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INTRODUCTION

Recently Mr. William D. Ruckelshaus, Administrator, Environmental
Protection Agency stated; (1) "Restoring the quality of our air
environment is one of the most difficult and challenging tasks
facing the nation today. We have a formidable job ahead of

us in restoring air quality to a level compatible with health,
comfort, convenience, and wise use of our resources. Smokestack
controls and auto emissions contrels ~ with present technology
will not do the job alone. Substantial changes, for example,

may have to be made in patterns of commutation by private car."

The highway engineer is faced with a series of complex problems
in planning, designing, constructing, maintaining and

operating a modern street or highway involved with the

efficient movement of people and various materials. A recent
problem of increasing magnitude is the possible change in air
guality caused by such a project or system not only during
construction, but in actual maintenance and operation. The

study and solutions to the problem of air guality and other
environmental concerns begins during initial planning and reaches
a final stage in the design process.

Mr. J. A. Legarra, former State Highway Engineer, California
Division of Highways, in a paper presented at the summer meeting
of the Highway Research Board, Sacramento, California, August
1970 [2], summarized the position of a highway administrator as
follows, "The Highway Administrator must take an active role
"in all types of environmental problems involving the highway
‘system under his control. Air pollution is one of the key
factors to be considered along with noise, water, and other
forms of pollution. One'of the most important present day
duties of the highway administrator is to demonstrate his
comprehension of air pollution problems and to respond by
showing how this is translated into a specific highway proposal.”

The purpose of this paper is to present a state-of-the-art outline
on the relationship between air gquality and highways. It is hoped
that this outline will provide information that will aid highway
engineers in understanding the problem.

AIR QUALITY

Air quality studies are concerned with the kind and amount of

- materials discharged into the atmosphere by man's activities., It
ig true that large quantities of materials that influence air
guality are discharged into the air by natural activities, but

" over the ages these have not presented serious problems to the
well being of plants and animals., It is unfortunate that man's
" activities have led to the building of concentrated complexes of
industries and cities where large discharges of various materials
occur in very limited areas. At times these areas have meteoro-
logical conditions that seriously delay the adequate mixing and

-1-
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diSpersioﬁJOf'these materials with pessible subsequent impairment
of the air quality considered necessary for the health and welfare
of man, animals, and.plants.: :

Air quality is concerned with the term pollutant. To arrive at a
definition one must look at the word contaminant. Scientists
working in the field of air quality believe that any substance
which is present in greater concentrations than it would be in nor-
mal clean ‘air is a contaminant. When a contaminant is of such a
nature that it is injurious to anything that is valued by man, it
becomes a pollutant. However, the term pollutant is also applied
to any substance which has been or could be a pollutant even though
at 1nnocuous concentratlons.‘

Air pollutlon experts have divided up the sources into stationary
and mobiles Stationary sources are those involved with all forms
of industrial ‘operations. Of direct concern to highway engineers
are producers of highway materials involving aggregates, asphalt
and portland cement mixtures and on-site contractor's operations.
Also of concern are some maintenance operations that involve
burning and dust formation.

Mobile sources include variots types of vehicles that use the high-
way or city:streét. - These include all that have some form of
internal combustion engine wherein fuels of different composition

such as gasoline or diesel oil are used as the energy source. Although
the highway:or street per se is not a source of air pollutants, the
highway engineer is rapidly becoming involved in the concern over
pollutants- emitted by the vehicles operating on the roadway. Perhaps
one should' think of this aspect in the same manner as the present con-
cept that-the highway engineer plays a very important part in the
safety of“the motorist through the plannlng, design, and operation of
the transportatlon system.

The follow1ng five primary pollutants are emitted in substantial
amounts from various emission sources:

ﬁCarbon.Monoxide SRR Sulfur Oxides
" “Hydrocarbons - ‘ Particulates
‘Nitrogen Oxides

Table A shows the estimated nationwide man-made emissions of the five
major pollutants for the year 1968, It will be noted that a sub-
stantial percentage of the carbon monoxide and hydrocarbons are
derived from the motor vehicle. The nitrogen oxides are also
contributed in definite gquantities by the motor wvehicle, but fuel
combustion' from stationary sources is also important. On the other
hand sulfur oxides and particulates are almost entirely contributed
by stationary sources such as industrial processes and power plants.
Table B, "Ambient Air Quality Standards" indicates that particulates
and sulfur oxides pose greater dangers for given concentrations and
emission rates than the other three primary pollutants, especially
carbon monoxide. It may . be noted, therefore, that the contribution
by motor vehicles toward poor national air quality is exaggerated
if only the total weights of the primary pollutants are considered.

-
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One should be aware of the differences in'impoftanee of these

pollutants in various areas of the United States. As an example,

in the Los Angeles area, ‘the emissions from motor vehicles of carbon
monoxide, hydrocarbons, nitrogen oxides, and partlculates are a
large percentage of the total. On the other hand, in areas where
concentrations of industrial and thermal power plants exist, parti-
cularly sulfur oxides, but also nitrogen oxides and particulates
from stationary sources, are of greatest importance.

In certain areas where‘meteorological and topographical constraints
are present, one may encounter secondary reactions. These reactions
lead to the formation of so-called photochemical "smog" [3]. The
compounds in "smog" may produce undesirable health effects in man

- and animals and damage to certain types of plants of economic

1mportance.

Chemlcals involved in the formation of photochemical smog include
hydrocarbons, nitrogen oxides commonly from the automobile exhaust
and stationary sources and atmospheric oxygen. A "mixing bowl" or
basin such as the Los Angeles Area must be provided with meteoro-
logical ‘and topographical constraints which serve to limit the
horizontal and vertical dispersion of the primary pollutants. All
that remains is to add ultraviolet radiation from the sun on clear
days and the reactions lead to the formation of photochemical smog.
The reactions are very complex due to the great complexity of the
hydrocarbons.

In summary, we have primary emissions partly from man's activities
and secondary materials generated under certain circumstances from
certain '©f the primary materials. Both primary and secondary
materials may have adverse effects and must be considered in
assessing the problem of air pollution.

In order to control air quality, each state has been divided into
Regions termed in this report "Basins" based on common meteoroclog-
ical conditions. As an example, Figure 1l shows the California
basins. Each basin may contain a number of cities, counties, and
parts of more than one state. Some states and now the Federal
Government have issued Ambient Air Quality Standards which are

common to all Air Basins. The Ambient Air Quality Standards appli-
cable in California are compared with the recently issued Federal

Air Quality Standards in Table B. These standards are for the pur-
pose of protecting the health and public welfare of the people. The
Federal Standards are of great importance to the highway engineer
since laws passed by Congress require each state to provide an
acceptable Implementation Plan to the Federal Environmental Protection
Agency. Such a plan shall detail methods for the attainment of
ambient air quality equal to or better than the Air Quality Standards
in each basin on or before Januar¥y 1, 1975, or at the latest January 1,
1977. As noted by Mr. Ruckelshaus (l), with reference to meeting such
standards in certain basins of the United States, "Substantial Changes,
for example, may have to be made in patterns of commutation by private
car.' :
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Table B

- =

eyt

AMBIENT AIR QUALITY STANDARDS
APPLICABLE IN CALIFORNIA

Califoinis Standards

Federal Standards*

Averoging -
Tollutant “Time Poncéntration” - Mathodt Primary?s”? Secondaryds” Method®
Thotachemical :
Oxidants 0.10 ppm Neutral 160 yz/me 8 Seme as Chemiluminescent
(Corrected for NO,) 1 howr (200 yg/m?) Buffered (0.08 ppm} Primary 5td. Method
KI .
“nrbon Monoxide 12 hours 10 ppi - v
N . (11 mi/m®) Non-Disperaive Seme as Hon-Dispersive
& hours - Infrered 3(-3 "’G/’;“’ Primary Infraved
PO,
- Spectrascopy - Standards Bpectroscopy
1 hour 40 ppm : 40 mg/m?
(46 mg/m) (35 ppm)
Witrogen Dioxide | Annual Aversge - 100 pg/m?
. ‘ Baltzmen (0.05 ppm) Same es Colorimetric
Frimary Method Using
1 hour 0.25 ppm Method Stenderd NaOH
(470 g/=2 ) e ) _
[Afinual Averege | e go gg/mf-‘ 60 pg/m?
(.03 ppm) (0.02 ppm)
|24 nowrs” " {004 ppm - . {365 yg/md 260 Lg/m?
: Conductinetric
R TS M. | (105 ye/m2) ‘ (0. 14 ppm) {0.10 Tom) Pareroseniline
) 3 hours —— ‘ ——— s
Hethod ](%?g %) Hethod
L hour 0.5 ppn
{1310 pa/m*) - ——
Huspended | Annuel Geometrie |60 wp/md 75 pe/nd éo 18/ -
TFarticuiate 1 _Hecn ‘ High Volume iigh Voluma
Sempling Sarpling
Hatter 24 hours 100 yg/m? 260 ya/m? 150 ps/n®
7end (Particwiate) | 30 pay 1.5 pg/me | High Volume: a— — —
i Aversge o Sampling,
"Dithizone
Hethod
Hydrogen Sulfide | 1 hour | 6.03.gpm. " Cindndum - — ——
{2 pg/m®) | Hydroxide
PR STRactan
Method.
Hydrocarbons 3 howrs —-—— - 150 htg/m"’ Some ag Flome Tonization
{Corrected for.’ {6-9 e.m.} ; {0.24 ppm) Primery Detection Using
Hethane} : Stendard Ges Chromatography
Visibility 1 observation In sufficient amount to re- - . ——
Reducing duce the.prevalling visibllity®
Particles E 40:10 :miles when the relative
' huntdity 1a less then 70% -
= VNG - Ly
NOTES: )

1. Any equivalent

procédure w'hi-ch can bé' shovn +to ‘the satisfaction of the Air Rescurces Domrd to give equivalent
results etior near the level of the alr quality standerd may be uwsed.

2. lationel Primary Stenderds: The lavels of air quality necessary, with an edaquate margin of safety, to

protect the public health.

state's implementation plen is epproved by ihe Environmental FProtection Agencly (EPA).

Eech stete must attein the primary standards ng later .than three years efter thei

Natiohal Seeondary Standsrds: The levela of air quality necessary to protect the public welfere from eny

known or anticipated adverse effects of & pollutant. FEach gtate must ;tﬁam the secondery stendsrds within a
"repsongble time" after implementaetion plan is approved by the BEA.

more then-onee

per year.

Yeonsistent relationship to the reference method” to be approved by the EPA,

VWAV

Concentration expressed firat in umits in which it wes
sre based upon a reference temperature of 25°C¢ end a Te

‘Corrected.':'for 80, in addition to NO,.

Federal s’c."énderds, bthei- +han those based on annual averages'or anminl gecmetric means, are not to bhe exceeded
Teference 'Ti;:éghb& as deseribed by the EPA. An “equivalent method" of measursment may be used but must have e

Prevailing vistbility is defined ns the greatest viaibility which is attained or surpassed arownd et least half
of the horizon eirele, bub not necesserily in continuous secters.

promulgeted, Equivelent units given in parentheses
ference pressure of 760 mm of mercury. -
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A study of the Federal Standards reveals two sets of reguirements
known as primary and secondary. Note that the primary standards
are for the purpose of protecting the public health with an
adequate margin of safety while the secondary standard is to
"protect the public welfare from any known or anticipated adverse

effects of a pollutant”. We note that under these definitions
the standards may be considered all encompassing for ambient
air.,

An excellent discussion on the Federal Standards is contained
in (4). The reference should be carefully studied since it
presents a critical review and a reply by members of the
Environmental Protection Agency concerned with the research

and study leading to the present requirements. The difficulties
of writing air quality standards based on the available evidence
is well brought out in the review paper and the discussion.

The Federal Implementation Plan will be discussed in more detail

in a subsequent portion of this paper. For now, it is important

to note that each state must attain the primary standards no later
than three years after that state's implementation plan is
approved by the Environmental Protection Agency. Further, Section
109J of the Federal Highway Act states, in effect, that the construction
of Federal—-aid highways must be consistent with any approved plan
for the implementation of federal air guality standards. Forth-
coming Federal instructions will call for discussion in the
Environmental Impact Statement of consistency between the
implementation plans and any highway project. 8Such a discussion
must be based on data and conclusions presented in the Quantitative
Alr Quality Report.

' LEGAL ASPECTS

It is important to understand the legal background for envirbnmental
studies since public law, in many cases, dictates the manner in which
certain aspects of an Air Quality study must be performed and, in
general, dictates the guestions which must be answered.

The first major law affecting the work of the Highway Engineer
with regard to air pollution was the National Environmental Policy
Act of 1969. This act created the Council on Environmental
Quality. Implementation of this act by the Federal Highway
Administration occurred in the form of policy and procedure
memorandum (PPM) 90-1. The purpose of the PPM is to provide
guidelines to highway departments to assure that the human
environment is carefully considered and national environmental goals
are met when developing federally financed highway improvements.
This PPM reiterates that portion of the law requiring an
environmental impact statement for each federally financed project.
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'Two other important federal laws were enacted in 1970. The
first. of these, the Clean Air Amendments of 1970, empowered

the Env1ronmental Protection Agency (EPA), previously established
by executive reorganization, to establish national ambient air
quality: standards and to require each state to submit a plan
providing for lmplementatlon, maintenance, -and enforcement of
such standard in each air quality control region within such
state. These plans, discussed earlier, are termed implementation
plans.

The final national law, the Federal Aid Highway Act of 1970
provides for the establishment of general guidelines to assure
that possible adverse. economic, social, and environmental
effects. relating to any proposed progect on any federal aid
system- have been fully considered. in developing the project.
That act also calls for the development of guidelines to assure
that hlghways constructed pursuant to that act are consistent
with any: approved plans for the implementation of any ambient
air. quallty standard or any air quality control medium
de51gnated by the Clean Air Act.

Figure., 2 1llustrates the general relatlonshlp between these laws
lhand the blbllography, references (5 through 14), lists references
for further readlng in the area of environmental law.

'.':'.L'.‘ Y

MEDICAL ASPECTS

The medlcal aspects "of the varlous emissions are very complex and
a. great deal of reésearch has been completed on the subject. In
addltlon, studies of many different kinds are scheduled to be
performed in the future. A continuing problem is the consideration
of short and long range effects of the individual emissions, and of
more recent concern is the indication that some of the pollutants
may . have. a. more serious effect on health when acting in
oomblnatlon than alone.

At the present tlme air quallty standards are developed to protect
those people who are especially susceptible to the effects of air
pollutants. It has been found by extensive studies that these
susceptible 1nd1V1duals are primarily the very old and the

very yound, those with .cardiac 1nsufflclenc1es and anemia, and
reSpiratory‘crlpples.v :

The: hlghway englneer cannot be expected to be familiar with the
complex problems involving the effects of the various emissions on
men, animals and plants. However, he should be cognizant

'that the primary and secondary federal standards are based on
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substantial amounts of evidence, sofie of which is controversial
(4). For this reason we have listed references to a series of

air quality criteria which should be studied for details on many
aspécts  of each pollutant including medical details (15 through
20). These manuals are an excellent source of information and
should be carefully studied by thosé in a ‘highway department who
are directly concerned with the preparation of air quality reports.
Also Part III of reference 21 provides-a series of well written
papers on various effects, such as human health, biologic effects,
vegetation, and materials. i

#

e e e -

i - THE-ROADWAY- (LINE -SOURCE)- AND.- ATR QUALITY

o N SV e I S PPN e < At A sl

The primary emissions from the spark ‘ignition internal combustion
engine are: carbon monoxide (CO), hydrocarbons (Hc) , oxides of
nitrogen . (NOx) -and particulates of which the lead compounds are
most important. ‘Two of these primary gaseous emissions, oxides of
nitrogen .and hydrocarbons,- react in the presence of ultraviolet

“light to‘form sécondary’ materials. RS
The,roufg,f&hé?héiuit'beia‘qitylstreet'ér'a,modérn freeway, is a
line source of sefiissions £rém the traffic using that roadway.

The microenvironment (microscale analysis) is involved with the

‘mixing :and dispersion of-the emissions within the immediate area
‘adjacent ‘to the line source, Figure 3. This &drea is stated to be

- the corridor extending some distance on each side of the line
source. The boundaries of the corridor are defined by that line

" which shows the reduction of emissions from the line source to
ambient levels: ' This di&tance upwind and downwind from the line
‘source may varylf;om-daygtg;d§y because of changes in micro-
meteorological conditions :and may vary.along the line source

. depending on topography. ., T e S .

2 [ 4

e . —

In most cases(pqu_primafjleMissions are considered in the corridor
since photochemicdl changes' require some period of time. However,
when winds blow parallel to the line source there may be sufficient
time for some photochemical reaction to take place. Also design,
topography, and nicrometeorological conditions all influence the
degree of potential pliotochemical change.

~ The mesoscale involves all of the area outside the corridor where

there are effects either from the primary emissions from the
specified line source or the photochemical products derived from
these emissions, Figure 4. The mesoscale meteorologically is of
the order of two to two hundred miles:_and-encompasses areas of
community to air "basin" in size. >This is a very difficult area
to delineate since the emission load £rom. the line source becomes
mixed downwind with all other sources from within and outside the
area. The specific contribution of the line source emissions to
photochemical reactions downwind is virtually impossible to
determine at present because of the lack of suitably validated

13
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Figure 3 MICROSCALE ANALYSIS
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photochemical models. -Currently, the best practical solution to
this problem is to assume that the mesoenvironment encompasses
that area in which there are sufficient modifications in the
surface traffic pattern caused by the construction of the new
facility.. . S

The amount of vehicle emissions’ from a line source is influenced
by: ' '

. 1. Volume of traffic _
. ' 2. Vehicle mix in terms of model year
- _ 3. Vehicle operational characteristics

Thé influéndé of highway vehicle emissions on people, animals,
and plants within the corridor (microscale) is governed by:

"1l. Mechanical mixing by traffic
e 2; Micfometeorology
3. Natural topography of the area adjacent to the rdadway
;'4. Riéht of way widths.and distance to recepﬁor
.5.‘ Highway geometric donfiguration

6. Building configuration and kind of occupancy near
P the alignment

7. Patterns of agricultural land use within the corridor
‘8. Upwind pollutant concentrations (background levels)
The influence of highway vehicle emissions on the people, anlmals,
and plants within the immediate area beyond the corridcr and
within the basin (mesoscale) is influenced by:
1. Mesometeorology
2, Large scale topography
3. Distribution of sensitive receptors
4. Patterns of agricultural land use
s 5., Existing pollutant levels
Traffic volume, mix of vehicles in terms of model year, and
. vehicle operational characteristics are important factors
influencing the amount of emissions. Older, uncontrolled
vehicles emit a greater amount of emissions than newer vehicles
having emission controls. As an example, the following compares

typical uncontrolled vehicles and the Federal requirements for
the 1975 and 1976 controlled vehicles.

-13~
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PASSENGER CAR EXHAUST EMISSIONS

o T I.TfMQRAMS/MILE ‘
! '-Typical o -
Uncontrolled Federal Reguirements*
Pollutant _ VVehicle _ 1975 1976
Carbo@ monoxide 80 3.4 3.4
Hydrocarbons 1t ; - 0.41 0.41
Nitrogen Oxides . 5.5 - 3.0 0.4

*Federal Register XXXVI, No. 228, Nov. 25, 1971, p 22452

The importance of the development of low cost control devices for
older model cars (pre-1966) is apparent when one considers that
currently approximately 80% of the Nation's automobiles do not have
any type of pollution control device or system.

R

Another very important factor influencing total emissions from a
line source are ‘the. vehicle - operating characteristics. The
operating modes are known as idle, acceleration, deceleration, and
Ccruise. ' SRR : u

The table below lists the percentage of each emission emitted per
average mile traveled for each mode of cperation. This is based on
the following; "When the distribution of time for each of the
operating modes .developed in' field survey work is combined with the
emissions per vehicle mile of travel, the percentage emission value
per .average vehicle mile for each mode of the 11 mode cycle can be

established.” The importance of maintaining a cruise mode of

‘operation is brought out by a study of this table. Therefore, fea-

tures. of the roadway which tend to reduce the use of deceleration
and acceleration modes, such as reduced grades, ample radius curves,
reduced congestion, etec., will tend to lower emissions.

PERCENTAGE OF CONTAMINANT EMITTED IN EACH
MODE PER AVERAGE MILE TRAVELED

) _ Gross Carbon Nitrogen
Operation Mode Hydrocarbons ., Monoxide Oxide
Idle .5.9% - 7.3% 0.03%
Cruise 14.1% 14.3% 21.40%
Acceleration 56.2% . - 62.2% 78.50%

Deceleration 23.7% 16.1% 0.17%

Source: Rose,’A. H., and Smith, R.

,TA“D;rect‘Measuremeht“Technique for Automobile Exhaust™

' Archives Of Environmental Health, Vol. 5, p 95, 1962.

Emissions are also ‘influenced by the average route speed of the
vehicle. The average route speed takes into account the variations

~14-


http://www.fastio.com/

in speed caused by acceleration, deceleration, and idle modes in
average city street driving. Such changes are mainly caused by
traffic signals’ and vehicle congestion. Thus the average route
speed on a city street may be 15-20 miles/hour while on an express-
way. or freeway, with the majority of time being in the cruise

mode, the average route speed may be in the range of 45-55 miles/
hour. Figures 5 and 6 show reductions in carbon monoxide and
hydrocarbons with increase in average route speed

However, this reduction does not apply across the board, since
nitrogen oxide and lead emissions increase with higher englne
speeds.

The studies on the relation of emissions to route speed are mainly
based on the work of Rose [22] which was developed using 1963 and
earlier model year vehiclés with no exhaust emission controls. 1In
a recent study [23] Beaton, et al state, "H. W. Sigworth of the
Environmental Protection Agency indicates that Rose's work (shape
of curves) is probably valid for vehicles without emission controls,
but is probably less wvalid though still roughly applicable for pre-
1975 vehicles with exhaust emission controls. Sigworth points out
because of the radically different emission characteristics of 1975
and later vehicles, that he expects the curves would have little
applicability to them"[23]. It is, therefore, expected that 1975
and later models will be essentially "pollution free" and emissions
from such vehicles should be relatively independent of route speed.
However, it should be stressed that for some years beyond 1975 the
mix of cars on roadways will continue to have substantial numbers
of uncontrolled and partially controlled vehicles. Therefore, the
importance of the influence of route speed on carbon monoxide and
hydrocarbon emissions cannot be overstressed with respect to
meeting Federal Arr Quality Stanoards by January 1, 1975.

All of this discussion is also directly related to the exposure of

- the driver and occupants of the wvehicle to pollutants. City street
driving is generally involved with marked changes in speed of the
vehicles including all four of the operating modes. Vehicles
stopping at signals are closely grouped not only in their own lane
but also in adjacent lanes. During the deceleration for stop sig-
nals the waiting idle period and the rapid acceleration followrng
clearance, the em1551ons are very hlgh per vehlcle.

On the other handuthe'lncrease in route speed through use of more
unrestricted roadways lowers emissions and allows operation in the
cruise mode for a substantial part of the trip. Further, such

+ increase in route speed accelerates the mixing of all the pollutants
and prevents zones of intense concentration from forming. Studies
indicate the presence of a "mixing cell" within the rocadway prism

~ where turbulent action of high speed vehicles actively promotes

- mixing and the lowering of the pollutant concentration to a common
figure for the cell. Such action lowers the level of emissions
reaching the occupants of the vehicles. Entrainment of pollutants
by winds are reduced by slow moving or idling vehicles. In this

-15~
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~ FOR UNCONTROLLED VEHICLES-PRE 1966 MODELS

' SOURCE LT
ROSE,A.H.,Jr., SMITH,R, Mchchuel WE AND KRUSE, R.E.,(REFERENCE za)
“COMPARISON OF AUTO EXHAUST EMISSION IN TWO MAJOR CtTIES"
JOURNAL OF THE AIR F’OLLUTION CONTROL ASSOQCIATION, VOL I5 N0O8,1965.
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connection it cannot be overstressed that congestion leading to
stop and go operations on any roadway will not only increase the
emission load that must be dispersed but also will increase the
concentrations of emissions for occupants of the vehicles and

nearby 1ocatlons.

The manual by Beaton, et al [23] considers the use of emission
factors for calculation of the tonnage of emissions from a given
volume of traffic operating at average route speed. This infor-
mation is required for an assessment of the mixing and dispersion
of the emissions from the line source and for an estimate of the
mesoscale pollution levels in the 1mmedlate air basin surrounding
the llne source. -

The total load of emissions from vehicles using the roadway must
be effectively mixed and dispersed so that pollutant levels fall
to'existing or background levels as soon as possible downwind
from the line source. (mlcroscale or corridor analysis). The
following factors influence the mlxlng and dispersion operatlon
with the corridor,

l.i Trafflc actlon w1th1n the "m1x1ng cell"
- 2.? Mlcrometeorology

;§ Natural topography of the immediate area around the roadway

3
: 4. Bulldlng configuration
S.’ Highway geometrlc configuration

A. Q. Eschenroeder [24], in an outstanding paper, first introduced
the concept of the "mixing cell". In thisg concept the turbulence
generated by moving vehicles especially at higher speeds mixes the
emissions to produce an average concentration within the so-called
"mixing cell". The boundaries of the cell have still to be more
pre01sely defined; but the first validation studies clearly indicate
the 1mportance of the mixing cell regime in redu01ng concentrations
to van” average condition within the roadway prlsm [25]. ’

The second and. all important factor is the micrometeorology of

the line source. In other words a clear understanding of the
meteorologlcal conditions existing along the corridor is essential
in predicting the dispersion of the emissions. We cannot overstress
the importance of on line observations with sensitive meteoroclogical
1nstrumentat10n in order to characterize all essential parameters
[263.

’The natural topography of the immediate area will influence wind
flow patterns and, therefore, the transport of emissions downwind.
Certain topographlc features may influence the concentration of

-18~
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air contaminants in certain areas. Meteorclogical data ‘are neces~
sary to ‘allow construction Qf ‘'wind streamlines whlch are influenced
by the t0pography. _ :
. '.
Building configuration downwind of the llne source may produce aero-
dynamic effects leading to distortion in wind direction with sub-
sequent changes in emission concentrations. Highway configurations
such as fills crossing canyons, etc., will influence wind direction.
and flow of emissions. Other highway designs such as depressed

-and elevated structures produce different dispersion patterns for

emissions and in the future it is possible that certain designs
which aid in dispersion or retention within the right of way of
pollutants may be required in critical areas where t0pographical
and meteorological conditions lead to a concentratlon of air
contamlnants on or neary roadways.

A number of studleS'have been performed on the dispersion of emis-
sions within.the corridor. However, most of these lack sufficient
meteorological data and not enough cobservations under varying wind
conditions are noted. We note the following, stressing the great
need for further and more commplete studies:

Most of the studies have used carbon monoxide as a tracer gas, but
some studies are also reported for others such as hydrocarbons.
All of the gases from the exhaust disperse in the same general
manner. Reed and Barrett [27] showed that ground level concentra-
tions of smoke downwind from a roadway edge decreased sharply
relative to 6'-9' from edge of road:

35% at 30

66% at 60

85% at 120'
v100% at 150-180"

Studies as far back as 1956 by the Air Pollution Foundation [28]
indicate a very rapid dilution of hydrocarbons. As an example,
one car in a cruise state can emit from 250 to 550 ppm of hydro-
carbons from the exhaust. Typical data on dispersion, from this
report, is as follows:

Location Hydrocarbons-ppn
10 ft. frbm curb of roadway . 1.40
.35 ft. from curb 1.34
60 ft. from curb _ _ 1.21

Confirmation of this work is stated by J. A. Maga, presently
executive officer of the California Air Resources Board {[29],
"The concentration of carbon monoxide in traffic when compared to
that in the exhaust indicates that exhaust emissions from moving
automobiles are immediately diluted several hundred fold." It
should be noted that this is within the traffic lanes themselves.

-19-
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In other ‘words, in the region that forms the inner core there

is veéry rapid dispersion of emissions caused mainly by the movement
of the vehicles. The higher the speed the more turbulent the mix-
ing action generated by the vehicle. Freeway driving permits a
maximum of such action because of the high route speed. Such action
coupled with crosswinds is responsible for the rapid drop in concen-

‘tration of emissions on each side of the freeway.

Bryan endiTaylor [36] haﬁe reported that the concentration of contam-

" inants at a monitoring station located 150' from the traffic lanes

of a heavily used freeway were about the same 'as those from other
monitoring stations in Los Angeles..

Brice and Roesler [31] made an 1nvestlgation in a nunber of large
cities on the exposure to carbon monoxide of occupants of vehicles
moving in heavy traffic. Ih connection with this study, Brice and
Roesler made a comparison of the differencés in carbon monoxide and
hydrocarbon concentrations near the driver in traffic, and at con-
tinuous air monitoring program (CAMP) stations located in the down-
town areas of each city. These stations were positioned 50 to 70
feet from the street with the sample intake about 15 feet above the
ground. - The following table presents their findings:

Average T Average

.7 - - Carbon Monoxide - Hydrocarbons
City ‘ PPM Ratio PPM Ratio

: in CAMP in CAMP

Traffic Site _ Traffic Site
Cincinnati 21 3.1 6.8 5.7 2.3 2.5
Denver 40 17 2.4 9.6 5.6 1.7
St. Louis . -+ 36. 17 2.1 9.3 3.5 2.7
Washingtén = 25 . - 5.3 4.7 . 6.2 2.7 2.3
Chicago 37 29 1.3 4.8 3.4 1.4

The results clearly indicate the effect of rapid dispersion between
the driver's location and the area adjacent to the city street, even
though the downtown route was "boxed” in by tall buildings which
reduces ventilation regardless of wind direction.

In a recent study by ColuCC1 and Begeman [32] on carbon monoxide in

Detroit, New York, and Los Angeles air, the following sampling of
results 1s given:
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Approximate

Los Angeles Area Distance from’ Carbon.
Site - Type ' Nearest Traffic Monoxide
ST : Feet ‘ PPM
Pico Blvd. Commérciali = - 12 9
Harbor-Santa Mconica Freeway,ja;-f.} s - 15,00 8

Freeway Intérchange

Santa Monica. Car Stbrage Lot 18 5
: :SantagMonica Blvd.

A comprehensive final repotrt {33] on a study of air pollution aspects
of various :roadway configurations in New York City presents data on
carbon monoxide concentratichs both vertically and horizontally from
different roadway sections. The dispersion of carbon monoxide from

a number ‘'of these roadway configurations are shown in Figs. 7 through
12. This report presents information from the most comprehen51Ve
study yet undertakern on the subject of dispersion of emissions from
different roadway configurations. The report should be consulted
since.:teén urban roadway conflguratlons were studied. ' Generally,

it was noted that: v

¢1-' Peak hourly carbon monox1de concentration at these
‘thghway SLtes.\u

(a) Greatly exceeded amblent air quallty standards
on the roadway, : - '

(b} Were always less than ambient air quality
" standards at nearest receptor points near the -
highway. This was especially true for a deep
cut, an at grade sectlon, a shallow c¢ut and a -
viaduct sectlon. -
2.]“Peak hourly and average concentratlons were hlghest for
lotations in or near points of confined or restricted
a1r such as seml—enclosed highway points and tunnels.

In prellmlnary studies [34] the- Callfornla bivision of Highways has
determined the dispersion of emissions (carbon monoxide) from Cut
and Fill Sectlons, Flgures 13 and 14.

The evidence presented hereln 1nd1cates in general a rapid disper-
sion of emissions occurs from roadway systems, and that concentra-
tions of emissions approach background levels at relatively short
distances from the traffic lanes of highways or freeways.
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The primary emissions from a line source may be lifted from the
corridor and coupled with other emission sources both stationary

and mobile move over relatively long distances depending upon wind
flow patterns within the basin. (A basin is an area outlined by air
pollution experts as an area of common meteorological conditions).

During periods of favorable meteorological conditions, the emission
load within the basin is adequately mixed and dispersed and no
excessive concentrations of pollutants are noted. However, a
period of unsatisfactory meteorological conditions, such as an
inversion coupled with relatively stagnant conditions, may lead

'to a build up of primary emissions. During periods of intense
sunlight, hydrocarbons and nitrogen dioxide enter into a series of
chemical reactions under the influence of ultraviolet light. The
various' new compounds formed during such reactions are collectively
called "smog". Some of these compounds may cause serious damage to
certain’agricultural crops..» .

It is presently virtually impossible to perform an analysis to
determine the role played by the primary emissions from a
specific¢ line source in the photochemical changes leading

to "smog" some miles downwind from the source. This will
depend on the complex meteorology of the basin and the influence
of topography on wind flow patterns. Again the building
. configuration, especially clusters of tall buildings, may

influence wind flow patterns.

THE HIGHWAY ENGINEER AND ATR QUALITY
l -Planning and Design

" The highway engineer must consider air quality during planning
design, construction; and maintenance operations. If he is -using
operational concepts for traffic movement he should be aware of
how this operation influences .air.quality. . '

The requirement that the highway engineer must furnish an Environmental
Impact Statement for each of his projects during the planning ‘and
design stages requires a full discussion of the various possible
-environmental impacts including air gquality.

In order to properly evaluate the effect of the project on air
guality, the highway engineer may hire a consultant to perform
necessary field observations, analyze the results, and prepare a
guantitative Air Quality Report. He also may develop the
necessary staff for this purpose. A series of manuals [35]

has been prepared to help technical groups prepare air guality
reports for line sources. For general reading on this phase,
reference [35f] of the manual series is recommended.
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One of the purposes of the Air Quallty report is to présent infor-
mation that will allow the writer of the Environmental Impact’
Statement to answer certain questlons stated in the law. Some of
these questions are directed to proposed implementation plans for
the project that will overcome certain negative effects on the

-ailr environment. Also one must dlSCUSS the Federal . Implementatlon

Plan as related to the project. Another important consideration is
the effect on air quality of not building the proposed project.

All of these questlons reguire an understandlng of the relationship
between air quality and the project in terms of plannlng decisions
and design criteria. Part of this has been presented in the previous
discussion on the roadway- and air quality. -

References .[36. through 44] should be studied for the various aspects
of the problem in terms of planning and design. E. W. Hauser, et al
[36] states, “Thus planners must have both long- and short- range views
of emission problems due to. transportatlon. The long-range view
reguired involves two factors; the growth and’ changlng patterns of
transportatlon and the changing nature of emission characteristics

of transportatlon, espe01ally motor vehicles. The first factor is

the chief one that lies in the purview of transportatlon and urban
planners. However, the second factor must be included in planning.”
These conS1deratlons ‘are shown in the flow chart in Figure 15 [41].

A series of - examples found 'in Bellomo's paper [44] illustrate an
analysis of advance planning in terms of air pollution. Existing
urban systems may also be analyzed knowing the movement of traffic,
average speed,” and emission factors. From such data one may
calculate the total tonnage of primary emissions into the region
from-the transportation network. The photochemical changes
resulting from such an analysis is very difficult depending on

many factors, especially meteorological parameters and the use

of ‘photochemical models which presently require further study and
validation. The kinetics of the mechanisms involved have been under
investigation to prov1de a basis for such models. However, the
calculations of primary pollutants from various areas of the network
will provide base information when proposals are made . to modify the
existing system. The modification of the system in some specific
areas may lead to an improvement in traffic flow and a reduction in
emissions for that area. Such a reduction in emissions may or may
not cause a real reduction in photochemically modified material
since the meteorological and topographic parameters will control the
movement of the primary. emission load from the area being considered.
In this cohnection it is very important that the planner be thor-
oughly familiar with the meteorology and topography of the region
involving the transportatlon system. 'This may be done either by
consultation with air pollution spe01allsts on the staff or by con-
tacts with local, state, and federal air pollution experts.

-3 l._

www . fastio.com


http://www.fastio.com/

lguuv

ClibPD

ASSUMPTIGNS, CONSTRAINTS, PROJECTIONS

3

%r _URBAN PLAN

§

3.

‘TRANSPORTATION
PLAN

o FEEDBCACK FOR
MODIFICAT!ON

IDENTIFICATION
_OF TROUBLE-
SOME
EMISSION

" SOURCES

www.fast \o com T

;'v

OTHER PLAN LAND USE
ELEMENTS PLAN
EMISSIONS
o BACKGROUND
. # AlIR
2. POINT POLLUTION
3, LINE
PHYSICAL,
OIFFUSION  [d=] SOEoiGant
CONSTRAINTS
. AR
QUALITY
INCORPORATION
OF DECISION
IN PLANNING
PROCESS

From Reference (41)

32

15 AIR QUALlTY CONSIDERATIONS IN THE PLANNING PROCESS



http://www.fastio.com/

ClibPDF -

As an example one may consider the proposed addition of a sizable
length freeway to an existing system. The freeway will markedly
change the existing street travel pattern for the specific area
being considered in the planning process. As a first step, a
complete traffic analysis must be prepared indicating all change

in volumes and average route speed for the area influenced by

the proposed freeway. Using emission factors and mix of vehicles

one may calculate for the date of opening of the freeway the difference
in emission tonnage. Now one must analyze the movement of this new
emission load into other parts of the region if it is different than
the existing road net within the area. In some cases the movement

in a changed direction from a concentrated line source may definitely
reduce the secondary pollutants formed by the photochemical process.
On the other hand an increase may occur. Although of great
complexity at present the planners must take definite steps to
accumulate necessary data to make such an analysis possible in the
near future. '

In this connection the planner must also obtain from local or
other air pollution agencies all available data on the locations
and emission potential of all stationary sources within the

region and within each area requiring analysis in connection

with a proposal to modify the system. The gathering of a large
volume of previously dispersed area traffic into a proposed line
source to be located near a concentration of stationary sources may
cause a high emission load which could cause serious problems in
primary emission dispersion downwind of the complex or an increase
in photochemical potential. This will of course depend on
meteorological and topographic parameters.

Another very important problem in the regional urban planners
consideration of air quality is the present concept of multimodal
analysis for the transportation needs of a specified corridor. An
example of this type analysis is found in Bellomo's paper [44].

In this analysis we have a very complex situation. One now

must consider not only the freeway, but a number of other possible
modes of travel either separately or in conbination. As an example
the traffic analysis necessary for air quality studies must be
very complete for each proposed mode or combination in order to
prepare an air quality comparison within the corridor. A proposal
for rapid transit within the corridor would require a detailed
realignment of the traffic patterns within the corridor including
the starts and movements in and around the parking lots at the
commuter stations. A different travel pattern would develop for

a freeway alone or in combination with bus movements. In any

case various emission factors would be required together with a
detailed analysis of volumes, average route speed, and mix of cars
and trucks. This must be projected for the maximum design life

of the proposed facility in order to satisfy the requirements of
the Environmental Impact Statement.
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' 1:‘olloWJ.ng, he system W1de analy31s and the 1nfluence of a new

series of"’ proposals w1th1n a spec1flc area on the air quality of
the basin’; one must consider ‘the effects on air gquality within the
corridor ltself and within the immediate area. This will

involve a microscale analysms 1n terms of meteorologlcal and
topographlc parameters.

Durlng the design stage the effect of the design on the air quality
within the corridor (microscale) must be’ considered. Unfortunately,
very 11ttle is known of the specific effects of depressed, elevated,
and "at’ grade sections, and other design features. As an example the
locatlon of a large complex distribution structure with its

complex ‘movements of concentrated masses of traffic may alter

air quality within the lmmedlate area since meteorological and
topographic" featurés may not be conducive for adequate mixing.
Further research is requlred and a large scale effort in this

.direction-is now underway in Los Angeles, California, where a

cooperatively sponsored prOJect by the Federal Highway Administration
and the Callfornla Division of Highways will study the effect on

air guality of dlfferent types of deSLgns used for highways. The
first 1nformatlon on this subject is contained in the recently
released flnal report [33] -on’ the studles in New York City.

Other’ forms of transportatlon ‘such as mass transit within a
corridor ‘may also alter air movements in the same manner as

‘hlghways through constructlon of necessary cuts and fills which

may ‘create-a "reservoir" of air contaminants by disturbing low
level currents which exist in a particular area. Further, the
location of large parklng lots at bus or rapid transit stations
may markedly 1ncrease emission concentrations in the immediate
area .and dOan1nd. This will reguire a thorough analysis for

51te selectlon since deceleration, acceleratlon, and idle modes

. are’ almost exclu81ve w1th1n and around such areas.

In a recent paper, Mlddleton and Oott [37] discuss air pollution
and’ hlghway design. They 'state, "The present state of knowledge
is ‘not adequate to permit us to establish prlorltles for the
individual design approaches that would minimize the pollution
problem in all cases. However, examples of possible steps are
the follow1ng- ’

hlf?fProv1de the maximum dlstance between routes and nearby
*fdwelllng places.

2, jProv1de the Maximum’ W1dth between traffic lanes consistent
- ;w1th safety._j;p’

3.'.Make leldlnq strlps between opp051ng lanes as wide
; *as p0551b1e.
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S. Bellomo [44] also discusses some aspects of the design in
relation to air quality. ‘ : - '

Construction and Maintenance

Some construction and maintenance operations may alter air
quality within the corridor and the immediate area. Dust and
smoke are the two prinecipal agents which may alter air quality
during these operations. Highway Engineers should be familiar
with all regulations relative to burning within each air
pollution district and also all State laws in this connection.
He should also be familiar with all requlations regarding dust
discharges from not only on-site operations, but from the
contractors activities at stationary plants involved with
aggregate processing and the preparation of paving mixtures
including asphalt and portland cement concrete.

In urban areas of some sStates rigid control of smoke and dust

is maintained by local agencies on many types of industrial
operations including those producing construction materials. In
other areas the highway department may be required to issue their
own specifications for control of dust and smoke emissions [45
and 46]. o '

The curtailment of burning in connection with clearing operations
may create new problems in disposal of the material. This

may require burying within £ills or hauling to some other location
for disposal. A number of alternates are available [47] and should
be 'studied by the engineer prior to start of construction. In

fact the control of dust and smoke should be discussed in the
Environmental Impact Statement during the design stage and be
covered in the specifications for the project.

There continues to he a need for further research in this field
especially on test methods for determining dust emissions from
various operations of the contractor on the jobsite.

Operations
We have previously discussed the differences in emission levels

from vehicles-depending on the operating mode, idle, acceleration,
deceleration, and cruise, and the.fact that. an improvement in

- operational characteristics will reduce emissions at least for

two of the important pollutants, carbon monoxide and hydrocarbons.

S. Bellomo [44] discusses this aspect of improvement of air

quality by improving operational characteristics on city streets
through the TOPICS program. Bellomo states, "Even though air
pollution reduction is not one of the objectives of the program,

it comes out as an important by-product of improved traffic flow.
Such actions as synchronizing traffic signals and using computerized
signal systems, improves traffic flow up to 30% and more, and a
comparable decline in air pollution (carbon monoxide and hydrocarbons)

~35-


http://www.fastio.com/

can be expected for the operatlng systems. Unlike the effects of
pollution reduction throuch plaiining and design of new development
and facilities, pollution reductions on the operating system can
affect the whole area." -An‘excellent_review-on‘this and other
aspects of transportation control is found in reference [48]. The
appllcatlon of such programs to freeways and expressways alsc shows
promise of expedltlng traffic during high volume peaks by computerized
ramp control and other methods. Such a system is under test at the
present . tlme on. a freeway net in Los Angeles [49]. Such actions
will reduce emissions by 1ncrea51ng the cruise mode of operation as
Bellomo notes. in his paper [44]..

Lot
B

- THE FU'I‘URE
Acting Federal nghway Admlnlstrator, Ralph R. Bartelsmeyer, in an
address before the 1972 Convention, Association of Hicghway
Off1C1alS of-North Atlantic States [50], states, "State highway
officials ‘today are very 1nvolved in environmental matters -
probably more so than many of their crities -- and they are going
to remain . 1nvolved for the foreseeable future. But I want to
'empha51ze that State highway . offzcxals have always been interested
in the environment and the ecology. Their involvement is more
1nten51f1ed today.
The many factors 1nvolved 1n the effects on air quallty of
transportatlon systems requires a large scale future research
effort. - The present. state of knowledge does not provide answers for
many very important questlons. ‘Emission factors for motor wvehicles
are still.open- to:question. Even the simplest mathematical models
have not.been properly validated.  Very little is known on the
accuracy of photochemical models. The proper deployment of
meteorological equipment and analys1s of data for the many line
source sztuatlons encountered in the United States awaits solution.

The hlghway admlnlstrator should fully reallze the complexity of
the air guality problem and proceed on the basis of fostering
active research in the field together with the development of
specialists within his own organlzatlon. He should be cognizant
of other Federal.and State agencies involved in the field and
establlsh worklng relatlonshlps with key" personnel in these
agencmes. o o
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