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ABSTRACT

This report presents guidelines for the identification and evaluation of
localized violations of carbon monoxide air quality standards in the
vicinity of streets and highways. The guidelines are provided to facil-
itate the rapid and efficient review of CO conditions along existing
roadway networks, without the need for extensive air quality monitoring,
and are based upon the use of limited traffic data. Two stages of review
are provided for. Preliminary screening, performed with simple nomographs
included herein, simply identifies those locations with the potential to
violate CO standards; no quantitative estimate of CO concentrations results
from preliminary screening. Verification screening, using procedures and
forms provided herein, allows for consideration of additional site-specific
conditions and provides quantitative estimates of maximum CO concentrations.
Both screening procedures are performed manually and are based upon the

EPA Indirect Source Review Guidelines. Data collection procedures, com-

putation techniques, and forms are recommended, and examples are provided.
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SECTION I

INTRODUCTION

A. PURPOSE

This volume presents a set of guidelines for the identification and anal-
ysis of locations with the potential for experiencing violations of the
National Ambient Air Quality Standard for carbon monoxide. These guide-
lines are intended for engineers, planners, and other officials who must
consider the effects on air quality of certain traffic management decisions
and whose responsibility includes traffic planning to control CO "hot
spots.'" These guidelines are designed to identify potential carbon mono-
xide hot spots, using only data on automobile traffic and thus avoiding

the need for time-consuming and costly monitoring of air quality at every

potential hot spot.



B. OVERVIEW OF THE PROCESS FOR CONTROL OF HOT SPOTS

1. General

Controlling CO hot spots requires several steps: identification of the
potential hot spots, detailed analysis of each hot spot, and selection of
control measures. Although this document is primarily concerned with
identification and analysis of carbon monoxide problem areas, it is well
to bear in mind that the ultimate purpose of these procedures is to allow
the selection of suitable control measures to insure that public health
will be protected, by complying with the National Ambient Air Quality
Standards. To that end, the following text presents a brief overview of
the entire process of controlling hot spots, from identification to

implementation of control measures.

Choosing among alternative traffic measures for control of CO hot spots
will be much like many other public investment decisions. One must bal-
ance the benefits and costs and choose accordingly. When meeting air
quality standards is one of the goals, the nature of the choice is some-
what altered, however, because attainment of the specified standard is
necessary to protect public health. Consequently, meeting air quality
standards will be the first consideration when selecting among alterna-
tive actions for control of hot spots. Once that criterion has been
satisfied, then the choice among alternatives can be made on the basis of

costs and other issues, as with other public investments.

2. Recommended Trocess

Figure 1 is a flow diagram for the overall process for selection of Co

control measures. Each of the numbered steps will be briefly described
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a. Step 1: Preliminary Screening - Preliminary screening of roadway$s

and intersections to identify possible CO hot spots is the first task.
Preliminary screening procedures, presented in Section II of this volume,
use generalized procedures and a minimum amount of traffic data; available
data can be used in most cases. To facilitate the rapid screening of

many locations, simple charts and nomographs are provided. The output

is simply the identification of potential hot spots; no quantitative

estimates of CO concentrations are produced.

b. Step 2: Verification Screening - Verification screening is a more

detailed manual analysis of locations that are shown by preliminary screen-
ing to be potential hot spots. Verification screening uses a larger

amount of site-specific data than does preliminary screening, and produces
quantitative estimates of CO levels. New traffic data will be needed in
many instances. Section III of this volume describes the procedures for

verification screening.

c. Step 3: Detailed Modeling - Once the hot spots are identified, they

are analyzed with detailed analytical models (usually some form of com-
puter model) using procedures described elsewhere in the literature or,

in some cases, using the detailed procedures for verifying hot spot
potential as described in Sections III and IV. Modeling provides the

base case against which alternatives are judged. Modeling generally
requires the collection of new data on traffic, air quality, and meteor-
ology. Modeling reveals the degree of emission reduction that is needed
from traffic controls. A variety of models are available, some from EPA and
DOT and others from the private sector. Model selection will not be

described here but must be tailored to the individual site in question.

d. Step 4: Identification of Alternative Improvements - Knowing the

amount of CO emissions reduction that is needed, the planner can begin
to narrow the choice of control measures by identifying those alternatives

that appear capable of meeting the air quality requirements. New (or



existing) transportation planning data are obtained at this point,

to allow forecasting emissions in future years and to allow consideration
of macroscale traffic changes when necessary. The alternatives to be
evaluated should be capable of achieving the NAAQS at each hot spot,
after accounting for '"tail pipe" controls such as new vehicle pollution

control devices.

e. Step 5: Evaluation of Alternatives - Evaluation of air quality ef-

fects uses the models from Step 3 and determines if the NAAQS would be
met. For those alternative measures that would satisfy the air quality
criteria (only), the other effects are then identified and quantified.
If the alternative control measures are inadequate, or if it is prudent
to examine additional alternatives because of implementation obstacles

that may arise, the process would revert to Step 4 at this point.

f. Step 6: Selection of Control Measures - Selecting among the alternative

measures requires balancing the non-air quality effects (assuming that
only those measures that will achieve NAAQS are being considered at

this point). The thrust of the choice is to minimize the adverse impacts.
Often, however, the choice will require weighing effects of various types.
For example, the decision might be between two control measures that

are similar except that one requires more capital outlay but is more
beneficial to fuel consumption. Such choices are commonly made in trans-
portation facility planning. This Guideline cannot detail how to make
such choices; an excellent summary of the process has recently been pub-
1ishedl and includes a recommended procedure for considering nonmonetary

costs and benefits.

g. Step 7: Implementation - Having selected a measure, it must be im-

plemented. When planning measures, the time to accomplish this step

should be considered in all analyses of ecffectiveness.



h. Step 8: Evaluation - After implementation, the traffic and air

quality should be monitored and calculations made to determine if NAAQS
will be met. Rarely are planning predictions exact; in some cases it
will be necessary to adjust the control measures, or supplement them,
in order to (1) meet air quality goals or (2) ameliorate unexpected

impacts.



C. HOW TO USE THESE GUIDELINES

As described above, there are two screening tasks for which procedures
are provided in this volume. The sequence of using this volume for
screening is to first become familiar with this guideline, then to use
the procedures in Section II for a preliminary screening of all important
intersections and midblock locations. The preliminary screening provides
a yes/no determination; those locations identified as possible hot spots
are then analyzed in more detail, using the verification procedures in
Section III. Sections II and III provide step-by-step instructions and
supply all necessary charts and computation forms. K Section IV provides

more detailed information that is necessary for both screening tasks.

Appendix A provides maps of Waltham, Massachusetts, to illustrate the

type of traffic flow maps that will be needed for screening. Appendixes B
and C provide examples of the preliminary screening and verification pro-
cedures, respectively, using locations in Waltham and include location
sketches that show that type of physical detail needed for using these
procedures. The three appendixes should be helpful when first using these

guidelines, as illustrations of the procedures.



D. BASIS FOR THE PROCEDURES

1. Previous Method as the Basis

Both the preliminary screening procedures and the verification screening
procedures presented in this report are based upon a technique previously
developed for determination of carbon monoxide concentrations near facil-
ities such as major shopping centers. The technique is referred to as the
Indirect Source Review Guideline and is described in an earlier EPA

report.

Before using these procedures, it is well to understand their technical
basis in order to recognize their assumptions and limitations. The fol-
lowing is a discussion of the technical basis for the procedures, begin-
ning with a brief explanation of the key factors influencing CO

concentrations,

2. Nature of Carbon Monoxide

On or adjacent to streets or highways, the primary contributor to carbon
monoxide (CO) concentrations is automotive traffic on the nearby road-
ways. The highest concentrations of CO have been found to occur near
intersections, where vehicle speeds are generally quite low and where
acceleration, deceleration, and idling occur; these types of vehicle
operating modes tend to produce high rates of carbon monoxide emissions.
The actual concentration of CO at a particular location is the sum of

(1) concentraticns attributable to traffic in the immediate vicinity and
(2) background concentrations attributable to more remote sources of CO.
In most instances where CO levels are higher than allowed by the National
Ambient Air Quality Standard (NAAQS), it has been found that the contribu-
tion from nearby sources is substantially more important than the back-
ground. Consequently the procedures used in this document focus on
calculation of the concentrations from nearby sources, and simply add

a measured or assumed background concentration.



The concentration of carbon monoxide attributable to nearby sources can

be expressed as follows:

C=V-E.K0}S'_ (l)

where C concentration of CO at a particular location
V = traffic volume (in vehicles/hour, say)

E = average emissions rate (in grams/hour, say), which
is a function of vehicle types, speeds, and age.

K = proportionality factor that accounts for the
geometry of the situation, including wind direction
and distance from roadway to receptor location.

.

S = wind speed

It can be seen from equation (1) that, at a given location, carbon monox-
ide concentrations are directly proportional to traffic volume and
inversely proportional to wind speed. The emissions rate, E, is highest
when vehicle speeds are low, such as when volumes are highest. Thus, the
highest CO concentrations will tend to occur when traffic volumes are

the highest and when wind speeds are low.

The NAAQS for carbon monokide specifies two limits. First, there is a
limit of 35 parts per million. (ppm) for a l-hour average concentration.
Second, there is a limit of 9 ppm for an 8-hour average concentration.
The NAAQS specifies that each of these limits may be exceeded only once
per year. Thus, the'process of screening for hot spots must be designed

to examine the highest concentrations likely to occur in a year.

3. Basis for the Screening Procedures

In developing the screening procedures, a distinction was made between
(1) the factors that influence CO levels and are site-specific and (2)
the factors that do not vary significantly from one site to another.

Of the factors mentioned above, the highly site-specific elements are

traffic volume (V), vehicle speeds (included in E), and the distance



from the roadway to the site being evaluated (part of K). Each of these
is thus determined separately for each location to be screened. Several
other factors are common to a given state or metropolitan area, and are
determined just once for each screening prégram, namely the emission fac-
tors (determined by the local vehicle mix and included in E).- The remain-
ing factors relate to meteorology, namely wind speed (S) and direction

(which is included in K).

In a given metropolitan area, conditions of low wind speed occur with a
predictable frequency; the frequency of such occurrences does not vary
substantially among the various geographic locations in an area. Con-
sequently, the procedure presented in the Indirect Source Guideline and
used here has a standard low wind speed (1 meter/sec or 2 mph) that is
used for ‘all locations. As for wind direction, the procedure assumes
that the wind is at an angle to the roadway that tends to produce the
highest concentrations of CO. This assumpticn eliminates the need to
analyze seasonal wind direction frequencies separately for each inter-
section or midblock location to be ahalyzed. This assumption is reason-
able, because any given location will tend to experience every wind angle

‘during a year.

In summary, the screening procedure uses (1) a standardized set of meteor-
ological conditions, (2) a regional set of emission factors, and (3) data
on traffic volumes, traffic speeds, and distance from roadway to receptor

specific for each site to be analyzed.

4, Limitations of the Procedure

The purpose of the screening procedure is to efficiently identify loca-
tions with the potential for violation of the NAAQS for carbon monoxide.
In order to achieve an efficient process, it was necessary to make a
number of simplifying assumptions, several of which have already been
mentioned. Where such assumptions were made and where generalized condi-

tions or relationships were included, it was necessary to be conservative;
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that is, it was desirable to overpredict CO levels rather than under-
predict them, in order to insure that potential hot spots would not be
missed. Each succeeding stage of analysis has fewer assumptions, however.
Preliminary screening requires the lecast effort per site and thus has the
greatest number of simplifying assumptions. Verification scrcening allows
a greater number of localized adjustments and thus can be more accurate,
requires greater effort per site, but need only be performed for sites
shown by preliminary screening to be potential hot spots. Modeling, not
presented in this volume, requires the greatest effort for each site but

potentially is most flexible and accurate.

a. Meteorological Assumptions - The wind conditions used in this volume

are identical with those in the EPA Indirect Source Review Guideline.

There are no provisions for adjustments here, although there are techniques
described in Reference 2 for compensating for different wind speeds. To
illustrate the reasonableness of the assumed conditions, data for Boston
were examined. In the winters of 1967 to 1972, wind speeds were between

0 and 3 mph (i.e., in the range assumed here) during more than 2 percent

of the time.* (Recall that the hot spot guideline is intended to find

the peak likely CO level, which would be representative of the second-

worst hour and thus would be exceeded less than 0.1 percent of the time.)

Another meteorological factor is ambient temperature. Inasmuch as the
peak CO concentrations usually occur in the winter, at least in the
Northeastern U.S. where these screening procedures will first be applied,
an ambient temperature of 0°C (32°F), is assumed. This differs from the
Indirect Source Review Guidelines which uses 68°F-86°F, judged to be
reasonable for that appliéation. Colder temperatures produce higher
emission rates, and temperatures lower than 0°C are certainly not uncommon.

As an example, the mean daily average temperature in Boston is 30°F in

*
Atmospheric stability consistent with the assumptions herein, also.

11



January and February, which indicates there are many hours with tempera-
tures below the assumed 32°F; also there are 94 days per year in Boston
during which the minimum temperature is 32°E or below.3 Thus, the

» *
assumed condition of 0°C is reasonable but not particularly conservative.

b. Traffic Assumptions -~ The screening technique herein is designed for
a minimum of effort. To minimize the need for collection of special '
traffic data, the preliminary screening is based upon using average daily
traffic (ADT), a statistic that is normally available for éll major roads,
rather than using hourly data. Hourly traffic must be used for calculat-
ing CO concentrations, however, so the preliminary screening procedure
incorporates the following assumptions that relate ADT to hourly travel

volumes:
@ Peak hour traffic represents 8.5 percent of the ADT.

° The directional split on two—way'facilities during the
peak hour is about 40 percent to 60 percent at mid-
block .locations and 50 percent to 50 percent at intersections.

o For multi-lane facilities, the volume on the outside lanes
(towards the shoulder) is generally lower than the inner
lane volumes, :
Again, each of these assumptions is judged to be reasonable for the pur-
pose of preliminary screening.. As for verification screening, there is
a provision for determining actual hourly volumes. In both cases,'there‘
are additional assumptions regarding signal operations and speed-volume-
capacity relationships, which are discussed further in Sections II, III,

and IV and in Reference 2.

—
Also, at present there are no correction factors available for ambient
tempreatures below 0°C. :

12



c. Assumed Conditions - The data provided here for screening is based upon

the 1977-1978 winter period; that is, the assumed vehicle population has
the emission characteristics of that time. This date was chosen because
it will be the first winter after the present statutory deadline of June,
1977, for meeting CO standards everywhere in the U.S. Note, however, that
the curves provided here for preliminary screening to not include
inspection/maintenance programs or other '"tail pipe' controls, because

not all areas will have them in effect. The verification screening
procedures do allow for such tail pipe control measures to be accounted

for.

d. General Comments - The procedures described herein embody a number

of simplifying assumptions, the most important of which have been des-
cribed. Such simplifications are necessary for the screening process,

for otherwise the screening effort would be considerably greater. These
assumptions will apply more accurately to some locations than to others.
That is, the user should recognize that the assumed conditions will not

be representative of conditions at all locations. 1In general, the proce-
dures are intended to produce & reasonable estimate of peak CO concentra-
tions. When site-specific data could not be used, the assumed general
conditions were chosen to be conservative. This prevents overlooking hot
spots. Later stages of analysis.can be more site-specific, less conserva-
tive, and thus more precise. 1In particular, the first-stage (preliminary)
screening is qualitative, and will only identify those sites with the
potential for violations of the NAAQS. The second-stage (verification)
screening allows some additional site-specific conditions to be considered,
and will be less conservative than preliminary screening, but still pro-
duces approximations of peak CO levels. The procedures are not intended
to replace more detailed modeling, especially for circumstances not con-

sistent with the assumptions.

13
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SECTION II

TASK I - PRELIMINARY SCREENING

A. INTRODUCTION

Hot spot screening can be defined as the analysis of a highway network

in order to identify specific locations where carbon monoxide concentra-
tion may exceed National Ambient Air Quality Standards which specify
maximum ambient concentrations allowable under provisions of the Clean
Air Act. The purpose of the screening procedures developed herein is to
provide a practical, economical method of identifying locations where
appropriate action may be required to reduce ambient carbon monoxide con-
centrations. In this regard, appropriate action implies implementing any
of a number of plans or measures available for reducing carbon monoxide

emission levels.

On or adjacent to roadway networks, the primary source of carbon monoxide
is vehicular traffic using that network. The highest concentrations
typically occur in the vicinity of intersections where vehicle speeds are
generally quite low and acceleration, deceleration, and idling, occur.
This is not to say, however, that concentrations in the vicinity of freely
flowing traffic do not ever exceed air quality standards. The implication
intended is that any technique that is developed to identify possible
carbon monoxide hot spots, must focus on the entire street network in-

cluding intersections and midblock locations as well as expressways.

A technique has been developed that does permit analysis of intersections,

midblock locations, and expressways based on data developed by the U.S.

15



Environmental Protection Agency and presented in a document entitled

Guidelines for Air Quality Maintenance Pianning and Analysis, Volume 9:

Evaluating Indirect Sources.l This technique provides for separate anal-

yses of signalized intersections, nonsignalized intersections, midblock
sections of arterial streets, and expressways. The technique is presented
as two separate tasks - the first being the preliminary screening pro-
cedure which facilitates identifying potential locations where hot spots
may exist. This is accomplished using only the most basic traffic data
inputs and is intended to provide omly a '"go- no go'" type of analysis;

in other words, it indicates only whether there is potential for a hot
spot to exist but does not attempt to quantify the-potential. The anal-
ysis is conducted utilizing a series of nomographs that express a rela-
tionship between certain roadway characteristics (physical and operaticnal)
and expected '"worst case' air quality. The second task involves verifying
the hot spot potential of a location by using more specific data regarding
that location, and established relationships (again, depicted by a series
of nomographs) between air quality and nearby traffic characteristics.
Instructions for performing both screening tasks are provided in this
document; initial screening* is discussed in the remainder of this

Section while Section III.discusses the second-stage analysis procedure.

*
The terms Preliminary Screening and Initial Screening are used inter-
changeably throughout this document.

16



B. OVERVIEW-OF THE PRELIMINARY SCREENING PROCESS

A description of the preliminary screening process must include discussions
of three elements critical to the process; these include (1) the data
required, (2) the nomographs that relate the roadway characteristics to

air quality, and (3) a set of standard forms on which the analysis is per-
formed and the results reported. Each of these elements will be described

below.

1. Data Requirements

The entire preliminary screening task may be possible to complete for

many communities with only a minimal field data collection effort. Data
required includes areawide traffic volume data and a street inventory of
sufficient detail to indicate the lane composition (use and number of
lanes), traffic control utilized (mainly, the locations of signalized
intersections are of primary importance), and whether various streets
operate one-way or two-way. Also, additional backup data are required

in order to estimate the lane capacity of arterial streets and expressways,

as will be mentioned later.

a. Traffic Volume Data - Traffic volume data should be summarized in the

form of a traffic flow map indicating the highest monthly average daily
traffic (ADT) volumes for the winter season, projected to the year 1977.
Volume data need not be developed for every street on the network; of
primary interest should be: (1) those streets and highways on the Federal
Aid System, (2) those not on the Federal Aid System but which are con-
trolled by traffic signals; and (3) those not on the Federal Aid System
but which are considered by local officials to be "important'" or high

volume facilities.

Traffic volume data is perhaps the most abundant data element available

concerning a highway network. The intent here is that existing data be

17



used wherever possible, implying that existing volume data should be
available in most instances to develop a suitable traffic flow map. InD
many communities where traffic studies or transportation plans have been
developed, flow maps may already be available, requiring only minimal
updating. As an example, a traffic flow map for the City of Waltham,
Massachusetts (see Appendix A, Figures A-3a and A-3b) was developed with
only minimal effort utilizing an existing flow map extracted from an
Areawide TOPICS (Traffic Operations Program to Increase Capacity and
Safety) Plan. Development of flow maps, however, should be carefully

guided by cognizant state highway and transportation planning officials.

b. Highway Inventory Data - Highway inventories are normally available

from state transportation, planning or highway departments. These in-
ventories should be made available for each community where hot spots

are being investigated. The required data that can be obtained from
these inventories include descriptions of operational characteristics

of the roadways (e.g., one-way or two-way operation); information regard-
ing the number of lanes, use of medians, functional classification, etc.,
and occasionally, volume data. Also, data must be obtained regarding
intersectional traffic control, particularly the locations where traffic
signals are utilized. It is helpful if the locations of all signalized

intersections are plotted on a base map.

c. General Backup Data - Other data elements are required which may not

be available from previous studies or from existing inventories. Included
is information required to estimate the lane capacity of streets on the
network, mainly, estimates of truck factors, knowledge of conditions such
as restricted lateral clearances, severe terrain features, etc. This
information can be obtained through local planning or engineering per-
sonnel and by field reconnaissance. For a comprehensive discussion of
roadway lane capacity, the reader is referred to the Highway Research

Board's Special Report No. 87, the 1965 Highway Capacity Manual.2
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2. Nomographs for Preliminary Screening

The nomographs for preliminary screening provide the basic tool for re-
lating various traffic and roadway characteristics to hot spot potential.
In particular, these nomographs relate a roadway's average daily volume
demand and capacity characteristics to potential for exceeding the
National Ambient Air Quality Standard for 8-hour average concentrations
of carbon monoxide (9.0 parts per million). Separate sets of nomographs
are presented for three distinct types of analysis including signalized
intersections, nonsignalized intersections, and for conditicns where

uninterrupted flow prevails. Each of these sets is discussed below.

a. Signalized Intersections - Eight separate nomographs avre presented.

Each of the nomographs was developed for screening intersection legs of

a particular configuration (e.g., the nomographs presented in Figure 2
was developed to screen 2-lane, 2-way intersection legs in congested
areas while Figure 5 presents a nomograph developed for screening 3-lane,
2-way legs in noncongested areas). Included are nomographs developed for

screening the following leg configurations:

° 2-lane, 2-way (coﬁgested area)

e 2-lane, 2-way (noncongested area)

° 3-lane, 2-way (congested area)

° 3-lane, 2-way (noncongested area)

' 4~lane, 2-way (congested area)

° 4-lane, 2-way (noncongested area)

° 3-lane, l-way

° 2-lane, l-way
A series of five curves appears on each nomograph. Each of these curves
represents a particular configuration of the cross street (with respect

to the leg being screened). Curves representing the following cross

street configurations are plotted on each nomograph:
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e 2~lane, l-wvay
. 2-lane, 2-way
® 3-lane, l-way
@ 3-lane, 2-way

° 4-lane, 2-way

These are represented by curves A through E, respectively.

Each of the curves is a plot of the ADT on the intersection leg under
analysis (abscissa) versus the ADT on the cross street (ordinate).

Each point on any of the curves, then, represents that combination of N
traffic volumes (on the street under analysis and the cross street) which,
under certain assumed conditions, would result in ambient carbon monoxide
concentrations at cr very close to the maximum level permitted by the
National Ambient Air Quality Standard for 8-hour average concentrations
(9.0 ppm). This is to say that for any particular configuration of

street (under analysis) and cross street, if their respective ADT's are
plotted on the nomograph and the point plotted falls on or above the
(cross street) curve, the implication is that resulting carbon monoxide
concentrations are potentially in the vicinity of 9.0 ppm or more, indi-
cating that the leg has hot spot potential. Plotting the ADT's (for
winter 1977-78) in this manner and noting where the plot lies with re-
spect to the cross street curve, is essentially the entire procedure
involved for using the nomographs. The appropriate nomograph is selected
based on the configuration of the leg being analyzed while selection of
the appropriate curve on the nomograph is based on the cross street

configuration.

1. Nomogravis for Screening Signalized Intersections - Following are

the eight nomographs to be used for the preliminary screening of signalized

intersections (Figures 2 through 9).
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CROSS STREET
CURVE CONFIGLURATION
A 2 lane - | way
8 2 lane - 2 way —]
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ADT ON STREET UNDER ANALYSIS: 2 lane -2 way ( CONGESTED AREA)

{ in thousonds of vehicles)

Figure 2. C(Critical volumes at signalized intersections, Analysis of a
2-lane 2-way street in a congested area,
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@ LEGEND
CROSS STREET
CURVE CONFIGURATION
A 2 lane — 1 way
B 2 lane — 2 way _
20 C 3 lane | way
D 3 jone - 2 way
@ E 4 lane 2 way
16 — T

ADT ON CROSS STREET
{in thousonds of vehicles)

o 1 ! L !
0O 4 8 12 16

ADT ON STREET UNDER ANALYSIS : 2 lane - 2 way { NON-CONGESTED AREA)

{ in thousands of vehicles )

Figure 3. Critical volumes at signalized intersections. Analysis of a
2-lane 2-way street in a noncongested area,
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LEGEND
CROSS STREET
CURVE CONFIGURATION
A 2 lane - 1 way
B 2 lone ~ 2 wviay ]
20~ Cc 3 lonn ! way
D 3 lane 2 viay
E 4 lane 2 way
16 -]

ADT ON CROSS STREET
{in thousands of vehicles)

o ! 1 1 L
8 12 16

(o)
I

ADT ON STREET UNDER ANALYSIS : 3 lane - 2 way ( CONGESTED AREA)

{in thousands of vehicles )

Figure 4. Critical volumes at signalized intersections.

Analysis of a
3-lane 2-way street in a congested area.
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ADT ON STREET 'UNDER ANALYSIS: 3 lane-2 way (NON-CONGESTED AREA)
{ in thousands of vehicles)
Figure 5. Critical volumes at signalized intersections. Analysis of a

3-lane 2-way street in a noncongested area.
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CROSS STREET
CURVE CONFIGURATION
A 2 lane — | way
20 — 8 2 lane — 2 way —
C 3lane - | way
D 3 lane 2 way
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ADT ON STREET UNDELR ANALYSIS: 4lcne -2 way (CONGESTED AREA)

{ in thousands of vehicles )

Figure 6. Critical volumes at signalized intersections. Analysis of a
4-lane 2-way street in a congested area,
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24 T T J !

LEGEND
CROSS STRCET
CURVE CONFIGURATION
A 2 lane -~ | way
B 2 lone - 2 way
20 C 3lane - | way
D 3lane - 2 way
E 4 lone - 2 way
16 — —]

ADT ON CROSS STREET
{in thousands of vehicles)

—

L | | 1
[0} 4 8 12 16

ADT ON STREET UNDER ANALYSIS: 4 lane -2 woy {NON-CONGESTED AREA)

{in thousands of vehicles)

Figure 7. Critical volumes at signalized intersections. Analysis of a
4-lane 2-way street in a noncongested area.
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ADT ON CROSS STREET
{in thousands of vehicles)

24

I ! T T
LEGEND
CROSS STREET
CURVE CONFIGURATION
A 2 lane — ! way
20 k- B8 2 lane - 2 way _]
c 3lone - | way
0 3 lane 2 way
E 4 lone - 2 woy
16 — —
12— —
s (© ]
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E <+
0 o l - Ll 1
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ADT ON STREET UNDER ANALYSIS: 3 lane -] way

{ in thousands of vehicles)

Figure 8. Critical volumes at signalized intersections.
Analysis of a 3-lane l-way street.
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ADT ON CROSS STREET
(in thousands of vehicles)

24 T I T ]
LEGEND _
CROSS STREET
CURVE CONFIGURATION
A 2 lane - I way
20~ B 2 lane -2way
Cc 3 lane - | way
D 3 lane -2 way
E 4 lane -2 way
—
O } . Il ] J I l
° 4 8 12 16

ADT ON STREET UNDER ANALYSIS: 2 lane - | way

{in thousands of vehicles)

Figure 9. Critical volumes at signalized intersections.
Analysis of a 2-lane l-way street.
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b. Uninterrupted Flow - Two types of locations are considered where

conditions of uninterrupted flow prevail - these include expressways
and arterial streets. One nomograph is presented for each of these two

facility-types, as shown by Figures 10 and 11.

Expressways are considered in the nomograph presented in Figure 10. Three
separate curves are plotted on this nomograph representing 4-lane, 6-lane,
and 8-lane expressways. These curves are plotted as lane capacity (ab-
scissa) versus ADT (ordinate). Each point on the curve represents that
combination of lane capacity and 24-hour volume which, under certain as-
sumed conditions, would result in nearby ambient carbon monoxide concen-
trations of approximately 9.0 ppm. The implication, again, is that for a
particular roadway configuration with a certain lane capacity, an ADT

equal to or in excess of the "ericital" ADT (shown by the curve on the

nomograph) indicates that the location may be a potential hot spot.

The curves in Figure 11 indicate the critical ADT for various configura-
tions of arterial streets. Again, if the actual ADT (estimated for winter

1977-78) exceeds the "critical' ADT, hot spot potential is indicated.

The procedure, then, for using either of the nomographs presented in
Figures 10 and 11 is to plot the facilities estimated lane capacity ver-
sus its ADT and observe where this plot lies with respect to the curve
corresponding to the facility's configuration - if the plot falls on or

above the curve, hot spot potential is indicated.

1. Nomographs for Screening Uninterrupted Flow - Nomographs for

screening expressways and arterials where conditions of uninterrupted

flow prevail are presented as Figures 10 and 11.

c. Nonsignalized Intersections - Ten separate nomographs have been de-

veloped for the preliminary screening of nonsignalized intersections.

These nomographs are utilized to screen intersection legs controlled by
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Critical volumes for uninterrupted flow conditiong,
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Figure 11. Critical volumes for uninterrupted flow conditions.
Analysis of uncontrolled access facilities,
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STOP-signs only; the through street legs of a STOP-sign controlled inter-

section are screened utilizing the nomographs presented for uninterrupted

flow.

Several curves are plotted on each nomograph, representing the estimated

lane capacity of the majbr through street. Any point on each curve repre-

sents that combination of ADT on the street under analysis and ADT on
the major through street (whose lane capacity corresponds with that
indicated for the curve) that would result in ambient carbon monoxide
concentrations of approximately 9.0 ppm (assuming certain other condi-
tions prevail). Therefore, in order to use these Homographs three ele-
ments of data other than the configuration of each street leg must be
determined, including (1) the ADT (winter 1977-78) on the street under
"~ analysis, (2) the ADT (winter 1977-78) on fhe major through street, and
(3) the estimated lane capacity of the major through street. If, then,

the ADT's are plotted and the point lies on or above the curve correspond-

ing to the lane capacity of the major leg, hot spot potential is indicated.

Selection of the nomograph is based on the configuration of both the STOP-
sign controlled street being analyzed and the major through street. Again,
the curve representing lane capacity is based on the major through street's

lane capécity.

1. Nomographs for Screening Nonsignalized Intersections - Nomographs

were developed for the preliminary screening of the following STOP-sign

controlled street configurations:

e 2-lane, 2-way, 4-way STOP (congested area)
e 2-lane, 2-way, 4-way STOP (noncongested area) '
) 2-lane, 2-way minor; 2-lane major (congested area)

e 2-lane, 2-way minor; 2-lane major (noncongested area)
e 2-lane, 2-way minor; 4-lane major (congested area)
e 2-lane, 2-way minor; 4-lane major (noncongested area)
® 4-lane, 2-way minor; 4-lane major (congested area)

e 4-lane, 2-way minor; 4-lane major (noncongested area)
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e 2-lane, l-way minor; 2-lane major

o 2-lane, l-way minor; 4-lane major

These are presented as Figures 12 through 21, respectively.

3. Preliminary Screening Forms

Presented below are standard forms to be used as work sheects and summary
sheets for performing preliminary screening, as well as for reporting the

screening of a community. Included are the following:
° Initial Screening Summary Sheet Form 1

° Preliminary Screening Work Sheet -
Signalized Intersections Form 2

° Preliminary Screening Work Sheet -
Uninterrupted Flow Form 3

° Preliminary Screening Work Sheet -
Nonsignalized Intersections Form 4

Each of these forms will be discussed briefly in the following text.

a. Initial Screening Summary Sheet (Form 1) - This form, as its name

implies, is intended to be used for summarizing the initial screening ef-
fort for a community. The information to be entered on the sheet includes:
1. A description of each location analyzed - Broadway at

Park Street, or Vasser Street between Parson's Road
and Kennelworth Drive, for example.

2. The type of location analyzed - either signalized
intersection, nonsignalized intersection, freely

flowing arterial section, or expressway.

3. Whether or not hot spot potential is indicated by
the analysis.

The locations listed are then numbered sequentially., A completed example

Initial Screening Summary Sheet is provided on page B-2 of Appendix B.
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ADT ON CROSS STREET : 2 lane - 2 way

(in thousands of vehicles)

12.5 T I | |

4 WAY STOP

10.0 |-
LANE CAPACITY =1200 vph

|
10.0 12.5

ADT ON STREET UNDER ANALYSIS :2 lane -2 way (CONGESTED AREA)

(in thousands of vehicles)

Figure 12. Critical volumes at nonsignalized intersections,
Analysis of a 2-lane, 2-way major and minor
street intersection under 4-way STOP-sign con-
trol in a congested area.
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2 lane -2 way

-
.

ADT ON CROSS STREET

(in thousands of vehicles)

12.5 I I ] l
4 WAY STOP

10.0 -]

|
7.5 10.0 12.5

ADT ON STREET UNDER ANALYSIS: 2 lane -2 way ( NON CONGESTED AREA)
(in thousands of vehicles)

Figure 13. Critical volumes at nonsignalized intersections.

Analysis of a 2-lane, 2-way major and minor
street intersection under 4-way STOP-sign con-
trol in a noncongested area.
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ADT ON MAJOR STREET: 2 lane-2 way,or 2 lane-| way

{in thousands of vehicles )
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ADT ON CONTROLLED STREET: 2 lane -2 way (CONGESTED AREA)

Figure 1l4.

( in thousands of vehicles )

Critical volumes at nonsignalized intersections,
Analysis of a 2-lane, 2-way minor street inter-
secting a 2-lane, 2-way or 2-lane, l-way major
street in a congested area.

36



ADT ON MAJOR STREET : 2 lane - 2 way, or 2 lane - | way

(in thousands of vehicles )
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ADT ON CONTROLLED STREET: 2 lane - 2 way (NON CONGESTED AREA)

Figure 15.

{in thousands of vehicles)

Critical volumes at nonsignalized intersections.
Analysis of a 2-lane, 2-way minor street inter-
secting a 2-lane, 2-way or 2-lane, l-way major street
in a noncongested area.
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ADT ON MAJOR STREET: 4 lane -2 way

{ in thousands of vehicles)
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( in thousands of vehicles)

Figure 16. Critical volumes at nonsignalized intersections.
Analysis of a 2-lane, 2-way minor streect inter-
secting a 4-lane, 2-way major street in a con-
gested area.
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4 lane -2 way

( in thousonds of vehicles )

ADT ON MAJOR STREET :
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I
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ADT ON CONTROLLED STREET : 2 lane-2 way (NON CONGESTED AREA)

(in thousands of vehicles)

Figure 17. Critical volumes at nonsignalized intersections.

Analysis of a 2-lane, 2-way minor street inter-
secting a 4-lane, 2-way major street in a non-
congested area.
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ADT ON MAJOR STREET : 4 lane-2 way

(in thousands of vehicles)

100 i T T |

l l I |
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ADT ON CONTROLLED STREET : 4 lanes-2 way { CONGESTED AREA)

( in thousands of vehicles)

Figure 18. Critical volumes at nonsignalized intersections.
Analysis of a 4-lane, 2-way minor street inter-
secting a 4-lane, 2-way major street in a con-
gested area.
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4 jane - 2 way

ADT ON MAJOR STREET :

(in thousands of vehicles)
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(in thousands of vehicles )

Figure 19. Critical volumes at nonsignalized intersections.
Analysis of a 4-lane, 2-way minor street inter-
secting a 4-lane, 2-way major street in a non-
congested area.
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¢ 2 lane -2 way
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Figure 20. Critical volumes at nonsignalized intersections.
Analysis of a 2-lane, l-way minor street inter-
secting a 2-lane, 2-way or 2-lane, l-way major street,
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{ in thousands of vehicles )

ADT ON MAJOR STREET : 4 lane -2 way
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(in thousands of vehicles )

Figure 21. Critical volumes at nonsignalized intersections.
Analysis of a Z2-lane, l-way minor street inter-
secting a 4-lane, 2-way major street
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INITIAL SCREENING SUMMARY SHEET
page —of

City/Town: State:

Date ! e

Analysis By:

(titla)

(nasae)
Approved By: Date: .
(name) (ttitle)
Hot Spot Indicated
or
Location Type Detailed Analysis Required

Yes " No

Form 1
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City/Town:
Analysis By:

Approved By:

PRELIMINARY SCREENING WORK SHEET- STGNALIZED INTERSECTIONS

State:

page ___of

(nane)

(titlae)

(name)

(citle)

Date:

Date:

45

Part 1 Location:
Part 11 Congested Area? Yes; No
.Part II1 Ccaplex Intersection or Special Case? Yes ; No; If yes, enter location on Initial Screening
Summary Sheet and proceed to next intersection; it no, proceed with Part 1V.
Part IV Analyze each leg seperately on the form, below,
Cross-street data
Leg under analysis
Street: Lleg: Street: Leg:
2 L2 3 < e £ 5 h L 1 L4
Adjusted Adjuated Adjusted
. AUT Conligur- ARl Conllgur- Fipure/ ot spol ALT Conliypur- Figure/ llot gpot
Degignatien (1977-78) ation (1977-78) ation curve used | Indicated?} (1977-78) ation curve vsed | indicated?
>< Stveet: Leu Street Leat
.
Part 1 Location:
Part 1I Congeated Area?____ Yes; .No
Part III Complex lntersection or Special Case? Yes ; Ko; 1f yes, enter location on Initial Screening
Summary Sheet and proceed to next intersection; if no, proceed with Part 1V,
Fart IV Analyze each leg seperately on the form, below,
Cross-street dats
leg under anslysis
- Street: Lep: Street: Lew:
'l ® < 4 e £ £ h L 1 .3
Adjusted Adjusted Adjusted
ADT Configur- ADT Conlijur- Fipure/ Hot spot ADT Conlivur- Figure/ lot spot
Designation (1977-78) ation (1977-7K) atfon curve used | {ndveated?| (19:7-/8) ation curve used | indlcated?
>-< >< ~ Street: Te Strvet: Tee
Form 2




PRELTMINARY SCREENING WORK_SHELT — UNINTERRUPTED FILOW

City/Town: State: page of
Analysis By: Date:
(nana) (ticle)
Approved By: Date:
(name) (title)
a b < 4 LA L
- Adjusted Eat,
Facility Locatien ADT Confi{gur- lane Hot Spot
{1977-78) ation capacity Jindicaced?

Form 3
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PRELIMINARY SCREENING WORK SIEET — NONSIGNALIZED INTERSECTIONS ¢
page ..o

City/Town: State:
Analysis By: Date:
(oace) (title)
Approved By: Date:
(name) (ticla)
Part I  lLocatton:
Pare II Anslyza sach croce strest leg on the form, below:
Minor cross strect data
Through street data
Strcet: Leg Street: leg
L L] < 4 [ L £ h L 1 X 1
Adjusted Est. Adjusted Adjusted
ADT Configur- lane Hot Spot ADT Configur- Figure/ Hot Spot ADT Conflgur-| Figure/ Hot Spot
(1977-18) ation capacity | indicated?] (1977-78) atlon curve used | Indfcated?| (1977-78) ation curve used | Indicated]]

Part 1 Location:
Part 11 Anslyze each cross street leg on the form, below:
Minor cross strect data
Through street data
Street: Leg Street: Leg
L > < 4 3 1 F3 h i 1 X i
Adjusted . Est. Adjusted Adjusted
ADT Con{{gur- lsne Hot Spot ADT Configur~ Figure/ lict Spot ADT Configur-] Figutre/ Hot Spot
{1977-78) ation capacity | indicated?| (1977-78) ation curve used | indlcated?] (1977-78) ation Jcurve used | indicated)
Part I  Location:
Part I1 Anslyze each crose straet leg on the form, bolow:
Hinor croas street data
Through street data
Sftreet: Leg Street: leg
s b < 4 [ L £ h L i k 1
Adjusted Est, Adjusted Adjusted
ADT Conf{gur- lane Hot Bpot ADT Configur~ Figure/ [tot Spot ADT Configur- Flgure/ Hot Spot
(1577-78) ation capacity | indfcated?| (1977-78) ation curve uscd | Indfcated?] (1977-78) ation curve used | indicated

Part 1 Location:

Part 11 Anelyze each cross street leg on the form, below:

Minor crone etreet data
Through etreat date
Street: leg Street: Leg
: i £ 4 [ L £ h L L 3 i
Adjusted Est, Adjusted Adjusted
ADT Con{{gur- lene Hot Spot ADT Confipur~ Figure/ Hot Spot ADT Conlfigur- Flgure/ Hot Spot
{1927-78) ation capacity | indicated?] (1977-78) ation curve umed | Indicated?] (1977-78) stion |curva used] indicated

Form 4
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b. Preliminary Screening Work Sheet - Signalized Intersections (Form 2) -

This form provides space for the analysis of two separate intersections.
To complete this form the intersecting streets' names are entered in

Part I and it is indicated whether or not the intersection is located im

a congested area, in Part II (guidance for making this determination is
provided in Section IV.H). In Part III, it is indicated whether or not
the location should be considered a complex intersection or a special case
(see Section IV.H for guidance in making this decision). For locations
that are not considered complex intersections or special cases, the actual

screening is performed in Part IV.

In Part IV each leg of the intersection is analyzed separately. Under

" the leg designation (name

the main column heading 'Leg Under Analysis,
and orientation such as Amity Road, south leg), the adjusted average daily
traffic velumes, and the roadway configuration (for example, 4-lane,
2-way) are entered.

1

Under the other main column heading of "Cross-Street Data,'" the appropriate

data elements for the cross street leg having the highest traffic volume

are recorded. Then, utilizing the appropriate nomograph and curve, a
determination of hot spot potential is made and recorded. If the config-
uration of the other leg of the cross street is different from the leg
previously used in the analysis, the procedure is repeated using the data
for the second cross-street leg and the appropriate nomograph and curve.
Note that columns f and j provide space to record the figure number and
curve designation for the nomograph used to perform the screening. Two

completed sample forms appear on pages B-4 and B-5 of Appendix B.

c. Preliminary Screening Work Sheet - Nonsignalized Intersections (Form 3)

This form allows for the analysis of four nonsignalized intersections. In
the first major column, "Through Street Data," the through street is
analyzed in the same fashion as for uninterrupted flow conditions. Each
leg of the controlled cross street is then analyzed in the two columns
under the heading of 'Cross Street Data." A completed sample form isg
provided on page B-6 of Appendix B,
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d. Preliminary Screening Work Sheet - Uninterrupted Flow (Form 4) - Up to

30 locations where conditions of interrupted flow prevail can be analyzed
on each of these forms. The data required include the facility name; a
description of its location; its volume, configuration, and capacity;

and finally, whether or not hot spot potential is indicated. A sample

completed form is provided on page B-7 of Appendix B.

4. Performing Preliminary Screening

Detailed instructions on performing preliminary screening are provided in
Section II.C which follows. Prior to this detailed discussion it may be
helpful to look at the process in general terms; this can be best il-

lustrated by a flow diagram as shown in Figure 22,

As can be seen from the flow diagram, the first steps involve compiling
the required data. Once this has been completed, screening begins.

First, all signalized intersections are screened, followed by locations
where uninterrupted flow prevails, and finally, nonsignalized intersec-
tions. The importance of the order of analysis becomes apparent in the

following detailed discussion.
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COMPILE TYRAFFIC, ROADWAY
AND PLANNING DATA
' }
DEVELOP/OBTAIN TRAFFIC OBTAIN LIST OF TRAFFIC SIGHAL DEVELOP/OBTAIN OTHER
FLOW MAP FOR 1977-78 LOCATIONS, TOWNWIDE CENERAL ROADWAY OATA
USE NOMOGRAPHS PROVIDED
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C. DETAILED INSTRUCTIONS FOR PRELIMINARY SCREENING

The following presents detailed instructions for performing preliminary
screening based on utilizing the data, nomographs, forms, and general
procedure discussed in the previous portion of this section. Included
are step-by-step instructions for the three subtasks (analysis of sig-
nalized intersections, uninterrupted flow, and nonsignalized intersec-

tions) involved in the preliminary screening process.

1. Subtask l-a: Screening Signalized Intersections

a. Step 1 - Prepare a townwide traffic flow map depicting the highest
monthly projected ADT's on the street network for the winter months
(November through March) of 1977-1978. This should be presented on a
suitable base map (or maps) at a scale of between 1 inch = 1,000 feet
and 1 dnch = 3,000 feet; insets at a larger scale should be used, as
approprilate, for congested areas. Volumes should be included for all
principal streets including, as a minimum, all streets and highways on
the Federal Aid System and on all street sections controlled by traffic

signals.

b. Step 2 - Determine the locations where traffic signals are utilized

to control traffie.

c. Step 3 - Determine the configuration (i.e., the number of approach
and departure lanes) of each leg for all signalized intersections. Also,
a determination should be made as to whether each intersection is located
in a congested or noncongested area, and whether any of the locations

should be classified as complex intersections or special cases.

*
See Definitions in Section IV.H.
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d. Step 4 - Enter appropriate data for each signalized intersection on
the Preliminary Screening Work Sheet - Signalized Intersections (see
Section II.B.3), as follows:

1. Part I:
a. Enter the location (e.g., Main Street at Naussam Road).
2, Part II:

a. Record whether or not the location is generally within a
congested area (see Section IV.H).

3. Part IIT:

a. Record whether or not the location should be considered
a complex intersection or special case. If 1t is either
a complex intersection or a special case, enter the
location on the Initial Screening Summary Sheet (see
Section II.B.3) and proceed to the next intersection.

b. If the location is neither complex nor a special case,
proceed to Part IV,

4, Part IV: Each leg of the intersection is analyzed as follows:
a. Enter the leg designation (e.g., Main Street, south leg)
in column a. It is important to identify the particular
leg being considered (e.g., Main Street, south leg).
b. Enter the adjusted ADT (winter 1977-78) in column b.

c. Enter the configuration (e.g., 2-lane, l-way) of the
leg in column c.

d. Enter the name and orientation (e.g., Main Street, east
leg) of each cross street leg on the line above columns
d through k.

e. TFor the first leg of the cross street:

1. Enter the adjusted ADT (winter 1977-78) in column d.

2. Enter its configuration (e.g., 2-lane, l-way) in
column e.
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Enter the figure number and curve to be used for
screening in column f (see Section II.B.2 for
instructions on the selection of figures and curves).

Using the figure and curve noted in column f, deter-
mine whether or not hot spot potential exists; record
this determination in column g.

the other leg of the cross street:
Enter the adjusted ADT (winter 1977-78) in column h.

Enter its configuration (e.g., 2-lane, 2-way) in
column 1.

Enter the figure number and curve to be used for
screening in column j (see Section II.B.2 for
instructions on the selection of figures and curves).

Using the figure and curve noted in column j, deter-
mine whether or not hot spot potential exists; record
this determination in column k.

g. Repeat the previous steps in Part IV for each approach.

5. After all approaches have been analyzed, enter the location on
the Initial Screening Summary Sheet (see Section II.B.3); in-
clude the following data:

a. Location (street names).

b. Type (in this case, signalized intersection).

c. Whether or not a hot spot is indicated - this is affirma-
tive if any entry in columns g or k is affirmative.

e. Step 5 - Rep

street network.

2. Subtask 1-b:

eat Step 4 for all signalized intersections on the

Screening Locations Where Conditions of Uninterrupted

Flow Prevail

a. Step 1 - Identify sections of expressway where the following con-

ditions prevail:
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Highway configuration ADT

4-lane highway > 30,000
6-lane highway > 40,000
8-lane highway > 50,000

b. Step 2 - For each section identified in Step 1 as meeting the above
criteria, enter the highway name or route number in column a of the Pre-
liminary Screening Work Sheet — Uninterrupted Flow (see Section II.B.3).

Also on this work sheet, enter the following data for each location:

1. Description of the location (e.g., north of the Brook's High-
way Interchange) in column b.

2. The adjusted ADT (winter 1977-78) in column c.

3. Highway configuration (e.g., 4-lane expressway) in column d.

4, Estimated lane capacity in column e,

5. Using the appropriate curve in Figure 10, determine whether
or not the facility is a potential hot spot (for instructions

on selecting the appropriate curve and use of the figure, see
Section II.B.2); record this determination in column f.

c. Step 3 - Upon completion of Step 2, record the locations on the

Initial Screening Summary Sheet; include:

1. Facility name and location (from columns a and b of the
work sheet).

2. Type of facility (in this case, expressway-uninterrupted
flow).

3. Whether or not hot spot potential is indicated (from
column f of the work sheet).

d. Step 4 - Identify arterial street sections on the highway network

that meet the following criteria:
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1. Volumes:

Highwazgponfiguration __ADT
2-lane arterial > 10,000
4-lane arterial > 16,000
6-lane arterial > 20,000

2. Proximity to Signalized Intersections: The section should be
at least 1 mile from a signalized intersection.

e. Step 5 - For each arterial section identified in Step 4 as meeting
the above criteria, enter the street name (or other identifier) in
column a of the Preliminary Screening Work Sheet - Uninterrupted Flow
(see Section II.B.3). Also on this work sheet, enter the following

data for each location:

1. Description of the location (e.g., between Marginal Way
and Ober Road) in column b.

2. The adjusted ADT (winter 1977-78) in column c.

3. Street configuration (e.g., 4-lane arterial) in column d.

4, Estimated lane capacity in column e.

5. Using the appropriate curve in Figure 11, determine whether
or not the facility 1s a potential hot spot (for instructions

on selecting the appropriate curve and use of the figure, see
Section II.B.2); record this determination in column f.

f. Step 6 - Upon completion of Step 5, record the locations on the

Initial Screening Summary Sheet; include:

1. Facility name and location (from columns a and b of the
work sheet).

2. Type of facility (in this case, arterial-uninterrupted flow).

3. Whether or not hot spot potential is indicated (from
column f of the work sheet).
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3. Subtask

l1-c: Screening of Nonsignalized Intersections

a. Step 1 - Identify all nonsignalized intersections where either the

major street or minor street volumes exceed the critical volumes shown

below (for v

arious street configurations):

Street configurations Critical volumes
Major street Minor street? Major street Minor street?
2-lanes 2-lanes 10,000 2,500
4-lanes 2-lanes 20,000 2,500
4-lanes 4-lanes 20,000 8,000

aUnder contr

ol of STOP sign.

b. Step 2 - For each intersection identified in Step 1 as meeting the

above volume criteria, enter the location in Part I of the Preliminary

Screening Work Sheet -~ Nonsignalized Intersections (see Section II.B.3).

c. Step 3 - Fer Part II of the work sheet enter the following:

l. For

a.

b.

2. TFor

the major through street enter:

Adjusted ADT (winter 1977-78) in column a.

Configuration (e.g., 2-lane arterial) in column b.

Estimated lane capacity in column c.

Using the appropriate curve in Figure 11, determine

whether or not hot spot potential exists on the through street
(see Section II.B.2 for instructions on selecting the
appropriate curve); record this determination in column d.

the first cross-street leg enter:

Street name and its orientation (e.g., Trask Lane,

east leg).
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b. Adjusted ADT (winter 1977-78) in column e.

c. Configuration (e.g., 2-lane, 2-way) in column f.

d. The figure number and curve to be used for screening
in column g (see Section II.B.2 for instructions on
the selection of figures and curves).

e. Using the figure and curve designated in column g,
determine whether or not hot spot potential exists;
record this determination in column h.

3. TFor the second cross-street leg enter:

a. Street name and its orientation (e.g., Trask Lane,
west leg).

b. Adjusted ADT (winter 1977-78) in column i.

c. Configuration (e.g., 2-lane, l-way) in column j.

d. The figure number and curve to be used for screening
in column k (see Section II.B.2 for instructions on
the selection of figures and curves).

e. Using the figure and curve designated in column k,

determine whether or not hot spot potential exists;
record this determination in column 1.

d. Step 4 - Upor completion of Step 3, record the locations on the

Initial Screening Summary Sheet; include:
1. Location (street names).
2. Type (in this case, nonsignalized intersection).
3. Whether or not a hot spot is indicated - this is affirmative

if any entry in columns d, h, or 1 is affirmative.

4. Other Locations

Other locations may be identified during the initial screening that
should be analyzed for possible hot spot potential. These locations

may not be obvious solely from analysis of traffic data; however,
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interviews with local planning or engincering personnel may result in
the identification of such locations. These special cases may include
access roads to major industrial facilities or office complexes, shop-
ping centers, or public parking areas. Should locations such as this
be identified, they should be entered on the Preliminary Screening

Summary Sheet.

5. Preliminary Screening Locations Map

The final step in the preliminary screening process is to assign an
identification number to each location listed on the Initial Screening
Summary Sheet, and then to plot the locations, with their respective
identification numbers, on a base map. In preparing this map, separate
symbols should be utilized to distinguish signalized intersections,
nonsignalized intersections, and locations where uninterrupted flow
prevails. Examples of this type of map are illustrated as Figures A-la

and A-1b in Appendix A.
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SECTION III

TASK 2 - HOT SPOT VERIFICATION

A. INTRODUCTION

Section II presented a technique for identifying locations on a highway
network where a potential exists for traffic-generated carbon monoxide
levels to exceed the National Ambient Air Quality Standard (NAAQS) for
8-hour average concentrations. This so-called preliminary screening
technique was designed specifically for performing an areawide assessment
of an entire city or town using only the most basic data elements and a
number of simplifying assumptions. It was stressed that various as-
sumptions used in developing the initial screening technique were in-
tentionally conservative. As a result, many of the locations identified
as potential hot spots by the initial screening process may, in fact, not
be hot spots after all. 1In order to verify the hot spot potential of a
location further analysis is required utilizing a technique that accounts
for physical and operational characteristics particular to that location.
The purpose of this section, then, is to present a technique for verifying
the hot spot potential at locations where the preliminary screening process

indicated that such potential exists.

60



B. OVERVIEW OF HOT SPOT VERIFICATION

The verification process is a follow-up to the initial screening of an
area. The intent is to perform a more precise evaluation of the hot spot
potential of a street section or intersection utilizing a technique that
permits input of parameters specific to that location rather than assumed
parameters. Whereas the initial screening process focused on identifica-
tion of potential hot spot locations anywhere within a city or town
(therefore requiring a very general approach) the verification process
involves analysis of specific locations; therefore a more detailed analy-

sis of each location is feasible.

The technique involved is, conceptually, identical to that used for pre-
liminary screening — that is, it is assumed that an explicit relation-
ship exists between air quality and parameters such as traffic operating
characteristics, and physical characteristics of an intersection, for
particular meteorological conditions. Therefore, if both traffic and
physical characteristics are determined and a particular set of meteo-
rological conditions assumed, estimates of the resulting air quality can
be made. Again, these estimates are made utilizing a series of nomo-
graphs which express a quantitative relationship between various traffic

and roadway characteristics, and resulting air quality.

In discussing the verification process it is necessary to first consider
the three basic elements incorporated into the procedure — these in-
clude the data necessary, the nomographs to be used, and a set of stan-
dard forms to be used for performing and recording the verification of

potential hot spots.

1. Data Required

Whereas in the preliminary screening process it was emphasized that maxi-
mum use should be made of existing general traffic data, the verification

process requires current data specific to each site analyzed. This is
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not to say,vhowever, that use cannot be made of existing data; on the
contrary — use of existing data is encouraged if it is determined by
responsible traffic engineering or pianning personnel to be representative
of current traffic conditions and if it is sufficient in detail. The par-

¥

ticular data elements are described below.

a. Location Sketch - A sketch should be prepared of each location re-

quiring verification. This sketch should show:
e the approximate geometry of the location

. the number of approach and departure lanes on each leg
if the site is an intersection, or just the number of
lanes if the site is an expressway or midblock location;
a number should be assigned to each lane and recorded
on the sketch

° the width of each lane, median, and channelizing island
e the locations within each site where curb parking is
permitted and where bus stops and taxi stands are

located

® the locations on both sides of each street or roadway
-where a reasonable receptor is identified

° pertinent notes regarding observations as to the operation
of the facility.

Examples of field sketches that include the data required are provided

throughout Appendix C.

b. Traffic Volume Data - Peak hour volume data is required for all

streets and highways analyzed. Again, these volumes should be repre-
sentative of the busiest winter month (November through March) projected
to 1977-78. This implies that a statistical data base must also be
available from which projections are made. The lane distribution of peak
hour traffic is also required since computations of carbén monoxide con-

centrations are performed on a lane by lane basis.
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While traffic volume data are often the most abundent data element gen-
erally available, it is doubtful that 1in many instances sufficient data
will exist to perform hot spot verification, implying that new data will
be required. Again, the appropriateness of existing data should be
judged by a competent traffic engineer or planner. In fact, the develop-
ment of all traffic volume data used in the verification process should
be accomplished by a competent engineering/planning professional, this

may require direction at the state level. This applies to most of the

data development effort required.

c. Vehicle Classification Data -~ A related element required is the dis-

tribution of traffic by vehicle type. This is usually developed for
specific highway classifications such as expressways, major arterials,
minor arterials, etc. The vehicle classifications that should be

identified include:
) light-duty vehicles (passenger cars)

° light-duty trucks (panel and pick-up trucks, light
delivery trucks — usually all 2-axle, 4-wheel trucks)

® heavy duty, gasoline-powered vehicles

° diesel-powered vehicles

These data may be available for a community where recent comprehensive

transportation planning programs have been accomplished.

d. Traffic Signal Data - A necessary element in the verification of hot

spot potential at signalized intersections is the ratio of the green time
allocated to each approach, to the total cycle length (G/Cy). This ratio
can be determined from records or design plans if the installation 1is of
the fixed-time type but if actuated control is utilized, the ratio must

be computed based on the actual peak hour volumes.
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Where actuated pedestrian signals are utilized estimates should be made
with regard to the number of times during the peak hour that the actuated
pedestrian phase is called. Also, where turning lanes are provided but
these lanes are subject to interference from stopped through traffic,
estimates of this interference should be made. The green time allocated
to the approaches affected by these occurrences then must be adjusted.
Further explanations of computing G/Cy, including adjusting for inter-

ference, are provided in Section IV.A.

e. Lane Capacity - Lane capacity for expressways and midblock locations

must be computed from the appropriate data described above. Calculating
lane capacity 1s usually a relatively straightforward procedure; however,
in certain instances the computations involve engineering judgments that
should be performed by experienced traffic engineering professionals. A
valuable source for information regarding the computation of roadway or

lane capacity is the 1965 Highway Capacity Manual.l Further discussion

of capacity is provided in this document in Section IV.E.

f. Vehicle Cruise Speed - Estimates of the cruise speed of vehicles

departing from signalized intersections must be made. These can be based
on actual field trials or through estimates based on observed operating
characteristics and surrounding land use. turther discussion of the pro-

cedures involved appear in Section IV.D.

g. Miscellaneous Data - Other data may be required to perform hot spot

verification. Included is information relative to planned projects which
will directly impact traffic or travel within the study area in the near

future. These could involve alterations to the street network, including
the addition or deletion of major arterials or expressways, revising cir-
culation patterns, changing signal systems, etc.; or the development of

programs which focus on creating mode shifts (e.g., improving bus service
for commuters). The expected effect on traffic volumes must be considered

where these possibilities exist.

64



Another area of consideration is with regard to the effects of programs
which will have an impact on automotive emissions, such as mandatory in-
spection and maintenance programs. Where such programs are in effect or
are anticipated, their impacts must be estimated. Section 1V.B discusses

the method for incorporating these impacts into the verification process.

2. Hot Spot Verification Nomographs

Presented here is a series of nomographs to be used for verification of
hot spot potential at three general types of locations, including sig-
nalized intersections, uninterrupted flow, and nonsignalized inter-
sections. It should be noted that these curves represent concentrations

expected from a vehicle mix during the winter of 1977-78.

a. Signalized Intersections - For hot spot verification a lane-by-lane

analysis is performed for each leg to estimate the total carbon monoxide
contribution from that lane. These lane concentrations are then adjusted
for distance from an identified receptor, the sum of which is the esti-

mated receptor concentration.

For signalized intersections, approach lane and departure lane concentra-
tions are computed on separate nomographs. The nomograph used for ap-~
proach lanes, Figure 23, shows traffic demand per lane in vehicles per
hour (abscissa) versus carbon monoxide concentrations in ppm (ordinate).
Also, seven curves have been plotted that correspond to various G/Cy (see
Section IV.A) for the lane. In using the nomograph, the estimated peak
hour lane volume and the G/Cy for the lane are established and from these,

a resulting concentration is determined.

For each departure lane, the nomograph presented in Figure 24 is utilized.
In this figure it is seen that lane concentrations for any particular
hourly volume are a functlon of the departure cruise speed. Therefore,

to use this nomograph to estimate lane concentrations, both peak hour lane
volume data and an estimate of the average departure lane cruise speed are

required.
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Implicitly the nomograph specifies that the concentrations determined are
representative of those concentrations estimated to occur 10 meters away
from the edge of the traffic lane. In order to determine the concentra-
tion at a receptor located at a distance of other than 10 meters, each
lane concentration must be adjusted by some factor which accounts for the
actual distance between the edge of the lane and the receptor site. These
factors can be determined from Figure 25, which depicts relative concen-
trations as a function of distance from the emissions source (in this

case considered to be the near edge of the traffic lane) for both approach

and departure lane traffic.

1. DNomographs for Verification at Signalized Intersections - The

nomographs to be used for verifying hot spot potential at signalized

intersections are presented in Figures 23, 24 and 25, below.

b. Uninterrupted Flow - Two nomographs are presented for estimating lane:

concentrations where conditions of uninterrupted flow occur. The first
of these, Figure 26, expresses lane concentration as a function of the
volume to capacity ratio (V/C) and the lane capacity for freeways or

expressways. Again, the concentrations are assumed to occur a distance

of 10 meters from the edge of the lane.
A corresponding nomograph for arterial streets is presented in Figure 27.
Again, lane concentrations are shown to be a function of V/C and lane

capacity.

Correction factors for varying lane edge to receptor distances are shown

in Figure 28.

1. Nomographs for Verification of Locations Where Uninterrupted Flow

Prevails - The nomographs to be used for verification of hot spot potential
on expressways and midblock locations of arterial streets are shown in

Figures 26, 27 and 28, below.
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c. Nonsignalized Intersections - Carbon monoxide concentrations at STOP-

sign controlled intersection legs are estimated from the nomograph
presented in Figure 29, for the approach lanes, and Figure 24 for departure
lanes. It is seen from Figure 29 that concentrations are a function of the
V/C and lane capacity. However, it is also shown that once the V/C

reaches a certain point queuing occurs on the approach and concentrations
increase sharply. For example, if the V/C is 0.6 and the lane capacity

is about 500 vehicles per hour, the resulting lane concentration is about
3.4 ppm. If conditions were such that queuing did not occur, the same

V/C and capacity would result in a lane concentration of about 2.5 ppm.
Lane edge to receptor distance correction factors are shown in Figure 30.
These factors are applied directly to the lane concentrations computed

from Figures 24 and 29.

1. Nomographs for Verification at Nonsignalized Intersections - The

nomographs for determining apprcach lane concentrations and correction
factors are presented in Figures 29 and 30, below, while the nomograph for

estimating departure lane concentrations is presented in Figure 24,

3. Hot Spot Verification Forms

Presented below are standard forms to be used as work sheets and summary
sheets for verifying hot spot potential. These forms should also be used

for reporting hot spot verification. 1Included are the following:
@ Hot Spot Verification Summary Form 5

e Hot Spot Verification Work Sheet
Field Data Form 6

. Hot Spot Verification Work Sheet
Signalized Intersections Forms 7a, 7b, 7c¢

. Hot Spot Verification Work Sheet
Uninterrupted Flow Form 8

° Hot Spot Verification Work Sheet
Nonsignalized Intersections Forms 9%a, 9b
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A brief description of each of these forms 1s presented below.

a. Hot Spot Verification Summary (Form 5) - This form is intended to be

used for summarizing the hot spot verification effort. To complete the
form the location number (corresponding to the number assigned to the
location during preliminary screening), location name, and the maximum
concentration computed, are entered. It is noted that for all inter-
sections and many expressways and midblock arterials analyzed, more than
one concentration will be computed. It is emphasized that only the
maximum of all those concentrations computed for any one location should

be entered on the Summary Sheet.

b. Hot Spot Verification Work Sheet — Field Data (Form 6) — This form

provides space for a sketch of the facility or site being evaluated.
Included in the sketch should be those elements mentioned in the previous
text (Section III.B.l.a) regarding the geometry, layout, and physical
dimensions of the site. Also, notes regarding traffic operations, recep-
tor type, terrain features, land-use characteristics, etc., should be
included. The orientation of the site should be indicated using a north
arrow. If various abbreviations are used in preparing the site sketches,
these should be consistent throughout; also, these should be defined in at
least one location. Examples of completed Field Data Forms are provided

throughout Appendix C.

c. Hot Spot Verification Work Sheet — Signalized Intersection (Forms 7a,

’/b, 7¢) — This is a three-page form used to verify the hot spot potential of
one signalized intersection. As can be seen, this form is composed of

several parts; each of these is described briefly below.

Part I provides space for recording the peak hour volumes for each lane

on each intersection leg. In the first column under the heading "Inter-

"

section Leg,' the street name and its orientation should be entered. The
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HOT SPOT VERIFICATION SUMMARY

City/Town: State: page of
Analysis By: Date:

(naoe) (title)
Approved By: Date:

(name) (titlae)

Maximum 8-hr,
Location No, Location Ave. Concentration
Form 5
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HOT SPOT VERIFICATION WORK SHEET — FIELD DATA

City/Town: By:

Location: Date

Sketch of location and notes:

Form 6
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HOT SPOT VERIFICATION WORK SHEET — SIGNALIZED INTERSECTION
page 1 of

City/Town/: By:

Intersection: Date:

I. PEAK HOUR VOLUMES: Enter Lane Numbers (from sketch) and peak hour volumes for winter 1977-78
(from data ghects),

Peak Hour Volumes

k . Departure Lane Ho.
Intersection Leg pproach Lana No paTtuT

II. AVERAGE G/Cy AND CRUISE SPEED: Eater average G/Cy for approach lanes (from data sheets) and
average cruise speed for departure lanes.

Average G/Cy Average Cruise Speed

Approach Lane No. Departure Lane No,
Intersection Leg PP

III. RESULTING LANE CONCENTRATIONS: Enter lane concentrations for approach lanes (obtained from
Figure No. 23), and departure lane concentrations (obtained from Figure No., 24).

Computed Lane Concentrestions
Intersection Leg Approach Lane Ho. Departure Lane No,
Form 7a
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HOT SPOT VERIFICATION WORK SHEET — SIGNALIZED INTERSECTIONS (continued)

page_2 of

Intersection: City/Town/:

1V-A, LANE EDGE TO RECFPTOR DISTANCE CORRECTION FACIORS: Enter lane edge to receptor distance correction
factor for each lane (obtained from Figure No, 25) assuning receptor is on the approsch side of

each leg.

Distance Correction Factors

Approach Lane No. Departure Lane No.

Intersection Leg

IV-B., LANC EDGE TO RECEPTOR DISTANCE CORRECTION FACTORS: Enter lsne edge to receptor distance correction
factor for each lane (obtained from Figure No. 25) assuming receptor is on the departure side of

each leg.

Distance Correction Factor

Approach Lane No, Departure Lana No.

Intersection Leg

V-A. RECEPTOR CONCENTRATIONS ATTRIBUTABLE TO EACH LANE: Enter the concentration from each lane corrected
for lane edge to receptor distance; this is computed as the product of lane concentrations (from III,
above) and the corresponding lane edge to receptor distance correction factor (from IV A, above);
assiming receptor is on the approach side of each leg.

Carrected Lane Concentrations
Total

Intersection Leg
Approach Lana No. Departure Lane No,

Form 7b
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HOT SPOT VERIFICATION WORK SHEET — SIGNALIZED INTERSECTIONS (Continued)
page_3 of _

Interscction: City/Town/:

V-B, RECEPTOR CONCENTRATIONS ATTRIBUTABLE TO EACH LANE: Enter the concentration from each lane corrected
for lane edge to receptor distance; this s computed ss the product of lane concentrations (froz I11,
sbove) osnd the corresponding lane edge to receptor distance correction factor (from IV-B, above);
@ssuning receptor s on the departure side of each leg, ' '

Intersection Leg Corrected Lane Concentrations Totel
Approsch Lone No, Deperture Lane No,
V1-A, FINAL COMPUTATIONS FOR MAXIMUM 1-HR AND 8-HR AVERAGE CONCENTRATIONS: Enter the following dsta:
(1) receptor concentration (from V-A, sbove) in column a; (2) £, (from data sheet) in column b;
(3) background concentration (5ppm unless determined otherwise) in column d; and (4) 8-hr
correlation factor (0.7 unless determined otherwise) in column f, Compute concentrations &s
shown in columns ¢, e, and g. Assume receptor is on the approach side of each leg.
. b c [ e £ g
Intervection Leg Computed fou Corrected Back- Total 8-hr. Ese, 8-hr
Receptor Cone., ground 1-hr ave, Correlat, Ave. Conc,
Conc., (a3 x b) Conc, Conc, Factor (e x £)
(e +4d)
VI-B. FINAL COMPUTATIONS POR MAXIMUM 1-HR AND 8-HR AVERAGE CONCENTRATIONS: Enter the following data;
(1) receptor concentration (from V-B, above) in column 6; (2) f., (from data sheet) in column b;
(3) background concentration (S5ppm unless determined otherwise) in column d; and (4) 8-hr
correlation factor (0,7 unless determined otherwise) in column £, Compute concentrations as
shown in columns c, e, and g. Assume receptor is on the departure eide of each leg.
L L] c d . f '
Inteysection Leg Computed | - Corrected Back~ Total B-hr. Est. B-hr
Receptor Cone, ground 1-hr ave. | Correlat. | Ave. Conc.
Cone., (e x b) Cone, Cone, Factor (e x £)

(c + d)

Form 7c¢
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HOT SPOT VERIFICATION WORK SHEET — UNINTERRUPTED FLOW

City/Town:

page

of

— e

By: —eeee e

Street/Highway Section:

I. BASIC COMPUTATIONS:

Date:

Ttea

bound Lane KNo.

— . bound Lsne No,

A. VOLUZS: [nter pedk hour volumes for winter

1977-78 ({rem data sheets)

B. LANE CAPACITY: Enter lane capacity (from data

sheets)

€, V/C: Enter V/C for ezch lane (A & B, above)

D. LANZ CONCENTRATIONS: Enter lane concentratioas
computed froo A and C, above, and Figure 26 or 27

IT. CORRECT FOR LANE EDGE TO RECEPTOR DISTANCES:

Assume receptor is on

side of street

bound Lane No.

bound Lane No,

Item

TOTAL

A, LANT. EDGE TO RECEPTOR DISTANCE CORR-
ECTION FACTORS: Enter lanc edge to
receptor distance correction factors
for each lane (obtained from Fig. 28)

B. RECEPTOR CONCEVTRATIONS ATTRIBUTAZLE
TO EACH LANS: Eater corrected concen=
trations, cowputed 43 ths product of
1-D and II-A, abovs

Assume receptor is on

side of street

e bound Lana No.

bound Lsne No,

Ites

C. LANE EDGE TO RECEPTOR DISTANCE CORR-
ECTION FACTORS: Eater lane edge to
receptor distance correction factors
for ecach lane (obtsinad from Fig, 28)

R RECEPTOR CONCEITRATIONS ATTRIBUTABLE
TO EACH LANE: Enter corrected concen-
trations, computed as the product of
1-D and 1I-C, above

III, FINAL COMPUTATIONS OF MAXIMUM 1-HR AND 8-HR AVERAGE CONCENTRATIONS

Iten

Receptor

Location

(street=
side)

. b

Computed tvn
Receptor
Cone,

[

Corrected
Conc.
(a x b)

Back-
ground
Conc,

Total
l1-hr ave,
Cone,
(c +4d)

£

B-hr,
Correlac,
Pactor

Est. 8-hr
Ave, Conc.
(e x £)

A, FIXAL QWPUTATIONS OF 1-HR AND B8-kR AVERAGE
CONCINTRATIONS: Enter the following; (1)
total receptor concentrations (from II-B
arc 1I-D, abave) in coluan a; (2) { (from
data steets) {n colurn b; (3) backgrouad

concineration (Sppa unless letermniced other-
wise) {n coluzn d; (4) 8-hr correlation face

tor (0.7 urless otrervise cetercined) {n
coluca {, Cozpute final concentrations as
shovn {n colu=rs ¢, e, and g, for Teceptors
on both sides of screet

Form 8
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HOT SPOT VERIFICATION WORK SHEET — NONSIGNALIZED INTERSECTIONS
page 1 of

City/Towm: By:

Intersection: Date:

Type of Control: all-way STOP; 1 or 2-way STOP; __ _YIELD; ___None;

Street Controlled:

I. BASIC COMPUTATIONS:

Leg: Leg:

Item Approach Lane No, Departure Lane No. Approach Lane No. Doparture Lane No.

A.‘“)LL'.‘ir‘:S: Eater peak houc valumes for winter
1977-78 {from data cheets)

B. LAKE CAPACITY: Enter lane capacity of approach
lanes (from data sheets)

€. V/C: Enter V/C for approach imues {couputed as
as A I B, above)

D, CRUISE SPIED: Enter decpacture lane cruise

specd (from data shects)

E. LANE CONCENTRATIONG: Enter lane concentrations

cooputed from A, C, and D, above, and Ti5.29 & 24

II. CORRECT FOR LANE EDGE TO RECEPTOR DISTANCES:

Assume receptor is on - side of street
’ Leg: : Leg: _ —
Itea Approach Lane No. Departure Lane No. TOTAL Approach Lane No, Departure lang No TOTAL

A. LANE EDGE TO RECEPTOR DISTANCE CORR-
ECTION FACTORS: Enter lane edge to
receptor distance correction factors
for each-lane (obtained from Fig. 30)

B. RECEPTOR CONCENTRATIONS ATTRIBUTABLE
TO EACH LANE: Enter corrected concen-
trations, computed as the product of
I-Z sad II-A, above

Assume receptor is on side of street

Leg:

Leg:

Ites Approsch Lane No, Departure Lene No, TOTAL Approzch Lane Mo Departure Lang N3 TOTAL

€. LANE EUGE TO RECETTOR DISTANCE CORR~
ECTION FACTIJRS: Enter lane cdge to
veceptor distaace correction factors

Ior cach lane (obtained from Fig. 30)

RECEPTOR CONCETRATIONS ATTRIBUTABLE
TO EACH LASE: Enter corrected concene
trations, cowputed sa the product of
1-K and 11-C, above

Form Sa
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HOT SPOT VERIFICATION WORK SHEET

— NONSIGNALIZED INTERSECTION (continued)

page _2_

of

City/Town:
Intersection:
Street Controlled:
II1. FINAL COMPUTATIONS OF MAXIMUM 1-HR AND 8-HR AVERAGE CONCENTRATION
Intersection Leg:
a < 4 e £ '3
Receptor 8-4
C ted Corracted Back- Total 8-hr. Eat, 8-he
Itea ?sz:::z? Rizz::or Conc. ground 1-hr ave, | Correlat. Aze. C;;C.
. (a x b) Cone, Cone, Factor o x
aide) Cone } e+ Q)
A. FTNAL OMPUTATIONS OF 1-HR AND §-HR AVERAGE
CONCENTRATIONS: Enter the following; (1)
toral receptor concentrations (froa II-B
an¢ 11-D, sbove) in column a; (2) f., (from
date sheets) i{n coluan b; (3) background
concentration (Sppm unless derermined other-
wise) in coluan d; (4) 8-hr correlstion fac-
tor (0.7 unless othervise daternined) In
coluzn {, Co—pute final concentrations as
gshown ia coluz-s ¢, c, and g, for receptors
on both sidea of street
Intersection Leg:
a [ [ . £ s
Receptor
Itea Location Computed Corrected Back~ Total 8-hr. Est, 8-hy
(street~ Receptor Cone, ground l-hr ave, | Correlar, { Ave. Cone,.
side) Conc, (a xb) Cone, Cone, Factor (e x £)
’ (c +4)

FDAL COMPUTATIONS OF 1-HR AND 8-HR AVERAGE
CONCENXTRATIONS: Enter the following; (1)
total receptor concentrations (from II-B

and 11-D, abdove) in column a; (2) £y (from
data sheets) in column b; (3) background
concentration (Sppo unless deternined other-
wvise) in coluan d; (4) 8-hr correlation fac-
tor (0.7 unless otherwise deterninad) {n
colunn f, Cozpute final concenrtrations as
shova in colu=ns ¢, ¢, and g, for receptors
oa both sides of strest

Form 9b
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assigned lane numbers (see Section III.B.l.a., the scecond item in the list-
ing) should be recorded under the subheadings "Approach Lane No.' and
"Departure Lane No.'"; the entries mentioned to this point should be

repeated in Parts II through V-B. To complete Part I, the peak hour volumes

representing 1977-78 traffic should be entered for each lane.

In Part II, the G/Cy and the estimated departure cruise speed for each
approach and departure lane, respectively, are entered. Instructions for
estimating G/Cy and cruise speed are provided in Sections IV.A and IV.D,

respectively.

From the data contained in Parts I and II, lane concentrations are computed

using Figures 23 and 24, These are entered in Part IIIL.

Part IV is divided into IV-A and IV-B. 1In both Parts IV-A and IV-B, the
lane edge to receptor distance correction factor, obtained from data
provided in the site sketch and Figure 25, is entered. In IV-A, the fac-
tor is based on a receptor located on the approach side of the street,
while the factor to be entered in IV~-B assumes that the receptor is

located on the departure side of the street.

The lane concentrations entered in Part III are multiplied by the lane
edge to receptor distance correction factors entered in Part IV-A, and the
product entered in Part V-A. The lane concentrations in Part III are then
multiplied by the lane edge to receptor correction factors appearing in
Part IV-B, and the results entered in Part V-B. The corrected lane con-

centrations are then summed for each intersection leg.

In Parts VI-A and VI-B the final total concentrations are computed for
receptors on the approach and departure sides of each leg, respectively,
In these computations a local emissions correction factor, fvm (see
Section IV-B), is applied to the concentrations in Parts V-A and V-B,

and a background concentration is added to this, yielding a total 1l-hour
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average coucentration. An 8-hour correlation factor (sece Section IV.T)
is then applied to yield an estimated maximum 8-hour average concentra-

tion. Sample completed forms appear in Appendix C.

d. lot Spot Verification Work Sheet — Uninterrupted Flow (Form 8) — This

is a three-part form used to verify hot spot potential on expressways,
midblock sections of arterial streets, or other locations where conditionms
of uninterrupted flow prevails. 1In Part I, the peak hour volumes and
capacity for each lane of the roadway are entered on lines A and B, and
the ratio of the volume to the capacity for each lane is entered on line C.
Using the V/C and volume for each lane, individual -lane concentrations are
computed using the nomograph provided in either Figure 26 for expressways,

or Figure 27 for arterial streets.

In Part II, lines A and B, the lane edge to receptor distance correction
factor and the corrected lane concentrations are entered. It should be
indicated which side of the facility the receptor is located on. The

lane edge to receptor distance correction factor is obtained from Figure 28.
The same types of data are entered on lines C and D but assuming the re-

ceptor is located on the opposite side of the roadway.

In Part III, the final computations are performed by adjusting the concen-
trations determined in Part II-B and II-D, for local emissions and back-
ground concentrations, and then to obtain the 8-hour average. The top line
is used for the concentration computed in Part II-B, while the bottom line
is for the concentration in Part II-D. Sample completed forms appear in

Appendix C.

e. Hot Spot Verification Work Sheet — Nonsignalized Intersections (Forms 9a

and 9b) — This is a two-page form used for verifying hot spot potential
on the controlled leg(s) of a nonsignalized intersection. Two legs can

be evaluated on each form.
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In Part I, the peak hour volume and capacity of each lane of the controlled
intersection leg are entered on lines A and B, respectively. The ratio of
the volume to capacity, V/C, for each lane is then entercd on line C and
resulting lane concentrations are computed from the lane volume and V/C,

using the nomograph provided in Figure 29,

In Part II-A and II-B, the lane edge to receptor distance correction factor
(obtained from the nomograph presented in Figure 30) and corrected lane
concentrations are entered. The same data is entered in II-C and II-D for a
receptor located on the opposite side of the street. In each case, it
should be indicated which side of the street the réceptor is assumed to be

located on.

In Part III-A, final computations are made, adjusting the concentrations
computed in Part II for local emissions and background, and further adjust-
ing the concentration to represent the 8-hour average. The two lines are
provided in order to compute concentrations at receptors located on both
sides of the intersection leg. Part III-B is provided for computing con-
centrations on the second leg (if any) of the intersection. The inter-
section leg being anaiyzed should be entered on the line provided. Sample

completed forms are provided in Appendix C.

4. Performing Hot Spot Verification

Before discussing the detailed instructions for hot spot verification, it
may be helpful to see generally how the various data, nomographs, and forms
are utilized. This is best illustrated by the flow diagram provided in

Figure 31.

The flow diagram illustrates that as a result of the preliminary screening
process, locations analyzed can be classified as not having hot spot poten-
tial, having hot spot potential, or as being either a complex intersection

or special case (in either instance, nothing is implied regarding hot spot
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Figure 31. Process flow diagram for the hot spot verification procedure
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potential). The diagram further illustrates that only locations classified

as having hot spot potential or as being complex or special cases, are

considered 1in the verification process,

The remainder of the diagram shows the order in which analyses are performed
and which nomographs and forms are used for each portion of the analysis.

It is also shown that for locations where hot spot potential is confirmed,
further analyses are required involving the development of control measures
and more sophisticated air quality analyses. This advanced phase of the

overall process for assessing carbon monoxide problems is beyond the

immediate scope of this document.
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C. DETAILED INSTRUCTIONS FOR PERFORMING HOT SPOT VERIFICATION

As mentioned previously, the hot spot verification process permits data
specific to a particular location to, be utilized to determine the like-
lihood of carbon monoxide hot spots occurring. . This technique also pro-
vides a quantitative analysis.that can be utilized to.compare relative
hot spot potential throughout a highway network. For this reason the
verification procedure can be very useful not only for identifying

hot spots, but also as an aid in the planning process for resolving

hot spot problems.

The general procedure involves obtaining data specific to each location’
and relating these data to.air quality, again through the use of a

series of nomographs (see Section III.B.1). The data requirements for each
location type (e.g., signalized inGe%sections,'nonsignalized intersections,
free flowing street/highway sections) vary somewhat as will be indiéated

by the instructions which follow.

1. Subtask 2-a: Hot Spot Verification at Signalized Intersections

a., Step 1 - Prepace a sketch of each intersection on a Hot Spot Verifi-
cation Work Sheet - Field Data (see Section III.B.3); include the following
data:

1. Approximate geometry of the intersection.

2. The number of approach and departure lanes on each leg;
also, assign a number to each lane on each leg.

3. The width of each lane, median, and channelizing island.

4. The locations within the intersection where curb parking is
permitted and where bus stops or taxi stands exist.

5. The location on each leg where a reasonable receptor (see
Section IV.C) is identified; these should be identified
on the sketch as receptors, and the distance from these
to the nearest edge of each street lane must be provided.
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6. Pertinent notes regarding observations as to operation of
the intersection, interference to traffic flow by pedes-
trians or other frictions, surrounding land use, estimated
departure speeds, etc.

7. All street names and a north arrow,

b. Step 2 - The following pertains to the Hot Spot Verification Work
Sheet - Signalized Intersections (see Section JII.B.3). These should be

completed for each intersection as follows:
1. Enter the data indicated in the heading.

2. Part I:

a, For each leg enter the street name and its orientation
(e.g., Newton Road, east leg) in the first column,

b. Enter the lane number (see item 2 in Step 1, above)
for each approach and departure lane, as indicated.

c. Enter the adjusted peak hour volume (winter 1977-78)
for each approach and departure lane.

3. Part II:

a. For each leg enter the street name and its orientation,
and the lane numbers.

b. Enter the average G/Cy (see Section IV.A.) for each
approach lane, and the estimated average cruise
speed (see Section IV.D.) for each departure lane,

4, Part III:

a. For each leg enter the street name and its orientation,
and the lane numbers.

b. Using the approach lane volumes and corresponding
G/Cy (from Parts I and II, respectively) and Figure 23,
compute the approach lane concentrations; record these
in Part III.

c. Using the departure lane volumes and corresponding de-
parture cruise speed (from Parts I and II, respectively)
and Figure 24, compute the departure lane concentrations;
record these in Part III.

5. Part IV-A (Assume that the receptor is on the approach
side of each leg):
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7.

a. Enter street name and orientation, and lane numbers
for each leg.

b. Enter the lane edge to receptor correction factor
determined from Figure 25 for the approach and
departure lanes on each leg.

Part IV-B (Assume that the receptor is located on the
departure side of each leg):

a., Repeat the procedure 0ut11ned in. 5., above, only
assuming that the receptor is located on the
- opposite side of the street.

Part V-A (Assume that the receptor is located on the
approach side of each leg): '

a. Enter the street name and orientation, and lane
numbers for each leg.

b. Compute the corrected lane concentratlons as the
product of the lane concentrations presented in
Part III, and the lane edge to receptor distance
correction factors presented in Part IV-A; record
these and the total concentration for each leg.

Part V~B (Assume that the receptor is located on the
'deEarture side of each leg):

a. Enter the street name and orientation, and lane
numbers for each leg.

b. Compute the corrected lane concentrations as the
product of the lane concentrations presented in
Part IIT, and ‘the lane edge to receptor distance
correction factors presented in Part IV-B; record
these and the total concdentration for each leg.

Part VI-A  (Assume receptor is located on the a Egroach

_.side of each 1egb

a. Enter the street name and orientation, and the lane
numbers for each leg.

b. Enter the total concentration for each leg from
Part V-A, in column a,

¢. Enter the vehicle mix correction factor, f.,, com=-

puted for each leg in accordance with instructions
provided in Section IV-B, in column b,
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d. Enter the product of the total concentration and
vehicle mix correction factor (a x b) in column c.

e. Enter the estimated maximum l-hour average back-
ground concentration (see Section IV.G) in column d.

f. Enter the sum of columns ¢ and d in column e.

g. Enter the 8-hour correlation factor (see Section IV.F)
in columm £,

h. Enter the total maximum 8-hour average .concentration
expected at the receptor, computed as the product of
columns e and f, in column g.

10. Part VI-B (Assume receptor is located on the departure
side of each leg):

a. Enter the street name and orientation, and the lane
numbers for each leg.

b. Enter the total concentration for each leg from Part V-3B,
in column a.

c. Enter the vehicle mix correction factor, £y, (same as
fym entered in column b in Part VI-A) in column b,

d. Enter the product of the total concentration and vehicle
mix correction factor (a x b) in column c.

e. Enter the estimated maximum l-hour average back-

ground concentration (same as d in Part VI-A) in
colum d,

f. Enter the sum of columns ¢ and d in colum e,

g. Enter the 8-hour correlation factor (same as f in VI-A)
in column f£.

h. Enter the total maximum 8-hour average concentration
expected at the receptor, computed as the product of
columns e and £, in column g.

c. Step 3 - Upon completion of step 2, above, the following data are

entered for each location on the Hot Spot Verification Summary Sheet

(Form 5):
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1. The location and its assigned ntﬁber:(see?section II1.B.3.a).

2. The highest of ,the two concentrations computed for each :
leg in colum g of Parts VI-A and VI-B of the Hot Spot
Verification Work Sheets.

2. Subtask 2-b: Hot Spot Verification at Locations Where Conditions of
Uninterrupted Flow Prevail oo

a. Step 1 - Prepare a sketch of each location to be analyzed on a Hot
Spot Verification Work Sheet - Field Data (see Section III.B.3.b.); include
the same data as was indicated in Step 1 for Hot Spot Verification at

Signalized Intersections (see Section III.C.l.a.).

b. Step 2 - The following pertains to the Hot Spot Verification Work
Sheet ~ Uninterrupted Flow (see Section III1.B.3.d.). These sheets should

be completed for each location, ‘as follows:
1, Enter the'apptopriate data in the heading of the sheet.
2. Part I:
" a. Enter the lane numbers and direction of f10w§

b. Enter the adJusted peak hour volume (winter 1977 78)
on line A for each lane.

c. 'Enter the lane,capacity (vehicies per hour) on line B.

d. Enter the lane volume ‘to capacity ratlo, computed as
line A divided by line B, on line C,

.e, Enter the resulting lane concentration on line D, computed -
from either Figure 26 (if the facility is an expressway)
- or Figure 27 (if the facility is an arterial), and the
‘'volume-to capacity‘ratio (from line C) and the capacity
(from line B),

. 3, -part II:

a. Designate the side of the roadway that the receptor 13
assumed to be located on,

b. On line A enter the lane edge to receptor distance correc-
tion factor based on data from the sketch of the location
and the nomograph in Figure 28.
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c. On line B enter the rececptor concentration computed as the
product of I-D and II-A; also, record the sum of the indi-
vidual concentrations.

d. Assuming the receptor is located on the opposite side of
the strect (designate the side; e.g., west side of the
street) enter the lane edge to receptor distance correction
factor, again, based on data from the sketch of the loca-
tion and Figure 28, on line C.

e. On line D enter the receptor concentration computed as the
product of I-D and II-C; also, record the sum of the
individual coancentrations.

Part III:

a. Indicate the side of the street on which the receptor is
assumed to be located.

b. In column b, first line, enter the total receptor concentra-
tion from II-A; on the second line, enter the total receptor
concentration from II-D.

c. In column b, enter the local vehicle mix correction factor,
fom (see Section IWwB).

d. Enter the corrected concentration computed as the product of
coluwmms a and b, in columm c.

e. Enter the maximum expected l-hour average background concen-
tration (see Section IV.G) in column d.

f. Enter the total receptor concentration computed as the sum
of colums ¢ and d, in colum e,

g. Enter the 8-hour correlation factor (see Section IV.F) in
column £,

h. Enter the estimated maximum 8-hour average concentration ex-
pected computed as the product of columns e and f, in column g.

c. Step 3 - Upon completion of Step 2, above, the following data are

entered for each location on the Hot Spot Verification Summary Sheet
(Form 5):

l.

2.

The location and its assigned number,

The highest concentration computed in column g, Part III of the
Work Sheet.
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3. Subtask 2-c: Hot Spot Verification at Nonsignalized Intersections

a. Step 1 - Prepare a sketch of each location to be analyzed on a Hot Spot

Verification Work Sheet -~ Field Data form; include the same data as was

indicated in Step 1 for Hot Spot Verification at Signalized Intersections
(see Section III.C.l.a).

b. Step 2 - The following pertains to the Hot Spot Verification Work

Sheet - Nonsignalized Intersections (see Section III.B.3.e). These sheets

should be completed for each location as follows:

1. Enter the appropriate data in the heading of the sheet.

2. Part I:

a.

Enter the street name and lane numbers for the streets con-
trolled by STOP-signs, above line A.

Enter the adjusted peak hour volumes (winter 1977-78) for
each approach and departure lane, for each leg, on line A.

Enter the lane capacity for each approach lane (see Section
IV.E) on line B,

d. Enter the volume-to-capacity ratio of each approach lane
computed as the quotient of line A 1ivided by line B, on
line C.

e. Enter the estimated cruise speed for each departure lane
(see Section IV.D) on line D.

f. Enter the lane concentrations on line E, computed from
the volume-to-capacity ratio (line C) and the capacity
(line B), utilizing Figure 29, for approach lanes, and
the volume (line A) and cruise speed (line D) utilizing
Figure 24, for the departure lanes.

3. Part II:

a.

Assuring the receptor is on the approach side of each street,
enter the lane edge to receptor distance correction factor
(based on the site sketch and the nomograph in Figure 28) on
line A,
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Enter the receptor concentration for each lane on line B,
computed as the product of Part I.E and Part IIL.A; also,

enter the sum of the individual lane concentrations.

Assuming the receptor is on the departure side of each street,
enter the lane edge to receptor distance correction factor
(based on the site sketch and the nomograph in Figure 28) on
line C.

Enter the receptor concentration for each lane on line D,
computed as the product of Part I.E and Part II.C; also,
enter the sum of the individual lane concentrations.

4. Part III:

a.

For each leg enter the computed receptor concentrations from
Part 1I.B and Part 11I.D, in column a.

Enter the local vehicle mix correction factor, fvm (see
Section IV.B) in column b,

Enter the corrected concentration, ccmputed as the product
of columms a and b, in column c.

Enter the maximum expected l-hour average background con-
centration (see Section IV.G) in column d.

Enter the total maximum l-hour average concentration expected,
computed as the sum of colummns ¢ ard d, in column e,

Enter the 8-hour correlation factor (see Section IV.F) in
column £.

Enter the maximum expected 8-hour average concentration,
computed as the product of columms e and f, in column g,

c. Step 3 - Upon completion of Step 2, above, the following data are

entered for each location on the Hot Spot Verification Summary Sheet

(Form 5):

1. The location and its assigned number,

2. The highest concentration computed in column g, Part III of
the work sheet.
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3. Subtask 2-d: Hot Spot Verification for Special Cases

Special cases can be considered to include intersections under police con-
trol, facilities where the nature of traffic is such that the peak hour
volumes represent a very high percentage of the ADT on the street (as a
minimum, about 20 percent), or facilities where high volumes occur
irregularly, such as at sports stadiums or other event-oriented facilities,
Analysis of these may more appropriately consider the maximum impact on
ambient air quality over a l-hour period rather than the 8-hour period
discussed previously. The process in this case would be exactly the same
as that outlined for Task 2 except that the final computations would not
involve application of the 8-hour correlation factor, and the standard for
determining whether or not a hot spot was indicated would be 35 ppm rather
than 9 ppm. It is noted that the preliminary screening process is not
applicable to these special cases since it considers the 8-hour average

concentration only.
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SECTION IV

ADDITIONAL SCREENING INSTRUCTIONS

This section provides discussion of a number of issues relevant to hot
spot screening. The intent is to clarify several points as well as to
suggest techniques which perhaps will result in an increased measure of

consistency in performing screening.
A. G/Cy

An important element in the screening of signalized intersections is the
ratic of the green time allocated to each approach, to the total cycle
length (G/Cy). For the preliminary screening process, G/Cy is "built
into" the screening curves. However, for the hot spot verification pro-
cess, G/Cy for each lane approaching a signalized intersection must re-

ceilve careful attention.

The procedure for verifying hot spot potential at signalized intersec-
tions involves determining, first, the type of control mode utilized -
that is, whether the signal is fixed time or actuated. If the installa-
tion utilizes a [ixed-time controller, the determination of the lengths

of both the green phase and total cycle, hence G/Cy, can be established
through records such as permits or design specifications, or by timing

the phases in the field. For actuated systems, the G/Cy for each approach
can be estimated by apportionment of the green time among the individual
phases based on the critical volume demand occurring during each phase.

Where obvious differences exist in the critical lane capacities of con-

flicting approaches, the volume to capacity ratio (V/C) should be utilized
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in apportioning green time to account for these differences. For example,
if the critical volume, Vl, of an approach is 400 vehicles and the capa-
city, €y, is 800 vehicles per hour (vph), while the opposing critical
volume, VZ’ and capacity, CZ' are 200 vehicles and 400 vph, respectively,

the "weighted" apportionment of green time for V. traffic is:

1
Y
b D U L _ (400) (400) - 0.5
IG vV v V.C, + V,C.  (400) (400) + (200) (800) :
_l+__?; 12 2~1
¢, ¢

In general terms, the ratio of green time for phase i to the total green

time of a signal cycle involving n phases, is:

Y1
G A Vv
n 1 n
Zi .é—— + * e n'c—'
i n

For all types of signal systems where actuated pedestrian phases are
provided, an estimate must be made of the extent to which these phases
are utilized, and their net impact reflected. Essentially, the impact
of pedestrian phases will be to reduce the total green time available,
therefore reducing the G/Cy for each approach. Field observations
should provide a sufficient basis for estimating the usage of the pedes-

trian phases in general terms such as: on call 10 cycles per hour, etc.

Special consideration must also be given to locations where continuous
right turns are permitted. If exclusive turn lanes are provided, the

procedure is to use Figure 24 for computing carbon monoxide concentra-
tions resulting from traffic utilizing the turn lane. Where free

right turns are permitted from a through lane, however, it is likely

that access to the right turn will occasionally be blocked by through
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traffic during a red pﬁase. In this case, Figure 23 should be used for
computing carbon monoxide concentrations resulting from traffic in the
lane, although an adjustment should be made to the lane's G/Cy to account
for its increased throughput capability attributable to the free right
turn. The basis for this adjustment should be field observations that
focus on estimating the extent to which the lane remains open to vehicles

making the right turn, during the approach's red phase.
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B. LOCAL VEHICLE MIX CORRECTION FACTOR

The nomographs developed for hot spot verification assume a vehicle mix
of 88 percent light-duty vehicles and 12 percent light-duty trucks.
However, for actually verifying hot spot potential at a particular loca-
tion the actual vehicle vehicle-type distribution should be determined
and appropriate adjustments made to the concentrations computed from the
nomographs. This adjustment is made by applying a correction factor,
fvm’ to the concentrations computed from the nomographs.

In order to determine the appropriate value for fvm the actual local
vehicle mix must be determined. Essentially, this involves identifying
the relative proportions of four vehicle types within the traffic stream,

including:

@ light-duty vehicles (passenger cars)
e light-duty trucks (up to about 6000 pounds GVW)
° heavy-duty, gasoline-powered vehicles

° heavy-duty, diesel-powered vehicles

The correction factor, fvm’ is determined through the following equation:

1 . . .
fom = 24,12 [(pldv)(ildv) + (p140) (yqp) + (Ppgy) Gigy) + (Praay) (1hddv)] (3)

where P14y = Percent LDV's in the vehicle population x 10--2
Piqe = Ppercent LDT's in the vehicle population x 10:2
PLqy = Percent HDV's in the vehicle population x 10 "
Prdqy - Percent HDDV's in the vehicle population x 10
ildv = average emissions index for LDV's; = 22.5
ildt = average emissions index for LDT's; = 36.0
ihdv = average emissions index for HDV's; = 114.7
ihddv = average emissions index for HDDV's; = 28.7
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For areas where so-called "tail pipe controls'" such as retrofit or in-
spection and maintenance are anticipated, adjustments should be applied
accordingly to account for reduced emissions rates. Since these types
of controls are often specific to a particular classification of vehicle,
such as retrofitting only HDV's or applying inspection and maintenance
to LDV's only, the adjustments should be applied only to the classifi-
cation(s) impacted. In applying the adjustments, the expected reduction
in emissions (expressed in percent x 10—2) attributable to the control
measure, is applied to the emissions index for the vehicle category
affected. For instance, if a particular configuration of inspection

and maintenance is expected to be applied to LDV's and LDT's only, and
the expected reduction overall in emissions from each is 9 percent and

11 percent, respectively, the adjustments involved are:

for LDV's: Emissions index (134y) from the previous page is
22.5 grams/mile. Effectiveness of control measure
is 9 percent x 10-2 = 0.09.
Corrected emlssions factor (i'idy) is:

') 4y = (11440 (1.0 = 0.09) = (22.5)(0.91) = 20.5 grams/mile.
for LDT's: Emissions.index (i14¢) from the previous page is
36.0 grams/mile. Effectiveness of control measure

is 11 percent x 10“2 = 0.11.
Corrected emissions factor (i'ldt) is:

i'ldt = (ildt)(l'o - 0.11) = (36.0)(0.89) = 32.0 grams/mile.

To account for the effects of the inspection and maintenance, then, the

emissions indices i'ldv and i'ldt are substituted for ildv and 114

respectively, in Equation.(2).
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C. REASONABLE RECEPTOR SITE

1. Definition of Reasonable Receptor

The following is an excerpt from a U.S. Environmental Protection Agency

report entitled Guidelines for Air Quality Maintenance Planning and

Analysis, Volume 9: Evaluating Indirect Sources.

° Receptor Site — A location where it is of interest to
estimate ambient CO concentrations. In general terms,
analysis should center on reasonable locations in the
vicinity of that portion of the traffic network (e.g.,
parking lot, access roads, intersections) where the
combined impact of the proposed source and other traf-
fic is likely to result in the highest traffic demand
and/or most traffic congestion. Definition of "reason-
able'" depends on the legal interpretation of the word
"ambient.'" '"Ambient" is interpreted as meaning that
portion of the atmosphere, external to buildings, to which
the general public has access. The primary standards
for CO imply that reasonable sites are required to be
in locations- to which the general public (note: not
necessarily any specific individual) has access. The
recommended procedure for selecting such sites is through
joint review by the reviewing agency and applicant of
maps and plans of the area and facility which are re-
quired as part of the indirect source or parking manage-
ment application. To clarify what might generally be
regarded as reasonable or unreasonable receptor sites,

a few examples are cited below. It should be strongly
emphasized that these examples only suggest what is

generally expected to be the case. 1If the review of a
specific application reveals that a site which may or-
dinarily be unreasonable is, in fact, reasonable in a
specific case (or vice versa) then, of course, the

specific ruling would supersede this general guidance.

a. Examples of Reasonable Receptor Sites -

1. All sidewalks where the general public has access on
a more or less continuous basils are reasonable
receptor sites.
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2. A vacant lot in which a neighboring facility is
planned and in whose vicinity the general public
(including employees 1f the neighboring facility
is not being built for the prime purpose of traf-
fic control) would have access continuously is a
reasonable receptor site.

3. Portions of a parking lot to which pedestrians
have access continuously are reasonable receptor
sites.

4. The vicinity of parking lot's entrances and exits
is a reasonable receptor site, providing there is
an area nearby, such as a public sidewalk, resid- .
ences or structures (e.g., an auto service center
at a shopping center) where the general public is
likely to have continuous access.

5. The property lines of all residences, hospitals,
rest homes, schools, playgrounds, and the entrances
and air intakes to all other buildings are reason-
able receptor sites.

From a practical standpoint it 1s not possible to generate universal
guidelines that provide detailed instructions for determining the exact
location of a reasonable receptor. For the purposes of hot spot verifi-
cation the most practical guidance that can be given 1s to assume the
receptor to be located at the centerline of adjacent sidewalks or at

the right-of-way limit if there are no sidewalks adjacent to the facility.
The key is to keep in mind that the receptor should represent the loca-
tion proximate to the highway or street where the general public has

access.,

2. Llane Edge to Receptor Distance

From Figures 25, 28, and 30, it is obvious that carbon monoxide concen-
trations diminish rapidly with distance from the emissions source. This
being the case, it 1s important to establish the proximity of the receptor
with respect to the edge of each travel lane on an adjacent roadway.

First, if the receptor is identified as being a sidewalk, the center line
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of the sidewalk should be considered as the actual receptor site. From
this point, the distance to the near edge of the traveled portion of each
lane should be determined and using these distances in conjunction with

Figures 25, 28, and 30, appropriate correction factors determined.
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D. CRUISE SPEED

From Figure 24 it can be seen that the cruise speed downstream of the
intersection must be determined in order to compute concentrations from
departing vehicles. Generally, cruise speed will be a function of the
type of facility, proximity of downstream signals and whether these
signals are coordinated, interference from pedestrians or other traffic,
roadway alignment, etc. Estimates of the downstream cruise speed, then,
can be made by categorizing locations according to the extent that fric-
tion can be expected in the traffic stream, and relating these general
categories to speed ranges. Table 1 suggests criteria for selecting
appropriate cruise speeds for use with Figure 24. Obviously, selection
of the cruise speed element is somewhat subjective; however, utilizing
the general criteria outlined in Table 1, in conjunction with field
observations and a general familiarity with the area being analyzed,

should result in a reasonable estimate of these speeds.

Table 1. CRITERIA FOR SELECTION OF CRUISE SPEED VALUES

Cruise spced
range
General location Operating characteristics (mph)

Central business district; | Much interference and fric- 15 - 20
tion from pedestrians or
parking and unparking vehi-
cles; closely spaced inter-
sections; individual vehicle
speed nearly always controlled
by speed of the entire traf-
fic stream;

Fringe business district

Outlying business district; ; Occasional interfer=nce and 20 - 30
friction from pedestrians

or parking and unparking
commercial land use; vechicles; nearby intersec-
tions occasionaly restrict
flow; individual vehicle speecd
somewhat controlled by speed of
of cutire traffic stream;

Dense residential/

Outlying and residential Infrequent {nterference or 25 - 35
friction from pcdestrians or
mancuvering vehicles; oo

land use; interference from downstreaa
intersections; spced of tndi-
vidual vehicle mildly {nflu-
enced by speed of traffie
stream,

residential/commercial
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E. CAPACITY

1. Preliminary Screening

In the preliminary screening process estimates of lane capacity are re-
quired for streets and highways where uninterrupted flow conditions pre-
vail or are assumed to prevail.

Lane capacity can be estimated from the expression:

C=2,000WT
Cc

where C

W

lane capacity

adjustment for lane width and lateral clearance

]
]

truck factor

The appropriate values of W and Tc can be determined from the 1965 Highway

Capacity Manual. 1If data is not available regarding the parameters re-

quired for determining W and Tc’ it is suggested that naticnal or re-
gional averages be used. These data can be obtained from agencies such

as the Automobile Manufacturers Association (AMA) or the American Associa-
tion of State Highway and Transportation Officials (AASHTO) for traffic
composition; and from state highway inventories or design standards for

physical characteristics such as lane widths and lateral clearances.

2. Hot Spot Verification

The same procedure is utilized for estimating lane capacity as described
above except it is reasonable to expect that the actual physical and
operating characteristics (lane widths, clearances, percent trucks and

buses, etc.) can be determined rather than assuming or estimating these.
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Analysis of the approach lane capacity of streets controlled by STOP
signs has not received wide attention. Research that has been docu~
mented indicates that the capacity of a STOP-sign controlled lane 1is a
function of the capacity and volume demand of the through street. From
this general observation, the following expression was developed to pro-

vide a means for estimating approach lane capacity:
C2 = (O.75)(Cl - Vl)

the capacity of the STOP~sign controlled approach

where C2

Cl the average lane capacity of the major through street
in the critical direction.

Vl = average lane volume of the major through street in the
critical directiom.

In the above, critical direction means the roadway direction with the

highest average lane volume to capacity ratio (V/C).
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F. 8-HOUR CORRELATION FACTOR

The screening guidelines incorporate techniques based upon the calculation
of l-hour average concentrations of carbon monoxide from peak hour traffic
volumes. Because the 8-hour standard is more often violated then the
l1-hour standard, it is necessary to provide a means for developing esti~
mates of the 8-hour average concentration from the calculated 1l-hour

average.

Analyses of air quality data from a number of monitoring stations in
several cities in the northeastern U.S. were conducted in order to
determine whether a definite relationship could be established between
l1-hour average and 8-hour average concentrations. These analyses were
based on examining the relationship between maximum l-hour average con~
centrations, and maximum 8-hour average concentrations where the 8-hour
averaging period included the maximum l-hour average. These analyses
indicated that the average ratio of 8-hour average concentrations to
1-hour average concentrations ranged in value from about 0.5 to 0.8, with
an average of about 0.7. Further, analysis of the relationship where
l-hour concentrations were 10 ppm or more, indicated that this ratio was
slightly lower with with a range generally of from 0.6 to 0.7. Thus,

a value of 0.7 was selected as being representative uf the 8-hour to
l-hour ratio. It is emphasized that if sufficient local air quality
data are available, these should be analyzed to determine whether some
other value representing the 8-hour to l-hour ratio might be more appro-

priate for that location.
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G. BACKGROUND CONCENTRATION

Studies have indicated the existence of a background concentration of car-
bon monoxide occurring throughout urban and suburban areas as a result

of dispersion of the pollutant at or near ground level. Determination

of the actual value of the maximum expected background concentration

involves long term local monitoring as described in the Guidelines for

Air Quality Mailntenance Planning and Analysis, Volume 9: Evaluating

Indirect Sources,

It 1s very likely that in many instances local monitoring will not be
possible. Owing to this a value representing background concentrations
was developed, based on limited analyses of data for three cities in

New England. The value determined, 5.0 parts per million (ppm), is based
in part on air quality modeling using a diffusion model (APRAC) and
meteorological data covering a l-year period. These analyses indicated
that the average maximum background concentration (8-hour average) com-
puted for 20 locations in each city ranged from 2.5 ppm to 5.1 ppm during
1973 to 1974. Extrapolating these figures to 1977 to 1978 would result
in a range of about 1.5 ppm to 3.1 ppm. Using the higher value, 3.1 ppm,
the maximum l-hour average background concentration can be estimated
through the l-hour/8-hour correlation factor discussed previously. Apply-
ing this factor results in an estimated l-hour average background concen-
tration of about 4.4 ppm or (comservatively), say S ppm. Thus, the 5 ppm
value is recommended unless data are available to develop specific local

background estimates.
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H. DEFINITIONS

Several terms used in this guideline are defined below to clarify thelir

intended meaning.

1. Complex Intersections/Special Cases

This term is used in the preliminary screening process and is defined

as an intersection where the volumes, turning movements, geometry, oOr
number of approaches, result in a signal cycle comprising more than two
phases. An intersection can be considered complex if pedestrian activity
is such that traffic flow is interrupted during most cycles by pedestrian

crossings.

A special case refers to either a signalized or nonsignalized intersection
where conditions are such that the preliminary screening technique be-

comes inappropriate for evaluating hot spot potential. Examples of special
cases include (1) signals used only for certain events such as during
peak-hours only, or during work-shift changes if the location is in the
vicinity of a major industrial or office complex; (2) where signals are
manually operated or pre-empted in favor of traffic direction by police
personnel; (3) where signals are utilized for pedes:irian crossing protection
only; and (4) where police control is utilized at nonsignalized inter-

sections.

2. Congested/Noncongested Areas

These terms are utilized in the preliminary screening procedure to indi-
cate whether or not significant interference to traffic departing from

an intersection can be expected. For congested areas, downstream cruise
speeds will be fairly low (less than about 20 to 25 miles per hour) with
some interruptions occurring. In noncongested areas, however, few, 1if
any, interruptlons to departing traffic will occur, and downstream cruise

speeds will be scmewhat higher (at least 25 miles per hour).
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APPENDIX A

BASE MAPS DEVELOPED FOR THE SCREENING OF WALTHAM, MASSACHUSETTS

Presented in this appendix is a series of maps developed for use during
the screening of the City of Waltham. These were prepared by modifying
a set of maps provided by the Massachusetts Department of Public Works.

Included are the following:

Title Figure numbers
Hot Spot Analysis Sites Figures Al-a, Al-b
Traffic Volume Count Locations Figures A2-a, A2-b
Traffic Flow Map Figures A3-a, A3-b
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APPENDIX B

EXAMPLES OF THE PRELIMINARY SCREENING PROCEDURE

This appendix provides examples of completed forms from a preliminary
screening effort undertaken in the City of Waltham, Massachusetts, as part
of the development of the preliminary screening procedure. Shown in this
appendix are the data sheets for 14 of the 531 separate locatlons analyzed;
included are five signalized intersections, five locations where conditions
of uninterrupted flow prevail, and four nonsignalized intersections. The
location numbers appearing on the Initial Screening Summary Sheet corre-
spond to the numbered locations shown on the Hot Spot Analysis Sites map,

presented in Figures A-la and A-1b in Appendix A.
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IHERTAE SCREENING SUMMARY SH

page Lof g

: {ASSACHUSETTS
Ci ty/Town: WALTHAM State; ly —_
Analysis By: Date:
Y y (cama) (ticle)
Approved By: Date:
(NM) (tiCl.)

Hot Spot Indicated

or
Location Type Detailed Analysis Required
Yes 3 No
15. Lexington St. at Totten Pond Signalized X
Rd. and Bacon St. Intersection
18. Bacon St. at Dale St. Signalized . ¢
Intersection
19. Bacon St. at School St,. Signalized X
Intersection
22. Hammond St. at Columbus St. Signalized X
Intersection
29. High St. at Lowell St. Signalized X
Intersection
32. Main St. at Lyman St. Nonsignalized X
Inctersection
35. Lexington St. at Lake St. Nonsignalized X
Intersection
37. Moody St. at Crescent Nonsignalized X
and Derby Streets Intersection
43. Weston St. at South St. Nonsignalized X
Intersection
45, Route 128 at Main St. Uninterrupted Flow X
46. Trapelo Rd. between Forest Uninterrupted Flow X
St. and Waverly Oaks Rd.
47. Weston St. between Uninterrupted Flow X
Route 128 and Eddy St.
48. South St. between Brandeis Uninterrupted Flow X
University and Waltham
Hospital
49. Beaver St. between Forest St. Uninterrupted Flow X

and Waverly Oaks Rd.



City/Town:
Analysis By:

Approved By:

PRELIMINARY SCREENING WORK SHEET- STGNALIZED INTERSECTIONS

MIALTHA M

State:

page L of L

MASSACHYSETTS

Date:

(pans)

(cdcla)
Date:

(name)

{ctcla)

5% @ Totten Pond Rd & Bacon Sk.

Part I Location: L&xmaton
Part I1 Congested Area? Yes; ﬁ No
Part III  Complex Intersection or Specfal Case? _X _Yes; No; 1f yes, enter location on Initial Screening
Summary Sheet and proceed to next intersection; Lf no, proceed with Part 1V,
Part 1V Analyze each leg seperately on the form, below,
Cross-street data
Leg under analysls
Street: Leg: Street: Leg:
2 L3 < 4 . £ h t X
Adjusted Adjosted - & Adjusted - = -
ADT Con{igur~ ADPT Contjgure Figure/ tlot spot AT Confipgur- Figure/ Hot snot
Designation (1977-7%) ation (1977-78) ation curve used | Indicated?| (1977-78) ation Jjcurve used ! {ndicated?
Streecs Leu: Street: Lea:
Part I Location: Bocon St @ Dale St
Part IIX Congested Area? Yes; X _No
Part YII  Complex Intersection or Special Case? Yes; X No; 1f yes, enter location onm Initial Screening
Simxnary Sheet and proceed to next {ntersection; i{f no, proceed with Part 1V,
Part IV Analyze each leg seperately on the form, below,
Cross-street dats
Leg under anslysis
Street:_ D &COn ter: M Stree(:__@“tow\ leg: S
2 L2 < 4 3 ¢ & h L i L%
Ad justed Ad juscnd Ad justed
ADT Configur- ADT Conligur- Figure/ Hot spot ADT Configur~ Figure/ l'ot spot
Designacion (1977-78) ation (1977-78) atfon curve used | Indicated?] (1977-78) ation curve used | {ndicaced?
Dale (ootW) |3000 [2v/aw|Booo |2t/ew | 2-B | NO | 8000 |2\aw] 2-B | NO
streer:__Do\@ Le. g Street: Dole Les: W
Bacon (b°t\\) 8000 [1Liw 3000 aw | 1-& ™o 3000 [2L/aw]| 2-8 ~NO
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PRELTMINARY SCREENING WORK SHEET- STGNALIZED INTERSECTIONS

City/Town:

WALT WA

Analysis By:

State:

page

MASSACHUSETTS

3

——

of _G&

Date:

Approved By:

(nane)

(ticla)

Date:

BO.QOP\

(nama)

S5t @ SeNool

St

(citlae)

Part 1 Location:
Part II Congested Area? Yes; A Mo
Part 111 Complex Intersection or Special Case? Yes ; X No; If yes, enter location on Initial Screening
Summary Sheet and proceed to next intersection; if no, proceed with Pact 1V,
Part 1V Aualyze each leg seperately on the form, below,
Crosa-acreet data
Leg under snalysis
Street: % a-c oW leg: N Street: (’.}‘Lf O leg: S
3 b [ 4 e t g h L bR L3
Adjusted Adjusted Adjusted
ADC Configur- ADC Contlgur- figure/ ot spot ADT Configur- Figure/ tot ssot
Des{gnatton (1977-73) ation {1977-78) ation curve used | incdicated?| (1977-78) ation curve used | (rdicated?
Sehool  €fieg | 9000 [2L/aw] 8000 [2Llw] 2.8 [ YES 8000 [1Lfaw| 2-5 |VYES
S e ool W(teg | S000 [2L/2w] 800 [2faw ] -8B | No | §600 j2u]2w| 28 | NO
|>< Street: Seronl Lew: € Street: SQ\“QQ\ Lea: W
Bacan (Loth) | BOOO [2U)2w | 9000 |2u/aw | 2+B [ YES [S5v00 (24fw| 2:B | YES
\ .
Part I Location: Homwmond 5%, @ Columbus St
Part II Congested Area? Yes; x No
Part III  Complex Intersection or Special Case? Yes ; >_<‘ No; If yes, enter location on Initial Screening
Sumnary Sheet and proceed to next intersection; if no, proceed with Part 1V,
Part IV Analyze each leg seperately on the form, below,
Cross-etreet data
Leg under analysis
Strcrz:_t\_(l‘rh’"\vhc{ Leg: \:)()t\\ Street: lee
a L2 € 4 < [ & h L 1 L1
Adjusted Adjusted Adjusted
ADT Configur- ADf Conflygur- Figure/ ot spot ALT Configur- Flgure/ 1'ot $p0C
Desigration (1°77-73) stion (1677-78) atfon curve used | tndtcated?} (1977-78) atlon jeurve used | irdicated:
Coluwmbus  (both) | 5000 [2u/aw] Sov0 PL/aw] 1-8 | NO
>_< - >< Slrcxl:&i\_“'_m__. Te': bﬁh Strcet: lec
Mawmwmond  {botwn) | 5300 2 v S00n [l W] 2 © ND
Ay




PRELIMINARY SCREENING WORK SHEET- STGNALIZED INTERSECTIONS

City/Town: \WALTHAM

page Q. of _&

Analysis By:

(nama) (ticle)

Approved By:

(name) (title)

Part I Location: H“}\\ St @ Lowell St

Part I1 Congested Area? Yes; & No

Paczt III Complex Intersection or Special Case? Yes; X
Summary Sheet a&nd proceed to next intersection; if no, proceed with Part 1V,

Part IV Analyze each leg seperately on the form, below,

Date:

Date:

State: MRASSACHUSETTS

No; If yes, enter location on Initial Screening

Cross-street data

Leg under analysis

strcer:_ o™ Lep: Dokl | Screee: Lee
2 L2 < 4 L3 £ & LY L L k
Adjusted Adjusted Adjusted
ADI Conf{gur- Al Configur- Figure/ llot spot ADT Configur- Figure/ ot szot
Tesignatton (1977-713) ation {1977-78) ation curve used | Indicated?| (1977-78) ation zurve uvsed | (ndicsated?

Lowell (beth) | 2000 [2uaw 17000 [2c/aw | 2-8 | nO

>< strecc; L ow e W\ Leu: Dot Street:

Lez:
ST AYSIN 17000 24w | 2060 |2v]ew | 2-2 YES
Part I Location:
Part II Congested Area? Yes; No
Part III  Complex Intersection or Special Case? Yes ; No; 1f yes, enter location on Initial Screening
Summary Sheet and proceed to next intersection; if no, proceed with Part IV.
Part IV Analyze each leg seperately on the form, belov,
Cross-streer data
Leg under analysis
Strcet: . Leg: Street: __ _ lee
a 2 13 4 ° L8 E b L L LY
Adjusted Adjusted Adjusted
ADT Configur- ADl Conligue- Figuce/ Hot spot ALT Conlligur- Figure/ f'ot spot
Designation (1977-18) ation (1977-78) atfon curve used | Indlcatced?] (1977-78) atlon curve used | indicated?

>< >< Street: Tea: Street:




PRELIMINARY SCREENING WORK SHEET — NONSIGNALIZED INTERSECTIUNS -
page _>_of 6
City/Town: \WALTHAM State: MASSACHUSETTS
Analysis By: Date: ___
(nae) (ticla)
Approved By: Date: ___
(came) (ctela)
Pert I Locatton: Moain St @ Lymen St
Part II Analyra each croes streat leg on the form, balow:
Minor cross street data
Through street dsta )
Street: L uwvatin Leg Street: Leg
L b K3 4 [ £ £ h i 1 L% 1
Adjusted Est. Adjusted Adjusted
ADT Coaligur- lane Hot Spot ADT Configur- Filgure/ flot Spot ADT Configur~ Figure/ Hot Spot
(1977-78) stlon capacity | indicated?} (1977.78) ation curve used i indicated?l (1977-78) stion fcurve used indlcatgaJ
20000 | 4L/2wl 1700 NQ | 6000 L2V 5 NO

Part 1 locatfon: Le*.\nlr;to‘f\ St @ Lake St.

Part I1 Analyze each cross street lag on the form, below:

Hinor cross street data
Through street data
street: La ke leg Street: leg

L L K3 4 (X £ £ L 4 1 X i
Adjusted Est. Adjusted Adjusted

ADT Configur- lane Hot Spot ADT Configur~ Figure/ Hot Spot ADT Configur- Figure/ Hot Spot
(1977-78) ation capscity [ indicated?| (1977-78) ation cucve used | Indlcated?| (1977-78) ation |Jcurve used| {ndlcated?
14000 |alL|aw] 1800 N O 7000 } 2t/aw 16 NO

Part 1 Location: MOOC‘\_E St @ Q“CSQQI’\{ é D("\D\‘; Sts-

Part I1 Anslyre each croas street leg on the form, belov:

I
Minor cross street data

Througzh street dats
Street: CY‘“')\QY\t leg Street: . D@ rhu Leg
r ) < T < (R 5 T L 3 L
Adjusted Est. Adjusted Adjusted
ADT Configur- lane Hot Spot ADT Configur~ Figure/ Itot Spot ADT Configur-{ TFlgure/ Hot S$pot
(1977-78) atfon capscity { tndicated?| (1977-78) ation curve used | indfcated?] (1977-783) ation curve vsed | {ndfcated)
12000 | 2 Lluw] 1200 ~NO 7Jooo] nilaw] 1 4 YES qo000 | 2L|ww) 14 NO
Part 1 location: Westor\ St' @ SO\J*\\‘\ St.
rart 11 Anelyre esch cross street leg on the form, balow:
Hinor cross street data
Throagh street data
S”"“—-%__ Leg Street: Leg
a b C d [ {
. ® < i £ I I b L 1 x 1
Adjusted Est, Adjusted Adjusted B
ADT Conflgur- lane Hot Spot ADT Conf - Jae
(1977-78) |  atton cxpacity | indlcated?| (1977-78) o:(:::r Tlgure/ | tot Spot ADT Configur-| Figurel | Hot Spot
curve ured | indicated? (1977-78) stion Jecurve used| tndicated
1L000 { 2 L1 1300 NO 10000 |2t /2w ]| 14 vES

B-6



PRELIMINARY SCREENING WORK SHEET ~ UNINTERRUPTED FLOW

City/Town: WRALTHAM

State: __MMASS page G of b
Analysis By:
y y - T Date:
Approved By: Date:
(oame) (ticle)
- > < 4 a L
Tectlicy Locatton “’:;.d Configur~ :::c Hot Spot
(1977-78) ation capacity [indlcated?
Rovte 128 ok Main 5% 39000 8L /x| 1150 | YES
Trapelo R4 Betw. Forest € Waverly Ooks 23000 [2u A ] 1800 | YES
Weston St Petw, Qte 128 § Eddy St 28000 |2L/A 1800 | YES
South St Retw. Brancden Univ & Hoveital 10000 |2L/n (700 | NO
Beaver St Betw. Forest & Waverlu Gaks 11000 e ]a 1260 | NQ

B-7



APPENDIX C

EXAMPLES OF THE HOT SPOT VERIFICATION PROCEDURE

This appendix provides examples of completed forms from a hot spot verifi-
cation effort undertaken in the City of Waltham, Massachusetts. Shown in
this appendix are the data sheets for the verification of the eight loca-

tions shown on the Initial Screening Summary Sheet in Appendix B, as having

hot spot potential.

c-1



HOT STOT VIRIFTCATION SUMMARY

City/Town: Walcham State: Mass. page 1 f 1
Analysis By: : Date:
(orpa) (ttela)
Approved By: Date:
(oane) (title)
Location No. Location Maximum 8-hr,

Ave, Concentration

15 Lexington Street at Totten Pond Road and 27.7
Bacon Street

19 Bacon Street at School Street 9.6
29 High Street at Lowell Street 8.9
37 Moody Street at Crescent and Derby Streets 14.3
43 Weston Street at South Street 8.2
45 Route 128 at Main Street 17.0
46 Trapelo Road between Forest Street and 8.0

Waverly Oaks Road

47 Weston Street between Route 128 and Eddy Street 9.5
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HOT SPOT VERIFICATION WORK SHEET - FIFLD DATA

City/Towm: M(TWM. /{/LL By: TAM

Locatibn: [EX‘UGTGU S-T. & 8/‘(0,4 ST._" 7:—77'&1/ END /& .

Dates 2 fe 75
Qi gsw
Sketch of location and notes: % b1 l” ¢ d
QL
T
&y = ’ =
Lesidence € t @ @ @
Remveuce O LCldence
2
3 = 2 y

e Q4
| @ @ 4
@

®

i
I
|
I

3
\J

@

Sk
Lz" ah t 31\

|

¢

4
2 e
N

LEXING TON CHoecs tememaL g

MNoes :

I) BL[/M.G As SHowsS

2) Lecerrors AT { SIAEWALK

3) MNe PesesTRIAN s TEL FECENCE
. 0l
4_3 Es~ dePArTULE cRui€ L(Pech IS 3 ~p~

y U'G ,AEAK Hluﬂ! 77?/1“‘7( SHnal Y4 PCAK
WFF'C fur/ .
S ) ’:.(,CE Alﬂf("
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0T SPOT VERIFICATION WORK SHEET - SIGNALIZED INTERSECTION page 1 of 3

City/Town/: _\WALTHAM By: ARC

Intersection: LEXINGTIAN & Bacaon Date: (o f1¢]75

I. PEAX IDUR \OLUMES: Enter Lana Numbers (froo sketch) and peak hour volumes for viater 1977-78
(from data sheets),

Peak Rour Voluoes

Intecsection Lag Approach Lane Mo, Depscture Lane Ko,

] L (& l
LEXINGTON Nfs | GSe | 3io 4ec| 4t
LEXINGTON 3/8 | 460 | 46C 4¢c| 460
BadceN 210 | 21C 420
ToTTonN  Pewd 53¢ g 1S5S | WIS

II. AVERAGE G/Cy AND CRUISE SPEZD: Enter average G/Cy for approach lanes (from data sheets) and
average cruise speed for departure lanes,

Average (2/(1y Average Cruire Speed

Approach Lane No, Departure Lane No.

Intersectica Leg

I 2z 2 {
LEXINGTON N/8 BTN 30| 30
LEXINGToN sie .30 .30 30 30
BACEN G AL 30
TCTTeEN PoHO AT 1 LQ6 20| 3¢

III. RESULTING LANE CONCENTRATIONS: Enter lane concentrations for spproach lsnes (obteined from
Figure No. ), and departure lane concentrations (obtained froa Figure Ko, ).

Computed Lane Conceatrations

Intersection Leg Approach Lane No, Departure Lane Ko,
| kA z (
LEXINGTOoN N8 6. % | 6. 2.0 2.¢
LEXINGTY ol SR tC.+ | 10.4 1.9 (.9
BACON 6o | 6§ i 7
ToTTed  Pand 96 2.4 1 1.1

Cc-4



HOT SPOT VERIFICATION WORK SHEET - SIGNALIZED INTERSECTION

page_2 of 3
Intersection: (pxiNGTON @ Bacon  City/Town/: WACTHRAM

IV-A. LANE LDCE TO RECEFTOR DISTANCE CORRECTION FACTORS: Enter lane edge to receptor diatance correction
factor for each lane (obtained froa Figure No. ) sssuaing receptor {3 on the approach side of

each leg.
Distance Cocrrection Fectors
Eatersection Lag Approsch Lane No, Departure Lsne No.
! 2 2 {

LEXINGTON N[B |32 | Lty Lol .96
LEXINGTCN S 3y L ® L6y 1 .96
BACON Gy Ly l.c§
TOTToN Powd L3y Lo | .96

Iv-B, LANT EDGE TO RECEPTOR DISTANCE CORRECTION FACTORS: Enter lane edge to receptor distance correction

factor for each lane (obtailned from Figure No. ) assuning receptor is on the departure side of
each Leg,

Distance Correction Factor

Approach Lane No, Departure Lane No.
Imtersection Leg PP

V-A. RECEFYOR CONCENTRATIONS ATIRIBUTABLE TO FACH LANE: Enter the concentration froo each lane corrected
for lane edge to receptor distance; this is computed as the product of lane concentrstions (from III,
above} and the corresponding lane edge to receptor distance correction factor (from IV A, above);
assuning receptor 1s on the approach side of each leg,

Corrected Lane Concentrations
Interseceion Leg Approach Lans Ko, Departure Lane Mo, et
l 2 2 {
LCEXINGTay  NJa | 9:C 1 7.2 2.2 -9 [z2e.3
CEXINGTON s/a | (3.7 1% 2. 3 299
BACCN 9.0 1. 1. ¥ ie.2
ToTToN  PeND SIS IR tr | e




HOT SPOT VERIFICATION WQRK_SHEET - SIGNALIZED INTERSECTION (continued)

page_3 of 3 _

Intersection: {exinGTen @ BACON City/Town/: \WwALTHAM

s ?E 1 OE.COTCE‘ TIONS ATTRIBUTABLE TO EACH LANE: Enter the concentration froa each lane corrected
or lan= edge to receptor distance; this is cocputed as the product of lana coacentrations (fro=z III,

atove) =mad the corresponding lane edge to receptor ¢istsnca correction factor (froa IV-B, above);
assuning Teceptor is on the departure aide of each leg.

Intersection Leg Corrected Lane Coccentrations Total
Approach Lane Ko, Departuce Lane No.
VI-A, FIRAL CE’Z".?UIA’IION"S FOR MAXIHUM 1-HR AND 8-HR AVERAGE CONCENTRATIONS: Enter the following data:
(1) receptor concentrstion (from V-A, above) {n column a; (2) f,, (froa data sheet) in column b;
(3) background concentration (Sppa unless determined otherwise) in columa d; and (4) 8-hr
correlation factor (0.7 unless determined otherwise) in coluzn f. Cozpute concentrations as
showa in columns ¢, ¢, and g. Assume receptor is on the approach side of each leg.
s b < [} . H [
Ietersection Leg Coaputed | Corrected Back- Total 8-hr. Zst, 3-hr
Recaptor Conc. ground 1-hr ave,'| Correlat. { Ave. Cone.
Conc, {(a x b) Conc., Conc, Factor (e x £)
) (c + d)
; IS .
LEXINGT S N/B | 2¢3 | ilG 1.5 5.0 | 283 7 20.0
LEXINGT ON sfal 2995 1 e | 347 sc ) 399 ] 1 [ 279
BAcCeN 15.% 1.¢4 5.2 §.0 24.2 . (G-
TOTTON PoND i7-3 [.e4 1y.? 5.6 | 3.2 -7 162

VI-B, FINAL CCMPUTATIONS FOR MAXTMUM 1-HR AND 8-HR AVERAGE CONCENTRATIONS:

Enter the following data;
(1) receptor concentration (frea V-B, above) in coluzn &; (2) f,., (from data sheet) in column b;
(3) background concentration (5ppa unless detercined othervise) in coluzn d; and (4) 8-hr

correlation factor (0,7 unless detercined otherwise) in colusn f. Cozpute coacentrations &s
showva {n coluzns ¢, &, and g.

Aesuna receptor is oo the departure side of each leg,

s b ¢ [} . 4 [
Inotersectioa Leg Computed fe Corrected Back- Totzl 8-hr. Lst. 8-hr
Receptor Conc. ground 1-hr ave, | Correlat, | Ave. Conc.
Coac, (a x b) Conc, Conc, Factor (e x )
(¢ + 4d)
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HOT_SPOT VERIFICATION WORK SHEET - FIFLD DATA

City/Touwn: M/ALTHAM. MA. By: TPM

Location: BAcm S7. @ Scuen ST Date: 2¢ f«ff"72

Sketch of location and notes: £ sw /v
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e
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1I0T _SPOT VERIFICATION WORK SUEET - SIGNALIZED INTERSECTION .
page 1 of 3

City/Town/: \WALT HAM By: AR C

Intersection: RAaceny @ 3cHocl Date: 10f2€&[7%

I, PEAX BOUR VWOLWMES: Enter Lans Nunbers (from sketch) and peak hour voluses for winter 1977-78
(froo data sheets),

Peak Hour Voluoes

Intersection Lag Approsch Lane Yo, Departuce Lane Ho.

' (
BAcow S 270 20
RAacend N (B 240 240
ScHdoe <E/6 :w[a} 276 270

I1, AVERAGE G/Cy AND CRUISE SPEED: Eater average G/Cy for approach lanes (froa data sheets) and
average cruise speed for departure lanes,

Average (:/Cy Average Cruise Speed
No.
Intersection Leg Approach Lane Ho. Deparcure Lane No
{ i
BACeH s/R <45 20
BAcers N/a 43 48
SCHCCL .35 5C
-
II1I. RESULTING LANE CONCINTRATIONS: Enter lane concentrations for approach lanes (obtained from
Figure No. ), end departure lane concentrations (obtalned froa Figure No, ).
Coaputed Lane Concentrations
Intersection Leg Approach Lsne Ko, Depsrture Lane No.
BACcH s(o S VO
B ACC ~IpB 9.4 .9
ScHe oL Gt (.o




HOT SPOT VERIFICATION WORK SHELT STIGNALTZED INTERSECTION (continued)

page_2 of

Intersection: RAceN & WA CT HAM

SC HGE L Ccity/Town/:

IV-A, LANE EDGE TO RECEPTOR DISTANCE CORRECTION FACTORS: Enter lane edge to receptor distance correctfion
factor {or each lane (obtained froa Figure No. ) assuaing teceptor is on the approach side of
each leg, =

Distence Correction Factors

Intersection Leg Approsch Lane No. Departure Lane Ho.
{ {
BACC s/6 .3y .19
BACCH N(® I 32 .1y
ScHecou .32 (g

IV-B, LANT EDGE TO RECEZPTOR DISTANCE CORRECTION FACTORS: Enter lane edge to receptor distance correction
factor for each lane (obtained from Figure No, ) assuning receptor is on the departure side of
each leg. —_——————

Distence Cocrection Factor

Approach Lana No, Depscrture Lane No.
latersection Leg

V-A, RECEPTOR CONCENTRATIONS ATTRIEUTABLE TO EACH LANEZ: Enter the concentration from each lane corrected
for lane edge to receptor distance; this {s computed as the product of lane concentraticns {from III,

above) and the corresponding lane edge to receptor distance correction factor (froam IV A, above);
assuning receptor is oo the approach side of each leg.

Corrected Lane Conceottstions
Intecsection Lag

Total
Approach Lane No. Departure Lane No,

_RRACcN S0 G.? -2 | 7.9
BACeN NB LS o | 6 &
SCHOO L L1 | 9.2

r[;

w
(o]

c-9



HOT SPOT VERIFICATIONAWORK SHEET - SIGNALIZED INTERSECTION (continuecd)
page_3 of 3
Intersection: Bacon @ Scrool City/Town/: walTHAM

V-B. RECEPTOR CONCENTRATIONS ATTRIBUTABLE TO EACH LANE: Enter the concentration from each lane ¢orrected
for lane edge to receptor distance; this i{s cozputed as the product of lana concentrations (froz III,
above) and the corresponding lane edge to.receptor di{stsnce correction factor (from IV-B, above);
assuming receptor is on the departure side of esch leg, ' '

Corrected La
Totersection Leg ne Concantrat{ons Total

Approach Lane Ko, Departure Lane No.

VI-A, FINAL COMPUTATIONS FOR MAXIMUM 1-HR AND 8-HR AVERAGE CONCENTRATIONS: Enter the following data:
(1) receptor concentration (from V-A, above) in column a; (2) f,p (froa data sheet) in column b;
(3) background concentration (Sppm unless determined otherwise) in column d; and (4) 8-hr
correlation factor (0,7 unless determined otherwise) in coluan f. Compute concentrations as
shown in columns c, e, and g. Assume receptor {s on the approach side of each leg,

s 5 [ d L] f '3
Iotersection Leg Computed foa Cortected Back- Total 8-hr, ¥st, 8-he
Receptor Conc. ground l-hr ave. | Correlat. | Ave. Conc.
Conc, (a x b) Coac. Cone, Factor (e x f)
. (c + d)
Bacen 5/8 7.9 | f.¢ 8. 5-¢ | 3.2 .7 G.2
BACEH N /o ¢& | rea | 1. 5.0 | e .7 3.5
scuoce (/6 w/s) 9.0 { .5¢ 3.9 s.e | 139 7 5.6

VI-B. FINAL COMPUTATIONS FOR MAXDMUM 1-HR AND 8-HR AVERAGE CONCENTRATIONS: Enter the following data;
(1) receptor concentration (froam V-B, above) in column 8; (2) f,, (from data sheet) in column b}
(3) background concentration (5ppz unless determined otherwise) in coluzn d; and (4) 8-hr
correlation factor (0.7 unless determined otherwise) in coluan f. Compute concentrations &8
shown in columns ¢, e, and g. Assume receptor is on the departure side of each leg.

s b < d e £ 1
Intersaction Leg Computed | Corrected Back- Total 8-hr. Est, 8-hr
Receptor Conc. ground 1-hr ave. | Correlst. | Ave. Conc,
Conc, (a x b) Conc., Cone. Factor (e x £)
’ (e +4d)

Cc-10



City/Town:

HOT SPOT VERIFICATION WORK SHEET - FIELD DATA

M/A(TMM R /VL

Location:

Lowetr ST-@ ey S;-

By: TpM
Date: 2¢ Sm '75

Sketch of location and notes:
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HOT SPOT VERII'ICATION WORK SHEET -~ SIGNALIZED INTERSECTION
page 1 of 3

——

City/Town/: \WALT HAR By: AW C

Interscction: HitH @ CLowELL Date: (017.5175'

I. PEAX HOUR WOLUMES: Enter Lans Numbers (from sketch) aad peak hour voluses for vinter 1977-78
(froa data sheets).

Pesk Rour Volusoes

Approsch Lane No, Departure Lsne No.
Intersection Lag PP

H G wB | y7s NS

HiGH £/a
(\oewr;c:\g)

1I. AVERAGE G/Cy AND CRUISE SPEED: Enter aversge G/Cy for approach lanes (from data sheets) and
average crulse speed for departure lanes,

Aversgs G/Cy Average Crufsa Speed

Approach Lane No, Departure Lane No,
Intersection leg

HIGH <62 3¢

ITI. RESULTING LANE CONCENTRATIONS: Eater lane concentrations for approach lanes (obtained from
Figure No, ), and departure lsne concentrations (obtained from Figure No. ).

v

Computed Lan: Concentrations

Approach Lane Ho, Departure Lana No.
Intersection Leg P

H LG H 4.6 -4

c-12



HOT SPOoT VERIFICATION WORK SIIEET - SIGNALIZED INTERSECTION (ContinUQQl
page_2 of 3

Intersection: wigH @ Lewrere City/Town/: \WALT HAM

IV-A, LANE EDGE TO RECFPTOR DISTANCE CORRECTION FACTORS: Enter lane edge to receptor distance correction
factor for each lane (obtained from Figure Mo, ) sssuaing receptor is on the approach side of

each leg.

Distance Corcection Factors

Approach Lane Ko, Departure Lane No,

Interseaction Lag

HIGH .30

IV-B, LANT EIGE TO RECEPTOR DISTANCE CORRECTION FACTORS: Enter lane edge to receptor distance correction
factor for each lane (obtained from Figure No. ) assuzing receptor {8 on the departure side of

each leg,

Distance Correctioa Factor

Approsch Lana No, Depsrture Lana No,

Intersectioa Lleg

V-A, RECEPTOR CONCENTRATIONS ATTRIBUTABLE TO EACH LANE: Enter the concentration froo each lane corrected
for lane edge to receptor distance; this is cooputed as the product of lane concentrations (froa III,
above) and the corresponding lane edge to receptor distance correction factor (from IV A, above);

asswaing receptor is on the approach side of each ley,

Corrected Lane Concentrations
Totsl

Intersection Leg beparture Lane Ko

Approsch Lana No.

H1G H 5.9

Cc-13



HOT SPOT VERIFICATION WORK SHEET - SICNALIZED INTERSECTION (continued)

page_3 of 3
Intersection: Hitd @ Lewecl City/Town/: wALTHAM

v-3. ?ECEPIOR CONCEXTRATIONS ATTRIBUTABLE TO EACH LANE: Enter the concentration from cach lane corrected
or lane edze to receptor distance; this {s cocputed as the product of lane concentrations (froxz III,

above) and the corresponcing lane edge to receptor cistanca correction factor (froa IV-B, above);
assuaing receptor is on the ceparture side of each leg,

[o ted La
Tatersection Lag orrecte ae Coocentratioans Total
Approach Lane No. Depscrture Lane Ko,
VI-A, FINAL OCMPUTATIONS FOR MAXIMUM 1-HR AKD 8-HR AVERAGE CONCENTRATIOHS: Eanter the following data:
(1) receptor concentration (froa V-A, sbove) in coluan 8; (2) f . (froa dste sheet) in celuan b}
(3) background concentration (5ppa unless determined otherwise) in column d; and (4) 8-hr
correlation factor (0.7 unless determined otherwise) in coluza £, Compute concentrations as
shown in coluzns ¢, e, 8nd g. Assude receptor {s on the A_M of each leg.
. 1] ¢ d . { 3
Intersection Leg Computed [ Corrected Backe Total | 8-hr. Ist, 8-hr
Beceptor Conc, grouad 1-hr ave, | Correlat, | Ave. Conc.
Cone, (a x b)_ Conc, Corz, Factor (e x {)

(e +d)

7. 5. 12.¢ .7 9.9

HAG 7.6 ;.

[
~

VI-B. FINAL COMPUTATIONS FOR MAXD{UM 1-HR AND 8-HR AVERAGE CONCENTRATIONS: Enter the following data;
(1) receptor concentration (froa V-B, above) in column a; (2) f,, (froa dats sheet) in column ' H
(3) background concentratica (S5ppa unless determined otherwise) in colucn d; and (4) 8-hr
correlation factor (0,7 unlesa detercined otherwige) in coluan f. Compute concentrations as
showa in coluzns ¢, e, 8nd g. Assume teceptor is on the departure side of each leg.

a b e 4 . f [3
Interssctica Leg Computed | Corrected Back- Total 8-hr, Est, 8-hr
Receptor Conc. ground l-hr ave. Correlst, | Ave. Conec.
Conc, (o x b) Conc. Conc, Factor (e x £)
(c + 4)
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HOT SPOT VERIFICATION WORK SHEET - FIELD DATA

City/Town: l%(ﬁmm ‘ MA.
Location: /l//ooA)’ Y @ Cm@r ," DE'IE/ Sri.

By: TPM
Date: 2¢ Sp 15,

Sketch of loeation and notes: A/
it ¢sw JJ
|3 .
7 slis | s
ST s F
CRESCENT STk | ‘ N
" ) ' Letane
— I —
)
4 Y >
[7%
: {
= O ©
3 ‘:_’( 1. b ° E \l
- i M MR ;
(e B O Qg
~ hi
GAS SHaTian 1 a
§’ Leoled DAL
>~ U,Ai 5~ S~ “hs-
S
S
/Vorf,g:
/) Eu»&c Al (wrsd
2) [ec(fnu AT { €Lk

- . gpPech 1§ 25 L
3) Esr. bCPARTVRL ceuisc P

. fr:_
“) 57—0/) J1€00 Cer TR S C}Hcmri [jaw
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HOT SPOT VERIFICATION WORK SHEET - NONSIGNALIZED INTERSECTION

City/Town:

WALT HAN

Intersection: PGoON ST. @ CRESCENT S OCRRY

575,

Type of Control: all-way STOP; _A_l or 2-way STOP;

Street Controlled:

CRESCENT

¢ ocrax

37s

page 1 of

By:

2

aunc

Date: \0[2&{7S

YIELD; ___None;

I. BASIC COMPUTATIONS:

Leg: G RESCENT Leg: OERBY
Item Approach Lanc Ko, Depecture Lane Ko. Approach Lane YNo. Departure Lane No,
A \ ! {
A. VOLUMES: Eatec peak hour volumcs for winter . - o " (§C
1977-78 (from cata sheets) 3 30 330 15¢
3. LANZ CAPACITY: Enter lane capacity of approach H 3
lancs (from data gheets) 4(0 L‘ ‘o
C. V/C: Enter V/C for approach lanes (computed as ~
as A i3, dbove) . 30 .37
D. CRUISE SPEED: Enter departura lene cruise wd
speed (from cata sheets) 5 1g
E, LANZ QUNCETEATIONS: Enter lana conceatrations
cooputsd from A, C, and D, above, and Fig. iC "7 "-S ’8
II. CORRECT FOR LANE EDGE TO RECEPTOR DISTANCES:
Assume receptor is on APPROALH gide of street
Leg: . CRESCENT Leg: pzray
Itea Approach Lane Ho, Departure Lane Ko, TOTAL Approach Lane No, Depatture Lang No TOTAL
PP )4 PP,
t { | !
&, UANE EDCE TO RECEFTOR DISTANCE CORR- /
ECTION FACIORS: Enter lane cdge to
Teceptor Jistance correction f{actors ‘ . 2'4 t k \ ‘ 30 l 14
for each lane (obtained froem Fig. )
P. BRECEPTOR CONCENTRATIONS ATTRIBUTARLE
T0 TACH LANE: Enter corrected concen- c
trations, computed 85 tha product of ‘2’ pl l() ‘4& l“] ' 0 2"7
1-X% a0d II-4, above
Assume receptcr is on side of street
Leg: Leg:
Iten Approach Line Mo, srture Lane Xo. TOTAL Approsch Lane Mo, Departure Lsng K3 TOTAL
P 2R
C. LANZ ETCE TO RECEFTOR DISTANCE CORR-
LCTION FACTORS: Enter lane edge to
Teceplor dlstance correction factors
for each lsne (cbtatned (roa Fig, )
P. RLCEPTOR CONCENTRATIONS ATTRIBUTAMLE

TO LACH LANLZ: Enter corrected concea-
traticas, computed 8 ths product of
1-Z snd 11-C, above

Cc-16




HOT_SPOT VERIFICATION WORK SHELT - NONSIGNALIZED INTERSECTION (continued)
page 2 of T

@t

City/Town: WALT HAM

Intersection: _ Mo ST (P CRESCENT § DERBY _ §7§

Street Controlled: CRESCENT § OERBY  $T5.

III. FINAL COXPUTATIONS OF MAXIMUM 1-HR AND 8-HR AVERAGE CONCENTRATION

Intersection Leg: CRESCENY
[ » ¢ 4 . 4 '3
Receptor
Itea Mc:":iou Cooputed foe Corrected Back- Total 8-hr, Est, 8-hr
(strees~ Receptor Conc, ground l-hr ave, Correlat, Ave, Conc,
-idei Conc. (s = b) Cone, Conec, Factor (e« x £)

{c + d)

A, FRAL OMZUTATIONS €F 1-RR AND 8-4R AVITACE
CONCENTRATIONS: Eater the follovirg: (1) . -
tozal receptor concentraticns {f{roa 1I-B A(’(‘rb, {4 -b | Q ‘t
83¢ I1-D, adove) {n colu=n a; (2) {0 (froa
datz sheets) fa col=a b; (3) dackground
eoacentratioa (S5ppa unless deterained other-
wise) {n coliza d; (4) 3-hr correlation fac-
tor (0.7 unless otrervise deterzined) in
colu=a f, Compule final concentraticns as
shova {a colw=ns ¢, e, 4ad g, for receptors
oa both slées of street

15.4 5.¢Q 26 .4 ©.7 4.3

Intersection Leg: QErBY
[} > [ d . f F
Receptor
Iten Location Conputed . Corrected Back- Total 8-hr. tst, 8-hr
(street- Receptor Cone, ground 1-hr ave, Correlac, Ave, Cone,
side) Conc. (s x b) Cone, Cone, Factor (s x {)
(e + d)

AL FDOL COMPUTATIONS OF 1-FR AND 8-HR AVZRACE
CONCENTRATICONS: Erter the follovirg; (1) o
total receptor concertrstiors ({roa 11-B f\??:o 17 . )S
and 11-D, adove) in zolu=n a; (2) {, ({roa
dazs gheets) in colu=a by (J) background
concentrscion (5pyo unless leternired otter-
wise) In colu=n d¢; (&) &-hr correlatfon fac-
tor (0.7 unless ottervise d¢oter=ined) in
coluza {, Cozpute firal concertrations as
shova {n colu=rs ¢, «, ond g, for receptors
oo both sices of street

2.6 S.¢ 7-G Q.7 S.3
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HOT SPOT VERIFICATION WORK SHEFT - FIELD DATA

City/Town: Wiirwam: M,

Location: Aﬁﬂu S} @ Wesrom S}..{ Seure j;.

By: TPV

Date: ¢ er?S

Sketch of location and notes:
. t§
=
. 3
o«
nr ST

CGAs  STAT{,u CammeELCIa
e .
[aT) ¢y 2 <
@ < ALRIN
[3
3 O
Yy \ /’44(,N6
T GAS  STAT o o
N 5 PN . ture PARKING
\NESTO ‘/% AL ' v
= —
. X3 }
_— ) X .
~ @
wn
3
&G
7 okt
3 %
VACA”

/Varff:

) Lrxine Al SHuws
l} [{C(ﬁ"'otf AT {SIACUALL

3) /N“CN'F‘CANT PESESTRIAN INTER FELEUCE dut':'C Perx Nre§
4) Seerx Svecer convniea g Flasuim G Red

_ 3ompl
5) Mives (:MMC',((:;;(. JRes 1T AL ; Cor. derarnits SPecdt = 253 "f’l\ LYY Sav)’/l g7‘ 3 ~pho

A1A\» AnD WeeTow ST‘-
eutid Sl’.

(3 T/-Hffl( Sr6ualg  ComTrac ALl excerT
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HOT _SPOT VERIFICATION WORK SHEET - NONSIGNALIZED INTERSECTION

City/Town: WALTHAM

Intersection: \wegsyenN ST @ SocTH

ST

page 1 of 2

G\

Date: 10[21[7{

Type of Control: all-way §TOP; X 1 .or2-way STOP; __YIELD; __ None;

Street Controlled: SouTH ST

1. BASIC COMPUTATIONS:
Lep: _ SCCTH ST Leg:
Iten Approach Lant Mo, Departure Lane No, Approsch Lane Ko, Ceparture Lana Na,
| {
A. \DLWMIS: Entec peax Lour volumes {or wvincer
1977478 (fros ¢aca sheers) $Q 240

B. LANE CAZACITY: Enter lane capacity of approach
lancs (fron dats theets)

4
5

wi

C. V/C: Tater V/C for approach lanes {cosputed as

~

as A Z B, adcove) . S
D. CAUISE SPZED: Entec depacture lane crulse
specd ({rom data s~eets)

E. LANT CONCZTT®RATIINI: Eater lane concentrations

coczuted frea A, C, azd D, adove, and 7ig. 43

II. CORRECT FOR LANE EDGE TO RECEPTOR DISTANCES:

APPRCACH

Assume receptor is on

gs{de of street

B - S -
Leg: SC\I R St Lec:
Item Approsch Lsne Fo, Deperture Lane No. TOTAL Azoroach Llane No, Ceprture L3~e N TOTAL

4. LANE EICE TO FRECEPTOR DISTANCE CORR-

ECTION FACTOPS: Enter isne edge to [

Teceptor d{stance correction fsctors l )2 I— 2 ¢

for each tane (obtained froo Flg., ) N
3. RECEPTOR CONCENTIFATIONS ATTRIBUTAME

TO EACH LANE: Inter corrected concea- ~

trations, cosputed as tha product of -)'7 (3 7'0

1-L sad T1-A, above

"
Assume receptor {is on side of street
Leg: Lee-
ltes Approsch Lane Ko. | Departure Lane Ho.| TOTAL faroronen Lane o, | Beparture Long Np | TOTAL

C. LANEZ EICE TO RECIFTIR DISTANCE CDRR-

ECTION FACTORS: Inter lane edge to

receptor dlstance correction factors

for each lsre {cbtained [rom Fig. )
D. XLCTPTOR CONCENTFATIONS ATTRIBUTAMLE

TO EACH LAMNL: Lnter corrected conceas
tystions, computad as the product of
1-X and 11-C, sbovs
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IHOT SPOT VERITFICATION WORK SIEET - NONSIGNALIZED

INTERSECTION (continued)

page 2 of L
City/Towm: W ALTHAM
Intersection: wesTen ST @ SouTH sT.
Street Controlled: SCUTH ST,
III. FINAL COXPUTATIONS OF MAXDMUM 1-HR AND 8-HR AVERAGE CONCENTRATION
Intersection Leg: SocTH 51
a » [ d . t 3
Receptor
Corrected Back- Total 8-hr, Est, 8-hr
Itea l(-a':::ifl: g:z::z: L Cone. ground 1-hr ave. | Cocrrelat, | Ave. Ct;r;c
) . s xb) Coae, Cone, Factor (a x
eide) Cone ( ) (o s iy
A, TINUL COMPUTATIONS OF 1-HR AND B-YR AVERAGE 7
CCNCENTRATIONS: Entec the follovirg: (1) O (o) ":'-
total receptor concentrations (froa 1I1-B A\'J‘H v. 7. O ' gg 6.7 g'b ‘\'7 ! ?
#nd 11-D, adove) {n colu=n a; (2) [v: (froa
data sheets) in colu=n b; {3) background
coacentration (Sppo unless detercined other-
vise) In calu=n d; (&) 8-hr correlation face
tor (0.7 urnless otrervise deter=ined) in
coluza f, Cozpute f{iral concentracions as
showva ia coluzns o, «, 4ud g, for receptors
oa both sides of street
Intersection Leg:
a b ¢ d . t '3
Receptor
Iten Loc?;wn Computed fia Corrected Back- Total - 8-hr. Est, 8-hr
(street= Receptor Conc. gr-:ad l+hr ave, Covrrelat, Ave, Conc,
side) Counc, (s x b) Cone, Cone, FPactor (s x £)
) (c +4)

FIXAL COMPUTATIONS OF 1-MR AND 8-HR AVERAGE
CONCENTRATIONS: Enter the following; (1)
tots]l receptor concentrazions (froa II-3
and 11-D, sbove) {n colue=n a; (2) f\.: {{roa
data sheets) fa colue~n b; (3) backgreound
conceotration (S5ppa unless detercf{ned cther-
vise) tn colu=n d&; (&) €-hr correiation fac-
tor (0.7 unless othervise ceter=ined) {n
coluaa {, Cozpure final coacentrations as
shova ta coluzrns ¢, e, sand g, for receptors
ca both sicdes of acreet

c-20




HOT SPOT VERIFICATION WORK SHERT - FIELD DATA

City/Town: Mmm.v\ ) Ma.

By: TF”M______

Location: Revre 128 Berweev  Man Wersw Sts. Date: 2¢ Ser 75
Sketch of location and notes: )\/
4,
o)
s
b9}
-~
<
o,

]

0
X | 18|35~ 3.5~ 350 35m] 6 | 35-13.5,135-]35, | 14

s
Wod 3

' b3
~ 3 :
> 3 2 2
S 3 ¥
% = )

=

/Varﬂ-‘

1) LEVf

o Terear)

2) Recérroe 47 R.ON. unT



HOT SPOT VERIFICATION WORK SHEET

- UNINTERRUPTED FLOW

City/Town:

W ALTHAM

By: _ORWC

Street/Highway Section:

U.s.

ROUTE 126 C@ MAWN sw)\

page | of

{

———

Date: (0[1&{75‘

I. BASIC COMPUTATIONS:
_S_ CUTH vound Lane No, NORTH_ vound Lans Ko,
Itea
i A 3 “ “ 3 (8 |

M TS e g e et Crwtnee | ppge | 450 1600 | i540 | (400 | 1460 | (3se | 990
B. LANE CAPACITY: Enter lane capacity ({roa data X R

s fer fane expacity fires aut 1170 | i72c {1720 77 | (790 {1770 [ {72C | iT77C
C. V/C: Enter V/C for each lene (A = 3, sbove) LG L34 .9¢ .37 .79 .32 16 SNe
Do LAND CONCEWTRATIONS: Encer lere conceniratioas - d

taé;u(ed from A and €, above, 2-d Figure 2~7 4'3 g" 48 4L 47 3’“ L 2.g

II. CORRECT FOR LANE EDGE TO RLCEPTOR DISTANCES:
Assume receptor {s on W EST side of street
JCCTH  sound Lane No. NORTH yound Lane No,
Itea TOTAL
! X B < < > R \
A, LANE EICE TO RECEPTOR DISTANCE CORR-
ECTION FACTORS: Enter ilane edge to '-7( '(JS ,(—,C . Sb '50 147 "‘3 ‘40

receptor distance correction faccors
for each lane (obtafned frc= Fig. )

LCIPToR CONCETAATICONS ATTRIZUTAGLE

%0 EACS LANZI: Eater corvectad concens
tracfons, cozpuicd as the product of
I-D and II-A, adova

3.

1.9

2.8 2.7

.L 1.o

7.4

Assume receptor is on

side of street

bnund lane Yo,

bound Llano No,
Iten TOTAL
£, LANE EUCE 7O RECIPTOR PISTANCE QORR-
ECTION FACIOiS: Cnter lane edpe to
receptor distance correction factors
for each lane (obtaired frea Fig. )
‘N RECIPTOR CONCETAVTIONS ATTRIBUIAGLE
TO EAGH LANE: Enter corrected concens
trations, cooputed as the product of
1-8 and 11-€, sbove
III. FINAL COMPUTATIONS OF MAXIMUM 1-HR AND 8-HR AVERAGE CONCENTRATIONS
] b e 4 . { [
Paceptor
Itea Locstion Coaxputed fa Corrected Becke Toctal 8-hr, Est, 8-hr
(street~ Feceplor Cone¢. ground l-hr ave, Corrclac, Ave, Conec.
aide) Conc, (a x b) Conc. Conc, Factor (e x {)
’ (c + 4d)
A, TINAL QO*TLUTATIONS OF 1-HR AXD 8-HR AVLFAGE
ONCONTRATIONS: E: loving: .-
COXCINTRATIONS: Eater the folloving; (1) \WEST (7‘_\ (R RY \‘).’; 5.0 4.3 0'7 \7-0

total recepror concentratiens (fres 11-3
and J1-D, above) In coluon a; (2) f.., ({roa
data shects) In colu~n b; (J) bacuground
conceatration (Ippn unlers Ceter—iied other-
vise) In coluan d; (L) 8-hr correlstion face
tor (0.7 urless otlcrvise deterclined) in
coluna {, Co=pute [laal concentrations ag
shovo fo celwrr ¢, o, and g, for receptors
co both sfles of street

Cc-22




IIOT SPOT VERIFICATION WORK SIEET - FIELD DATA

Mm/.m , /f{[.,

City/Town:

Location:

By: TIm
7:MPCL0 /?o. drwa [-_lur Sr. 1" Mvucy OAU ADA

Date: Z2¢ fgr '75

Sketch of location and notes:

W

s TRAPELO RD.

o
No PaRKI~ G
[
V
A
¢
~ Mo PAtKr g
3 3
v
/VoTES:
:) /amclus As  AoTEH
2) Recerron At ¢ gsgwack
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HOT SPOT VERIFICATION WORK SUEET -

UNINTERRUPTED FLOW

I

City/Town: WALT HAM

page_} of

By' AHC

Date: (c{L1[7f

Street/Highway Section: —TeaPcld RO .
1. BASIC COIQPUTATIONS:
€ AT bound Lane No, ._\‘._'lgibwnd Lasne KXo,

Ites

I

A, VOLUZS: Inter pcak hour voluncs for wincer

66C

1572-73 ({res dats ehects)
B. LANE CAPACLIY: Enter lsne cajpacity (froa data .
sheets) ’J’CO { 3(.'(‘

C, V/C: Enter V/C for each lane (A + 3, atove)

| .37

Do LANT COLCENTRATIONS: Enter lane concentrations

conpted from A aad C, sdove, aad Tigure

| 2.6

CORRECT FOR LANE EDGE TO RECEPTOR DISTANCES:

II.
Assume receptor is on NOQRTH side of street
S AT bound L.lne'.\'o. G = ;r bound Lane No,
Iten TOTAL
{
A, LANT ETCE TO PECEZPTOR DISTANCE CORR-
ECIION FACTOFS: Enter lanc edze to l -.z
? -4

receptor distance correctioa factors
for each lane (obtainred frea Fig., )

3. RECITTOR CLUICTTRVIIONS ATTRILULAELD
90 EAGH 1ANZ:
tratfons, cozputed as the product of
1-D ané II-A, sdova

Enter correctad concecs 3 L\

29 | 6.3

Assume receptor is on

side of strect

bound Lano No, bnund Lane MNo,
Jtem TOTAL
€. LANE EiCE TO 2ECE?TOR DISTANCE CORR-
LCTION FACTORS: Inter lanc edge to
receptor distance corcection [3ctors
for cach linc (obtairce frca Fig, )
‘D RECIPTUR CONCETTAVTIIONS ATTRIEBUTASLE
TO LAGCa LANT: Eater corrected concens
trations, cocputced ao the product of
1-E and 1I-€, adovae
III. FINAL COMPUTATIONS OF MAXIMUM 1-HR AND 8-HR AVERAGE CONCENTRATIONS
a -] ¢ 4 . t e
Receptor
Jtem Locatfon Co~puted fia Cocrrected Back~ Total 8-hr, Est, 3-Nhr
(strect= Feceptor Conc, ground l-hr ave, Cocrelac, Ave, Conc,
2ide) Conc, (a 2 b) Conc, Conc, Factor (o x 1)
’ (c + d)
A, TINAL QW 2UTATI0NS OF 1-KR AND 8-ER AVERACE
QONCENTRATIONS: Enter tle folloving: (1) .
Lo G-« $.0 (4 c.7 3.5

total recerzne concentrationy (frea I1-3
ar? 11-0, absve) {n column a; 17) f. ({roo
date eteets) In colu=n b: () backeround
concentration (Spra unless Jcteralied otters
vise) In coluzn d: (&) 8-hr correlatisa (ac-
tor (0.7 urless ot ervisa ccterzlnee) {n
coluzo {, Cusute final concertrations sy
shovn n coluirs ¢, «, #ad g, (o7 receptors
ea both slles of street

Beth

63

c-24




HOT SPOT VERIFICATION WORK SHEET - FIELD DATA

city/Town: _ Waiman, Ma. By:_ TrM
Location: {/Vcsrou Sr. srin K. /Zd," Esvy S-" Date: 2¢ Jer 75
Sketch of location and notes: N
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HOT SPOT VIERITICATION WORK SHEET - UNINTERRUPTED FLOW

page_\ of |

By: A WS

City/Town: WA LT HAM

Street/Highway Section: WESTO 37T Date: \Q{L&[)S

I. BASIC COMPUTATIONS:

MW ES U bound Lane No. _E_L_‘\_\"_T__ bound Lane No,
Itea ’
A. YWOUUZES: Eater peax hour volumes for wintec -
1977-78 (fren ¢aza sheets) 7—70 77C
B, LANE CAPACITY: Enter lane cajpacity (froa dsta .. . -
, 1 3¢CC 13C¢

sheets)

| a3

Do LAND CONCENTRATICNS. Enter lane concenttativaa .
cvaputed from A and €, adove, 844 Figure 3 " 3"

C, V/C: Eatar V/C for eazh lane (A + B, adove)

IX. CORRECT FOR LANE EDGE TO RECEPTOR DISTANCES:

Assume receptor Is on NORTH side of street
W EST bound Lane No. EP\ST bound Lane No,
Itea - TOTAL
/

A, LANE TIGE TO FECE?TOR DISTANCE CORA-
ICTION TACTORS: Enter lane edze to
receptor distance corvection factors ]' ‘2\7 ‘.
for each lane (cbtained freoa Fig. )

<,
it

. PECTPTCR CONCETAATIONS ATIRISUIAELD

3.3 23

TO EACE LANI: Eater correctid concens -~
traticny, cocpuiced a3 tho product of 4\)
1-D aand II-A, adove

Assume receptor is on side of street

bound Lanae No. baund Llane No,
TOTAL

itea

C. LAYT ELGE 70 RECLPTOA DISTANCE CGeR-
ECTION FACTURS: Eanter lane edie to
teceptor ¢istunce correctinn factors
for each line {odratrea frco Fig. )

‘D RCCLTTOR CONCENTANTACHS ATIRIBUTADLE
TO EAGH LANLE: Enter corrocted concens
trations, computed 26 the product of
1-8 and 11-€, adove

IXII. FINAL COMPUTATIONS OF MARIMINM 1-HR AND 8-HR AVERAGE CONCENTRATIONS

[ b c 4 . ¢ I3
Paceptor
Itea Locat{nn Cocputed fa Corrected Pack~ Total 8-hr. Eet, 8-hr
(street= feceplor Conc, ground 1-hr ave, Correlac, Ave, Conc,
eile) Conc. (s x b) Conc. Cone, Pactor (e x 1)
(c + &)

A, TINAL COVFUTATIONS CF 1-HR AND 5-KR AVESAGE
CONCINTRATIONS: [nter the follovirg; (1) - - <
total receptor coazenttatices (frea 11-3 NORYH 7 '5 .16 3') $.C ‘3§ Q.77 C)_)
and 11-D, alove) fn colusn e; (D) I\.‘| (frea o
cata sheets) fn colu=n b; ()) bachcragnd
conceptretion (1773 unless Ceternticd otler-
wise) fa coluza é; (&) 2-hr correlocion fac-
ter (0.7 urless ot ervinve ¢cter~ined) {a
coluzan [, Compute f{ral concertrations a9
shovn fn coluzre ¢, o, and g, fop Teceptore
ou buth sfles of street

C-26




TECHNICAL REPORT DATA

{Please read Indrctions on the reverse before completing)

1. REPORY NO, ) 2. , JRCCIPIENTS ACCLSSIONNO,

EPA-901/9-76-001

1 TITLE ANO SUBTITLE A 5. REPONT DATE

Guidelines for Identification and Evaluation of January 1976

Localized Violations of Carbon Monoxide Standards 6. PERFONAMING ORGANIZATION COOE

7 AUTHORIS) - : 3. PERFORMING ORGANIZATION REPOHT NO.,

Theodore P. Midurski, Alan H. Castaline GCA-TR~75-35-G(1)

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEM_ENT NO,
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15. SUPPLEMENTARY NOTES
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