combinations of the preceding models and assorted traffic

engineering principles to predict pollutant concentrations.

,ThejEPA HotSpot,Guidelines, the Intersection Midblock Model

(IMM), the Indirect Source Guidelines and MICRO are four
composite models which will be considered in the following

discussion,

Hot ﬁpgt ﬁuxdellnes '
In 1978, the U S. EPA published'a series of manuels

Ventltled Ihe anbgn Monoxide Hot Spgt Guidelines, Volumes I,
I1 and II1 [10 11, 12] These guldellnes present a method

for thenldentlflcatlon andjanaly51siof_carbon monoxide hot

- spots (locations where ambient Corconcentrations may'exceed

the Nationel Standards). Development of the ‘guidelines

involved many assumptions and dgeneralizations to achieve

simplicity in use.

Intexsegtlgn Mlﬂblggk Mgdel (IMM) ‘ _
Volume V of the Hot Sggt Gu;ﬂel;nga descrlbes the

,Interseetlon Midblock Model [13]. 'The IMM is essentlally a

'oomputer program that performs ‘the same calculatlonsv

outlined in Volumes I, II and IIT [10,11,12] of the

Guidelines; however, fewervassumptions are made thus lending
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increased flexibility to the analysis. It is only intended

for carbon monoxide pollution and is designed as a screening

procedure to identify potential “hot spots” in urban

situations. In 1980 the New York State Department of

Transportation chose the IMM as its chief modelling tool but
found it too limited and proceeded to modify it for their
use [14]. The term “Intersection Midblock Model (IMM)"
refers to this modified version in the remainder of this
report. |

The IMM .is a combination of signalization and vehicle
dgueueing estimation brocedures ‘using -~ accepted traffic
engineering principles. It also predicts emissions using
the Modal Analysis Model and the MOBILE-1 program, and
models dispersion with the HIWAY-2 model. The genéral flow
diagram for the IMM is shown in Figure 1. '

The IMM requires é very extensive set of input data,
some of which are ‘difficult to determine and rarely
available. The IMM treats each lane as a line source (or
link). Thus for each lane, along with the geometry of the
link, the volume, velocity into and out of the intersection,
the deceleration into and the acceleration out of the link
and the lane service capacity must be supplied.
Additionally, the signalization (type of control, number and
length of phases, and approaches moving during each phase)
needs to be specified.

The IMM first calculates various traffic parameters,
Once the traffic calculations have been performed, the

estimation of emission rates is carried out. Using the
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input parameters of speed into the queue, speed out of’ihe
queue, deceleration into the queue and acceleration out of
the queue, the IMM utilizes the Modal Analysis Model as a
subroutine to calculate cruise and acceleration/deceleration
emissions for all approaches. Idle emissions are calculated
by use of the MOBILE—l program. Based on the previously
calculated queue lengths, a set of pseudolinks are
constructed. These pseudolinks lie along the actual 1links
with the same termination points and center lines as the
~actual links, but each has a length equal to the calculated
queue length for that approach. The only emissions assigned
to the actual links‘are the cruise emissions (calculated
with‘the Modal Analysis Model). The emissions assigned to
the pseudolinks are the excess emissions- due to
accelerating, decelerating and idling,

A correction factof is applied to the emissions
calculated from the Modal Analysis Model since thesé apply
only for 1977 emission rates from stabilized 1light-duty
vehicies. ‘The correction factor used is the ratio of the
MOBILE-1 composite emission estimate for the specified
scenario to the MOBILE-1 composite emission estimate for
1977 stabilized light-duty vehicles.

Once the traffic calculations  have been.performed and
emission rates assigned to each lane, the HIWAY-2 model is
employed as a subroutine to calculate carbon monoxide
concentrations at selected receptors. For the special casé
of a "street canyon" intersection between tall buildings in

a highly urban area, a special dispersion routine is used.
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- MICRO | 7 |

A study was sonducted by theJColoradovDepartment of"
Highways with the objectivevof determining the‘impact of:
traffic'signalization decisions on air quality [15,16]. eThe
First phase of this ‘study was to determine automotiveA

emission rates based on the mode of operation

(acceleratrng/deceleratlng, ldllng ifor_"cruising) | bTo»_'

accompllsh-th1s, the department obtalned emission rate data

that was used to update the orlglnal Modal Analys1s Model.

,These emission rates were correlated with the product of the
acceleratlon and speed (ALS,) ass001ated with each test.

'The-reasonrng was that_tor'afg1Ven,speed changevoperatlon,.

the pOWer'remains oonstant and thus‘A S. remains'conStant.

Best fit quadratlc equatlons for emlss1ons (LO, HCland'Nox)

'as a funutlon of A.S. were calculated for the data.' These

equations, lnfeonjunotlon_wrth.thetlntersectlon submodel of
the' regional' air quality 'dispersion, model,'hAPRAC—Z [17]
(déVelOped,bfiStanford'Researoh Institute for;eStimating co
1e§é1s reSultinthrOm:a CityEWidedtraffic network) were used’

by the Colorado Department of nghways as theh ba51s for

'developlng the program MICRO [16]

lee ,the_ IMM, ;nMICRO.- first caieulates 7traffio-'

'parameters,fthen estimates emission rates, and subsequently

models the dispersionrrof' pollutants downwind ;from thev‘
roadWay; MICRO assumes each stopped vehlcle undergoes four,
modes of operatlon.f steady state cru1se, deceleratlon, 1dle

and acceleratlon. eﬁIt assumes that non—stopplng vehlcleS~-
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remain in the steady state cruise‘mode through the entire
intersection. Each link is arbitrarily dividedvinto five
sections over which emissions are distributsd. These are:
the steady state, deceleration, ‘decel-idle, sccel-idle and

the acceleration section.

Total emissions due to accelerating or deCelerating

vehicles are based on the number of stops, final cruise
speed, the product A.S., and the FTP emissionrra;e (100,0
gm/veh-mile for CO, 10.0 for HC, and 2.0 for'NOx). Total
emissions due to idling vehicles are a product of the idle
emission rate, the aVerage vehicle delay and the number of
vehicles delayed. The 1idle emissions are distributed

between the decel-idle and the accel-idle sections. As

stated in the MICRO User's Guide [16], the deceleration

emissions are distributed among the deceleration, decel-idle
and accel-idle sections. Similarly, the acceleration

emissions are distributed among the decel-idle and

accel-idle sections of the approach 1ink and the

acceleration section of the discharge link. Steady state
emissions are incorporated into all five sections of each
link.

Once the emissions have beeh calculated along each
link, pollutant dispersion is modelled using a Gaussian
point sourCe_rformulation similar to that in the HIWAY-2
' Modél. | The 1links are subdivided into numerous smaller
sections, each of which is considered as a separate point
source, and the contributions from the links are summed to

give the pollutant concentration at a selected receptor.




. x
H

.

! !

D ER SR D

The EPA  document, Guidelines for Air Quality
Maintenance Planning and Analysis - Yolume 9 (Revised):
Evaluating Indirect Sources [18], presents a method to
evaluate the impacts of indirect sources (roadways, parking
lots, airports, etc.) on air quality. The evaluation:
procedure is performed manually through a series of
worksheets and flow charts with tables and nomographs to
facilitate user application. The Indirect Source Guidelines
can be ugsed to model extended line sources, finite 1line
sources and area sources. However, only its treatment of
extended ‘and finite line sources are applicable to
intersections.

Carbon -monoxide concentrations are calculated in a
three-step process, In the first step, the network
description and traffic demand volume are used to estimate
the traffic flow characteristics. Emissions are then
computed as the sum of two parts: cruise emissions produced
by non—stopping vehicles and excess emissions emitted by
stopping vehicles. Lastly, the effect of atmospheric
dispersion on actual concentrations at the specified
receptor locations is estimated. In the first step of the
Indirect Source Guidelines, the same equations used in the
IMM are used to evaluate traffic flow characteristics.

The Indirect Source Guidelines provide nomographs that

illustrate the variation of «cruise, accelerating and

decelerating emissions as functions of vehicle speed.
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- Idl1ng em1851ons are.based on the 1dle delay tlhe, the 1977:1l“
idle em1551on rate,'and the speed from whlch deteleratlon;h'
begins or . to Wthh a vehlcle accelerates.f The total excessltf
v.em1851ons are ausumed to be unlform over a spec1f1ed lenqth'}x
o of roaaway and are calculated u31ng a correctlen factonV*

1.“(based on MOBILE—l) to account for the fact that the Modal .

Analysis Model was ueed in the development.

Atmospherlc dlsperslgn.j0£v;thé fcarboh mQﬁOXide “lsﬂ.wyf
modelled Utlllzlng nomographs derlved from'fthe‘tfirét ;;;
generatien-HIWAY model., These nemegraphs are only ava11able>e 
for the three stablllty classes most llkely to result 1n-;}”
high CO cqncentratlons 'KDirlﬂ'and :F)_.A For [inflnlte 1¥n6

sources (such asf‘links with cruise 'émiSSiOns’*ole)i; the

Vnomographs relate the roadway/receptor separatlon and ' the

,51ne - of thefw w1nd/roaaway angle  t6]> the = normallzed»
concentratlon, Xu/Q.  For f1n1te 11ne sources (such as links
- over whlch the ‘excess em1551ons are emltted),,a dlffetent;
famlly of nomographs 'relate ,the w1nd/road- angle ttheA‘

'roaaway/receptor separatlon and Yu (or Yd) to the normallzed'

concentrat;on,',Yu (or Yd) is the dlstanCe-trom a reference

- plane 20 metres (65 6 ft) dowhﬁihdaof3the?redeptor~16CatiOn~'

' to the upwind- (or downw1nd) end of the llnk.
For 1ntersectlons, the total CO concentratlon at a
receptor location is the sum of two components: (1) the

finite line source contribution as represented by the excess

emissions emitted over the roadway length, and (2) the

infinite line source contribution of the free-flowing

traffic. Since the dispersion nomographs were derived for a

* i

e
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L receptor height of 1.8 metres (5.90 ft), additional

E E nOmOgraphs - are presented :relating roadway/reCeptorxf»

Vseparatlon and actual receptor helght to a height correctlon_
i]" f f-'dfactor, z,"whlch‘ mustn be ~applied to the calculated"

concentrations. Like the iMM,[ the 1Indirect Source

- -  ' Guidelines can only model carbon mon0xide'pollution.»

D. EXPERIMENTAL RESEARCH NEAR INTERSECTIONS

The optimalrteSt of a model's performance in predicting

" comparlson of the model's results with actual experlmental

'LJ "+ carbon monoxide 'concentrations ‘near roadWays is the
L

'je*r '77:_ data. ‘The _data, base should 1nclude roadway/receptor
? .;J_- - geometry, oarbOn nonoxide,levels, and tlmely traffic and
‘ meteotological data.'fThere'have been eeveral major.studies
-invoiving the- cOliection» of data ;near simple signalized
i,t intersections. .Of:the reeulting data bases; only two (Texas
viA&M and California)_were considered comprehensive enough,for
(ﬂ' i' d'a. use in thlS studya A : review of previous and ouxrent
experlmental research in the fleld of data acqu151t10n and

;%' R related modelllng of vehicle emissions and dispersion

Vfollows.

o | | The majorlty _of 'the earlybiexperimental work at
E ,1ntersect10ns prlor to 1974 was by Patterson and Record
',[19], .These 1nvest1gators conducted a trafflc monltorlng

'and carbon mOnoxide“anaIYSis program at Oakbrook Shopping
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Centér,'near7ChiCago. Of 1nterest 1n the present ana1y51s

is the 1ntersect10n of two nearby arterlals, Illlnols Route»y‘

' 83 and 22nd Street,'whlch provlded reglonal access to theh

7Ashopp1ng - center._ylvj 051ng ,1the. collectec . trafflc,

meteorological and pollutant data, Patterson and Record

'developed an. emplrlcal technlque for estlmatlng emlsSLOn‘:

profiles at 1ntersect10ns.

To determlne the em1ss1ons from vehlcles stopplng and"

'startlng,v Patterson and Record modlfled the- 1974 Modal

Analy51s Model to calculate an em1831on proflle at Oakbrook

The assumptions of constant acceleratlon/deceleratlon rates ‘

and an eight metre (26.2 ft) 1nterval occupied by vehlcles

'represent the idealized behavior of queueing vehicles,and

- were assumed to keep the analyses tractable. ‘The emission.

profile for a series of cars was calculated by addlng the

emissions from each vehlcle in each elght metre (26. 2 ft)

'1nterva1 accordlng to the vehlcle s speed and mode in that'*

interval. Essentlally, this was done by addlng up ten of .

‘the 51ngle vehicle emission proflles (descrlbed above), with
each successive proflle dlsplaced elght metres (26;2 ft)
upstream from the previous one, and then subtracting the
Cruise emisslon component, 'The resulting»emissicn'profile
does not include Aidle or cruise emissions; butv only the
emission in excess of cruise emlss1ons due to stops and
- starts for a -single non-stopplng vehlcle on a given
approach., The excess emission proflle for av series of
vehicles was calculated by summlng the 1nd1v1dual proflles

and subtracting out the cruise emiSsions.A Figure 2'isbsuch
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a profile. Patterson and Record used a statistical-methdd

to'derive an equation for the mean total queue length, the

length of roadway over which the excess emissions were

assumed to be emitted.

To determine emissions due -to 1dllng 'vehlcles,_

Patterson and Record assumed that a stopped vehicle walts

during one-half,of the red phase.'-From the 1dle emission

rate calculated by the Modal Analysis Model and knowledge of

the red phase 1ength and cycle length, théﬁiéie emissions

emitted over the gqueue length were thns calculated. By

summing the emissions released by vehicles stopping and
starting, idling and crusing over the quehe length,

Patterson and Record essentially approximated'the emission

profile generated by the Modal Ana1y31s Model with a step
function of width equal to the queue 1ength._
Patterson and Record coupled ‘the technlque presented

above for estlmatlng emissions with the original EPA HIWAY

model in order to compare predicted ~carbon monoxide

concentrations ffem this composite medel_ ﬁith observed
values at Oakbrbok. A total of'27‘comparisons of ebserved
and calculated values ﬁere made. These cases were chosen on
the basis of ielatively loV wind speed, suitable wind angie,
and completeness of the input data for the,hourrunder study.A
Two sets of calculated concentrations were computed: (1)
those based on an initial vertical dispe:sion parameter,

og ! of 1.5 metres (4.92 ft), and (2) those based on o, =
o o

3.0 metres (9.84 ft). These results are presented in

Figures 3 -.and 4. The average of all calculated
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concentrations is 3.5 ppm versus 3.8 ppm for the average

observed value with © = 1.5 m (4.92 ft).  The correlation

VA
° 2

,coefficient, r, is 0.34 («x = 0.11). The correlation

coefficient obtained using © o = 3.0 m (9.84 ft) is 0,29 (rzl

2

= 0.1). PFor 0o = 1.5 m (4.92 ft), twenty-two calculated

'Values'are a factor of two of those observed, five vary by

20
3.0 m (9.84 ft), twenty calculated values are within a

more than a factor of two and six agree exactly. For O© =

factor of two, seven are not, and three agree exactly. The
composite. model exhibits a tendency to underpredict with
fifteen of the calculated values being less than the

observed values using Ozo = 1.5 m (4.92 ft) (seventeen with

9o = 3.0 m (9.84 ft)), while only six are greater (for both

values of '%o)+ The predicted concentrations tend to be

'overeStimated at low wind speeds and underestimated at high

wind speeds with the crossover occurring at wind speeds

approximately equal to 3.5 m/s.

Cohen's Work _

In a later study, Cohen [20] concluded that many of
Patterson's assumptions were often‘Violated in the field.
Cohen deVelbped a more comprehensive model incorporating the
microscopic traffic simulation model, UTCS-1 [21] (a large,
sophisticated model developed for_ the FHWA and currently
known as NETSIM) and generated several emissions tables for
HC, co and NOx using the Modal Analysis Model. The
combination of these models enabled‘him to defive emission

profiles for various traffic scenarios. He also modified
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the EPA HIWAY model to be compatible with these emission

profiles. Using volume and turning movements providé&fby
the District of Columbia Department of HiQhwéYs ‘and
Transportation, éohen ran 15 minutés of simulated time for
Wisconsin Avenﬁe between ‘R and Q stfeéts ﬁsing hisrmbdel.
No comparison to actual experiméntal data was made, however.
Cohen's model was never generélized for uée “on other

intersections.

ERT Data

In 1974, Environmental Research and Technology, Inc.

(ERT) performed a study for the District of Columbia with

the purpose of quantifying air quality patterns in the

vicinity of Wisconsin and Western Avenues, N.W. [22]. For a

nine-hour period on each of three days, ERT performed' a

correlation analysis on the relationship between - CO
concentration and total traffic entering‘the intersection
and on the relationship between CO. levels, traffic and wind

speed, The results of these regression analyses yielded

site specific correlations of carbon monoxide concentrations -

as functions of traffic and wind speed. The hourly values
of CO levels, traffic and wind speeds are presented
graphically in Figqure 5. Thése plots are indicative of the
fluctuations of pollution, traffic and meteorology obsetved
near intersections. However, no attempt was made by ERT to
model the intersection using any of the emissions and

dispersion estimating models previously mentioned.
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In a paper published in 1978, Hanisch, et al. [23]

presented the results of a studyA performed by ‘Ehé

Connecticut Department of Enviromental Protection (CONNDEP).
This study included aHSeries of tests designed to evaluate

the impact of idling vehicle emissions upon air quality

under controlled conditions. These tests resulted in the
development of . an empirical equation for. the s

concentration at a receptor site due to idling vehicles. By

assuming that excess emissions are dominated by idling _

vehicles, Hanisch proposed a limite& intersection model that
was a combination of his empirical equation for excess
emissions and the HIWAY Model for cruise:emissions. However,
no comparison with observed experimental data near an

intersection was made. The data collected by CONNDEP . was

for an isolated row of queueing vehicles 'an&‘ are not

applicable as a data base for interéection modeliihg.

Illinois Study

A study performed by the 1Illinois .Enviromental
Protection Agencyi'and Enviro-Measures, Inc. in late 1978
[24] provides an énalysis of carbon monoxide data collected
near a signalized urban arterial intersection and a
comparison of measured CO concentrations to those predicted
by mathematical modelling. Two mathematical models were
used to predict CO concentrations for the intérsection.
These were the original EPA HIWAY model (using MOBILE-1

emission factors and. assuming vehicles traveling at an

IP—

e

A

e




~33-

average route speed through the intersection) and the
IhdireCt Source Guidelines using emission factors from the
Modal Analysis Model.

Comparisons of measured and predicted one hour average.
CO concentrations Qere made only forAthose hours when the
highest ambient Cco concentrations were observed.,
Comparisons were made for twenty-eight 'periods, and the
performance of the models were statistically evalﬁated.'
Figﬁrés 6 and 7 present scattergrams for the two models and
Table 1 gives "the statistical results. The correlation
coefficient, r, was used as an index of model precision, and
a second parameter,Ak, (the ratio of the mean predicted to
the mean measured concentrations) was used as an index of
model accuracy. The model accuracy is dependent on
precision, thus rendering Kk values meaningless for low
values.

For the HIWAY model, a best fit of the data yielded a
"correlation coefficient of 0.42 (fz = 0.18) and an average k
value of 0.65 (i.e., 35% underprediction). For the Indirect

Source Guidelines,‘ the best fit of the data yielded' a

correlation coefficient of 0.51 (r2 = 0.26) and an average k

value of 1.26 (26% overprediction), Since CO concentrations
were taken for the east leg of the intersection only, the
authors of the study separated ‘the data into three
categories: that collected in the‘qheue zone (taken as the
data collected at the stop line), that collected in the
acceleration/deceleration zone (i.e. 40 meters east of the

inte;éection), and that collected in the midblock zone (430
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T X v Y
X . max Y max ' 9
Model Data Set N (ppm) XO .(ppm)' (ppm) .Yc (ppm) kmean kmax or m b Cvy
HIWAY A1l Data 28 13.8 9.8 46.2 21.2 11.5 43.2 10.65 '1.07 0.416 0.483 14.6 549
Queue Zone 10 19.7 12.9 46.? 32.4 5.6 43.2 0.61 - 1.07°-0.304 -0.131. 35.0 173
Accel/Decel 4
Zone 10 12.1 6.6 24.9 21.8 4.7 30.3 0.56 0.82 0.52 0.377 17.2 22% -
MidbTlock . .
Zone 8 8.4 3.5 12.9 6.6 3.0 10.7 1.27 1.21 0.197 0.169 5.2 45%
VOLUME 9 A11 Data 28 26.8 27.2 124.0 21.2 11.4 43.2 1.26 2.87 0.511 0.214 15.5 549
Queue Zone 10 37.9 34.0 124.0 32.4 5.6 43.2 1.17  2.87 -0.153 -0.025 33.3 17%
~ Accel/Decel o ) o o
Zone 10 34.6 19.4 71.8 21.8 4.7 30.3  1.59. 2.37 0.602 0.148 16.7 22%
Midblock. | < -
Zone -8 3.3 1.4 5.3 3.0 10.7 0.50 0.50

6.6

0.25 0.546 4.8 459

TABLE i. SUMMARY OF STATISTICAL RESULTS FOR HIWAY AND THE INDIRECT SOURCE GUIDE~-

LINES FROM THE ILLINOIS STUDY

[26].
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meters east of the intersection). Both the HIWAY 'and
Indirect Source Guidelines exhibited poof precision for the
queue zone and midblock zone, and better precision for the
acceleration/deceleration zonhe (as reflected . by the
correlation coeffieients). Based on a theoretical "worst
case scenario, the HIWAY model compared favorably to
maximum concentrations observed in the field, while the
Indirect Source - Guidelines predicted a much higher Co
concentration for the queue zone and

acceleration/deceleration zone than those observed in the

field.

In October, 1979, during a regional “Air Quality
Symposium" [25] sponsored .by the Minnesota Department of
Transportatidn, Region V EPA, and the FHWA, data were
collected near an intersection and used to test the
performance of the CALINE-3 dispersion model. Emission
factors and queue lengths were based on the‘methodologies
presented-by the Indirect Source Guidelines. The resulting
scattergram is presented in Figure 8. When a best fit of
the 92 data points was performed, the analyéis yielded a
correlatibﬁJcoefficient of 0.42 (r2 = 0.18). The model
exhibited a tendency to underpredict for low co
concentrations and overpredict for high values. The authofs

of the report concluded that the output of the model was

influenced more by incorrect inputs than by the performance

of the dispersion model.
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New York "Hot Spot' Study _

From July, 1979, to September, 1980, Geomet
Technologies, Inc. conducted the Upstate Carbon Monoxide Hot
‘Spot Study for 1the New York State Department of

Transportation [26]. Carbon monoxide, meteorological and

‘traffic data were collected at four potential “hot spot™

sites in the Capital District énd four in the Rochester area
for the purpose of calibrating a dispersion model. The
model chosen was the Intersection Miablock Model, and as
mentioned pneviously, it was soon modified by the NYSDOT to
more realistically represent the conditions found at many
intersections. | |

The NYSDOT study resulted in a data base of hourly
average values for carbon monoxide, meteorological and

traffic measurements. Using somewhat different hourly

~averages from this data base, two attempts were made to

calibrate_ the IMM, one by Geomet Techno‘logies and one by
Zamurs of NYSDOT ([27]. Both attempts at éﬁlibration met
with unsuccessful results [14,26,271. |
Each site had one (and only one) non-dispersive
infra-red analyzer 1located adjacent to the rnadway
connecting the two intersections and approximately midway
betneen the two (hence the term "mid-block!). Four of the
eight sites had on-site meteorological instrumentation for
measuring wind speed, wind ‘diredtion and temperature.
Directional traffic volumes were measured hourly at all

sites, but only for the roadway adjacent to the CO probe.
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Vehicle classification studies were taken at each_site,'éha

a radar speed gun was used to gather vehicular speéd_data at
all eight sites., Other observations were made at each site
to note traffic queue lengths, signal timing and'congestion
conditions. '

The resulting daﬁa base consisted of the raw data sets
(in hourly averages) from the eight monitoring sites. Due
to the following reasons, the New York data base was not
considered comprehensive enough to use in the present study.

(1) Only one carbon monoxide probe’ was used; thus

there was no way to accurately determine the background CO

concentrations.
(2) Many of the sites did not have on-site
meteorological stations. Meteorological 'datav for these

sites had to. be obtained from either a meteorological
station at a different site or from a local'airport.

(3) Traffic volumes were measured only on the roadway
adjacent to the probe. These volume counts were not
necessarily made during the  same hours that co
concentrations were being measured. Traffic qounts were not
made on any of the other 1links in the dual intersection
network. Since these traffic counts are essential in
evaluating the | operating characteristics of the
intersections (as reflected by queue lengths, delay times,
etc.), the lack of them points to the insufficiency of the
data base. |

The purpose of New York Study was primarily to screen

many types of intersections for ©potential pollution
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hotspots. NYSDOT is aware of the inadequacy of such data
for model development and is presently collectihg data for a
more comprehensive»data base at several intersection sites

in New York City [14].

Texas A&M Study

‘Experimental,data were acquired as a part of an ongoing
study' of air. quality near intersections. This study is
being cénducted bygthe Chemical Engineering Department and
the Texaé Transportation Institute at Texas A&M University

(TTI Project No. 2-8-79-250) [28]. This project involved

~the computérized acquisition of poilutant, traffic and

'meteorological data at the Texas Avenue-Jersey Street

intersection in College Station,lTexas, during the period of
October, 1980, to May, 1981, and at the Woodway Boulevard -
South ?ost Oak Lane intersection in Houston, Texas, during
the périod of September to October, 1981, The ‘College
Statibn_site and instrument léybut are presented in Figure
9. |

| The terrain sufrounding the interéection was generaliy
flat. The northwest quadrant was éAgolf_course of grass
covered 'ground ah& individual, scattered trees; Thé
northeast'quadrant consisted of single family residences on
wooded lots. A gas station was located at the intersection
in the southwest qUédrant, and a small community shopping
center of one-story buildings ran along the western side of
Texas Avenue jJi that quadrant. Single family residences

were located at the intersection in the southeast quadrant
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with another small one story shopping center along the
eastern side of Texas Avenue about 75 metres (246 ft) from

the intersection. Texas Avenue and Jersey Street were

well-traveled, while Kyle Street had relatively low traffic

flow.

Towers 1, 2 and 3 were located in the southeast

vquadrant. Tower 4 was located in the southwest quadrant,

and Tower 5 was in the northwest. All instruments were
interfaced to a Data General NOVA 1200 minicomputer located
in a trailer in the northeast quadrant. The resulting data

were logged on standard nine-track magnetic tape. The data

were collected continuously with values recorded every four

to eight seconds depending on the type of instrument., The
advantage of insténtaneous data measurements is that é
better representation of actual conditions is obtained.
Increased accuracy of averaged values over those obtained
through bag or sequential measurements is thus insured. 1In
addition, instantaneous data values allow the examination of
the time variablei patterns' of tfaffic flow, pollutant
levels, etc.

Traffic was monitored using 13 loop counters placed in
the lanes 'épproaching the intersection) as well as the
exclusive left and right turn lanes. In conjunction with
the NOVA computer, these loops allowed the following data to
be collected: the number of vehicles and total time spent
travérsing the individual loops during the green and red

phases of the signal; the total amount of delay encountered

by vehicles passing over a loop while the light was red; and
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the percentagé of vehicles making left and,fight turns; ‘The-
time spent over the loops enabled the averagé vehigle speed
for each lane to be calculated. |
| Carbon monoxide concentrations were“ monitored using
Model 2600 CO Ecolyzers. Nine Ecolyzers in all were ﬁsed,
threé each on Towers 1, 2 and 4. On each of these towers,
the Ecolyzers were situated at heights of 5, 15_and 35 feet
(1.52, 4,57, and- 10.67 metres, respectively), and
measurements were‘recorded every eight seconds, |

Meteorological data were collected using vertical
anemométers,'horiiontal anemometers, UVW anemoméeters, wind
vanes, thermistors and a pyranometer. Tower 1 had a
vertical anemometer, a horizontal anemometer, a wind vane
and a thermistor at each of the three heights: :5, 15, and
35 feet (1.52; 4,57, and 10.67 m). A five foot (1.52 m)
meteorologicalistation at the trailer site had a veftical
anemometer, . .horizohtal anemomeﬁer, Wind | vane, 'and_
thermistor. Two addifional thermistors'we:e onATower'5 at 5
and 50 foot (1.5 and 15.2 m) levels. The anemometer and
thermistor measufeménts were recorded every eight seconds,
while the wind vaﬁes were recorded every four. The four UVW
anemometérs were situated at 15 and 35 foot (4.57 and 10.67
m) levels on Tower 4, and 5 and 50 foot (l1.52 and 15.2 m)
levels on Tower 5. The pyranometer was located at the
trailer site at a height of 15 feet (4.57 m).

The raw data were edited (deleting any known bad data,
etc.) and reduced to 15-minute averages., Standard

deviations were also calculated for each 15-minute average..
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The edited raw data are stored on standard nine-track tape

in fixed-length, 80 byte records, and the 15 minute averages

‘(and standard deviations) are available on magnetic tape.

There are 153 15-minute cases which are deemed useable;
€.9g., 153 cases in whicu enough of the instruments were

working correctly such that all necessary data for modelling

the intersection are available.

Sulfur Hexarluoride (SF6), a tracer gas, was released
during approximately fifteen hours of the data. The gas was
released at a constant, measured rate by a single vehicle
passing back and forth through the intersection on Texas
Avenue withqut stopping. Samples ‘were collected using
15-minute sequential sampling syringes which were later
analyzed for SF6 concentration by gas chromatography.

As part of the Texa- A&M study, data were also col-
lected at the South Post Oak Lane - Woodway Boulevard
intersection in Houston, Texas, during the months of Sep-
tember and October, 1981, and were available late in the
study. Figure 10 shows the site and instrument layouts and
a plan view of the site is given in Appendix B. In the
northwest quadrant,"a service station was located at the
corner and the remainder of the quadrant was éomposed of
two—stbry apartment buildings. The northeast quadrant was
occupied by a seven-story apartment complex, The southeast
quadrant contained three tall office buildings (one 18 sto-
ry, and two 24—storj buildings). 1In the southwest quadrant,

there was a 14 story condominium complex.
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As at the College Station site, all instruments were
interfaced to a Data General NOVA 1200 minicomputer, The
measurements were taken essentially simultaneously allowing
the dynamic responses of = traffic, pollutant and
meteorological conditions to be recorded. Tower 1 had UVW
anemometers, thermistors and cérbon monoxide Ecolyzers at
the 5 and 35 foot (1.52 and 10.67 m) levels. bTower 2 had
UVW anemometers at the 20 and 35 foot (6.10 and 10.67 m)v
levels, a cup anemOmétér and wind vane at the 5 foot (1.52
m) level, and CO ecolyzers at all three levels. Tower 3 had
cup anemometers, wind vanes, thermistors and Ecolyzers at
the 5, 20 and 35 foot (1.52, 6.10, and 10.67 m) levels,
Tower 4 had a cup anemometer, wind vane and thermistor at
the 20 foot (6.10 m) level, and an Ecolyzer at the 5 and 35
foot (1.52 and 10.67 m) level. In addition, a pyranometer
at the trailer measured inéoming solar radiation, and the
barometric :pressuie and relative humidity were also
‘recorded. ~Loop counters, placed in the approach and turn
lanes, were used to obtain traffic counts and speeds. The
_raw data were edited (deleting any known bad data, etc.) apd
reduced fo_ 5, 15, and 60-minut¢- averages. Standa:d
Vdeviétions "were also. calculated_‘for the averages. The
edited raw data are stored on standard nine-track tape in
vfixed-length, 80 byte records, and the averaged data (and
standard deviations) are available‘as well. There are 97
60—minute cases, and a corresponding number of 15 and

5-minute cases available,
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Sulfur :Hexaf;ouride (SFG) traéer 'waé'aiso' ;e1eased
during approximatély hélf of the Houstén déta cases{ The
gas was released at a constant, measured”téte by:a sihgle
vehicle passing back and forth without stopping'through the
intersection oﬁ Woodway Boulevard., Samplés'were collected
usihg 15-minute sampling' sequential syringes which were
later manually ahalyzed for SFGV concentration by gaé

chromaﬁography.'

During the months of February, March and April, 1980,
The California Depar#ment' of Transportation A(CALTRANS)
collected pollutaﬁt, traffic and meteorological data at thé
intersection of Florin Road and Freeport Boulevard in
Sacramento [29]. Measurements were taken around the clock
for a continuous period of forty days. The site and
instrument layouts are presented in Figure 11.

The site surroundings éonsisted of bare or grass
covered ground on all four quadrants for a distance of at
least 50 metres from the travelled way. The terrain was
level and occupied by' scattered single 's£ory residentiai
developmenté. A small community shopping center was also
located well back from the intersectionbin the northwest
guadrant. The site offgred a reasonably‘high traffic flow
without the interfering background:sourceé of gas stations
and parking. lots normally associated | with busy:

intersections.

f

! j




N : -49-~
4
i
|1
] ]
] : ' 1
10 4 >
- 0 20 40m )
i =
3 [0
i ©
o
w
o o =
_ . J lL
‘ \ \ \ \. N\ ‘A——W . Cmm——— N Y N\ \ N\ N\
- FLORIN RD.
; . (o] o , (-
. . v
| N | o
|
P
{ 15k -
/]
- ]
£ =10 §-¢ [+ u,s,t
= KEY:
- 5 ¢ - concantration
; 4 g L 5 u - wind speed
' =G U - C,u.d, o - wind direction
. e ¢ u,t -
_ | Fc  JFe b l_c t - temperature
. . : . o o o

vFigure 11. Site geometry for the California data [29].




-50~

Fifteen carbon monoxide probe locations were chosen.

Eight of these were in the northwest quadrant and seven in

the southwest quadrant. Also a sequential bag éampler was

placed in the southeast quadrant. The two towers innermost

to Florin Road contained vertical probe arrays with four

probes on the southern tower at 1, 2, 4 and 10 metre (3;28,'

6.56, 13.12, and 32.81 ft) heights, and five probes on the
northern tower at the 1, 2, 4, 10 and 15 méﬁre (3.28, 6.56,
13.12, 32.81, and 49.21 ft) levels.\ Three additional probes
were placed in both the northwest and southﬁest'éuadrantsrat
a height of one metre (3.28 ft). Sampling of the carbon
monoxide levels was accomplished using two separate systems:
Non-dispersive Infra-red (NDIR) analyzers and gas
chromatographs with flame ionization detectors. Three NDIR

analyzers were utilized with each coupled to five probe

lines. An on-board minicomputer performed switching at one

minute intervals so that each line was sampled one minute

out of every five by an NDIR analyzer at line velocities of

10 ft/s (3.05 m/s). Gas chromatograph samples were taken as
bag samples over the first 15 minutes of each hour,'thus
providing an integrated concentration measurement rather
than the temporally stratified sample takeh by the NDIR
analyzers, The gas chromatographj analyses were run only
for the nine probes on the two towers innermosﬁ to Florin
Road,

The outermost meteorological towers haé cup anemometers
and temperature probes at the 2 and 10 metre (6.56 and 32,81

ft) heights to provide wind speeds and temperatures, as well

—
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as wind shear temperature profile estiﬁates. Wind direction
was measured with wind vanes mounted at the 10 metre (32.81
ft) level on these_same towers. wind speed and direction
readings were recorded every _0.1 seconds and temperature
reaéings every 60 seconds. Bivane anemometer - fast
response thetmistor units were also mounted at the four
méter level on the two innermost towéts to Florin Road.

Traffic counts were obtained using_pnéuﬁatie counters .
for inflow'and'outfiow on each leg'of the intersection. No
measurement of the percentage of vehicles turning was made,
nor was any attempt made to measure vehicle speeds..

The data base made available by CALTRANS consists of
hourly averages (and standard deviatioﬁS) for all of the
recordéd variables mentioned above. Additionally, hourly
averages for the calculated variables, Richardson Number and
Bulk Richardson number were providéd. These data are stored
on_standard_hiné—track tape in the form of fixed-length 68

byte binary records.
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Chapter III

MODEL DEVELOPMENT

As with many of the previous intersection studies,»the

. development of the TEXIN Model required the performance of

three major tasks: (1) estimation of various traffic

parameters (queue length, time in queue, etc.); (2)

estimation of vehicle emissions and their distribution; and

(3) modelling of -pollutant dispe:sion downwind of the

inﬁerSectioﬁ. ‘Considerable emphasis was’ >placed on
developing a model'that facilitated user application, yet‘

achieved,accuracy’equal to or surpéssing'that of existing

intersection models. Also; an effort was made to minimize

the amount of computer time required.

'A. OVERVIEW OF THE MODEL

The general flow diagram for the TEXIN Model is

presented in Figure 12. The model requires a minimal set of

four tyPes'v of - geometrical, - 1 Meteorological, and

trafficérelated‘inputs, as shown in the_figure. Initially,

the Level of Service for the intersection and the stopped

‘delay associated with this level of service are determined
using a method known as FCriticalAM6vement Analysis" for
" signalized ‘intersections (a corresponding procedure is used

 efor unsigna;ized intersections). The stopped delay is then

used to calculate. several other traffic parameters of

interest, including approach delay,ftime»in queue, percent
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6f vehiclés'stopping, and queue length. Cruise emissions
and‘éxcesé emissions due to vehicles‘slowing, stopping, and
idling are then estimated. Cruise emissions are assigned to

physical links within the intersection and the excess

emissions are assigned to pseudolinks formed from the queue

lengths.  The dispé:sion of pollutants downwind of the

intersection is subsequently modelled for the specific

‘meteorological scenario, and the results are output in a

convenient fdrmat.- The detailed mechanics of each aspect of

the model-arefdesdribed in greater detail below.

. The ‘TEXIN Model is  flexible enough to handle most
»interseCtion confiqurations which Would realistically be
ehdouhtéred.by highway engineers. The prograﬁ can model the
basic casé of ‘al simple intersection (signalized' or
unsignalized) withf four straight 1legs, as well as moré
éomplex situations where the legs of the intersection may be
curved. In addition.to modelling the'major intersection,

the program has the flexibility Vto concurrently model

"several minor intérsections (controlled by stop or yield

signs) arising from nearby side streets. It should be noted

that the dispersion routines in the TEXIN Model are not

" intended for use with "street canyon" configurations between

.tall buildings in highly urban areas..

B. IRAFFIC PARAMETER ESTIMATION

The first function performed by the program is that of
traffic flow analySis. Initially,'the traffic flow on the

major intersection is evaluated and afterwards any minor
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_ intersections are'handled.v A’complete descriptionaof the

methodologles used in the TEXIN Model to perform the trafflc-_*

flow analys1s follows.

The primary {factOr normally = considered by-_traffic'

engineers in determining the operating characteristics of an

interSectien is the 'Level of Servieeﬂ involved.i ThefLeve;

of Service is a measure of the mobility of ‘an intersection

and is stratified into the following six levels:

A Free-flow,rlow volume; high operating

speed, high manueverability.

B - Stable flow, moderate volume; speed
somewhat restricted by trafflc condltlons,
hlgh manueverablllty.»

C - Stable flow, high volume; speed and man4
ueverability determlned by trafflc con-
ditions.

'D - Unstable flow, high volume, tolerable but ,
fluctuating operating speeds and manuever-—
ability. K

E - Unstable flow, high volume approachlng
roadway capacxty, limited speed (ca.
30 mph/48.3 kph), intermittent vehicle
queueing. o .

F - Forced flow, volume lower than capacity due
to very low speeds; heavy queueing of
vehlcles, frequent stoppages.

The Critical Movement Analysis technique (as presented,in

3-28 [30]) was incprporated into the TEXiN-Model to estimate
the Level of Service for signalized intersections. Critical
'Movement Analysis is a procedure which permits the analysis

of a signalized intersection as an entire unit. The basis

= iy
' . | B
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of the analysis.ishthe principle that at each signalized
intersection za_combination of conflicting movements (lane
volumes) must be accommodated. The sum of these volumes is

termed the “critical volume."

Figure 13 shows an example - of critical movement

EcombinatiOns. The critical volumes are the volumes of-
Atravel represented by the highest lane volumes of opposing
_travel (through and left turn) for both the north-south and

east-west directions. Once the «c¢ritical volumes are

determined’fbr both,directions, they are summed to give the

~"sum of critical volumes! which is compared to a benchmark

intefsection éapacity to determine the Level of Service and

" volume to capacity ratio (V/C) for the intersection.

A number of elements can be considered in the

_éaICulatidn of the sum of critical volumes. These are: (1)

-‘lane ‘width, (2) bus and truck volume, (3) bus stop

@pérations, (4) left turns, (5) right turns with pedestrian

activity, (6) parking activitj and (7) peaking

”chafacteristics."_'fResearch has begn_ conducted on these

‘elements and has resulted in individual adjustment factors

for each.

To minimize ugser input for the TEXIN Model only one

adjustment factor of prime importance (that for left turns)

 was‘utilized. Left turning vehicles are treated in moré

detail for the simpie reason that left turns (unless removéd

from through traffic by use of exclusive turn lanes) have a

large impact on capacity. In the model, the effect of left




*Two and Three Lane Approaches
*Five Phase Actuated Signal

R *Note: For the east-west street, the critical
volume is 300 vph. For the north-south
: y +—C-20 _ _ _ . _ ] "street the greatest demand for green time
(No LT) e 200 will occur with the conflictin? movement
pyvam— P e . totaling 800 vph (600 + 200 LT). The
___________ : ‘ conflicting movement totaling 500 vph
reeseneeseisnad (400 + 100 LT) would require less green
time and will be satisfied if the 800 vph
critical volume is satisfied.

*Sum of Critical ‘Volumes:
,'_. . .-.-300 + 800 = 1100 wph.
N

-LS-

Figure lﬁ. aAn example of critical movement summation [30}.
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turn vehiéles'is treated by using passenger car equivalency

-(PCE) values. PCE values are multiplicative adjustment

factors applied to Ehe left turning traffic volumes. Table
2 gives PCE values for left turns from both left-through
ianéé and exclusive turn lanes [30].

Critical Movement Analysis is based on per—lane

volumes; thus, it is desirable for the user to supply

volumes for each lane. However, this is not always possible

and adds to the qomplexity of user inputs. For this reason,
a ﬁable " of adjustment factors was ;incorporated into the
mbdel.l'TheSe factors wefe taken from a document on MQuick
Reéponsé Techniquesﬂ ‘published ‘under the National

Cooperative Highway Research Program (NCHRP)A[31]. Table 3

presents lane-use factors to convert total directional
movement into a lane volume. The lane-use factors exceed

the inverse of the number of lanes in order to account for

the unequal distribution of travel between lanes.
_ As part'of the Critical Movement Analysis technique
presented in NCHRP 3-28 [30], a set of guidelines on Levels

of Service, volume/capacity (V/C) ratios, average delay

© values and}sums of critical volumes was recently published.

Table 4 gives recommended thresholds for the maximum sum of
critical vdiumes fof Levels of ServiCé A through E, Table 5
showsbtheﬂgprrelation between the vdlume/capacity ratio ana
delay‘vélues. These delay values relate to the mean stopped

delay'incurred by éll vehicles entering the intersection.

By linearly interpolating the volﬁme/capacity ratio within




Table 2:. Passenger car equivalency (PCE) values for left turn effects {30].

Opposing Volume (vph): 000-299 300-599 600-999 1000+
1.0 PCE 2.0 PCE 4.0 PCE 6.0 PCE

1. No Turn Phase
1 Left Turn Equals:

2. With Turn Phase 1 Left Turn Equals: 1.2 PCE
3. No Turn Phase Opposing Volume (vph): 000-299  300-599  600-999 1000+
1 Left Turn Equals: 1.0 PCE 2.0 PCE 4.0 PCE 6.0 PCE

With Turn Phase 1 Left Turn Equals: 1.05 PCE.




-60-

Table 3. Lane-use factors [31].

_ - - 'Approach Lanes -  °Lane-Use Factor

B 1 1.00
2 0.55
3 . 0.40
4 0.30

. Table 4. Levéi of Service ranges'[30}{

B " Level . Maximum Sum of Critical Volumes

R T ;Of Co Two ~Three Four or
U o ' - Service v -~ Phase ~Phase  More Phases

1 A 1000 950 900
j B 1200 1140 1080
c 1400 1340 1270
D 1600 1530 1460
E 1800 1720 1650
] F

---- Not Applicable ----
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Table 5. Delay and Level of Service [30].

*. .

Level of | Typical vDelay Range*_
Service V/C Ratio . (s/veh)
A 0.00-0.60 .. 0.0 - 16.0
B 0.61-0.70 16.1 - 22.0
c 0,71-0.80 22.1 - 28,0
D 0.81-0,90 28.1 - 35.0
E 0.91-1.06 35.1 - 40.0
F | variesi o 40.1 or more

*Volume to capacity ratio.
**Measured as "stopped delay" as described in
reference 32. Delay values relate to the
mean stopped delay incurred by all vehicles
entering the intersection. Note that traffic
signal coordination effects are not considered
and could drastically alter the delay range
for a given V/C ratio. - o '

Dol
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the delaY'range for the given Level of Service, the stopped
delay for any volume/capacity ratio éan be determined. This
stopped delay per vghicle is the basis for determining other
traffic parameters in the TEXIN Model.

When the Ademand volume exceeds the capacity of the
intersection (V/C >:1) breakdown conditions exist (Level of
_Service = F). | Uﬁder such conditions Critical Movement
Analysis is not completely applicable and cannot accurately
describe the traffic flow cbnditions under suchr
circumstances (heavy queueing df vehicles, frequent
stoppages, etc.). The model handles these situations by
simply lineafly extrapolating the stopped delay value beyond
the applicable volume/capacity regioh (0.00 - 1.00). This
gives stopped delay values above 40Vseconds as is expécted
for breakdown conditions. However, the user is cautioned

that the actual stopped delay value may not be the same as

Athe value calculated, thus placing the model's results in

question under these circumstances. The TEXIN program

prints out a warning message when such situations occur.

The above methodology was applied for the traffic flow
analysis of simple signalized intersections. A different

procedure was necessary for unsignalized intersections

' because Critical Movement Analysis is only applicable to

signalized intersections. The procedure incorporated into
the TEXIN Model is the methodology presented in NCHRP 3-28

[30]. Only intersections controlled by two-way stop signs

or yield signs can be treated by this analysis, thus
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limiting the TEXIN Model's applicability to these

- situations. Uncontrolled and four-way stop sign controlled

intersections are therefore not within the scope of the

model.

The methodology for unsignalized interseétions is based
on potential capacities for the minor appfoach ‘movements
"which are compared"to the existing demand fof‘éaChlmoVement
to determine a Lejel of Service, The.majof streetrtraffie
is assumed to be unaffected by the minor'street. Only left
turning~traffic on .the major road is-assumed to incur deiay,
“and this is due to the opposing major"streét through

traffic. Minor street flows, on the other hand, are impeded

by all conflicting movements. It is necessary to deal with

the individual traffic movements to treat all the potentiaL,
impedances. TheséAtraffic movements are: fl) right_turns
into the major road; (2) left turns from the major road; (3)
through traffic crossing the major road; and (4) left_turns
into the major road. These individual traffic st:eamsraré
shown in Figure 14. | |

The conflidting traffic streams, MH, are used to
deteimine the maximum capacity, MNo' for a giveh mqvemeht.
For vehicles emerging from the minor road (or turning left
off the major road), the available gaps in the'éonflicting
streams must be long enough to accommodate the desired'
maneuver, Table 6 gives critical gaps dependent upon the
intended ﬁanuever, the type of control, the major road

prevailing speed, and the number of lanes on the major road.

LLLLL
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1

o . Ay -
Step 1 - ] Right turns into major street: My = IV2A,+ 4 Ay -~
) » . ' ¥ ‘hﬁN
| | - skl MN
Step 2 Left turns from major street: My = A+ A} A, >
| A=
N B
: _ o , A , 8|
Step 3 Crossing major street: My = 172A, +A,+A' + 8,+ B'+ B, A: ‘r By
Ar ¥ imy
7P
- -B
Step 4 Left turns into major street: My = I72A + A +A+ B+ B+ D, + D, ﬁl ol 2 B:
4 = -
Ar '\IMN

Note: 1In Step 1, if there is more than one lane on the major street, A_ is the flow in the curb lane only.
In Steps 1, 3, 4, if a turning lane is present for major street %

In Steps 2 and 3, large radius turning areas for right turns off the major street and/or STOP or YIELD control

of these turns reduce or eliminate the effect of A_ and B .

For complementary movements, reverse the major street movementh (A and B) and minor street movements (C and D).

ight turns, A_ can be omitted.

Figure 14. Definition of conflicting traffic schemes for an unsignalized inter-

section [30].

—?9—



Table 6. Critical gap for passenger cars (s) [30].

Prevailing Speed
30 mph (50 kph) 55 mph (90 kph)

Vehicle Maneuver and Major Road | | | MﬁiQL_BQad
Type of Control

2 lanes 4 lanes 2 lanes 4 lanes

Right Turn from Minor Road:

YIELD Control 5.0 5.0 6.0 6.0

STOP Control 6.0 6.0 . .
Left Turn from Major Road:

No Control | 5.0 5.5 5.5 6.0
Crossing Major Road: - L . o

YIELD Control - 6.0 6.5 7.0 8.0

STOP Control 7.0 7.5 . .
Left Turn from Minor Road: | ‘

STOP Control 7.5 8.0 9.0 10,0

_Sg_
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These critical gaps, T are the minimum time gaps in the

g'
conflicting streams ~necessary to execute the desired

manuever. The maximum capacity is determined from Figure 15

using the relevant conflicting volume and critical gaps.

This maximum capacity is the largest flow that can be

achieved from the minor movement into the intersection, and

is equal to the actual capacity for right turns from the

minor road and left turns off the major road. However,

additional adjustments are necessary for left turning and

'through' traffic £from the minor road to account for

Cpngeétion interference. This is due to the possibility
that traffic turning off the major road (and opposing minor
.road through traffic) may 'become congested and interfere
ﬁith minor road ﬁraffic. To _combensate~ for this, thé
maximum capacity is'reduced through the use of an impedance
factor, P, which defines the probability that the minor road
movement will reméin unaffected. . Figure 16 gives thé
impedance factor as a function of the percent of capacity
used (i.e., the ratio between the existing demand, B;, of a
potentially congesting flow and theimaximum capacity, MNo’
of that stream egpressed as a pefcentage, lOO[BL/MNo]f.
Figure 17 shows the manner by which_maximum capacities for
each movement are réduced.

One final adjustment is necessary to account for shared

lane conditions. If each minor flow does not have an

exclusive lane for that particular movement, there will be

interference between those movements sharing the lane, The
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1. Left turns into the major
street at a "T" intersection:

=M P
My=MyoPs P

2. Thru traffic crossing the major
street at a 4-way intersection:

M3 =Myo< P2 X Py , P,_J —P,
o 2 / ,

3. Left turns into the major n
street at a 4-way intersection: ’ l'-"1'33

)

M= MNdx PyX Pz’x P1’>< P:‘,

j

My

Jj

2

FFigure 17. Application of impedance

factors [30].

100

Capacity reduction caused by congestion
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capacity of the shared lane can  be determined by the

following equation from NCHRP 3-28 [30]:

M3, M My Ny |
M134 = capacity of all streams using

1L =X.+Y +32 | | (II1-1)

the shared lane

]

~
<

-

[ o]
L

proportion of right, through, and
left movements, respeétiVely
Ml,M3,M4 = capacity of the right, thrbugh, and

left individual streams, respectively

Note that only those movements included in the éhared lane
are included in the computation,

Once the calculated capacity has beeh determined,>ra
comparison is made with the existing demand. The difference
between the calculéted capacity and the existing demand is
defined as the reserve capacity. The Level of Service and
traffic delay are directly related to the reserveVCapacity'

as shown in Table 7. The suggested ranges of reserve

capacities for the various Levels of Service are given in

this table. 8Since a reserve capacity is calculated for each
individual movement (unless shared lane conéitions exisﬁ),
the reserve capacify for each roadway is taken as the
weighted average of the reserve capacities for the indiviual
movements on the i:oadway. As in the case of signalized
intersections, Table 5 is used to relate the ‘Level of

Service to stopped delay. By linearly interpolating the

[P —

PR

( 1




‘Table 7. Level of Service and expected delay

for reserve capacity ranges [30].

Reserve
Capacity

Level of
Service

Expected Traffic
Delay

- 400
300
200 to
100 to
0 to 99

less than O

(any value)

" Little or no delay

Short traffic delays

Average traffic delays

i Long traffic delays

Very long traffic delays
Failure - extreme congestion

Intersection blocked by
external causes
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reserve capacity within the delay range for the given Level

of Service, the stopped delay for any rese:Vé capaCity‘cah

be determined. Thus, a stopped delay per véhicle is -

rdetermined for each leg of the intersectioh( and_this value

is the basis for determining other traffic parametérs in the
TEXIN Model. |

A typical vehiéle encountering.delay at an intersection

will normally expérience one of three types of movement

through the intersection. The vehiéle may bevforded to slow
down, bﬁt not stop, on the way through the intersection; the
vehicle may be forced to Stop and then proceed through tﬁe
intersection; or, if  the intersection_ is extremely

congested, the vehicle may come to a stop several times on

the approach to the intersection. Figure'lB is taken from a

study by Reilly, - et al. [32] and shows the time-space’

relationship for a vehicle with multiple stops; " Reilly also
considered non—stopping vehicles which may be forced to slow
down during the approach. Figure 19 depicts the movement
of such a vehicle encountering delay but not actually
stopping. 7
Several definitions relating to characteristics of
vehicle delay (as defined by Reilly,; et al. [32]) should be
introduced at this point. They are:
(1) Approach Delay Section--The approach delay
" section is a section of roadway of fixed length
on the approach to a signalized intersection.
This distance is the length over which all

delay associated with an intersection will
occur,
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(2) Approach Free Flow Time--The time required by a
: vehicle to traverse the approach delay section
when the vehicle incurs no delay due to the
intersection, and the vehicle is travelling at
free flow speed.

(3) Approach Time--The time used by a vehicle in
traversing the approach delay section, This
time includes all signal-related delay incurred
by the vehicle.

(4) App;gagh Delay--The approach time for a vehicle
‘minus the approach free flow time.

(5) Stopped Time--~That portlon of approach time
‘ ‘during which the vehicle is stopped due to
signal related activity.

(6) Stéppgd Delay--Equal to stopped time,
(7) Motion Time--That portion of approach time

which occurs between two periods of stopped
time,

(8) Exit Time--That portion of approach time which
occurs between the end of the final stopped
time segment and the departure of the vehicle
from the approach delay'section.

(9) Time in Queue—--The sum of stopped time, motion
time and exit time. This measure applies only
to those vehicles stopping.

(10) Time in ngug Delay--Equal to time in queue.

(11) Percent gf. Vehicles Stopping--The number of
vehicles incurring stopped delay divided by the
total volume of vehicles exiting the approach
delay section.
To determine the inter-relationships between stopped delay,
approach delay, time in queue and peréent of vehicles stopping,
Reilly, et al. [32] conducted a study of ten urban intersections

from the Boston, MA;; Washington D.C.; Oklahoma City, OK. and

Tucson, A%Z. areas. The ten selected intersections represented a
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wide range of conditions and the results of the résearchﬁwe;e
intended to be generally applicabie th:oughqut the ﬁnitéd
States. Using time-lapse photography,,time valués~f6r the above
mentioned measures were obtained, and statistical analyses of
the various correlations were performed. Figures 20 through 22
show the reg;essions telating these four measures as well as the
statistical results of these corrélatiohs; Oof pa:ticulaf
interest is the strong linear relatidnships"(R‘2 > 0.94) between
the measures suggesting that accuréte estimates for approach
delay, time in qﬁeue, and percent of vehicles stopping cén be
based on the‘stopped delay (as determined from Critical Movement
Analysis or the :corresponding analysis for unsignalized
intersections), For this reason, these relationships were
incorporated into the TEXIN Model.

Once the percent of vehicles stépping has been determined,
the queuev length, QL, can be célculated. The following

equation was 'developed to calculate the queue length:

* * g%

_  PCST*TTEI*8*Cy |
oL = 3600 : (I11-2)

where: PCST
TTEI = the total number of vehicles entering the
intersection on a per lane basis, veh/hr
CY = dycle time, s '

the percent of vehicles stopping

8 = the distance occupied by a queued
' vehicle, m

This is the total queue length at the intersection (e.g.,
the sum of the individual queue lengths for all approach legs).

For individual legs of the intersection, the gqueue length is

Y Ty T

=
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determined by replacing TTEI with the individual approach leg

volumes in equation (III-2) above. For an unsignalized

intersection, the following equation was developed to caloulate

the queue length for the individual legs of the intersection:

Reserve Capacity

For minor interséotions (controlled by stop or yield signs)
arising from nearby side streets,. the methodologies for
unsignalized 'interséctions presented above ‘are utilized with
certain simplifying assumptions to facilitate user application

and keep the analyses tractable,

€. VEHICLE EMISSIONS ESTIMATION

The second function performed by the model is the
estimation of vehicie emissions. The emissions are modelled as
the sum of two components: 'cruise emissions from free flowing
traffic and excess emissions emitted by vehicles incurring delay
(either slowing, stopping or idling); The cruise emissions are
assumed to be uniformly distributed along the enoire length of
the roadway, while the excess emissions are taken to be emitted
only over the queue length, The MOBILE-2 program was
incorporated into the model to estimate the cruise emissions of
free flowing vehicies. These are }the most recent emissions
rates available, and allow the user to either specify the
specifioiscenario (VMT mix, cold/hot start fractions, etc,) or

to use the default national average values.
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To conserve: cdmputer time, s;zeable portions of the
extremely large.MOBILE—Z were deleted program whicn were not
needed by  the TEXIN Model. These deletions included the
nitrogen oxides and hydrocarbon emission 'factors, optional
.correction factors for inspection/méintenance programs, air
conditioning and extra-load towing, and most of the input/output
Vprocessing. These modifications resulted in an approximate
twathirds decrease in storage spacé as well as a similar
decrease in the compilation and execution time required to
process the MOBILE-2 program, It should be noted that the
MOBILE-2 emissions model is merely a subroutine of the TEXIN
Model. Users of the model who are familiar with FORTRAN can
easily modify the model to include future versions of MOBILE-2
dr of any éruise emissions estimation routines.

Since MOBILE-2 will only estimate average emissions for
vehicles at an averége route speed, a method for estimating
excéss emissions due‘to vehicles slowing and stopping had to be
adopted. The methbd incorporated into the TEXIN Model utilized
the traffic parameters determined above and nomographs relating
excess emissions to speed changes, as suggested by Ismart ([33].
Excess emissions are calculated as the sum of three components:
emissions due to vehicles stopping and returning to an initial
speed, emissions due to vehicles slowing (but not stopping) and
returning to an ini;ial speed, and émissions due to vehicles

idling.

The carbon monoxide emissions due to vehicles stopping is

determined by the following equation from Ismart {[33]:
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where: COST

total amount of excess CO emitted -
_ due to vehicles stopping, 1lbs/hr
ER = pounds of CO emitted per 1000
speed changes'

1000 factor to convert ER to pounds

per speed change

The emission rate, ER, is determined using Fidufe 23 by
considering the vehicle as going from the ‘initial speed to zero
speed and then returning to the initial speed. These emission
rates are based on the most recent rates available (from work

completed by Kearis in 1980 [34]). The rates were derived using

at-grade data obtained in St. Louis, Missouri} and the 1977

Modal Analysis Model. They pertain to 100% light-duty, 100% hot
stabilized, \low-altitude, ‘non~-California vehicles for a base
year of 1975. For the study, Kearis assumed an average
acceleration/deceleration rate of 3 miles/hr/sec (1.3 m/sz);'

To account for the difference between the emission rates

under the actual vehicle scenario and under the Modal Analysis

Model vehicle scenario, a correction factor must be applied to

these rates. This correction factor is calculated as the ratio
of the MOBILE-2 composite emission factor for the inputted
vehicle scenario to tﬁe MOBILE-2 composite emission factor for
the Modal Analysis Model vehicle scénario. The emission rate
obtained from Figure 23 is multiplied by this correction factor
to give the correct emission rate for use in equation (III-4).
To determine the carbon monoxide emissions due to vehicles
slowing, the following equation from Ismart [33] is used to
calculate the time 1lost by vehicles slowing down but not

stopping:

e ‘e B e
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Slowdown Delay = ADPV - TIQPV (III-5)

where: ADPV = approach delay, s/veh
TIQPV = .time in queue delay, s/veh

Once the slowdown delay per vehicle is determined, the excess
emissions due to vehicles slowing, COSD, is estimated from an
equation by Ismart [33]:

- * T %

36 00*HRS

COSD (III-6)

pounds of CO emitted per 1000 speed changes
the excess hours consumed per 1000

where: ER
HRS

]

Speed changes

The value for HRS is obtained from Table 8 [35] using the

initial speed and the speed reduced from and returned to. The .

emission rate, ER, is obtained from Figure 23 using the initial
speed and the speed to which the vehiéle slows. Once again, the
correction factor is applied to the rate obtained from Figure
23. |

Ismart suggests that for simplifying purposes this slowdown

speed should be assumed equal to one-half the initial speed.

Since this was an arbitrary assumption, its\accuracy was checked

using actual data from the Texas A&M College Station data. For
this purpose, the initial speed was taken as the. weighted
average of the vehicle speeds obtained from the seven traffic

loops 1located in the approach lanes (well upstream of the

A
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Table 8.

Excess hours consumed for vehicular speed
changes (hr/1000 speed changes) [35].

Initial Spéed Reauééd To and Returned From
Speed ' — - '
(mph) Stop 5 10 15 20 25 30 35 40 45 50 (mph)
8 16 24 32 40 48 56 64 72 80 (kph)
5 1.02
10 1.51 0.62
15 2,00 1.12 0.46 -
20 2,49 1.62 0,93 0.35 T
25 -2.98 2.11 1.40n 0.661:0.28 -
30 '3.46 2,60 1.87 1.24 0.70 0,23
35 3.94 3,09 2.34 1.69 1.11 0,60 0.19
40 4.42 3,58 2,81 2.13 1.52 0.97 0.51 0.16
45 4,90 4.06 3.28 2,57 1.93 1.34 0.83 0.42 0.13
‘50 5.37 4.54 3.75 3.01 2.34 1,71 1.15 0.68 0.35 0.11
55 5.84 4.21 3.45 2,74 2,08 1.47

5.02

0.94 0.57 0.28 0.09
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intersection), and the slow-down speed was taken'as the weighted
average of the speeds obtained from the Six t:affic loops
internal to the intersection (in the tight and left turn-lénes);
Initially, it was assumed that there would be a strong
relationship between the percent reduction in'thé initial speed
and stopped delay per vehicle. HoWever, when a regression
analysis was performed 1little correlation between " the ‘two
variables was found. Therefore, the relationship between the
initial speed and the slow-down speed was .exémined. A

regression analysis of these variables gave the equation:
Slowdown speed = 0,45(Initial speed) (III-7)

with good correlation (r2 = 0,90)., Since thé value of 0.45 is
in close agreement with Ismart's suggestion of 0.5, the 0.50
value was incorporated into the model,

Excess emissions due to vehicles idling are calculated from
the stopped delay per vehicle and theridling emission rate using

the following equation from Ismart [33]

H

COID = SDPV*TTEI*ER/(60*453,6) (II11-8)
where: COID = totallamount of CO emitted due to
vehicles idling,. 1bs/hr
SDPV = stopped delay per vehicle, s/veh
ER . idiing emission rate, gm/veh-min
453.6 = conversion factor from grams to pounds
60

L]

conversion factor from minutes to seconds

A S T M

1/.4 ‘
.
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Thé idling emission tate, ER, is dete;mined using the MOBILE-2
program,

The total excess emission factor‘is then calculated using
the values for COST, COSD and COID'and thé total queue length.
The £following equation was developed to caiculate the total
excess emission factor:

. "

(COST + COSD + COID)*453.6 f

where the emission factor, EF, is in gm/m-s. Since Critical
Movement Analysis treats the entire (signalized) intersection as
a whéle, the values for COST, COSD, and COID as calcuated in
équations (III-4) through (III-8) represent the total excess
emissions due to vehicular delay at tﬁe intérsection; and thus,
the value for the queue length must'be the value described by
equation (III-1). Therefore, the model does not distinguish
between the various approach legs when determining‘the excess
emissions., One excess emission factor is calculated for the
entire intersection,»and it applies to all legs. However, the
method of distfibuting the excesé émissions along  the links
treats each approach leg individually. The gueue length for
each separate approach leg is used as thg length of roadway over
which the excess emissions are emitted for that legq.

Fof -unsignalized intersections, the individual queue
lengths for each leg of the intersection are used in equation
(III-9) yielding a different emission factor for each leg.
Additionally, the values used in equation (III—;) through

(III-8) are those values for the individual ~legs of the
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intersection (e.g., as stopped delay,’percent'stoppiﬁg, approach

delay; etc.). This results from determining a different Level

of Service for each leg of an unsignalized intersection.
D. POLLUTANT DISPERSION MODELLING

The Gaussian dispersion model, CALINE-3, was incorporated
into the TEXIN Model to calculate the dispersionrof pqllutants
downwind of the intersection. CALINE-3 requires less input than
other models (i.e., HIWAY—2), and its performance in predicting
concentrations for cases where experimental-values,are available
has been shown by Rodden, et al. [36] to be the best among
pollution dispersion models capable of handling intersection
situations. CALINE-3 treats each leg of an intersectien (both
incoming and 6utgoing traffic lanes) as a separate link, rather
than treating each individual lane as a 1link. This not only
greatly simplifies Ehe necessary inpﬁt, but also complements the
Critical Movement Analysis technique and the rest of the
analysis of traffic flow incorporated in the TEXIN Model.

Several minor modifications were made to CALINE—3, mainly
to the input/output routines, so 'that it could handle the
pseudolinks over which the excess emissione occur (and in the
units calculated above). However, all the normal capabilities
of CALINE-3 remain the same, As incorporated into the TEXIN
model, it will still handle depressed, £ill or bridge sections,
curved roadways, various receptors, raised source heights, and

all related situations for which it was designed. CALINE-3 is

T o o T
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noﬁ appiicable to street canyon configurations, however, In
addition to modifications made to input/output routines, an
attempt was made to make CALINE-3 applicable for lower wind
speeds. The User's Guide for CALINE-3 states that the model has
not been verified for wind speeds less than 1 m/é, and that
assumpfions of negligible along—wind dispersion and steady state
conditions‘afé questionable at such low wind speeds.

Examination of the Texas A&M data from the College Station
site at extremely: low wind speeds (less than 1 m/s,
approximately 10% of the caseS) showed that the measured
concentration gradient between the low (5 ft.) receptors and the
high (35 ft.) receptors was substantially less than for those
caSes}corresponding to high winds. :This suggests that at low
wind speeds there ié an increased rise of pollutants. This

phenomena has also been researched by Chock [37]. In studying

rthe effect of plume rise at low wind speeds, Chock developed a

line source model-thét allowed for plume rise. However, such a
method would require substantial modification to the CALINE-3
model. Consequently, a simpler approach was adopted to account
for plume rise by merely raising the source height. Chock
reports an ambient plume rise speed of 0.15 m/sec for a
crosswind road speed‘of 0 m/s. Using this value and the value
for residence time as calculated by CALINE-3, the following
equation was developed to calculate the height that the source

is raised (above the inputted source emission height):
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AH = 0,15 (TR)

This additional height, AH, can be thought of as the heiéht that
a pollutant emitted at the roadway cénterline would rise byvthe
time it reached-thé roadway edge. TR is the residence_time
calculated by CALINE—3. The result ofAthis modification on

model performance is discussed in Chapter 1V,

E. SUMMARY OF MODEL INPUTS AND QUTPUTS

To summarize the input data required by the TEXIN Model and

the output from the'same, the procedure for modelling a sample
intersection is presented. For a simple, signalized
intersection with four right-angle éorners, an X-Y Cartesian
coordinate system is mapped onto the intersection With the axes
lying coincident with the two perpendicular roadways. This
places the center of the intersection approximaﬁely at the
origin of the Cartesian coordinate system; -

The first input required by the model is the geometry of
the four 1links (approaches) repreéenting the intersection.
These inputs are data that are easily obtained and normally
available, and consist of: (1) the upstream and downstream
coordinates of each iink, (2) the width of each 1link, (3)
traffic volume for each 1link, (4) average vehicular speed for
each link, (5) estimated percentage.of cars turning right ahd
left for each link, (6) the number of approach and turning lanes
for each link, (7) the source (link) height, and (8) the 1link

type (i.e., at-grade, £fill, etc.). Next, the Cartesian
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coordinates (including the height) of- the receptors must be
specified. The meteorological conditions are required next and
consist of wind speed, wind direction (measured clockwise with
respect to the positive y-axis), the stability class,
temperature, and the mixing height, In addition, the surface
roughness and averaging time are required by the CALINE-3
program incorporated into the model. As an option, the user may
specify the VMT mix and the percentagé‘of hot starts/cold starts
for use in the MOBILE-2 program, - Otherwise, the national
default values for these parameters: are used., In addition,
information on the signalization is required (e.g., number of
phases, left turn phases and cycle length).

The primary output of the TEXIN Model is, of course, the

predicted carbon monoxide concentrations at the receptors.

Additional optional outputs can also be printed. These include

- a summary of the input data, the composite emission factors and

idling emission rates (from MOBILE-2), the excess emission
factors, the queue 'lengths and other ¢traffic parameters of
interest (stopped delay, etc.), as well as the CO concentration
contribution from each individual link and psuedolink at the
receptors,.

Copies of the ¢omplete input and output files for three

specific cases are included in the User's Guide in the appendix.

For a more detailed explanation of model inputs and outputs, the

" reader is also referred to this User's Guide.
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CHAPTER IV

RESULTS AND DISCUSSION OF RESULTS

The primary objectives of the project were to identify

and evaluate pollution estimation ”procedures for simple

signalized intersections and to calibrate and/or otherwise

impro§e these models. Owing to the complex nature of'ther

-"in-terSection p‘roblem, the only valifd criterion for  these

evaluatlons was comparlson to experlmental data. Two other

1mportant,.but secondary, cons1derat10ns were ease of use -

“and economy -of computer time. Wlth these objectives in

mind, the 1n1t1a1 phases of the progect involved extensive

literature search.and rev1ew, as summarlzed in Chapter 1II.

-Evaluatlon of the llterature plnp01nted only a few models‘
and data bases sultable - for contlnued study .under the

‘project.

The Texas A&M_College Station data were chosen as the

principal basis'fot the work. The TAMU data were found to

 be the most'comprehensive aVailsbleAdue to the simUltaneous_
nature of = the tiaffic, pOllutioh, ‘and meteorological

measurements. Also, the TAMU data were acquired by the

principal inyestigators and therefoferwere readily available
and well onderst00§. ~ In later.'stegeS' of the study, the
Sacramento, Califorhia, data base was received and was also
used fof-compariSon purposes. Near”the end of the study,

the Texas A&M Houston data also became available and were

utilized. Analysis of the raw data available in these three-'
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data bases is described below. The raﬁibnale for the

elimination of the "New York and other dafa lbésésj was

outlined in Chapterﬁ II. -

Three prediétive lnodels were found to be worthyA of
detailed study. Theée were the Intersection Midblock Model
(IMM) (as modifiedwby Piracci, et él. [14]), the Colorado

Model, MICRO, and the Indirect Source Guldellnes = Volume ‘9

(Rev1sed) . As dlscussed ln detall below, each of these,

methods was applied to all or part of the TAMU College
Station data and the resultlng statlstlcs were analyzed
All of the models were found to be very approx1mate'1n
nature and all requ1red con51derable effort to use.

Attempts were made to calibrate the emission factors

and dispersion estimates for these modelsfusingrthe,TAMU 

data. However, @onsidering the aCCUracy of the results

obtained, as well as the degree of effort and computétibn

time necessary for use of these methods in the field, it was

decided to attempt the development of a simpler techniq@evof

comparable value,

Making use of established "short-cut* traffic and

emissions estimation techniques as described'in Chapter III,

the TEXIN Model waé thus developed. The techniques in the
TEXIN Model were Ehose which appearéd to best model the
Texas A&M ~ College Station data, vSubsequent changes and
adjustments to the TEXIN Model (e.g.; raising the source

height for low wind speedé) were also inspired by comparison

to the College Station data. This practice of best fitting
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the College Station data could thus be considered as biasing

‘the TEXIN Model to that data; however, no empirical

correlations based on the College Station data were used.

All the techniques, correlations, etc. in the TEXIN Model

~were derived from the llterature (e{g., the plume rise

relatlonshlp from Chock) and were independent of the College

'Statlon data. In addltlonf the California and Houston data

'bases'are completely unbiased since they were not available

until after the TEXIN Model had been developed.

The TEXIN Model was found to have superlor accuracy to.
the three models cited above for simple signalized
intersections. The model is also very simple to use and
requires less than. one-tenth of the total computer time
requited by the IMM.

A detailed disoussion of these comparisons is included

- below with a descriptioh of the input parameters involved.

The results of the TEXIN simulation of the California and
Houston data are also presented., A discussion of model
appllcatlons and "worst case“'con51derat10ns follows and the
chapter is concluded with a summary of other more

qualitative project results.

A. COMPARISON OF HODEL PREDICTIONS TO THE COLLEGE STATION

The methods by which the input parameters were
specified for each of the models were made as consistent as

possible to properly compare the results. It was also
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observed that minimizing the number and-compléxiiY;of the

required inputs would‘be a strong'advantage for a'néw model.

For these reasons, a detailed description of the input

parameters for each model's simulation of the Texas A&M -

Collegé Station data is givén below. The ihputs whichrwere
common to all models are summarized first and the inpdt'data

particular to each model are discussed afterwards.

Inputs Common to All Models

The wind speed and wind direction weré'requiréd by'allv

models, and the ambient temperature_was required'by all but

MICRO. Stability class was also a primary requirement for
all four models in question. The average wind speed and the

incoming solar radiation (as a measurement of insolation)

were used to determine stability class. The average wind

speed was taken as the arithmetic mean of the four
anemometers at a given height for the leminute sampling
period, and.the incoming solar radiation was measufed by the
pyranomgter. Figure 24 was then used to determine the

stability class from an analysis by PaSQUill [38]. The

average wind direction and temperature were also taken as-

the arithmetic mean of - the wind vanes and thermistors;
respectivelyQ |

A value of 1000 meters (3281 ft) was used as the mixing
layer height in ali cases as there were no special nocturnal
inversion situations in the College Station data.’ The
roughneés height was determined using Myrup and Ranzieri's

table of suggested surface roughness values as given in the

i ;‘.» i

{

3




- WIND SPEED (m/s)

[ o | : , =95~
L , .
j' _ o ~CLOUD
{j INCOMING SOLAR RADIATION (mw/cm?2) AMOUNT
L - (eighths)
80 70 60 50 40 30 . 20  10g429¢
e T B |9
S R . , -
. : ) : - 2
[
B
s .
7y
8
- n

0 E
N -
[ ©

x o |
' ‘a,—f”’;k;',/

/’- ]
i 2 /
i A _/’0 ]
Ly F___/
28 24 20 16 12 8 4 0 -3
UPWARD HEAT FLUX (mw/cm?)
E Figure 24. Pasquiil stability classes, A-G, as

— - A related to wind speed and incoming

E?% , ' solar radiation [38]..




06~

CALINE-3 User's Ghide [8}. Sinc¢ the majority = of the.
‘College Station data involved a wina rblowing out 'of. theA
southwest quadrant which contained a shoppiﬁg'Center with'

one-story buildings, a roughness height of 1.5 meters (4.92

ft) was chosen., (This value was not required by the IMM).

The input variables'pertainingAto the VMT mix and the

operating mix (%: cold starts, hbt starts, etc.) were

county-wide values obtained from the Texas State Départment

of Highways and Public Transportétion [39] and are given in

Tables 9 and 10. (These values were not required by MICRO).

The length of the 1links (as measured from the

intersection to thé upstream end of the link) used in the
IMM, MICRO, and the TEXIN Model were as follows: 650 metres
(2133 f£ft) for thé northern leg of Texas Avenue, 450 metres
(1476 f£t) for the'southern leg of Texas Avéhue; 450 metres
(1476 ft) for Jeréey Street, and 250 metres (820 ft) for
Kyle Street. For Texas Avenue these distanéeé were the

lengths 6f roadway to the intersections north and south of

the intersection under study (minus‘approximately:75 metres

to account for delay at these intersectidﬁé), For Jérsey
and Kyle Streets, Ehese_distances were the length of roadway
to major curves in thg streets. - These distances arernot
critical since thelmajority of emissions are emitted in £he
vicinity of the intersection by wvehicles slowing, stopping,
accelerating and idling. The width of the roadwayAand the
source emission height (assumed to be zero) were requi;ed'by

all the models except MICRO,




Lad

[

—97~.

Table 9. VMT mix for Brazos County [39].

" Year ~ LDGV LDGT1 LDGT2 ' HDGV HDDV MC

1980 0.590 0.224 0.108 0.038 0.036 0.004

_ Table 10. Percentage cold starts/hot starts (1980) for

'Bryan/College Station, Brazos County area [39].

Time of Day ' PCCN PCHC PCCC
00-02 44 1 | 54
03-05 54 7 59
06-08 46 13 57
09-11 24 32 52
12-14 18 ; 33 37
15-17 27 27 39
18-20 . 16 29 40

- 21-23 27 18 48
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The observed qarbon monoxide concentration values were
calculated as the measured downwind CO concentration minus

the average measured upwind CO concentration. Since Tower 4

' was set up as the primary upwind tower, theoretically the

only cases for which true backq:ound-concentration values
could  be obtained were those with a wind .butr of the
southwest quadrant fwinds blowing from any angle between the
southern leg of Texas'Avenue'and thé western leg of ﬁersey

Street, as shown in Figure 9)., For winds blowing from the

northwest quadrant, pollution from vehicles on Jersey Street

could alter the background- value. However, most emissions

are emitted near the intersection and Tower 4 was located at
a considerable distance from Jersey Street, Consequently,
it was assumed that for winds blowing»from the horthwést
quadrant, Tower 14 concentrations were valid baékground
values for wind angles less than 45 degrees (as measured
from Jersey Street). For wind angles greater than 45
degrees, the Tower 4 receptors were affectedb by” vehicles
encounteriné delay on Jersey Street and thus these data were

omitted from the analyses.

Of the 153 15-minute sampling periods chosen from the .

College Station data, approximately one;third were in the
less than 45 degree >segment of the northwest qﬁadrant.
Exclusion of these data did not significantly improve or
detract from the performance of any of the models tested.

Therefore, the assumption appeared to be valid, and the data

were included in the analyses,

(W
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additional Inputs For The Intersection Midblock Model (IMM)
The IMM requires by far the most extensive input data
of all models considered, The model treats each-lane of
tratfic as a separate finite 1line source (or 1link).
Consequently, the signalization fot each lane (type of
control, number, and length of phases, etc.) must be
determined‘and supplied to the model. For each phase of the

cycle, a descripﬁion of each 1lane approaching the

‘intersection must also be specified. Along with the

geometry of each lihk, the velume, velocity into and out .of

‘the intersection, and the deceleration into and acceleration

out of the intersection must also be supplied. Velocity and
acceleration data were not collected in the College Station

study. Therefore, these values had to be estimated. This

"~ was done using the equation: .

e 2 2 - -
Vf = Vo + 2a (xo x) _ (IV-1)

For &ehicles approaehing the intersecfion, the final
speed, Vf, Was'assumed to be zero; and for vehicles leavipg
the intersection the initial speed, Vo' was assumed to be
ZE€ro. The distance over which aeceleration/deceleratioh
Qccurs, (x,~%), was assumed to be 200 feet (61.0 m) for both

accelerating and decelerating vehicles. This is

'approximately_ the distance from the intersection that

vehicles will begih to incur delay QUe'to signal activity.

Using these values, the acceleration'(deceleration), a, was

ecalculated from equation (IV-1l). The velocities into and
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out of the intersection were taken as the average route

speed for the respéctive lanes.

| The lane capacity for each apékoach link’must'also be
supblied to the model and this Valuelwas obtained from Table
4 as 1650 veh/hr. The geometry of'the links leaving the
intersectioﬁ must ibe specified, bﬁt only thef:vélume and

velocity on these links need to be input in addition. The

fractional volumes per lane for all links are also required

and would need to be estimated :by the average user.
' However, since the Coliege Station data contain thé
necessary volumes by lane, actual values of these fracﬁions
were used, o

Minor modifications to the input/output routines of the
IMM program were nécessary to enablé the simulation éf all

sampling periods in one run. {(The IMM is an extrémely long

program and the compilation time would have been excessive -

if it had been recompiled for each simulation.)  Major

debugging of the  program was also necessary ‘since ‘the
developmental version supplied by the NYSDOT wasr not
completely compatible with the Amdahl 470 FORTRAN H

(Extended) compiler at Texas A&M.

The MICRO program required little input due to the fact

that a vast majority of the required variables are set
internally to ‘“reasonable* values. The only input data
required are volume counts for the through and turning

traffic on the four approach 1links and the type of
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signaiization involved (type of controi, number, and length
of phases). The Vremaining variables, such as vehicle
spéeds, link geometry, wind speed, wind direction, receptor

locations, etc., are generated : internally. Minor

“modifications to the " input/output . routines allowed the

-actual measured values for these variables to be used and

for thersimulation of all the cases to be performed in one

“run, Minor debugging was also necessary since the program

was written .on a CDC computer for an interéctive mode and
would not compile on the Amdahl 470.

One point of confusion (on which-the User's Guide gave
no information) concerned the sourcé and receptor heights.

One of the namelistAvariablés set internally is the height

- of the individual links. Howeve:,:no value for the receptor

. or source height is mentioned in either the User's Guide or

the program listingf

.By examihing £he program. listing, the height of the
liﬁk was determined to be the height difference (or sum),
z-h, (or z+h), of ﬁhe'source{ h, and the receptor, Z. By
using a source height of 2zero (as was used for all cases
studied), the sum‘,and differehce ‘are equal; thus, the
various receptor heights were input as the height of the
links in order to éet predicted CO concentrations for the

different receptors.

In addition £o the common iﬁputs, the TEXIN Model

requi:ed only the approach volumes and fractions turning on
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the four approach links, the humber:of phases and'the total

cycle 1ength of the signal, as described in ChaptechII. ‘It

should be noted that the other inputs required (which wefeh

common to all models) are generally those inputs required by
the CALINE-3 and 'MOBILE-2 programs. The TEXIN Model
requires a minimal set of inputé which can_ be eaéily
specified by the average user.

Statistical Comparison of Models

The Intersection Midblock Model (IMM), vthe"prOgtam

MICRO, and the TEXIN Model were each used tc simulate the

153 15-minute average sampling periods of the Texas A&M -

College Station data. Scattergrams of predicted versus

observed values are presented in Figures 25-27 and a

comparison summary of the regressions is shown in Table 11.

Figure 28 presents a comparison of these regressiohs ~in
graphical form. |

With respect to these figures, note that a perfeCthfit

would yield a slope of 1.00, an intercept of 0.00, and a

regression coefficient of 1,00, The large degree cf Scatter

present in all of the models is due to the difficult hatu#e“

of the intersection pollution problem and explains the
reluctance of mahy highway design engineers to plaCe
confidence in'such-simulations._

Examination cf these statistics indicates that the
TEXIN Model is somewhat better than the IMM and much better
than MICRO for the simple Signalized case under
consideration., MICRO exhibits by far the worst performance

of the three models, MICRO consistently underpredicts with

o i H i

,.,.4___._
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Table 11, Statistical comparison of the TEXIN Model,
the IMM and MICRO predictions for the
College Station data [28].

Statistic o TEXIN : IMM MICRO
Slope  0.85:0.04  0.8140.04  0.2340.02
Intercept (bpm) 0.14+0.,09 0.80+0.10 0.26+0.05
2 . 0.469 " 0.373 . 0.182
Avg. Error (Pém).. -0.14 0.47 | ~-1.16
Avg. Sq. Err. (ppm®) 1.80 2.67  3.12
No. of Points: _

Total | 539 539 539

Within 2 ppm  482(89%) 446 (83%) 418(78%)

Within 1 ppm 380(71%)  327(61%) - 277(51%)
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an average error of -1.16 ppm. The_slopé df the regression
line for MICRO is relatively flat (0.234) indicating that
over the range of actual CO concentration values no stroné
trend of predicted values exists, MICRO also has the';owést
regression coefficient and highest average sqﬁared error
indicating a considerable amount of scatter = about the
regression line. |

The TEXIN Model and the IMMi regression lines have
similar slopesA(with'the TEXIN being slightly closervto the
desired value of 'unity). The iMM generally tends to

overpredict with an average error of 0.474 ppm‘while‘the

TEXIN model has a tendency to slightly underpredict (average

error of -0.,140 ppm). The TEXIN Model has both a higher
correlation coefficient and a lower average squared error
than the IMM indicating less scatter about the regression
line.

Another importént comparison is the amoﬁnt of computer
time required to implement the thrée modelé. The programs
were run on an a computer with a Eortran'uﬂ (Extended)

compiler. Table 12 gives the core space and time required

to compile and execute the three models for ‘a single

simulation run. These values are for a representative run
and will vary somewhat for different scenarios. As can be
seen from the table, the IMM requires by far the most time
to execute. The ratio of the IMM's execution time to the

TEXIN Model's execution time is 11.6.
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Table 12, Computer requirements for the TEXIN Model, the

-IMM and MICRO (single simulation).
TEXIN IMM MICRO
Compile: ,
Core Space (bytes) 184 K 252 K 132 K
Time (C.P.U. secC) 5.13 7.28 1.64
Execute:
Core space (bytes) 160 K 288 K 120 K
0.58 6.74 0.6v

Time (C.P.U. sec)

Table 13. Computer execution times required by the TEXIN
Model and the IMM (multiple simulation runs).

Num) £ Simulati
1 3 10 100
TEXIN: |
Total time (C.P.U. sec) 0.58 0.77 1.46 15,0
Time per simulation 0.58 0.26 0.15 0.15
IMM: :
Total time (C.P.U. sec) 6.74 21.0 63.1 —_—
Time per simulation 6.74 7.01 6.31 ——
Ratio (IMM/TEXIN) - 11.6 ~ 27.3 43,2  ———
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This ratio increases dramatically as the number of
simulations is increased. Table 13 shows the execution

times for the TEXIN Model and the IMM for "multiple

simulations. The execution time per simulation required'by>

the IMM remains essentially consiant as the number - of
simulations is inbreased, while it decreases dramatically
for the TEXIN Model. For example, where the TEXIN Model
requires slightly less than a tenth of the computer timé
required by the IBM for a single:simulation, it requires
less than a fortieth of the computer time when more than ten

simulations are run.

As mentioned previously, a subset of the College
Station data was modelled using the procedures outlined in
the Indirect Source Guidelines. Thesevproéédures must be
performed manually, and thus it was not feasible to model

all 153  cases. Several lS—minuté sampling periods were

chosen to represent a wide spectrum of wind speeds and

directions. The cases selected had been accurately modelled
by both the IMM and TEXIN Model. - The results of these

selected cases are presented in Table 14,

The Guidelines consistently . overpredicted the CO

concentrations by a factor of three to five for thé
receptors at the 5 and 15 foot (1.52 and 4,57 m) levels.
For receptors at the 35 foot (10.67 m) level, the Guidelines
consistently underpredicted CO levels., In fact, a value

near zero (0.1 ppm) will practically always be predicted by
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Table 14. Statistical comparison of the Indirect Source Guide-
lines predictions for selected College Station
data cases [28].

Sampling. Receptor: Tower 1 | Tower 2
Period Level (£€): 5.00 15.0 35.0 5.00 15.0 35.0
03/11/80@1430 4Predicted:* 16.8 4.5 0.1 13.0 4.1 0.1
Observed: 5.0 3.2 1.9 3.1 2.1 1.4
03/11/80€1445 Predicted: 21.5 6.2 0.1 17.1 5.8 0.0
Observed: 3.9 2.3 1.5 4.5 3.3 1.6
'03/11/80@1500 Predicted: 29.9 8.6 0.1 22.0 7.4 0.1
05/12/80@0945 Predicted: 5.8 3.2 0.1 4.9 2.9 0.1
_05/12/80@1000 Predicted: 6.3 3.4 0.1 5.0 2.9 0.1
: ~ Observed: 1.7 0.9 0.5 1.7 1.3 1.1
08/05/81€1430 Predicted: 12.1 4.2 0.1 12.8 4.3 0.1
: Observed: 4,7 2.8 1.4 3.0 1.4 1.7
08/05/81@1445 Predicted: 12,7 3.9 0.1 13.5 4.3 0.1
18/05/81@1412 Predicted: 18.2 4.9 0.1 12.8 4.1 0.1
Observed: 5.6 2.6 1.5 2,7 0.9 0.7
18/05/81€1427 Predicted: 15.7 4.3 0.1 11.1 3.5 0.1
Observed: 4.4 2,2 0.9 - 2.4 0.6 0.3

* .
Concentration in parts per million.
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the Guidelines for a reqeptor at this height and the given
. distance from the roadway. -

The major reéSon,for the generél overprediction of the
Indirect Source Ggidelines involves the philosophy of the
guidelines. The predictions are conservative in nature due
to the fact that the purpose of the guidelines was to

present a scIeening procedure for initial testing of

intersections to determine whether or not a more detailed

analysis was necessary. The Guidelines therefore should not -

‘be generally used as a predictive tool.

Further Comparisons of the TEXIN Model and the IMM

To further evaluate the models' performance and to

determine what improvements or calibrations might bé made'to

either model, the effects of wind speed and wind direction

on the models' accuracy were analyzed. | This‘ was
accomplished by stratifying the data by wind speed and wind

angle. Three wind speed classes were Chqéen: 1éw (0 to 2

m/s), medium (2 to 4 m/s), and highl(aboVe 4_m/s);iandjthreeb

wind angle classes were chosen: near-parallel (0O to 300)
to the roadway, near—-forty-five (30? t6-60°) to the roadwayy
and near-perpendicular (60° to 90°}'to'the'rbédway;J*These
categories yield nine distinct wihd 'speed - rwind aﬁglé
combinations.

Obviously, when the wind is nearly perpendicul%r to one
street in a single intersection, it is nearly parallel to
the cross-street, This makes categorization bf wind angle

rather ambiguous. To avoid confusion, the wind/roadway




-113~-

angle was taken to be the wind angle with respect to the leg
of the intersection that is the largest contributor to the
pollutant at the reéeptors. Although the'high wind category
includes all wind speeds above 4 m/s,‘no wind speeds above
6.5 m/s were observed in the data.

Scattergrams of prediéted versus observed co
concentrations for the nine wind speed/wind aﬂgle'dategories
were produced for both the IMM and the TEXIN Model. These
scattergrams are presented in Figures 29-34 and provide for
more detailed analyéis of the models.' No plots were made
for MICRO or the Indirect Source Guidelines due to thei;
poor overall performances.

Figures 29-31:show scattergrams for the various wind

speed/wind angle categories as simulated by the TEXIN Model.

'Figure 29 differentiates between low, meaium, and high wind

speeds for the near—-parallel wind situations, Figure 30
presents the same comparison for the near-forty-five degree
cases and Figure 31 depicts the  near-perpendicular wind
cases., -

In comparing these figqgures, the first point of interest
is that the model's:aCCUracy does not appear to depend upon
wind angle. It predicts as well for near-parallel winds as
it does for near-forty-five or near—perpendicular winds.

For high wind»speeds, at all wind angles, the model
predicts best'with practically all of the points falling
within 2 ppm. For medium wind speeds, though, there is more
scattef with more 'points lying outside the 2 ppm 1line

(although for the near-parallel case only one point is
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outside the 2 ppm line). For low wind speeds, the model
overpredicts a number of points for near-perpendicular winds
only. There are not many points in the other wind angle
classes for comparison.

While the TEXIN Model does overpredict for some points
at low and medium wind speeds, it does not exhibit a general
tendencj to overpredict. Ranher, increased scatter in the
comparisons is observed. The points in the high wind speed
catégories fall within a rather tight band between the 2 ppm
lines, while the gmints for low and medium wind speeds,
although exhibiting more scatter, fall equally above and
below the forty—-five degree line.

Eigures 32-34 present similar scattergrams for the wind
speed/wind angle categories using the IMM simulations. Once

again, there appears to be little dependence on wind angle.

Like the TEXIN Model, the IMM predicts best for high wind

speeds with few points falling outside the 2 ppm range. For

low and medium wind speeds, however, the IMM exhibits both
overprediction and increased scatter. Only two points are
below the forty-five degree line for low wind speed cases,

and the majority of the points are above the 2 ppm line.

'Also'for'medium wind speeds, many points are above the 2 ppm

line, and a majority fall above the forty-five degree line.
'Neither model varies significantly in accuracy with
respect to the tower being modelled.. The model predicts the
Cco concentration levels at both Towers 1 and 2 equally well,
This suggests that both bmodels perform equally well in

estimating CO levels at receptors near the intersection
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(Tower 1) as at reéeptors near midblock (Tower 2). This
finding is particularly useful in determining realistic
receptors for simulation of worst case conditions.

The TEXIN Model includes elevation of the source height

- for extremely low wind speeds (below 1 m/s) as described in

Chapter III., Without this correction, the model tended to

- overpredict by a factor of approximately two at low wind

speeds. The corredtion brought these points more in line
with the observed values; however, there were only a few
cases of wind speeds below 1 m/s and the results are
inconclusive. If this source height correction factor, as
expressed by equation (III-8), is applied to all wind
speeds, little or. no difference in predicted Co
concentrations for wind speeds above 1 m/s is observed.
This is due primarily to the negligible amount by which the
source height is raised. These results also suggest that
the IMM might be improved by a simiiar adjustment for wind
speeds below 1 m/s.

Another interesting'performance comparison between the
two models was their accuracy at the various receptor
heights. Figure »35 presents separate scattergrams of

predicted versus observed values for the 5, 15, and 35 foot

- (l.52, 4.57, and 10.67 m) level receptors for the TEXIN

Model. The TEXIN Mbdel adequately (to the accuracy of the
model) predicts the CO concentrations for the 5 and 15 foot
(1.52 and 4.57 m) level receptors, although there is a

little more scatter for the 5 foot (l1.52 m) level. Por

receptors at the 35 foot (10.67 m) level the TEXIN Model
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vastly underpredicts, In fact, the regression line for
these points has a negative slope indicating that the TEXIN
Model predicts lower values as the observed CO
concentfations incré§se. Figure 36 shows corresponding
scattergrams for théviMM with Similarrresults. |

As previously"noted by Rodden, et al. [36], the
inability to accurétely predict the CO concentrations at
high receptor heights appears to be a function of the
dispersion models used (CALINE-3 and HIWAY-2 in the TEXIN
Model and the IMM, respectively). Attempts to calibate
and/or improve this performance ih the TEXIN Model were not
successful. Two approaches were tried: elevating the
source height and increasing the initial vertical dispersion
parameter. To improve the modelﬁs pérformance for the 35
foot (10.67 m) level receptor, the source must be raised to
such a height that the accuracy for the 5 and 15 foot (1.52
and 4.57 m) levels, as well as the overall accuracy, were
significantly decre‘ased. Since CO concentrations for the
lower heights would normally be Qf more interest for

pedestrians and other common receptors this approach was

abandoned. Attempts to increase the initial vertical

dispersion parameter failed to better the model's

performance for the 35 foot (10.67 m) level receptors.

B. COMPARISON OF MODEL PREDICTIONS TOQ THE CALIFORNIA DATA

The TEXIN Model was the only model used to simulate the

CALTRANS Sacramento data. MICRO and the Indirect Source
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Guidelines were noﬁ used due to their poor performance in
modelling the College Station data, and the Intersection
Midblock Model was not used due to the prohibitive computer
cost of applying if to the large Chlifornia data base of

6164 total points.

Since there were no measurements of vehicle speeds made
at the Florin Road-Freeport Bouleﬁard intersection, an
estimated average Speed had to be used. This speed was
taken to be 30 mph (48.3 kph) for all legs as suggested by
CALTRANS [40]. The default nationai average values of the
MOBILE-2 program for the vehicle mix were used.

From the site description proyided by CALTRANS and the
table of suggestedr roughness heights given by Myrup and
Ranzeiri [8], a surface roughness of 1.0 meter (3.28 ft) was
chosen. A value of 1000 meters (3281 ft) was used as the
mixing layer height.

Since no measure of incoming solar radiation was made,
the stability class:for each sampling period was determined
using the Richardson Number, Ri, as éuggested by Slade [41].
The stabiligy was classified as unstéble (Pasquill type A-B)
for Ri < 0.0} slightly stable (Pasquill type C-D) for 0.0 <
Ri < 0.08 and stable (Pasquill type E-F) for Ri > 0.08,
These were for assumed typical wind speeds. The average
wind Speed was used to differentiate between the individual

Pasquill stability classes in the above categories,
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The observed carbon monoxide coﬁcentration values were
calculated as the measured downwind CO concentration minus
the average upwind CO concentration. Since the Florin';
Freeport intersection Site had carbon mohoxide monitors in

three gquadrants, a Dbackground concentration could be

obtained for winds blowing from any quadrant except for the.

one without a CO monitor (the northeast quadrant) . The

majority of the data did have winds blowing from one of

these three quadrants.

Statistical C .

A scattergram of predicted versus observed CO
concentrations (for the 60-minute avéragevsampling periods)
as simulated by the TEXIN Model is presenﬁed in Figure 37
and the statistical results of the regression analysis are
given in Table 15. The regression 1line is also shown
graphically in Figure 38. |

The . TEXIN Model's performance for the_California data
was similar to that for College Station. Statistically, the
slopes of the regression 1lines were near unity and the
intercepts were near zero for both comparisons. The
regression cbefficients and the average squared erfors were
also approximately equal for the two comparisions. The
average error was negative for the Texas A&M data and
positive for California, however, both were near zero.

Likewise, the percentage of points within one and two ppm
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Table 15, Statistical comparison of the
TEXIN Model predictions for the
CALTRANS Sacramento data [291,

‘Statistic - ' , - TEXIN Model

Slope ' 1.1 % 0.01
Intercept (ppm) : .‘&0.01'i'0;02 

2  0.495

Average Error (ppm) g 0.08
Avg. Sq. Error (pme) : - 1.99

Number of Points: T :
Total ' - 6164
Within 2 ppm 5549 (90%)
Within 1 ppm - : 4851 (79%)

-
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were about the same for both cases. The general appearances
of the two scattergrams were alsovvery simila;. | '

Separating the data into the nine wind speed/wind angle

combinationsraé was done for the TAMU'data;:oné cankglean,
more information from the comparisons., Thesé"plots are

displayed in Figures 39-41. Once again there was no

dependence on wind angle as far as accuracy was concerned,

and the model again predicted best 'at high wir"xduspee_ds-.’

With the large number of points in the Califotniardaté; the

low wind speed scatter is more readily apparent.' Although

there does appear to be overprediction for lower wind

speeds, this effect is actually only increased scatter in

the results. To verify this conclusion, the relationship
between wind speed and predicted CO concentration may be

examined,

From the Gaussian dispersion equations (equations II-5

and II-6) used by CALINE-3, it is apparent that'the major
effect of wind speed is its inverse propoftionality to
.predicted CO conceﬂtration. The only other ¢6mputation
involving wind speed is in the determination.of_fhe initial
vertical dispérsion parametet. If the>TEXIN Modél tended to
overprédict‘fOr lbwef wind speeds, itvshoﬁld be possibie to
calibrate the model since the wind speed is siﬁply related
inversely to the predicted CO concentration. o
This calibration was attempted by determining a virtual
wind speed which gave the best fit for each case. This was

accomplished by minimizing the function?
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(IV-2)

N
£ =7 [uPR - 0B\
1 u*

where: PR = predicted concentration, ppm
OB = observed concentration, ppm

u = actual wind speed, m/s

u* = virtual wind speed, m/s
N

number of receptors

The virtual wind speed was varied incrementally from
one-fifth of the actual wind speed to five times the wind
speed, and the virtual wind_speed that produced the minimum
value for the function, £, was taken as the best-fit for
that case;. Once é-tmst—fit virtual wind speed had been

determined for each ¢ase,_an attempt ‘was made to correlate

the wvirtual wind spéed and the actual wind speed. This

attempt met with no success. No correlation, either 1inear'
or non—lineér, could-be found, signifying that more random
scatter e?igts at ;oﬁer wind speeds and ‘that no net
overprediction by the model is present;'

StétistiCal anéiyses ﬁere conductéd on oﬁly those data
at extremely low wind speeds (less than 1 m/s), and the
slope of the_résultipg regression 1in§ was 1.17. .However(
when these-same cases are modelled without the source heigh£
correction 'factOr described previously, the slope of the
regression 1line wéé 1.89 indicating a tendency to

overpredict,by almost a factor of two .for wind speeds below

. one meter per second. Therefore, the addition of the source

height correction factor to the TEXIN Model extends the
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College Station. Thus; the conventions used in,determining'
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~applicability of the model to very low wind speeds. Again,
it is possible that this correction might also be used to
improve the IMM at very low wind speeds.

Figure 42 presents scattergrams for the California

'_Slmulatlon at various receptor helghts. " The model predicts

equally well for the l, 2, 4 and even,10 metre (3’28, 6.56,

13 12, and 32 81 feet) receptors.i The performance of the

: model for the 10 metre (32 81 foot) helght is much better

" urthan for the 35 i:oot (10, 67 m) College Station receptors

(although there are not enough points at 10 metre (32 81 ft)

. receptors to make the results conclu51ve) There is also not

enough data at the 15 metre (49. 21 ft) level to warrant any .

'g:conclu51ons for that case.‘

TQ, QQMEABISQN OF MODEL RREDICIIQNS IO IHE HOUSTON - DAIA

. Late in the study, the Texas A&M - Houston data was

made available for use. Only the TEXIN Model was used to

simulate the Houston data for the same reasons presented:

previously for the Callfornl_a data. Although 5, : 15, and -

: GQ—minute averages . were - available, ~only the 60-minute

averages were utilizedv Very llttle time was avallable for7

idetalled study of the Houston data, and thus the conclu51ons

o regardlng the Houston site should be regarded as prellmlnary

1n nature.

The data acquisition equipment'and techniques used at -

Input

v'the HOuston7rsite Were' essentially “identical to those at .
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’ the 1nput parameters were s1m11ar to thoSe.gfor"Coilegéyft -

-Statlon.

The 1nput values for w1nd speed, wind dlrectlon and_*tvi?
tenperature were taken as ‘the arlthmetic mean'fofriﬁhefli'
respectlve measurements. The stablllty class was deEérmfnéaf'ﬂ?-'
through Pasqu1ll's analys;s (Flgure 24) ‘A value of 1000;f;r5';
meters (32 81 ft) was used as the mix1ng layer helght, andi"jl:’
the roughness helght was determlned us1ng Myrup 3anér'
Ran21er1 s table of suggested surface . roughness values [8].u:
Since the upw1nd reglon for the Houston 51te (the southeastre
-and southwest quadrants) ‘cons1sted 'of »extremely tall}ff
'bulldlngs as descrlbed in Chapter II, a surface roughness{
height of 4.0 meters (13 12 ft) was chosen.- Although the_f
bulldlngs upwind of the 1ntersect10n were ertremely tall,”
the location ‘of the bu1ldlngs with respect to. the f;
1ntersect10n was such that a narrow street canyon s1tuat10ne
did not ex1st (i.e., a conflguratlon where the bu1ldlngs aref'
suff1c1ently close to both sides of the roadway so that gﬁ
- vortex could form between the bulldlngs) Aotually,rthe

51te was half street canyon and half at-grade,end thus'was3

extremely difficult to categorize exactly.

The approach volumes, turnlng fractlons and average

vehicle speeds were obtained from the trafflc loop counters.

The input varlables ‘Pertaining to the VMT mix and the
operating mix (% cold starts, % hot starts, etc.) were
county-wide values obtained from the Texas State Department
of Highways and Public Transportation [39] and are given in

Tables 16 and 17.
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| Table 16. VMT mig for Harris County'[391.

Year LDGV. LDGTI LDGT2  HDGV  HDDV  MC

<4 1981 0.635 0.185 0.091 0.043 0.039  0.007

' Table 17. DPercentage cold starts/hot starts (1981) for
a Harris County [39]. |

o memerind

Time of Day . PCCN - ‘PCHC PCCC

o = 00-02 22 R '? . 27
L 05 25 71 2
< o6-08 22 w0 24
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Observed- Cnnsentratlgn Cnnyentlnn

The observed carbon monox1de concentration.values were:dh{a
calculated as the measured downw1nd CO concentratlon mlnusfét’*
the average measured upw1nd Co - concentratlon. : As at the*:’
- College Statlon 51te, one tower (Tower l) was’ set up as thei"
- primary upw1nd tower. Tower lf_was' in:ltheh southeast;.A,
quadrant, thus theoretlcally, only - for thosebcases w1th ad?ir
wind out of the southeast quadrant (w1nds blow1ng from anyff.A
angle between the eastern ‘leg of Woodway Boulevard and ther
southern leg of South Post Oak Lane, see Flgure 10) could a -
true background concentration be properly determlned : SlnCe?«'
Tower 1 was relatlvely close to South Post Oak - Lane, only,7'
those cases with a wind from the southeast quadrant were:

used in the analyses. Approxlmately two-thlrds of the data

had w1nds blow1ng from this quadrant.»

statistical

A scattergram of predicted versus: obserued'; CC;';'
, concentratlons (for the 60-minute average- sampllng perlods):‘ﬁ
as sxmulated by the TEXIN Model is presented in Flgure 43»,
and the statistical results of the regressren analysls aree

given in Table 18. The regression line is also shown: in

Figure 44. The results from the Houston data dlffer llttle

from those for the previous two data bases considered. This

is readily apparent in the similarity of Figures 27, 37, and

43 as well as in‘the separate statistical anaiyses. ‘The

slopes, intercepts and regression coefficients are similar

e e

—
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Tablé'lS; istatistical compdtiéoh of'theimEXINf}
' fModel-predictions for the Texas A&M -

~ :Houston data [28].

Statistic o . TEXIN Model

Slope . . 0,894 0.05

interdept (ppm) - ' 1.0 "i;OQZ

2 | | o V_V-'0.410/*;:

AVefagé Ertcr‘(ppm)" - '~Oﬁ73:l:

Avg, Sq. Error (ppmz) . ':; ' 4.43

Number of éoints:‘ o ' - _: -
Total - , 295
Within 2 ppm - » 220 (75%)
Within 1 ppm - 139 (47%)

/A
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for»all three anaIYSes.v The average error and the average.fu
squared error, however, are hlgher for the Houston results,';;v'
The data were separated 1nto the ‘hine. w1nd speed/w1ndl5si
angle comblnatlons .as descrlbed prev1ously, and the plotsfif;
are presented in- Flgures 45 48 Once agaln there was ndf’tf’
dependence on w1nd angle as far as accuracy was’ concerned,}g--
and the model Stlll predlcted best at hlgh wind speeos. Theéfctf
wind speed. class1f1cat10ns were low (0 to 2 m/s), medlum (ZQifgl
to 4 m/s) and. hlgh (above 4 m/s) tor the College Statlon andf;}’

California data..1’ However, ‘for -the Houston,,s1te vthefv“v

e

' o

following w1nd speed cla551f1cat10ns were used- low (0. to 1 - S

m/s), medium (1 to 2 m/s) and hlgh (2 to 3 m/s) | Despltetlk
this disparity between the wind speed class1flcat10ns, the-:'
scattergrams. for_f the g varlous w1nd speed/w1nd _ anglei
categories for the Houston data are 81m11ar to those for the |
College Station and Callfornla data. For all three data'~c
bases, practlcally all of the points fall w1th1n the 2 ppm.ei
lines for the high wind speed cases, with fewer falllngl:

w1th1n the 2 ppm lines as the wind speed decreases to theff R

medium and low class1f1cat10ns.

This phenomena is possibly the result of the vastly
greater surface roughness at the Houston _site, 'l-The
extremely'talljbuildings at the Houston site most likely
slowed the wind speed more than the relatively“oPen College
Station and California sites, while' at the' same - time
increasing the bulk flow of large masses of air at the
Houston site. -This -increased vertical movement of air

probably enhanced the dispersion to some degree,‘ Clearly,
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‘Scattergrams for near-parallel wind cases
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con51derable further study of the Houston data and 81te

geometry would be requlred before any more deflnltlveff F

conclus1on can be made regardlng th1s phenomenon._, f,A

Flgure 48 presents_.scattergrams er; thgn,gbuéééﬁe; ;
51mulat10n at varlous receptor helghts.-ffhe modei,gpﬁééfg:f;'
to predict equally well for the 5,,20,'and even 35 foot_f'
(1.52, 6.10 and 10.67 m) reeeptors‘~ The good performance atjjgi

'fhe 35 fOOﬁ'f(IO 57 m) level is contrary to the results;’"s'

obtained from the College Statlon data where ~the model- S

performed poorly for the 35 foot receptors.l7'

Once again, the TEXIN Model's ‘accuracy does not depend.ff
on the locationl of the- tower belng modelled- - From '
examination of Figures'45—48, it is ev1dent that the TEXIN_i
Model predicts CO concentratlon leVels equally well tor: :
Towers 2, 3 and 4; and yet, the locatlon of the three towers 3

differ vastly w1th respect to the 1ntersectlon as shown 1n'

Figure 10,

D. mssussmnrmm

Due to the nature of current environmental legislation,

the use of pollution models is often directed. toward ﬁWOrStA

case,’ analyses. Consequently, it is important to define not

only what conditions constitute the "worst case," but also
to clearly specify the proper receptor(s) and time periods

‘involved.

oo e

I

,(_;’_




s ! S S i - - N RS I S L L { |

TE, : (@) .50 11 (15 m) devel - o ©(b) 20.0°:11 (6.1 m) u;m C e  {c) 35.0 11 (10.7m) leve!

a. . o S ‘ ' o R ' , .

g 15'#-}”1&'1‘!'l'!‘i.""i(l‘]!|'i"vl'-"-_;‘ 15 _o|‘.1|a.|.||.T_i|'-.‘ulllil[k]vf)l,:r"ﬂ||_ 15‘I_l».lII.llt'.i,ll|litiillki./n.al.:“
o. - ' ' ot ‘ . & B M S -
& - - y T
oy ¥ ¥ a /"
z | g .
m‘ a - >
¢ F - 1 F 3
o 1w < Al RS O o
© . - - o -
w - R |

s [ - -:

X . . I

s F . -

z - 3

4 = -

X 5 e - 5

s . :

o I ]

@ J -

[

P - -

o i i

oy . | - -
“‘_" 0 ‘L’ﬁf\lilnhl‘JJlllllllllll!lIf . . - "_o

g2 e s L A R 10 s
W ) ) . : . .

i

a

. OBSERVED CARBON MONOXIDE CONCENTRATION (ppm)

Figure 48. 'SCattergrams for receptors at the various levels from the TEXIN Model

using the Tekés AgM Houston data (X-Tower 2, O-Tower 3, A-Tower 4) [28].

-6V T~




~150~

"W’.‘erﬁt Case’ u. CQI]. dj i:j ons

For one- hour perlods the worst hourly carbon monoxidevfii
concentratlons ‘w111 normally c01n01de w1th the perlod Qf;i
peak trafflc Volume., Traffic congestlon, and thus delay,f‘;'
are dgreater under . these condltlons cau81ng more pollutants:
to be emltted., Background concentratlons w1ll most llkelyr":a'“
be higher. durlng these perlods ?aS"well. vf‘As‘ farpeasif?
meteorologlcal condltlons are concerned, the TEXIN Model”;}"
'would be expected to predlct hlgher concentratlons as thewf
wind speed decreases. ThlS effect 1s due to the CALINE—B _d_y
dlsper31on .model~ ‘and' would usually be' observed'
experimentally, A - value of ~one metre per second for the-

wind speed shoula probably be used for- worst case analys1s.

with moderately stable condltlons (Pasqulll type E), Agaan

this lower 1limit is set by the CALINE-3 - model and could

perhaps be lowered by use of another dlspers1on model. A

low ambient temperature should .also be used as thls
increases CO emission rates, espec1ally for cold startlng

. vehicles,

"Horst Case"™ Receptors

For a given intersection situation, one must exercise
considerable judgement in locating realistic “worst caseP
receptors. The TEXIN Model and the IMM were found to
predict equally well for various receptor locations,
However, receptors near the intersection (rather _than at
midblock) will uscally experience higher CO concentrations

due to their prOximity to the location of excess emissions.

—

L
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' One should thus be aware of these differences in choosing a

'receptor for worst case analy81s.

A receptor height of about five feet (1.52 m) is
recommended for worst case analysis since this is the normal

pedestrian breathing height. A very high value for the

_ receptor height should not be used since mixed results have

been obtained for these cases.

Additionally, in a worst :case analysis of an

t intersection, one 'should realize that the hlghest carbon'
.monoxlde concentratlons will usually occur when the receptor -
is downwind of the entlre 1ntersectlon,irather than downwind
Vof just”one leg of the intersection. _Exceptions to this
~£ﬁ1e wili only ocour when the,emiseions along one leg are
'éubstantialiy greater than thosefuin_ the rest of 'the'

“intersection.

“To analyze " the  worst- case carbon monoxide

'-concentratlons for ‘an elght~hour perlod one shoulo treat the

elght ~hour . pro;ectlon as the average -of elght one-hourly

,analySesv_[Bj.r The pr1n01ples presented above would be

applied' to the elght one—hour~ perlods comprlslng the

nelght—hour perlod 1nclud1ng maximum 1ocal co em1551ons. The_

worst elght-hour CO concentratlons can often be domlnated by

'h;gh background‘ contrlbutlons,;, rather than local
~contfibut10ns- For these cases,.pfocedures such as those

 developed by Holzworth [42] should be used.
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of 1nterest 1n both the one- hour and elght hour perlodrjv“
analyses is the. averaglng tlme, deflned as the tlme spanfl?
over which observatlons are made. The number of turbulentdl

_fluctuatlons occurrlng at a p01nt 1n a turbulent medlum 1sdb'”

related to the averaglng time, Thus, for shorter averaglngjrf

tlmes a less varlable famlly of turbulent fluctuatlons can

be expected. The averaglng tlme is a requ1red 1nput forf'

CALINE—B, however, the model has only been verlfled for 30;jrj

rand 60 minute averaglng tlmes.

The Texas A&M ~ College Statlon data base COHSlStS of 15
minute averaging tlmes, and the Callfornla and Houston data«
bases of. 60 mlnute averaging tlmes as descrlbed 1n Chapter"
II, Although a more varlable family 'of turbulent'

fluctuations (due »to temporal ,variations of  traffic,

emissions, wind speed and wind direction) could be expected

for the hourlyvaveraging times of the Califdrnia and Houstonv

data bases, the TEXIN Model performed equally well for these_‘v

hourly averaglng times as for the College Statlon 15 mlnute

averages. A more detailed examlnatlon of the time

dependency of the recorded data at the College Statlon site

is presented below.

The raw' data collected by Texas A&M at the Texas -

Avenue-Jersey Street _intersection in College Statron

consisted of instantaneous .data values which were compressed

into 15 minute averages as described previously. However, -

the raw data provide insights that cannot be gleaned fron
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the averages. To pursue these points, time periods of 135

minutes on several different days were chosen for

- examination. For these time periods, the carbon monoxide

.concentration, wind speed, wind angle, traffic, red delay,

and signaliZation were plotted as functions of time,

To keep the traffic flow analysis tractable and the

results meaningful; cases werer chosen which had a wind

dlrectlon such that the co concentratlon at the sampllng

tower came prlmarlly from -one leg of the 1ntersect10n. 'Thls

-aleg was always the sectlon of Texas Avenue nearest to Towers
1 and 2 Thus, the trafflc flow examlned was the trafflc"
travers1ng Texas Avenue upw1nd of the receptor. The red

27delay recorded 1s the red delay 1ncurred by thls trafflc and-

the 51gnallzat10n Fis. that experlenced by - th1s trafflc.

-{vHFlgures 49 and 50 are typlcal graphs of these 1nstantaneous

?‘;data values.

The trafflc flow and w1nd dlrectlon data are shown in

| iisFlgure '»49, .vwhlle w1nd | speed h and carbon < monox1de
"f;concentratlon are 'glven in Flgure 50 5x Concerning .ther
'V';traftlc flow, the dashes are the perlods of time- when the'
.:-Vtrartlc was fa01ng ‘a red llght and the gaps 1nd1cate a green
“‘llght. The numbers follow1nq the dashes are the total
A'*'damount of red delay experlenced by. the trafflc durlng that
lliredr_lrght;_pexlod-1 The _slqnal;zatlon »andv»red delay are-.
Ah-repeatedvonothe.CO concentration_plot'for reference. Thev

carbon . monoxide concentration is for the receptor at a

" height of five feet (1.52 m) .on Tower 1.
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A of 1nterest is the carbon monox1de ievel between the;f’
tlme period 90-120 mlnutes after the start of the graph,ffd'"
During this time perlod,,the volume of trafflc traver51ngld‘
the section of roadway upwind of the receptor' 1ncreasesﬂf1:;'i
markedly. One would exPect the CO level to do 11kew1se,tﬁ

however, this is not the case. In. fact, the co ~leve1;!'f

A

actually decreases.- This decrease was due to. a change 1nt*

51gnallzatlon durlng thlS period caus1ng a decrease 1n theffr

red delay levels.}7

Another aspect of interest 1n the graph of the Codj

concentratlons is that for a glven perlod of time . (e g.,,

flfteen mlnute perlod) the average concentratlon may bea

exceeded by a factor -0of up to five or SlX by excursxons
lasting as long as a mlnute. In addltlon, excursxons are

seen to- be quite frequent.

These observations © suggest several 1mportant,

conclusions. Flrst of all, delay at an 1ntersect10n appears
to be a prlmary parameter ‘in the estimation of . 1ntersect10n

emissions,. With 1ncreased delay, the 1dllng ﬂemlssrons

become more pronounced and undoubtedly'contribute'to'thisA

effect., Secondly, the variability of the data indicates
that at a given time, the concentrations of carbon monox1de
may be several tlmes.the average value, ThLS‘occurs more
often for low wind speedsland wind angles. Consequently,

off-site meteorological or background . ccncentration

measurements are of dubious value. Also, for a givea case,

the method of data - averaging could be significant. For
example, a one sample “spot check" of an intersection could

be several times above or below a realistic average value.,
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CHAPTER V

CONCLUSIONS AND RECOMMENDATIONS

Comparisons  of existing experimental' - data and
corresponding intersection pollution:mouel simulations have
shown - that the capabilities of these technlques are
extremely l1m1ted even for a simple 51gnallzed 1ntersect10n.
The Intersectlon MldblOCk Model (IMM), as - modlfled by
P1ra001, et al., was found to be the most reliable ex1st1ng

‘model. . However, even for the IMM,’srmulatlons;of the Texas

" AsM - data Were approximate at best, with regression

coefficients (rz)von the order of 0.4; - Given the number and

comolexity of the 1nputs to - the IMM, these approximate

results suggested that a shorter, ;f not more accurate,

model could be found.

A new model for the prediction’ of' carbon monoxide

'fpollutlon concentratlons near 1ntersect10ns was developed.

De51gnated the TEXIN (Texas Intersectlon) Model, this new;'

model 1ncorporates the MOBILE-2 and CALINE 3 programs with a -

»Set of establlshed short cut® trafflc and excess em1551onsl
’ technlques. The result is an eff1c1ent program capable of
' estlmatlng carbon monox1de levels near 1ntersectlons (both

fS1gnallzed and uns1gna11zea) given- mlnlmal geometrical,

Ameteorolog1cal and trafflc parameters.
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A data. base was a531m11ated from data collected byﬁ;
'zTexas A&M at a College Statlon, Texas, 31te and was uaed to*l:p
'test the performance of the TEXIN Model, the Intersectlon:-1J

| Mldblock Model,,the program MICRO and the Indlrect Sourceafr

VGuldellnes f Volume 9 (Rev1sed) procedure.: The TEXIN Model':_’-ﬂ']E

performed best in these' comparlsons w1th f%- regre851onhtg:d

bcoefflclent (r ) of 0. 47. Moreover, the new model used lessl~;'u

than one tenth thev computer | tlme requ1red byf;;the‘f“:

'-Intersectlon Mldblock Model ; The TEXIN Model 1s much

'Slmpler to use than the IMM and requ1res con51derably fewerf

inputs.

An ‘extensive data base ‘was also obtalned from the

Callfornla Department of Transportatlon.fj The TEXIN Model

was used to 81mulate the Callfornla data ‘and produced

results 81m11ar to those for College Statlon., ‘An addltlonal'
data base was ass1m11ated from data collected by Texas A&Mf
at a sem1 street canyon" 81te in Houston, Texas. The TEXINT =
Model was used to’ s1mulate the ébta and produced results 1
similar to those obtalned from both the College Statlon and
California data, More study of theAHOUSton'case is needed, -
however, and these results should beA‘considered as

preliminary in nature since the model has not been designed -

or verified for street canyon applications.

For the three data bases, the models were found to

perform equally well for all wind angles. The models




predicted best for high wind speeds with increased scatter
at lower wind speeds. | |

The pollutant dispersion model incorporated into the
TEXIN Model, CALINE -3, produced mlxed results for receptors

1ocated near the roadway for heights above approximately 30

feet. At these receptors, the model performed poorly for

the College"Station data but performed rwell for the

'California ~ and - Houston data. ' The use of a more

sophisticated dispersion model, such as a link version of

'TRAPS-III (TXLINE), -might correct th1s problem. The TEXIN
_ Model performed equally well for receptors located near the

- intersection as forlreceptors near midblock. Consequently, ,

the location of proper receptors for environmental impacts
is not limited by the predictive model.

1The: instantaneous ‘measurements of CO, . traffic and

-,meteorology for ‘several days of the Texas A&M data were
examlned 1n detall.. The eftect of delay on. the carbon
‘hmonox1de concentratlons ‘was seéen to be’ pmonounced. As"a
‘result, mlnlmlzatlon of delay should have a major 1mpact on
}mlnlmlzlng the overall ‘pollution at’ 1ntersect10ns. , The

carbon' monox1de concentratlons were seen to fluctuate

greatly w1th excurs1ons as much as- flve to six t1mes the:'

average concentratlon for ‘a-given t1me perlod
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Future research to extend this work include:rn

(1) Further attempts to- determlne and ellmlnate thet

cause of scatter in the results for low wind speeds should '

be pursued

7 (2) By the use of nomographs along With"‘the-
capabllltles of the MOBILE-2 program, the TEXIN Model could“-
ea311y be extended to handle hydrocarbons and nltrogen T

oxides. However, there are no data currently avallable for

comparative purposes. Future experlmental work could yield

a data base. This added capability would, of course,'

increase the core space and eXecution time required by the

model
(3) The accuracy of the TEXIN Model mlght be improved
by the use of a dispersion model superior to CALINE-3. A

new model -<currently being developed by the principal

‘investigators, TRAPS 1III (TXLINE), bhas shown vsubstantial_ _

improvement over CALINE-3 for straight roadways. If TRAPS
IIT1 is modified to include link capabilities, much better
fesults'may be possible. The accuracy of the model at high
receptors would most likely be improved by the TRAPS 1III
Model and the limitation of a 1 m/s lowest windspeed would

also be removed.
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(4) Improved techniques for modeiling vehicle delay and
modalf emissions are equally important in improving
interSectioﬁ pollution models, and. future work towards
developing such techniques should be pursued,

(5) Further etudy and aﬁalysis Of.the data obtained by
the Texas AsM and California groups are in order. The time
varlatlon of " the important variables suggest that
probabilistic approaches to the establishment of standards
should be censidered.r The variability of the data indicate
that ﬁheruse of simple monitoring networks of pollution and
meteorOlogy'for intersection analyses are not appropriate.

| (6) The extension of this work to include street canyon
situations would be extremely valuable to urban traffic
englneerSjand planners. Detailed study of the Houston data

would be a starting place for such an analysis and

vtheOretical analyses such as those of the IMM may prove to

be valuable, However, no extensive experimental data
curréntly - exist ffor 'street canyon  situations and
con51derable experlmental work will need to be done before

any theoretical analyses can be verified.
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APPENDIX A

USER'S GUIDE FOR THE -TEXIN MODEL -

The TEXIN Model is a tool 1ntended to. prov1de 1mproved:lft;l
' eperspectlve 1n the evaluatlon of pollutlon 1mpacts tromfef*
;1ntersect10ns con51der1ng temporal and spatlal varlatlons offlfff
',trafflc, em1851ons, meteorology[ the nature of receptors;}f_,j
and thelr relatlon to local 1ntersectlon air quallty.; Thlsv f_
User’ s Guide brlefly descrlbes the TEXIN Model and 1ts use;'
The 1nput proceduresvare outllnedlln.detall, the-poss1bleﬁ

outputs are dlscussed, and several 1llustrat1ve examples are. ;7 

presented.

The TEXIN Model is. a FORTRAN computer program which
~estimates carbon monoxide emissions and concentrations at

G it St i . (e (s e BT e e Vs A S S

The Texas Intersection (TEXIN) Model was developed by
the Chemical Engineering Department: - and the Texas
Transportation Institute at Texas A&M University., The work

was sponsored by the U.S. Department . of T;ansportation
Federal Highway Administration through the Texas State -

Department of Highways and Public Transportation. A
complete discussion of the development and validation of the
TEXIN Model is - presented in the Texas Transportation
Institute final research report FHWA/TX-81/541, “Estimates
of Air Pollution Near Simple Signalized Intersections" [Al].
Questions or comments regarding the model should be directed
to Professor A.D. Messina or Professor J.A. Bullin, Chemical
Engineering Department, Texas Transportation Institute,

Texas A&M University, College Station, Texas, 77843, Phone.

{713) 845-3361 or to Mr. Roderick Moe, Texas State
Department of Highways and Public Transportation, File D-8P,
1lth & Brazos, Austin, Texas, 78701, Phonev(512)~465—6170.
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roadway intersections. The programAperforms three distinct
tasks: (1) estimation of traffic parameters (stopped delay,

time in queue, etc;);(Z) estimation of vehicle emissions and

 their distribution; and (3) modelling of pollutant

diSpe:sion downwind.of the interséction. The general flow
éiagram~fdr the“TEXiN Model is presented in Figure Al. The 
model ﬁequirés a minimal set of four types ofvgeométrical,
meteoroldgicéi; and traffic-related inputs} as shown in the
figure. | |

The TEXIﬁ _Mqéél is flexible ;énough to handle most
-intersection configurations which would realistically bé-‘
encountered by highWay engineers.‘ The program can model the -
basic case of a- simple intersection‘ (signalized or
;unsigndlized) Awith;'four ‘straight ;egs; as well as more
‘qomplex situations»ﬁheré the legs of_the intersection may be
¢ufvéd; VThis is ac¢0mplished,by appquimating the_curves és.
a As,e‘_rie'-s' of connected straight ‘links,  In addition to
ﬁoéelling'.théf majét”vintersection,t the program has the
flexibilityr_ to- l‘concurrently model several minot
intersections (ccntrolled by stop Qr yield signsf arising:
frOm'nearby sidé streets., The TEXIN Model is not applicable-
tb Street canyon cohfigurations, however., |

The first,funétion petformed'by the program is- that of.
tréffic flow analyéis. initially; ﬁhe traffic flbw on the

major intersection is evaluated, and afterwards any minor
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.intersections*are handled. The Level of Serv1ce,iand thus};l~~?
‘the stopped delay per vehicle, of the major 1ntersectlon 1sfe,3
tlrst determlned . For a s1gna11zed 1ntersect10n,vthls Jéilll
accompllshed through the use of Crltlcal Movement Analy51s,5

as presented ‘in 'NCHRP Project 3- 28, "Development of an';l

Improved nghway~Capa01ty Manual"“[AZ]e For an un51gnallzedhﬁi-

intersection, a correspondlng methodology presented in the;.'

~ same report is utlllzed. Several other trafflc parameters'.'

of 'interest, 1nclud1ng approach delay, tlme in - queue,

percent of vehlcles stopping, and queue length are next

calculated: using the results from a study by Rellly, et al.

[A3]. For mlnor s1de-street : 1ntersect10ns,"'thel
methodologles for un51gnallzed 1ntersect10ns are utlllzed)

with certain simplifying assumptions made to keep the
| : ' S v

analyses tractable,
The second functlon performed by the. - program’ 1s the

estimation of vehlcle emissions, Theyem1551ons are modelled

as the sum of two components: (1) the oruisevemissions from -
free flowing traffic (assumed to be uniformly disttibuted_

along the entire length of the roadway); and (2) the excess

emissions from vehicles incurring delay (aseumed té be
emitted only over. the queue length) The MOBILE-2 [A4]
'program is incorporated into the TEXIN Model to estlmate the
cruise emissions of free flowing vehicles as well as the

idle emission rate. The methodology for estimating excess
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emissions utilizes' the traffic parameters , calculatedﬂ'u

previously’ ana nomographs relatlng excess em1ss10ns to speed:\';

changes, as suggested by Ismart [AS].

Once  the estlmatlon of vehicle_f emisSibns'?.énépif
distributionpis accomplished, the final task of modelllng” ,'
the pollutant dispefsion is performed. B They Gauss1aneist
dispersion model, CALINE-3 [A6], is 1ncorpotated in thetp‘°
TEXIN program to calculate the alsper51on of pollutants~s5
downwind of the 1ntersect10n. Several minor modlflcatlons;

were made to the CALINE-3 program, mainly to'vtheﬁ

input/output routines, so that it could handle the
constructed psuedolinks. Additionally,' a modification

raising the em1351on source height at very low wind speeds

extended the appllcablllty of the CALINE 3 to wind speeds

below one metre per second [Al].

To conserve computer compilation and execution time, an

‘effort was made to delete sizeable portions of the extremely

large MOBILE-2 program which were not needed by the TEXIN

Model. These deletions included the nitrogen oxides and
hydrocarbon emission factors, optibnal correction facters
for inspection/maintenance programs, air conditioning and
extra-load towing, and most of the input/output processing.
These modifications resulted in an approximate two-thirds
decrease in storage space as well as aAsimilar decrease in

the compilation and execution time required to process the




L

—

"

-171-

MOBILE-2 program. The deletions in the MOBILE-2 program,
and a general effort throughout the developﬁent of the TEXIN
Model to minimize the amount of computer time required, have

produced an efficient computer program. The TEXIN Model

 requires less than a tenth of the execution time required by

the well known Intersection Midblock Model [A7], and yet
achieves an accuracy surpassing the same [Al]. A further

decrease in the execution time required can. be achieved by

performing numerous simulations in a single computer run,

When more than ten simulations are performed, the execution

time per simulation is approximately one-fourth of the

“execution time for a single simulation run.

The TEXIN program requires five types of input cards.

They are (in order)?

(1) Heading and Flags card (one carad)
(2) Link Description cards (one card per
- link)

(3) Receptor Location cards (one card per

: receptor) ' A

(4) Meteorological Conditions card (one
card) ’

(5) Vehicle Scenario card (one card).

" ‘The input sequence of the data is pfesented in Table Al and
'described below. As shown in the table, all the input data

are formatted according to standard FORTRAN conventions (it

is especially important to note that all integer values are

right-justified). These conventions are shown in Figure A2,
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Table Al. Input data for the TEXIN Model.

Format

Heading and Flags Card,
10A4
313

413
F4.0

Link Descrlptlon Cards,

Variables
(1 card):

HEAD

VMFLAG, PRTFLG INTFLG,

NR, NNDL NDL, NP
Cy

(4+NNDL+NDL - cards):'

I3 LA

4F6.0 XLl,YLl,XL2,YL2

A2 TYP

2F4,0 WL, HL

F6.0 VPHI

F4.0 VSP - '

313 NLN,NLTL, NRTL

2F5.0,13 FLT,FRT, LTFLG
Receptor Location Cards, (NR cards):

3F6.0 XR,YR,ZR
Meteorological Conditions Card, (1 card):

F4.0 U

F4.0 BRG

F4,0 TAMB

Il CLAS

F5.0 MIXH

F5.0 AMB

F5.0 z0

F5.0 ATIM
Vehicle Scenario Card, (1 card):

11,12 IREJN, ICY

3F5 0 PCCN, PCHC, PCCC

8F5.0 VMTMIX

o

U S

n/s

8

ppm

‘cm

min

oP
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Figure A2. Input Data Conventions for the TEXIN Model.
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Numerous runs may be simulated by repeatlng the sequence of tp*

1nput cards.

Hﬁﬁﬁiﬁg and Flags Card. The first 1nput card 1slthea:?'
Heading and Flags card (See Table Al) The flrst,40 spaces€t:
are for the job tltle and may contain any comblnatlon of_:
alphanumeric characters. The next 21 spaces are for the;rp'
seven 3- dlglt 1nteger variables: VMFLAG, PRTFLG, INTFLG, NR,V

NNDL, NDL, NP. The purposes of - “these varlables are asf-

follows:

VMFLAG - option flag for the VMT mix:
0 - MOBILE-2 supplied VMT mlk,
1 - user-supplied VMT mix;

PRTFLG —-output option flag (see the
-discussion of output for fur-
ther clarification):

0 - abbreviated output,
"1 - basic output,
2 - extended output;

INTFLG - option flag for the type of

“intersection:
0 - uns1gnallzed 1ntersec—
tion,

1l - signalized 1ntersect10n,

NR -Vthe nhumber of receptors (maximum
-of twenty); _

NNDL

.the number of additional 1links
(other than the four intersection
‘links) on which the traffic incurs
no delay (i.e., extensions of an
intersection link to account for
‘a curve in the road);

NDIL, ~ the number of addltlonal'links on
© which the traffic incurs delay

f
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(i.e., side streets controlled by
stop or yield signs);

NP - the number of phases (zero for an
unsignalized intersection).

The final variable on the card is the signal cycle length,

CY, in seconds.

' Link Description Cards. The second type of input card

is the Link Description card. Unlike the Heading and Flags
card (for which there is only one card per run), the number
of Link Descriptién' cards depends- upon the intersection

configuration, CALINE-3 treats the entire roadway as a

,link, rather than each lane as an individual 1link, with

‘uniform emissions within a mixing zone centered along the

physical centerline ofAthe link (roadway); thus, the TEXIN

program does the ‘same. To model various intersection
:Configurations, the TEXIN program recognizes three different
£ypes of links: (1) intersection links representing the four

'légs of the major intersection (there must always be four of

these cards, although for a "“o* Vintersection one would

cohtain zero values); (2) links on which the traffic incurs

no delay, such as connecting 1links approximating curves in

'the'roadway significantly distant from the intersection to

be free of delay (there must be NNDL number of these); and

(3) links on which the traffic incurs delay, such as side

' :streets controlled by stop or yield signs (there must be NDL

number of these). . Table Al gives the input data sequence




-176-

(and format) for the Link Descriptionvcards,asidescribed
below. Not all of these data are necessary for each type=o£f' o

link, and any unnecessary parameters may be emittedffromvthé:"

Link Description card. (see example two).

In determining geometrical inputs to thevTEXIN p:ogram,ﬂ~':

a localized x-y ‘coordinate system is assumed for the

intersection locale with the origin of the coordinate system
lying at the approximate physical center of the
vintersection. The positive y—ax1s is then taken as’ belng

aligned with due north (this is an arbltrary as51gnment, but'

must be adhered to for all geometrlc inputs).

The first four Link Description cards are for the”fdur‘

intersection links with the first card for the north leg,

the second for the east leg, the third for the south leg,_

and the fourth for the west. This Seguence muat be f.QllQ.wad
for proper traffic evaluation. The Link Description cards
contain the following data:

LA - the link association number
(for the four intersection
links, this is simply the link
number where l=North, 2=East,
3=South, 4=West; for NNDL and
NDL links, this is the inter-
section link with which the
link is associated);

XL1,YLl - the endpoints of the intersec-
tion-end of the link (these
should be at the approximate
center of the intersection);
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XL2,YL2

TYP

WL

HL

. VPHI

VSP

NLN

NLTL

. NRTL

FLT
FRT

LTFLG
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the endpoints of the upstream-
end of the 1link;

type of link:-
AG - at grade,
FL - fill'
DP - depressed,
BR - bridge; -

the actual width of the roadway
(do not include the width of the
shoulders); ‘

the source emission height (zero
for at-grade);

the number of vehicles
approaching the intersection

on the link;

the average speed of non-delayed
vehicles on the link;.

the number of approach lanes on

the link;

the number of exclusive left~
turn lanes on the link;

the number of exclusive right-
turn lanes on the link;

the fraction of vehicles turning
left on the link;

the fraction of vehicles turning

right on the link;

flag indicating left turn signal-

ization for the link:
0 - no left turn phase,
1l - left turn phase.

For unsignalized intersections, the major roadway (that is,
the roadway with fthe right—of—way) must align with the

north-south direction (links 1 and 3), and the flag, LTFLG,
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indicates whether the minor street is controlled by a Sfébigg
or yield sign (0 - yield sign, 1 - stop sign). The program -

is not capable of modelling an uncontrolled or'four—way,stbp{’"A

sign controlled intersection.

The program is capable of modelling a‘“fﬁ'intefseCtibﬁvv’
(three legs); however, four interSection Link Descripti§n 
cards must be inputted to preserve the input sequence, A _f
’T* intersection is'handled by simply setting the inéomingf
traffic volume on»'t:'h:ev."missing'rI legjto Zero. Additionally,;"

the fraction of vehicles turning on the other three légS 

must be such that no traffic leaves the intersectionjbn’the

'missing” leg.

If there are any links on which the traffic does not -

incur delay, Link Description cards for theSéfare-supplie&‘

next. The data on these cards begin- with the 1link

association number, LA, and ends with the source emission .

height, HL. The link association number simply indicétesr

which of the four intersectidn links the particular-link is
associated with (i.— north, 2 - east, 3 - south, 4 - west),
and the other variables are as described previously. There
should be NNDL number of these cards and no particular

sequencing of the cards is necessary (see Example Two).

Next, Link Description cards for any minor streets on

which the traffic’incurs delay are inputted. ‘The cards must

contain all the data from LA to LTFLG. The link association
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number, LA, indicates which of the intersection links the
particular link intersects; the endpoints, XL1 and YL1, are
the endpoints of the intersection-end of the minor link; the
flag, LTFLG, is once again indicative of the type of control

on the minor link (0 - yield, 1 - stop); and, the rest of

the variables are as defined previously (see Example Three).

Minor streets can only be modelled if they intersect one of
the foﬁr intersection links; howéver, if they do not
intersect one of these links, they are presumably ét such a
great distance from the interseétion that they will

contribute little to the air quality in the vicinity of the

~intersection.

Receptor Location Cards. b?hg third type of input card
is the Receptor Location card (See Téble Al). One card is
needed fpr each receptor, and thus, there must be NR number
of these cards in any ‘order. The.Receptor Location card
contains the coordinates, XR and YR (with respect to the
1ocalized X-y coordinate system), as well as the height, ZR,

of the receptor.

Meteorological Condition Card. The next type of input

- card is the Meteorological Conditions card. Only one card

is necessary per run, and Table Al gives the input data

~sequence and format. This card contains the following data:
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U - the wind speed;

BRG - the wind angle with respect to the
positive y-axis (e.g., a wind from
due east would be entereo as 90
degrees); :

TAMB - the amblent temperature,

CLAS - the Pasquill stability class (A=l

to F=6);

MIXH -~ the mixing height;

AMB - the ambient background concentra-
tion;

Zz0 ?.the sUrfece roughness;

ATIM - the averaging time.

Pasquill's analysis [AB] of atmospheric stability (Figure :

A3) and Myrup and Ranzieri's table [A6] of suggested surface

roughness values (Table A2) are recommended for use inA

determining the stability class and surface roughness,
respectively, A value of 100 metres is recommended for the

'mixing height.

Vehicle Scenario Card. The final type of input cara

required is the Vehicle’SCenario card (See Table Al). Only
one card is needed per run and contains the follow1ng data:

IREJN = the region being modelled-

. 1 - low altitude, non-California
2 - low altitude, California
'3 - high altltude, non-California;

icy . - the last two digits of the calendar
: year being modelled;

S

r
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Figure A3. Pasquill stability, A-G, as related to
wind speed and inceming solar radiation.
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IXPE OF SURFACE
Smooth mud flats
Tarhac (pavement)
Drytlake bed
Smooth desert'
Grass (5-6 cm)

(4 cm)
Alfalfa (15.2 cm)
Grass (60-70 cm)
Wheat (60 cm)
Corn (220 cm)
Citfus orchard
Fir forest

City land—use:

Single-family residential

Apartment residential

Office

Central-business district

Park

Table A2. Surface Roughnéss for Various Land Uses [A6].

0.001
0.002
1 0.003
0.03
0.75
0.14
2.72
11.4
22
74
198
283

108
370
175
321
127
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PCCN - the perceht non-catalyét
B equipped vehlcles in cold start
mode;
-PCHC . - the percent catalyst equipped

vehicles in hot start mode;

PCCC - the percent catalyét equipped
' vehicles in the cold start mode;

VMTMIX the VMT mix for the eight indi-

vidual vehicle types (LDGV,
LDGT1, LDGT2, HDGV, LDbDV, LDDT,
HDDV, and MC).
The VMT mix is only needed if a value of one (1) is inputted

for VMELAG on the Headings and Flags card; otherwise, the

VMT mix is omltted and the MOBILE 2 supplied VMT mix will be

' utlllzed.

Discussion of Qutput

The output froﬁ the TEXIN Model is variable, depending
on the Valué inputted on the Heéding and Flags Card for the
integer. variable, PRTFLG. Three different output formats
are available, and are: the abbreviated output, the basic

output, and the extended output (corresponding to PRTFLG

“values of 0, 1, andlz, respectively) .

The abbreviated output consists of a summary of the
input meteorological conditions and a 1listing of the

pollutant concentration at each receptor. In addition, the

basic output also contains a section summarizing the

'intersection traffic flow analysis (including the volume to
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capacity ratio, stopped delay per vehicle, etc.) and a link

description section (for both the physical links and the

constructed psuado;inks). The extended output ihcludéS'the

MOBILE-2 emission factors and the . contribution from each,

link to the pollutant concentration at each receptor.

Three examples have been prepared and are presented in

order to facilitate the wuser's’ understanding of the,

capabilities and use of the TEXIN model.

an intersection with four right angle corners. All four
legs extend 1000 metres from thé intersection and are
geometrically identical (e.g., two approach ianes, one.
exclusive left turn lane, no right turn lanes, 15 metfeé-in
width, and at—-grade). The x-y Cartesian coordinate syStem

is mapped onto the intersection site, such that, the four

legs lie along the x~- and.y—axes,an& the approximate centegl

of the intersection is located at the origin of  the
coordinate system. Thisfis shown in Figure A4. | .
The input cérdstfof>example one are presented in Figure
A5. The first card is the Heading énd Flags card. Note the
flag values of zero for VMFLAG indicating that the:MOBiLEéZ
supplied VMT mix is to be used, two for PRTFbG?»for the
extended output format, and one for INTFLG indicating a

signalized intersection. Two receptor locations are being

One. = The first example is the simple case of

e
f i
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Figure A4. Intersection Geometry for example one.
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modelled (NR = 2), and no additional links are needed for

the simulation (NNDL = NDL = 0), The sighalization is four

phase (NP = 4) with an eighty second total cycle length (CY.

= 80.0) and these data are included on the first catd’as

well,

The next four cards are Link Description cards which

describe the four intersection legs. Note that XL1 and YLl
are the endp01nts of the 1ntersect10n—end of ‘the link (e. g.,
(0.,0.) for all four links in this case), and that XL2 and
YL2 are the upstream end of the link (1000 metres from the
origin; e.g., (0., +1000.), (+1000., 0.), (O., -1000.), and
(-1000., 0.) for links one through four, respectively). The
links are all at-grade (TYP = AG), 15 metres in width (WL =
15.0), and the source emission height is taken as zeroc (HL =

0.0). All four links have two approach lanes (NLN = 2), one

exclusive left turn lane (NLTL = l); no exclusive right turd :

lanes (NRTL = 0), and a value of one is inputted on eaqh '

card for the integer variable, LTFLG, indicating a'leftrturn-

phase for all four approaches., . The approach"4volumes,

vehicle speeds, and fractions of left and right turning

vehicles for . the individual links are as shown on the Link

Description cards (Figure A5); thus for 1link one: VPHI =

950.0, VSP = 45.0, PLT = 0.25, and FRT = 0.15.
Since there are no additional 1links to be modelled

(NNDL = NDL = 0), the next input cards are the Receptor
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Location cards glVlng ‘the: geometrlc coordlnates 4of7_th§?r;e‘
receptors (one. card per receptor) as shown 1n FlgureiA5§;}
(These values ares: XR_= +20., YR = +20., and ZR = Z.jﬁorr*-
receptor one;'and,_XRAé ?20:, YR e +20., and ZR'—?2}?for}?
receptor two). .:F01lowing these‘fis 'the Meteorologlcaicirit
Conditions:card. The w1nd speed 1s three metres per secondf 3"7
. (U= 3.0). Note that w1nd dlrectlon is measured clockw1set@f'
from the posrtlve y—ax1s, thus a bearlng of 135 degrees 1slr
inputted (BRG = 135.). >' The temperature is 68 degrees'

V-Fahrenheit_(TAMB =v68 0), and the atmospherlc stablllty is

Pasquill type D (CLAS = 4). The m1x1ng height 1s 1000

metres (MIXH = 1000 ), the background concentration is zero

(AMB = 0.0), the surface roughnees is 150 em (20. = 150. 0), '5h

and the averaging tlme is 60 mlnutes (ATIM = 60 0), as shownf'f”

on the Meteorologlcal Condition card (Flgure A5).

The flnal card is the Vehlcular Scenarro card. Theiff
region belng modelled is 1ow—a1t1tude, non*Callfornla (IREJN.‘

= 1), Note that only the- last two dlglts of the year belng':'

modelled (1980) are 1nputted (ICY = 80) The percentage of

vehicles in the cold and hot start modes are as shown 1n'”
Figure A4 (PCCN = 25.0, PCHC 35.0, PCCC = 25 0), and 81nce'

a value of zero is . inputted for VMFLAG on the first card, no

VMT mix data are supplled on this card.
Figure A6 gives the output from‘ example one in the

extended format. The first section gives the run title and

s B S I caunt




RAKKRERKRRAKKN KR RRARARRRKRAR AR AR AR AR AR RRAR*  TAMU INTERSECTION MODEL --- TEXIN »*v*t*kt******t****t*******g**

TITLE: EXAMPLE ONE
METEOROLOGICAL CONDITIONS:

WIND SPEED = 3.8 M/S STABILITY CLASS =4 SURFACE ROUGHNESS= 158. CM
WIND BEARING= 135. DEG ‘ MIXING HEIGHT = 1068. M AVERAGING TIME = 6&. MIN
TEMPERATURE = 68.9 F AMBIENT CONCENTRATION= 8.9 PPM

Figure A6. Output from example one.
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MOBILE2 EMISSION FACTORS {GRAMS CO/VEHICLE MILE)

SCENARTO:  REGION= | VEHICLE MIX: LDGV = g.782 : Co =
, YEAR = 88 . LDEeTi= 2,982 LDDT = Fi)
PCCN = 29.4 LDGT2= #.0647 AR HDDV: 2 g, B35
PCHC = 35.9 HDGV = P. @42 S MET =
PCCC = 25.¢ . : ’ : ‘

SPEED LDGV LDGTr  LBGTZ . HBGY LbbV LeBT HDDV

- - - - i o e e o - - - -

- 45.0 - 22.9 . 22.9 - ' Zi.6 ° 12248 @8- o1l

~5t4g‘f'-jw¢sa;‘~~zz;4~f~"zaxzf-
35.9 27.8 . 27.6  z6.8  134.8

2.3 R B N 2% JERR S SR

MOBILEZ IDLE EMISSION RATE. (GRAMS CO/MINY -
13.6 . 1.5 9. 9.9 B2 B3 gy

A, ——— me———— TRAFFIG FLOW ANALYSIS (MAJOR INTERSECTION - $IGNALIZED)
" VOLUME/CAPACITY= g.86 N o "FRACTION OF EXCESS .
. STOFPED DELAY= 32.3 SEC/VEH -~ © w7 EMISSIONS DUWE: TO: « .~ ©-
APPROACH DELAY= 43.9 SEC/VEH ~VEHICLES SLOWING= @.23 -
TIME IN QUEUE= 40.8 SEC/VEH . .~ RN VEHICLES STQPPING= 0,44
FRACTION STOPPING= B.76 . = . CVEHICLES 1DLING= g.33

Figure A6. (continued).
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LINK XL1 YLl XL2 L2 LENGTH SPEED  MGM €O/M-SEC

1 8.0 8.0 9.6  1909.9 - 1880.8  1832. 45.0 8.3%

2 5.8 9.9 1009.9 .8 1808.8  2567. 35.90 13.99

3 g.0 0.8 8.6 -1006.8  1096.0  1832. 5.9 8.38

4 2.0 g.0 -1006.8 8.9  1886.8  2567. 35.9 13.99

5 ‘g.gi 2.0 2.8 64.4  64.4 1832. 45.0 82.44

6 2.5 g.8  84.7 8.9 84.7  2567. 35.0 82.44

7 6.8 #.08 2.8 -64.4 64.4 1832. 45.0 82.44

8 9.4 ‘9.8 -84.7 9.0 84.7  2567. 35.9 82.44
------------------------------------------ LINK POLLUTANT CONTRIBUTION=======m==mm oo oo
CONTRIBUTION FROM EACH LINK TO POLLUTANT CONCENTRATION AT RECEPTOR 1:
LINK NUMBER: . 1. 2 3 _ 4 &8 6
CONTRIBUTION{PPM): 8.8 2.8 8.9 5.8 8.8 4.6 2.8 8.8
CONTRIBUTION FROM EACH LINK TO POLLUTANT CONCENTRATION AT RECEPTOR  2:
LINK NUMBER: 2 3 s .5 6 8
CONTRIBUTION{(PPM): 8.3 2.3 g.2 9.4 2.6 2.9 2.8 2.6

Figure AG6. (continued) .
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L RECEPTOR DESCRIPTION AND MODEL PREDICTIONS-
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a summary of the méteorblogical conditions., Following this
are the MOBILE—Z emission factors (differehtiated according

to véhicle speed and vehicle type, and the idling emission

_ratés) as well asla summary of the vehicle scenario. The

next section presents the intersection traffic flow analysis

and gives values for the volume/capacity ratio, stopped '

-:delay,-approach delay, time in queue;AfractiOn stopping, and

the fraction of excess emissions due to vehicles slowing,

‘stdpping, and idling.

A desc:iptioh?bf the links (both phyéical and psuedo)
is ;mesehted in the following section.r AThis description
includesrlihkrendpoints, link length, 1link volume, vehicle
speed, and the link emission factor f§£ each link. The
gontributions,froh.each link to thé_pollutant contribution

at the individual receptors follow the 1link descriptions.

 The model's predicted concentraticns at the réceptorS'

(inclﬁding the background concentration) are presented in

~the final section of the output.

Example Two. The second example is an unsignalized
intersection and illustrates the program's ability to modélv

curved roadways (Figure A7 presents the site geometry). A"

_value of one for VMFLAG (user-supplied VMT mix), zero for

PRTFLG (abbreviated output), and zero for INTFLG

(unsignalized) are inputted on the first card. A value of

'8ix is inputted for NNDL as that is the number of additional
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_Figure A7. Intersection Geometry for example two.
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~ links required to model the curved portions of roadway.
Since the inﬁetsection is unsignalized, values for NP and CY

need not be inputted. The input cards are shown in Figure

A8.
The four Link Description cards for the intersection

legs are inputted next. The coordinaté system must be

‘chosen such that the major road lies along the y-axis (and

_thus assigned to links one and three). Traffic on the major

roadway is assdmed- to not incur &elay (éxcept for left
turning vehicles). Values for LTFLG are not necessary for
the major road (links 1 and 3), but aré-necessary for the
ﬁinor:road (1inks 2 and 4), and a value of one is inputted
for both indicating stop sign»controlled approaches. The
next:six Cards are for the additional lihks fequired to fit
the curves. The first variable on each of these cards is
thé'link associatibn‘number, LA,'and:indicates froﬁ'which of
the four intersectibn links the additional links extend. In
this case, three of the links have én LA value of four (and
three a value of tﬁo) since they are extensions of the minor
road. - The fraffic on these links ére assumed to incur no
delay (as they are éntered as NNDL links), and thus, must be

sufficiently distant from the intersection to insure this.

' The variables VPHI through LTFLG are not needed for NNDL

‘links and are omitted from the Link Description cards.
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EXAMPLE TWo . S S v ae 3 6 & 8 g, D

1
2
3
4
2
2 28%
4
4
4

2. 9. 408.AG17.

8. 209. 2.AG14.

2. . -409.AG17.

. . -200. . 0.AGi4.
200. 8. 285. 20.AG14.
29

79

g

5 LB 1
Y-
5
2
. g .
368, | IO.AGIL.E
2
Z
&
B

,Zﬂy-als
L1
28 Lt5

458. 35, 2
198, 350 2 & ¢ .28 15 1 o o L
Sz
2

358. 35. 2z -
125, 35, 2

R s
‘a&wm
-

7. 39Q. F28.AGL4.
& . =295, "-28.AGl1%,
=-298. ~20. -368. ~GH.AGL4!
a2 &g, é&ﬂﬁ’ -IzB'AGI4
2,

g 2. 2. S
2. 120, 75. g 4. 5@ ex. L
17§ 39.2 44. 5 37.8 .526 .176 243 223 .00 .99C 087 .631

s f

?QQﬁ??&QN&

Figure A8. Input file for example two.
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Following the Receptor Location and Meteorological
Conditione cards ie the Vehicular Scenario card. Since a
value of one is inputted en the Heading and Flags card, the
VMT mix data are supplled on this card as shown (LDGV =
0.520, LDGTl = 0.176, LDGT2 = 0.043, HDGV = 0. 223, LDDV =
0.000, LDDT = 0.000, HDDV = 0.007, MC = 0.031). |

-FiéUre A9 sths the output from example two in the
abbreViated'format. This output format includes a summary of
the meteorOlogicai conditions and the model's predicted
concentratlons at the receptor sites.

Example Ih;eg The third example illustrates TEXIN's
ablllty to model several minor unsignalized 1ntersectlons in
conjunctlon with the major intersection. The ‘intersection
geometry is presented in Flguré AlO (the major roadways in
bold) and.the 1npu; cards are shown in Figure All. Three
additional links are necessary‘u to model the minor

intersections., Traffic on these links will incur delay, and

thus, they are'inputted as NDL linke (NDL = 3).

The Link Description cards for the three additional
linke,follou the cards for the four intereection links. The
first uaiiable on all three cards is the link association
number, LA, and indicates which leg of the 1ntersect10n the
minor road intersects. For the minor roadway Wthh
intersects (and terminates at) the positive x-axis, a value

of two (corresponding to link 2) is inputted for the integer
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TITLE:  EXAMPLE Two
METEOROLOGICAL CONBITIONS: . .
SURFACE ROUGHNESS= 5g. CM

VIND SPEED = 2.8 M/8 ' : STABILITY CLASS = 3
MIXING HEIGHT = 1900, M AVERAGING TIME = 68, MIN

. WIND BEARING= 129. DEG ‘
TE) PERATURE = 75.0 F : AMB{ENT CONCENTRATION=. @.8 PPM

KR YR 4 S CO APPMY*

[P S SR Y PR N e R e B e e K e i -t o o

T 2009 . 28,0 ' 2.8 5.2
~20.% ‘ ew.g 2.9 4.7
X : 2.6 8.3

agsr;

*INCLUDES BACKGROUND AMBIENT CONCENTRATION OF 2.2 PPM

&i&?i*i%iﬁkkkﬁﬁ%%}k%&i&&i**&%i$i*i%i%%%%iii&%&&%i%&&wi%*w%%i*u*ﬁ*&%iw*u&&m%ahm*uwh&m&*mmu*umm*uummmm*umrmhn

FPigute a9, ‘Output from exahple two.

o SR, . — . r_AM (,__.. — r_..._ e
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Figure Al0. Intersection Geometry for example three.
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EXAMPLE THREE &1 13 & 3 4190,
1 2. a. D, \oge. AGIS g 9. 125@8. 45. 2 1 @9 .28 .@§8% A
2 a. . 1088, P.AG17.8 o. 698. 45. 2 1 1 .15 .28 1
3 B. 580, -BE6.AGIS.0 @. 1050. 45. 2 1 # .88 .15 1 .
4 ﬂ. 2.-19808., = B.AGL7.8 #. 4BH. 45. 2 -1 & 3¢ .12 1 |
4 -200. - @, -200. 1800.AG14.8 0. 78.35. 2 @ B .18 .48 1 b
4 -2089. B, -290,~1P90 . AG14.8 @ 89. 35. 2 9 @ .@5 - .45 1 b
2 209. 2. 208, lﬁﬂﬂ AG 8.0 # 66, 38. 1 B @ .35 .65 @
220, 29. 2. : ' A 5
28. zz. 2. : : » . : A
-188. 2¢ 2. - : S ' _ oo
2.5210. 68 31808, . 158, 68. :
281215335294 : i
{
, L S
Figure All. Input file for example three. L
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variable,_LA. For the minor roadWaY'which intersects (and
crosses) ﬁhe negative x-axis, two liﬁks are necessary for
the modelling and both have values of four inputted for LA,
Note ‘that like theffout interseétionilinks, the values, XLl
and YL1l, for the threevadditional links correspond to the
intérsection~end of the 1link.  The minor roadway
intersecting the poéitive x-axis is controlled by a yield'
sign; and thus a value of zero is inputted for the integer
variable,'LTFLG. " The other minor roadway is controlled by a

stop sign, thus'a value of one is inputted. Note that all

-the-roaaways actually extend further than shown in‘Figure

Al0,
" Figure Al2 illustrates the output from example three in

the basic output format. For this example, there are two

traffic flow analysis sections. The firgt is for the major
' \

intersection, and presents values for volﬁmé/capacity ratio,
stopped dglay, apﬁroach delay, time in queue, fraction
stopping,bénd fraction of excess emissions due to vehicles
slowihg, stopping, and idling. The second is for the minor
intersections and the same values are given, with the
exception that the reserve’ capacity of the unsignalized
intersections is given rather than the volume/capacity
ratio. -Note that for a stop sign éontrolled intersection
the fraction of vehicles stopping is alwaYs one, while the

same for a yield sign controlled inﬁersection may be less




TITLE: EXAMPLE " THREE
METEOROLOGICAL CONDITIONS:

VOLUME/CAPACITY= 8,78
STOPPED DELAY= 21.9 SEC/VEH
APPROACH DELAY= 3#.1 SEC/VEH
TIME IN QUEUE= 27.4 SEC/VEH
FRACTION STOPPING= £.67

WIND SPEED = 2.5 M/S STABILITY CLASS

‘Figure Al2. Output from example three.

HRKRKRANARREARRRARRNR AR KRR RRRRAAARRRANRRR  TAMU INTERSECTION MODEL ~==- TEXIN AN AARA AR AN KR AR R R AR IR RAN RS

- i o - - P o e My S ma e v o W A e e e - -

) : v 'SURFACE ROUGHNESS= 158&. CM
WIND BEARING= 21#0. DEG MIXING HEIGHT = 1688, M AVERAGING TIME = 6. MIN
TEMPERATURE = 68.8 F . © AMBIENT CONCENTRATION= 0.8 PPM . ‘

20T~

FRACTION OF EXCESS
EMISSIONS DUE- TO:
VEHICLES SLOWING= §.27
VEHICLES STOPPING*= 0,57
VEHICLES IDLING= 8.16




TR TRAFFIC FLOW ANALYSIS (MINOR INTERSECTION(S) - UNSIGNALIZED)=---

FOR LINK 9: . : :
RESERVE CAPACITY= 93. VEH
STOPPED DELAY= 34.4 SEC/VEH
‘APPROACH DELAY= 46.86 SEC/VEH
TIME IN QUEUE= 43.5 SEC/VEH
FRACTION STOPPING= 1.88 -

FOR LINK 14:
RESERVE CAPACITY= 96. VEH
STOPPED DELAY= 34.2 SEC/VEH
APPROACH DELAY= 46.4 SEC/VEH
TIME IN QUEUE= 43.3 SEC/VEH
FRACTION STOPPING= 1.89

FOR LINK 11:
RESERVE CAPACITY= 58. VEH
STOPPED DELAY= 37.8 SEC/VEH
APPROACH DELAY= 58.85 SEC/VEH
TIME IN QUEUE= 46.8 SEC/VEH
FRACTION STOPPING= B.79

Figure Al2. (continued).

FRACTION OF EXCESS
EMISSIONS DUE TO:
VEHICLES SLOWING= £.13
VEHICLES STOPPING= .68
VEHICLES IDLING= 9,27

FRACTION OF EXCESS
EMISSIONS DUE TO: -
VEHICLES SLOWING= .13
VEHICLES STOPPING= &.68
VEHICLES IDLING= #.27

FRACTION OF EXCESS
EMISSIONS DUE TO:
VEHICLES SLOWING= £.28
VEHICLES STOPPING= .49

-~ VEHICLES IDLING= @.38

~€02Z~-
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e LINK DESERIPTION---~m == oo e e m e e
LINK XL1 YLl XL2 YiL2 LENGTH VEH/HR SPEED MGM CO/M-SEC

1 9.8 3.8 8.8 1400.8  1009.9  2339. i5.9 7.96

2 5.9 8.9  1080.% 9.6  1888.8  1247. 45.9 4.26

3 8.8 2.9 589.84  -866.8  1800.8  2117. 45.0 7.24

4 0.8 6.0 -1008.9  B.0  1080.8  995.  45.0 . 3.09

5 .8 8.0 2.0 53.4  93.4 2330, i5.9 43,45

6 9.9 9.9 44.8 8.9 44.8 1247, 45.0 49.45

7 8.0 8.9 39.2 -67.9 78.4 2117, 45.0 49.45 \
8 9.9 .9 -29.9 8.9 29.9 905. 5.8 49.45 o
3 -206.8 #.8  -200.8  1608.8  1898.9 149, 35.0 . g.57 T
19 -200.8 9.8  -209.8 -1008.8  1099.9 179, 35.0 9.69

11 208.9 BB - 2000 1008.9  1080.9 13. © 38.8 - - .53

12 -280.9 2.8  -200.9 8.2 8.8 149. 35.0 38.01

13 -2008.8 9.0 - -200.9 -8.8 8.8 178, 35.0 36.39

14 2089 8.0 200.% 18.4 19.4 = 139, 5.0 20.62

‘Figure Al2. (continued).
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RECEPTOR XR YR IR CO {(PPM)*
1 E 220.9 20.8 37" SR :
2 29.9 20.4 2.9 ' 6.2
3 -180.9 20.8 2.8
9.9 PPM : ‘ A I
' 3]
(@)
e
1

*INCLUDES BACKGROUND AMBIENT CONCENTRATION OF

*t***************t*******ﬁ******************i*****************************t*****ﬁ***t********k*

Figure Al2. (continued).
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than one. The 1link descriptions and model predictions

follow these sections.
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A5,

A6.

A7,

A8,
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APPENDIX B

PLAN VIEW OF THE TEXAS A&M HOUSTON SITE
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