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Background and Introduction

The Cily of Abilene is considering the implementation of a photographie traffic signal
enforcement system. Texas state law requires the Cliy to conduet a iraffic engineering
study for each intersection approach that has been identified as a location for the
placement of camera enforcement. The purpose of this engineering study was to
determine if any countermeasures such as a design change to the intersection and/or a
change in the sigpalization were likely to reduce the number of red light rumming
wviplations.

Lee Engineering was contracted by the City of Abilene to perform the required traffic
engineering stndy for six (6} intersections throughout the city. Twelve (12) approaches to
the study intersections were the subject of this engineering amalysis. The project
approaches are listed in Table 1.

Table 1 Projeet Intersections and Approaches

Intersection Sludy Approach

Buffalo Gap (FM 89) &

Danvillendustrial (T1S 83 Frontage Road) Westbound Danville/Industrial

th
South 14" (US 277) & Westbound § 14

Clack (US 83 frontage road)

Southbound Clack

Fastbound § 1%

South 1% (BI-20} & Sayles
Southbound Sayles

MNorthbound Treadaway

Treadaway (BUS 83) & § 11 (SH 36) Southbound Treadaway

Westhoupd 3 11

Buffalo Gap (FM 85} &

Clack (US 83 Frontage Road) Eastbound Clack

Eastbound S 1

South 1" (BI-20) & Pioncer Westbound § 17

Southbound Fioneer

Abilene Rad Light Rumning Enginesring Anafysis Page 1434
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TxDOT Enginearing Analysis Template

The Texas Department of Transportation, TxDOT, has prepared a template form for the
required analysis. This template, *Red Light Ruoning Cameras Engineering Analysis
Template” has been completed for each study imtersection. The TxDOT template
provides the basic framework for the engineering amalysis as well as a toel for
documenting the presence of many of the countermeasires available for reducing red
light rummning.

The analysis template was created by TxDOT for use as a tool to assist in the completion
of the required engineering studies. BEvery intersection evalvated in this study involved at
least one state roadway and TxDOT must approve of the installation of any red light
camera within their right-of-way. It is expected that the completion of the analysis
templates for each intersection will facilitate TxDOT review and approval.

The TxDOT engineering analysis template includes the following thwee major
cormponents:

A, Inlersection and Signat Data
B.  Signal Timing and Traffic Data
C.  Crash and Enforcement Data

Each component of the TxDOT template is further broken down info sub-items. Any
opportemities for improvement related to these ttems at a study approach are documented
in this analysis,

A, Intersection and Signal Data

The first component in the engineering study to evaluate an intersection approach is to
perform a site visit and fleld evaluation of the intersection. During the field evaluation a
variety of information pettaining to the infersection and the operation of the traffic signal
is collected through a detailed inventory of the intersection. Thiz component includes
information such as:

. Intersection Diagram

. Signal Visibility

" Warning Signs

" Signal Head Information

. Pavement Markings

. Pavement Condftion and Surface

B. Signal Timing and Tratfic Data

Typically, all signal timing and traffic analysis related projects require collection and
evaluation of signal timing and iraffic data. The engineering analysis conducted for the
study approaches evaluated all of the following:

Abilene Red Light Rumming Engineering Anabufs Page 2734



. Clearance Intervals (Yellow -- All Red)
= Coniroiler Settings
= Traffie Volumes

€. Crash and Enforcement Data

Additional hdstorical information about the hrtersection, including erash and violation
history, officer expericncc/obscrvations, and improvement history at an infersection 1s
included in the analysis. This compenent inchudes the collection of the following:

. Crash Data
" Violation Data
n Enforcement Issues

The TxDOT analysis template forms for each of the study intersections are attached to
this report as an appendix. This template formed the basis for the structure of this report.

Other Supporting Documenis

In addition to the TxDOT template analysis, the following research veports and
documents were wtilized in conducting the review of the study approaches:

. Texas Manual on Uniform Traffic Control Devices — 2006 Edition,
Revivion {, Texas Departinent of Transportation, 2008

. Maling Intersections Safer: A Toolbox of Engineering Counfermeasures
to Reduce Red-Light Rusming, Institute of Transporlation Engineers, 2003

. Field Guide for Inspecting Signalized Imtersections to Reduce Red Light-
Huwming. Institute of Transportation Engineers, 2005

» Red-Light- Running Hondbook: dn Engineer's Guide [0 Reducing Red-
Light-Related Orashes, Texas Transportation Institute, 2004

. Review and Evaluation of Enforcement Issues and Safety Statistics Related
to Red-Light-Running, Texas Transportation Institute, 2003

. Development of Guidelines for Identifying and Treating locations with a
Red-Light-Rurming Probiem, Texas Transportation Institule, 2004

» Engineering Cowrtermeasures fo Redwce Red-Light-Running, Texas

Transportation Instituie, 2002

These documents provided a vadety of information that was used in evaluating the study
intersections. The Fexas Manual on Uniform Traffic Conirol Devices is designated by
state law as the document that sets forth conditions for the uniform application of traffic
control devices across the state.

The other documents listed provided a wide variety of background information and
guidance used in evaluating the study intersection approaches. These references provided
guidance related to the selection of countermeasures used to reduce red light unning

Abilene Red Licht Running Engincering Analysis Foge 334



problems. Information on field inspection of signalized intersection to evaluate the need
for counfermeasures was reviewed and utilized dwring field visits to the study
intersecttons. The Texas Transportation Institute research provided information used in
assessing the red light runming problems at the intersections with measures such as
violations per 1,000 wehicles, as well as the effectivencss of engineering
countermeasures. These documents represent existing and emerging engineering practice
regarding the issue of red-light running and were used throughout the analysis process.

Abtlene Re‘éf_ﬁ—igkt Running Engineering Anafysis Page 434



Intersection and Signal Data

The primary goal of this study was to identify if any countermeasures were likely o
reduce red-light running at the study intersections. The analysis reviewed the infersection
geometry and signal featurss. Included in this review of the intersection were such items
as the:

a Signal Visibility

= Presence of Waming Signs

= Signal Head [nformation

=  Pavement Markings

= Pavement Condition and Presence of Surface Treatments

Signal Visibility

The existing signal heads were determined to be positioned within the 20 degree eone of
vision as specified in the Texas MUTCD. All of the signalized approachies investigated
were controlled using mast arm mounted signals over the roadway approach in question.
The signal housings were yellow in color and mowmted horizontally, The signal
indications were properly positioned and satisfied the requirements of the Texas
MUTCD.

At 11 of the 12 study approaches, signal head visibility was not determined to be a
sigiiificant factor that may contribute to red light running. At these 11 study approaches,
the signals were typically detectable farther than 1,000 feet away, and in all cases were
detectable a2t a satisfactory distance given (he roadway geometry, or approach
configuration and operating characteristics.

At the intersection of Buffalo Gap (FM 89} and westbound Danville/Industrial (UUS 83
westbound frontage road) the signal heads were only visible for approximaiely 540 feet,
This restricted visibility was primarily due to curvature in the roadway, and trees planted
in or near the northern right of way along the front of the Texas Department of Public
Safety building property. The Texas MUTCD requirss a minimum of 390 feet of
vistbility for a signal wilh 4 posted speed linit of 40 mph; however, the Institute of
Transportation Enginesrs and the Federal Highway Administration recommended
determining minimun sight distance to a signal using a speed value equal to the 852
percentife or 10 miles per hour over the posted Jimit, By using a speed of 30 mph for the
sight distanee calculation, the minimvm visibility required iz 540 feet which was
approximately equal to the measured available sight distance. As such, & “Signal Ahead™
warning sign may be beneficial to the unfamiliar or inattentive motorist. Additionally, a
near side signal head on the south side of the approach may also be beneficial,

! MoGue, Hugh 4nd Kimberly Eccles, Field Guide Jor Tespecting Signaifzed fntersections oy Redune ReaLight
Runming. Institute of Transporlation Engineers, Washington, DC. 2605, pp 8.
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The installation of additional optional signal heads to increase the mimber of signal heads
per approach lane to at least one, or that provide additional near side or far side visibility
provide some benefit in reducing red Hight running”. The benefits are especially
pronounced on approaches with sight distance or visibility problems, but emerging
engineering practice suggests the use of the optional signal heads to reduce red light
running,

When & passenger car is approaching a signal behind either a large SUV or a commercial
vehicle the car driver may not be able to see either of the two signal heads mounted over
the roadway. In this situation, an additional optional signal head mounted on the far right
side or far left of the intersection may provide addilional information o the motorist. A
far side left signal head is sometimes kown as a pull through head. A motorist in a
queue of vehicles, cspeciatly left fuming vehicles, may not observe the sipnal head once
the queue begins to move forward, instead focusing on the vehicle in front of them and
their destination on the receiving side of the intersection. A pull through head mounted
on the far left side of the intersection {s move in line with the left tuning motorist’s line
of sight and the change from vellow to red may be better abserved by the driver, even in
a queve. An optional near side signal head can alse provide additional information to the
motorist and may be beneficial under certain circumstances.

As part of the field observation process, four approaches were identified ag candidates for
eptional additional signal heads in order to provide additional information to the motorist.
These approaches are listed below:

- Westbound Danville/Industrial at Buffalo Gap
o A near left side sigpal head on the south side of the approach may be
beneficial due 1o curvature in the roadway.
o A fir left side signal head, a pull thtough head, may be beneficial dus to
the high left firn volumes and curvature in the roadway.,
- Westhound South 14" at Clack
a A near right side signal head may be beneficial by providing additicnal
vigibility and eomspieuily to a motorist coming from under the US 83
Qoverpass,
- Southbound Clack at South 14™
o A far left side signal head, a pull through head, may be beneficial to left
furning vehicles.
- Easthound Clack at Buffalo Gap
o A far left side signal head, a pull through head, may be beneficial due o
the left turning vehicles and curvature in the roadway.
o A near right side signal head may be beneficial i increasing the target
conspicuify of the signal,

A backplate is a small black aluminum or polycarbonate border that is mounted outside a
signal housing and extends outwards approximately six (6) inches. Signal backplates are

* McGae, Hugh. Miking Interscctions Safer: A Toolbax of Engingering Countermeastires 10 Redyee Red-Tight
Running, [nstitete of Transportetion Engineers, Washington, DC, 2003, pp 18-21,
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not required by the Texas MUTCD. The use of backplates is completely optional and
varies from agency fo agency across the state. A backplate increases the target size and
conspicuity of the signal heads allowing them to be more visible against a bright sky’.
None of the signals present at study intersections had backplates mounted on them. In
some instances, signal backplates have been shown to reduce red light munming vwlatwns
by as much as 25 percent and red light ruming craghes by as much as 32 pcrccnt On
approaches with a red-light ronning problemn. the mstallation of backplates shouid be
strongly considered, especially for approaches in the east-west direction where glare from
the sun in the morning or evening ray impair signal visibility, Hiring a contractor to
furnish and install signal backplates would tikely cost between $500 and $1000 per
approach.

All signal indications on the study approaches had 12 inch lenses already in place.
During the field work for this study, the majority of intersections had incandescent bulbs
in place for the signal indications. Only the infersection ef Treadaway (Bus. 83) and
South 11% (SH 36) had LED indications in place for the red indications; however, the
vellow indications wete incandescent bulbs during the field phase of this smdy Red and
yellow LED mgr.lal indications have been mentioned as countermeasures to reduce red
light running”. Yellow LED indications have been shown to reduce viclations up o 13
percent. Since the completion of the field phase of this study, the City of Alvlene hag
installed LED signal indications in every signal citywide.

Pavement and Markings Data

In outlining the requitements for a motorist when presented with a red light, the Texas
Transportation Code Section 544.007(d) states:

“an operator of a vehicle facing only a steady red signal

shall stop at g clesly marked stop line. In the absence of a

stop line, the operator shall stop before entering the

erosswalk on the near side of the intersection.”

While stop lines are referenced in state law, neither the statule nor the Texas MUTCD
require stop lines to be present at an intersection. Well marked and highly conspicucus
stop lines give the motorist a mere obvions stopping target, and provide las enforcement
officers with a well delineated threshold for determining if a motorist violated a red

signal.

The stop lines observed at the study approaches were generally in poor condition. The
climate in the arca combined with the oi] present in asphalt lead to poor performance of
pavement marking materials. Due to the significant maintenance requirements for slop

¥ Kell, James and Fullerton, Tiis. Manua! of Traffic Signal Design, 2™ Edition. Intitute of Transportation
Engineers, Washington, D.C, 1958, pp 39

' Bonnesen, Tamcs and Zisunerman, Katl, Red Light Ruming Handbook: An Engineer’s (iuide 1o Recducing Red Light
Related Crashes. Feport 3-4196-P1. Vexas Transportation Instituie, Collepe Station. Texas, 2004, pp 22

* Bonneson, James and Zimmermen, Karl. Red Light Running Handbook: An Engineer's Guide to Reducing Red Light

Related Crarhes. Report (-4196-P|, Texas Transporiation Mmstitute, College Station, Texas, 2004, pp 22
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lines in this area, the condition of stop lines at the study approaches was understandable.
Additionally, 10 of the 12 study approaches were on state maintained roadways. Within
the City of Abilene, TRDOT is tesponsible for the maintenance of pavement markings on
state roadways.

Moving forward, if an approach is identified as having a red light running safety concern,
care should be taken to insure that stop lines remain highly conspicucus and useful to
both moforists and law enforcement on that problem approach. Under these
circumstances, and depending on the maflerials used, it is possible that a stop lines would
need to be remarked every 1-3 years on a problem approach.

Abileng Red Light Ruvning Engineering Analysis FPage 8/34
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Signal Timing and Traffic Data

Lee Engineering visited cach of the study intersections and observed traffic operations at
the subject approaches. Lee Engineering staff also reviewed signal timing data provided
by the City of Abilene, as well as available wafiic vohune data. No new traffic counts
were performed az part of this study.

Traffic Signal Change Periods (Yelfow + Red Clearance Intervals)

The traffic signal change period i3 usnally compased of two elements, the vellow change
interval and the red clearance interval, A yellow change interval is required at the end of
each green phase. However, a red clearance interval is not required.

The MUTCD and Texas Transportation Code do not mandate 8 particular methed for
caleulating the change peried of a traffic signal, only that it be determined by engineering
praciices. As a resull of the lack of a required method of caleulating the change period,
there are numerous acceptable methods of determining the yellow change and red
clearance intervals. Due to the lack of a standard method, an engineer may use
enginesring judgment to choose any method of caloulating the change period.

Although there is no national or State of Texas standard, a kinematic formula for
calculating traffic gignal change periods published by the Institute of Transportation
Engineers (ITE) Is widely used. If 18 included in several ITE publications, including the
Traffic Engineering Handbook® and the Maual of Traffic Signal Design’. The ITE
forrmula for the signal change period, shown below as Equation 1, is typically broken into
two intervals with the first portion of the equation being vsed to calculate the yellow
change interval and the final term of the equation being used for the red clearamece
imterval. Ultimately the balance of the yellow change interval and red clearance interval
iz determined through engineering judgrment based on site specific characteristics and
operations.
Fquation 1: Chappe Period Equration

CP=r+ v +W+L
2a+2Gg v

The variables in Equation 1, as set forth in the ITE references, arc as follows:
- CP = Change Period, seconds, {Yellow Change + Red Clearance Interval)
- t=Perception-reaction time,
-V = Approach Speed, feet/second, 85™ percentile speed if available, or speed limit
- a=Deceleration rate,
- G =C0ravity, 32.2 feet/second”

® Traffic Engincering Handboak, 5% Edition, Tnstinntz of Transportetion Enginecrs. Washington, DC. 1959, pp 450-481
" Kell, James and Tris Fullerton. Manual of Trafiic Signal Design, 2™ Edition. Institate of Transporlation
Etgineers, Washington, 1DC, 1998, pp 142-144
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- g=ypercent grade,
- W =Width of intersection in fef,
- L =Length of vehicle.

The wvalue used for the perception-reaction time is 1.0 seconds in the cwrent ITE
references, but may vary from 1.0 to 1.5 seconds as some practitioners choose to use a
longer reaction tme.

The approach speed is best determined by the g5m percentile speed from a spot speed
survey. If speed data iz not available, then the design speed or posted speed is most often
used, However, some entitfes recommend using the posted speed plus 10 mph for the
vellow change calculations. For the calculation of the red clearance interval the speed
limit of the roadway is typically used, though some of the literature supports the use of
the 15™ percentile speed from a spot speed survey on the approach. For a left tum
movernent, the approach speed may not be appropriate for the tuming movement: as
such, some practitioners have assined a speed value between 20 mph and 30 mph.

The normal range of values used for the deceleration rate is between 10 feet per second
squared (fi‘sec?) and 13 fiisect. In the past, a value of 15 {Usec? was commonly used.
Howoever, more recently there has been a shift to the use of = lewer deceleration rate. The
10 fi/sec” deceleration rate is the value currently present in the ITE references. A lewer
deceleralion rate resubts in a larger yvellow interval®. While a value of 10 fifsec? is more
commenly used now, some practitioners prefer to use the stopping sight distance
deceleration rate of 11.2 fifsec® from the American Association of Statc Highway and
Transportation Officials (AASHTO).

For a through movement the width of the intersection is, as & minimum, the distance
between the curb lines of the infersecting strect. However the width can also includs the
distance between the stop line and the curb on the approach side and/or the distance
between the curb and the onigide edge of the crogswalle on the departure side. For a left
turn movement the width can be determined either straight line or along the vehicular
hurning are.

The length of the vehicle is typically assumed to be 20 feet as listed in the ITE refersices.
However a larger value can be used if nucks are a major component of the traffic stream.
Some practitioners leave out the length of the vehicle when caleulating a change interval.

The grade is somctimes used only if the approach is in a down grade. Tn aveas of
relatively [at terrain the effect of grade is sometimes not considered. The grade is
usually obtained from construetion plans or spot measurements in the field. The value
for the grade can be the grade at the stop line, at the mid point of the stopping distance for
the approach speed, the average or the maximum grade within the stopping distance, or
some other parameter.

® Eccles, Kimberly and Hugh McGee. 4 Hisiory of the Yellow and All-Red Intervals for Trafffe Signats. Instilute of
Trapsportation Engineers. Washingion, DC. 2001, pp. 33-34
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According to the MUTCD?, the yeliow change interval’s function “shall be to warn
traffic of an impending change in the right-of-way assignment”. Essentially the yellow
change inlerval wams the motorist to prepare for the display of a red lighl. Asg such, it is
important that the interval be timed appropriately. The vellow must be of sufficient
duration to provide adequate time for motorists traveling at the prevailing speed of traffic
to make a safe and controited stop when the vellow indication is displayed. From the ITRE
formnla, the length of the yellow inmterval is detennined by the assumed perception-
reaction time of the driver, the assumed speed of the vehicle, the assumed deceleration
rate and the grade of the approach.

The red clearance interval is intended to provide a time period for a vehicle that has just
crossed the stop {ine or just entered the intersection prior to the onset of red to clear the
infersection without conflicting with side street approaches. From the ITE formula, the
red clesrance interval length is determined by the assumed speed of the vehicle, the
assumed length of the vehicle, and the width of the intersection,

Arx intersections with low speed wraffic but wide clearance paths, a short red clearance
interval will somaetirnes result in motorists being in the infersection when the conflicting
movements are released. This ocowrrence may give the cross streei maotorists the
hrpression that red lights are being violated, even though they are not.

Lee Engincering calculated the total change period (yellow change + red clearmnce) for
the study appreaches using the ITE equation. The following values for the variables were
used:

- Perception-reaction time: 1.0 second

- Approach speed: posted speed limit

- Deceleration rate: 10 fifsec?

- Width of intersection: Asswmed stop line location to far cwd of conflicting

movement,
- Length of vehicle; 20 fi
- Qrade: as estimated by spot measurements in the field.

Lee Engineering personnel utilized a digital smart level to measwre the grade on the
approach to the intersection. On approaches that appear level o the naked eve, a series of
measurements were taken at or near the stop bar, On appreaches with obvicus grades,
such as the dovwngrade from a raflroad crossing, measurements were taken 40 to 60 feet
upstream of the stop bar in order to capture some of the grade affecting the vehicle during
hralding.

Lee Engineering compared the caleulated total change period value, as well us the
mdividual yellow change value and red clearance value for the study intersection
approaclies with the sipnal timing data provided by the City of Abilene at the beginning
of the study.

¥ Texus Manme! on Uniform Traffic Control Devices, Texas Department of Transportativa, Austin, TX 2006.
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Based on the data available, 11 of the 12 study approaches have a total change period
shorter than the value calculated using the ITE formula and the variable valies selected
by Lee Engineering. The change period calculated is the sum of the yellow change plus
the all red clearance inferval. These 11 approaches ranged in value frem 9.3 to 2.3
seconds shorter than the caleulated values. The primary reason the total change period
differed from the calculated value was that the existing signal timings had shorter red
clearance times. Longer or shorter values for the change period, vellow change, and red
clearance intervals may result from different variable values nsing the ITE equation, or
through the use of an entirely different methodology for ealeulating the change period.

Of the 11 approaches that had total change petriod deficiencies, five (5) had yellow
change intervals that were shorter than the caleulated values, These ranged from 0.2 1o
0.9 seconds short. Even though some of the values differed from Lee Enginsering’s
calculations, all values fell within the three (3) second to six (6) second of yellow
required by the Texas MUTCD. A wvalus that differed from Lee Engineering’s
calculation does not indicate a deficiency in time, it more [ikely indicates a different
methodology was utilized in developing the signal timings.

The red clearance nferval was short at 11 of the 12 approaches, and ranged in value from
0.2 seconds short to 2.1 seconds short. The longer values were a result of long clearance
paths for the motorists as measured by Lee Engineering. Many agencies choose to not
uge red clearance intervals of the duration resulting from the formla; however, because
the caleulation is for the entire change period, Lee Engineering typically recommends
that some of the extra time afforded by not using the calculated red clearence length be
allocatzd to the vellow change interval in order to maintain a total change period of a
length equal to or greater than the equation caleulated value.

An engineer must exercise judgment in the application of the formuls in attempiing to
balanee the total change period, the required yellow change interval, and the optional red
clearance interval. The unused red clearance value can not always simply be added to the
vellow change interval when it is not used. Many agencies prefer to not have any yellow
change interval greater than five (3) seconds, and are prohibited by the MUTCD from
having a value greater than six (8} seconds, [T the foomula calewlation resulls ma 2.5
second red clearance value and a 4.5 second yellow change interval, then an agency that
does not regularly use red clearance could not add all of the calculated red clearance time
to the yellow change interval without exceeding the six {6) second maximum yeHow
change interval length. As such, engineering judgment would be used in determining the
values aclually programmed inle a signal eoniroller,

While a variety of methods may be used to determine the yellow change interval value at
an intersection approach, research from the Texas Transportation Institute indicates that
an increase in the yellow change interval duration of 0.5 seconds over the existing value
was assoclated with reported reductions in violations of 40 percent and 20 to 25 percent
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reductions in crashes™. As such, a 0.5 second increase in yellow change interval duration
should be considered at intersection approaches with a red-light running problem.

A summary showing the caloulated values, as weil as the values from the existing signal
controilers is shown in Table 2.

"% Bomneson, James and Zimmerman, Karl, Development of Guidelines for [dentifying and Treating Locations with a
Reg-Lighi-Runuing Probles, Report 0-4199-2. Texas Transpertation Institute, Colleze Staton, Texas, 2004, pp 5.9
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Controlfer Settings

Lec Enpineeting was provided with printouts of the traffic signal controller settings for
the six (6) study intersections. The signals are currently being operated within industry
nerms and no obvicus emors or problems were evident in the controller settings.

Based on field observations, the phase time assigned to the frontage road movements
along US 83 may need some minor modifications. Lee Engineering perscnnel observed
guenes not clearing at the intersection approaches shown in Table 3. There may be
opporfunilies to retinie the phase slightty in order to provide additional green time to
these movements and clear queues, It is mmportant to note that the quenes may net be
clearing on the US 83 approaches due to signal timing that intentiomally Favors the
arterial roadway progression. Signal timing that provides for good arterial traffic
progression often results in longer side street delays.

Table 3: Quenes Observed Not Clearing

Intevsection Study Approach Comment
Westhound Danviile observed not clearing
Buffale Gap at WB Denville/ | on multiple cycles at vartous times of day.
DanvilisTadustrial Tndustrial Queue gets spread out and may be gapping
ot

; Lefi twn movement from sonthbound Clack
South 14" at Clack | SB Clack observed not clearing on mulfiple eycles
during mid-afternoon and Ph peak periods.

Lot turn movement from eastbound Clack
abserved not clearing on multiple cycles
during the mid-afternoon and PM peak
periods.

Buffalo Gap at Clack EB Clack

Traffic Volumes

Prior to bepinning this study, City of Abilene forces collected 48 hour approach volumes
at each of the study approaches, Lee Engineering averaged the 48 hour data to obtain an
average 24 howr approach volume for each of the study approaches, These volumes are
shown in Table 4.
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Table 4; Average Approach Volumes (2008)
24 Hour Dates
Intersection Study Approach Yolusne Counted

{Avg) (2008)
poutele Sapat WB Danvilleflndustrial | 8,300 | Sept22:23
South 14" at Clack ' WRB South 14" 7,100 Sept 15-16
South 14% at Clack ] 5B Clack 5.900 Sept 22-23
South 1% at Sayles EB South i¥ 5900 | Septi7-18
South 1% at Sayles 5B Sayles 2,500 Sept £7-18
Treadaway at South 11" NB Treadaway 11,200 Sept 23-24
Treadaway at South 11" SB Treadaway 11,000 Sept 23-24
Treadaway at South F1™ WB South 11™ %,500 Sept 23-24
Buffalo Gap at Clack EB Clack 9,700 Sept 22-23
South 1* at Pioneer EB South 1% 8.700 Sept 16-17

Smiﬂ_}h_l_‘i_a_tnlji”?_rggg . | WB South lft 8,900 Sept 16-17 |

' South 1* at Ploneer SH Pioneer 4,500 Sept 16-17

These volumes are all within the range for the roadway types and lane configurations
documented in field visits to the intersections. Because capacity does not appear to be a
slgnificant concern, it is unlikely that additional lanes or capacity at the intersections

1

would sigmificantly reduce red Heght erashes or violations,

Abilene Red Light Rurming Engineering Anabais
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Crash and Enforcement Data

City Wide Enforcement Data and Issues

The City of Abilene municipal court system was unable to provide citation data specifie
io the siudy intersections and approaches. The cowrt system was queried to produce city
wide citation totals for the 12 month period beginning September of 2007, This data is
presented in Table 5 below.,

Table 5: Citywide Red Light Citations

MMonth Citations

September 2007 59
Qclober 2007 | 34
November 2007 ] &7
December 2007 48

Jamuary 2008 35
February 2008 86
March 2008 77
April 2008 79
May 2008 50
June 2008 73
Tuly 2008 56
Angust 2008 55
September 2008 a7

Discussions with the Abilene Police Department have revealed that there are limited
traffic enforcement resources available within the department. Red light enforeement
tends to be one of the least safe traffic enforcement activities that an individual officer
can perform due to the requirement that the officer proceed through the same red light in
order to pursue the violator.

One way to mitigate this safety concern is to utilize two officers, one as a spotter and one
downstream of the imtersection that can apprehend the violator. While safer for police
personnel, this method of enforcement doubles the manpower demands that red light
enforcement represents.  Furthermore, unlike speeding enforcement, where typiecally
more than 15% of motorists are exceeding the speed limit, the red light violation is a
random event where only 1-2 molorisis an hour may violate the red indication during an
observation period.

A second way to mifigate the safety issues assoclated with red light enforcement is
through the use of enforcement lamps at intersections with safety issues. An enforcement
lamp iz a small lamp attached to either the mast arm or signal pole that illuminates when
the red indications illuminate. This allows a law enforcement officer to sit on the
downstream side of the intersection yet still know when the red light has been displayed
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g0 the officer can determine when a motorist has violated the light. An enforcement lamp
is shown in Photo 1.

in The Colony, Texas

This relatively low cost improvement, installed costs could range fom $300 to $700
dollars per installation, would allow police officers to enforce the signal by themselves
and from the downsiream side of an infersection, eliminating the need to use two officers
or follow a violator thru an intersection. IEnforcement lamps are available with white,
red, and blue lenses. Based on Lee Engineering observations and signal design practice,
white enforcement lamps seer to be the most common color utilized in Texas. Based on
discussions with law enforcement officers in other areas of Texas, Lee Engineering
recommends white as the prefeiTed color and most easily observed indication for law
enforcement. The most conumon mounting location is on the signal pols as shown in
Photo 1 or above the mast arm adjacent to the signal pole connection.

Enforcement lamps are not currently installed at any location within the City of Abilene.
They are not required for vse by the Texas MUTCD or any legal statute and sheuld be
considered an optionsl mmprovement. Enforcement lamps are most beneficial when
combined with a concerted high visibility traffic enforcement effort from the police
department. Enforcement lamps should be added to the signal poles at intersections
where the Abilene Police Department plans to expand their enforcement efforts. The
lamps shonld be installed on the approach with the red light runming problem. A public
relations campaign should sccompany the installation of the lamps and kickoff of any
expanded efforts. This campaign would educate the public and reveal the purpose and
uge of the enforecement lamps.

Approach Specific Violation Data

Redfex, a red-light camera vendor collected violation data for eight (8) hours at nine (%)
of the 12 study approaches. Additionally, Redflex collected violation data at thuee (3)
other intersection approaches that were not part of this analysis. Lee Engiieerng
personnel colleeted two (2) hours of vielation data for the thres (3) study approaches at
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the intersection of South I* Sweet (BI-20) and Pioneer where Redflex did not collect
dara, [Tt ig important to note that Redflex collected violation data using the detailed and
deliberate review of recorded wvideo of the intersection approach. Lee Engineering
violation data was collected real time m the field and did not allow for the replay of a
violation. Additionally, some split second viclations that may be vigible on video may
not be perceived in the field by the observer in real time. The viclation data i presented

in Table 6.
Table 6! Viglations Par Hour
Study Intersection Appreach Name ‘éi;:;:i]:; P'-'E:il_ri“[:; ‘;::‘k;;i;?:
N et R I I T B
! Westhound 8 14th 7 8 hr 0.9
South 14™ & Clack
! Southbound Clack 14 8 br 1.8
E Eastbound § 1* 7 B hr .5
South 1% & Sayles j
i Southbound Sayles 0 Shr .8
E Northbound Treadaway 4 Shr 0.5
Treadaway & § 11 | Southbound Treadaway 5 - Shr 0.6
| Westbound 8 11° 3 8 hur 0.4
B;ffalo Gap & Clack Fastbound Clack” 12 ) 8 I 1.5
Eastbound § 1* 3 2he 4.0
South 1% & Pioncer " Westbound § 1% 3 2 hr 2.5
Southbound Pioneer 0 2hr 0.0
Total 103 78 br 1.3

“ Tiats pravided Lo Cily by Redflax jdantifted Clack as o westbound approach.
#* This intersaction was colleeted by Lee Engineering persoansl, Al olher dote colieced by Redflex aed provided by Ciky,

A total of 78 hours of violation data were collected across the 12 study approaches. The
average violation rate across the 12 study approaches was 1.3 vioiations per hour. Only
two approaches, westbound Danville/Industrial at Buffalo Gap and easthound South 1% at

Pioneer, had violation rates significantly higher than the study average.

Abilene Red Light Rupming Engineering Anaiysis
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Texas Transportation Instifute research indicates that 3.0 fo 5.0 viclations per 1,000
velicles may be considered a normal rate of violations for a typical intersection approach.
In a study of 275 hours of signal operations across the state of Texas, the average number
of vielations was 3.5 violations per 1,000 vehicles ',

Lee Engineering personnel counted the total mumber of agproaching vehicles while
ohserving red light violations at the intersection of South 1% and Pioneer. While Lee
Engineering did not have the actual traffic volume data associated with the Redflex
collegted viglation data, the 48-hour traffic counts collected by the City in September
2008 were availabie. City Staff informed Lee Engincering that Redflex violation data
were collected between the hours of 11:00 AM and 7:00 PM. The 11:00 AM to 7:00 PM
volume data were averaged over the two days of data available for each approach, Using
these volume estimates Lee Engineering was able to calonlate the number of violations
per 1,000 vehicles for each study approach. The estimated eight hour volumes and
calculated violations per 1,000 vehicles are shown in Table 7.

As shown in Table 7, the 12 study approaches have an average violation rate of 2.2
viplations per 1,000 vehicles. This average value is lower than the typical range of 3.0 to
5.0 violations per 1,000 vehicles presented in the TTI research. Eight (8) of the 12 sindy
approaches have violations per 1,600 vehicle rates that are lower than 3.0 viclations per
1,000 vehicles. All cight of those approaches are also lower than the 2.2 violations per
1,000 vehicles Tate calculated across the 12 study approaches. When compared to the
statewide typical range of 3.0 to 3.0 vielations per 1,000 vehicles, the eight (8)
approaches below that typical range are unlikely fo have a red light running violation
problem.

As shown in Table 7, only four (4) intersection approaches had viclation rates higher than
the statewide average vahie of 3.5, Two (2) of these approaches, Southbound Clack at
South 14%, and Westhound South 1 at Pioneer had rates slightly higher than the
statewide average, vel were well within the typical range of values of 3.0 to 5.0 violations
per 1,000 vehicles noted in the TTI research.

The westhound South 1% Sireet approach to Pioneer was one (1) of two (2} study
approaches thal had a violation rate higher than the typical range presented in the TTI
research. With a violation rate of 5.2 violations per 1,000 vehicles, this approach fell just
above the 5.0 violations per 1,000 range. The westbound Danville/Tndustrial approach to
Buffalo Gap showed a violations per 1,000 vehicles rate (7.3) that was significantly
higher than the statewide average ot typical tanges presented in the previously referenced
TTI research.

H Bonneson, James and Zimmarman, Karl, Development af Guidelines for Identifving md Freesing Loeations with & Red-Light
FRuwwimg Problem, Report 641962 Texas Transportation [nstitute, Collage Statien, Texas, 2004, pp4-7 - 4-E.
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Table 7: Violations per 1,000 Vehieles

Violations { Tstimated | Violations
Study Intersection Approach Name Approach | per 1,000
observed .
Volume Vehicles
Buffalo Gap & Westbound - -
Danville/Tndustrial’ Danvyille/Industrial 38 3,100 72
Westhound § 14th 7 4,100 17
South 14" & Clack’ -
Southbound Clack 14 3,300 42
Eastbound § 1% 7 5,500 1.3
South 1% & Sayles’
Southbound Sayles (] 1,600 0.0
| Northbound Treadaway 4 6,200 .6
L
Treadaway & § 117" | Sonthbound Treadaway 5 6,700 0.7
Westbound 8 11" 3 4,700 0.6
Buffalo Gap & Clack’ Easthound Clack” | 12 5,600 2.1
Easthound § 1% 8 1,535 52
South 1% & Pioneer Westbound § 1* 3 1,332 3.8
Southbound Pioneer g 580 0.0
Total 103 46,247 2.2

2 Volume data estimated Fom City tatfis count data,
** Volume data cotbected ranunlly by Les Engineering personnel.

As previously mentioned, the 12 study approaches have an averape rate of 2.2 violations
per 1,000 vehicles. Four (4) of the 12 intersection approaches had a violation rate higher
than the study approach average value. These four (4) approaches are shown in Table 8
These four (4) approaches are also the only four (4) approaches with violation rales
higher than the statewide average of 3.5 viclations per 1,000 vehicles.
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Table 8: ¥iolation Rates Greater than City Study Average

Study Infersection Ap protaqcill:nth;ne and E:]uggt‘i;:;lhsig:

Study Average Rate Across all 12 Approaches 2.2
Buffalo Gap &' 1'G’\f'estljcmnnd ' 75"

Danville / Industrial Dranville/Tndusirial

South 1% & Picneer Eastbound § 1% 52"

South 14® & Clack Southbound Clack 432

South 1st & Pioneer Westbound 8 1st 3.8

* 3.4 times greater than stody averape; *#2.4 times greater than study averags

Intersection Specific Crash Data

The Abilene Police Department provided Lee Engineering with crash summaries for the
most recent 18 months avatlable, This crash data was swrnmarized by approach into a
variety of crash types including: rear-end, angle, head-on, pedesiriart, and other. The
dircetion of travel for the at-fault drive determined the approach thati the crash was
asgipned to by the Abilene Police Department. The crash summaries that appear on the
following pages contain only crash types with a documented crash. If there were zere (0)
rear end crashes associated with a particular approach, then the rear end category row
was not shown in the table, The crash data for the six study intersections is shown in the
following tables. The actual study approaches are shaded in the data tables.

The aggregated crash data for all six (6) study intersections is shown in Table 8. The data
in this table is apgregated by the 12 study approaches, the nine (9) non-study approaches,
and the 21 total approaches at the six (6) study intersections. The data in Table 9 indicate
that the non-study approaches have a higher percentage of angle crashes than the study
approaches and a lower percentage in ctashes agsociated with red Heht running. Owerall,
there was little difference between the study and non-study approaches in the types and
percentage of crashes.

Table 9: Agoregate Crash Summary

Anele Crashes Crashcs associated with
Total g Red Light Running
Crashes Number | Percent Number Percent of
! i of Total Total
Crashes on " ; a 5
Study Approaches Only (12) 83 34 i 41% 18 2%
Crashes on } a =
Non-Study Approaches (9) 47 e ; 47% 7 15%
Crashes om ;' a a
All Approaches (21) 130 ; 56 i 43 % 25 19 %
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The data provided in Fable 10 indicate that drivers in ihe westhound direction on
Danville werg at fanlt in 18 total crashes, Three (3) right angle crashes, two (2} of which
were the result of red light ruoming, were the fault of motforists in the westbound
direction. The high number of “other”™ crashes was largely attributed to westhound
motorists in the lefi-turn only lane disregarding lane assignment signage, attempting to

53_ f proceed through ihe intersection, and striking a vehicle turming out of the shared
ihrough/lef-turn lane. The data presented in Table 10 also indicated that the northbound
Buffulo Gap approach to the intersection had higher numbers of angle and red light

rurming crashes than the study approach.

: Table 10: 18 Month Crash Sunmary - Bulfale Gap at Danville
o i GCrashes Associated

Collisian Number of Number of | with Red Light
Approach Type Total | Injury Crashes | Fatal Crashes | Runnling
1 I v s
i
i
( Rear End 1 - - t -
. Nerthbound Angle B - - 3
. Buffalo Gap Other [ . - L -
P Total B 0 D : 3
Southbound Other 1 - - -
Buffalo Gap Total 1 0 i D

Table 11 indicates that at the fntersection of South 14™ Strest and Clack there were a total
of 14 crashes in the previous 18 months. Of those 14, six (6) were crashes associated
with red fight running. The westbound approach on South 147 was the approach with the
mest crashes, experiencing 10 total crashes, five (5) of which were angle crashes,
Westbound South 147 also experienced the highest number, four (4}, of red light running
crashes than sny other study approaches with the exception of eastbound Clack at Buffalo
Gap, which also had four (4).

i Tablc 11: 18 Month Crash Summary - South 14th at Clacl

Number of Number of Crashes Associated
Injury Crashes | Fatal Crashes | with Red Light Running

Approach Collision Type | Tofal

s,

:‘Easthuund "Ang 1 - - 1

South 14" 1 o 0 1

The South 1¥ at Sayles intersection crash data is shown in Table 12. This intersection is
= unique in that some red light running crashes were head-on crashes, Based on comments
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from City Staff, these crashes were likely left-turn opposing crashes. The eastbound

South 1% Street approach experienced five (5) angle crashes in the 18 month period.

Table 12: 18 Month Cragh Summary - South 1si (BLI-20) at Sayles

- Number of Number of Crashes Associated
i Approach Coltision Type Total Injury Crashes | Fatal Crashes | with Red Light Running
Rear End 2 1 - -
Angle - -
b Narthbound H 3 o j !
i Sayles eac-n - - 1
Cther 2 - - -
9 2 0 1

H
.

Rear End

9 - - -
Angle 2 - ! - -
Vhfse: :IEI? I,:Etd Head-On 2 - - 1 !
o Other 3 3 - -
HE Total 9 3 a 1

~

The Treadaway at South 11™ Sireet data is presented in Table 13, Both the northbound
P and seuthbeund approaches have six (8} total crashes recorded in the 18 month period.

The westbound South 11™ Street approach had neither an angle crash nor a crash

[T

associated with red IHght running.

Table 13: 18 Month Crash Summary - Treadaway at Spoth 11th

T

Approach

Colllsion

Tetal

Nurnber of
Injury Crashes

Number of
Fatal Crashes

Crashes Associated
with Red Light Running

i DeavE ta
L Eastbound | Other 1 - - -
South 11" 1 0

Abifere Red Licht Runnig fngincering Analpsis
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Crash data fov the intersection of Buffalo Gap at Clack is presented in Table 14. This
intersection has a higher number of angle crashes than any other intersection. The
eastbound Clack approach experienced nine (9) angle crashes; four (4) of which were
agsoctated with red light running.

Table 14: 18 Mouth Crash Summary - Buffalo Gap at Clack

Total

Number of

Injury
Craczhes

Number of
Fatal
Crashes

Crashes Associated
with Red Light
Running

Rear End 2 2 - -
Noirthhound Angle z - - -
Buffalo Gap Other 2 - - _
Total B 2 0 1]
Southbound R:lar !lind '; o ; -
Buffalo Gap nae -
Total g 1 Q 1]

The final intersection is South 1% Street at Pioneer. The crash data is provided in Table
15. Both the westbound and southbound approaches to this intersection did not have a
crash associated with red light running.

Tahle 15+ 18 Month Crash Summary - South 1st (BI-20) at Pioneer

Crashes Associated

. Number of Number of . .
Apgproach Collislon Type Total h with Red Light
Injury Crashes | Fatal Crashes Running
Northbound Ru:‘ar IIEnd ; = - F ;
Fioneer ngle P

Crash data is sometimes represented by a statistical Poisson distribution. The standard
deviation of a Poisson distribution is the square root of the memn. In order to better
cotmpare the study approaches, the 18 month crash frequency was converted {o an annual
rate, crashes per year. Using the number of crashes per year per approach the angle and
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red light crashes at the various approaches can be compared to each other and to the
average of all 21 approaches. Typical comparison points are one and two standard
deviations from the mean.

Tahle 16: Statistical Vajues for Crash Comparisons

Statistic | Angle Crash Frequency Red Light Rupning Crash
Per Year Frequency Per Year
ivlean (Average) 1.8 08
Standard Deviation (+/mean } 1.3 0.9
Mean + | Standard Deviation 3.1 L.7
Moean = 2 Standard Deviations 4.4 2.6

While o crash is acceptable for the motorists imvolved in the crash, a certain amount of
crashes must be tolerated in order to prieritize limited engineering and enforcement
resources. Zero crashes is the poal any agency strives for; however, crashes are random
and rare evenis that occur as the result of numerous factors and cen never be fully
eliminated.

Any intersection approach that has fewer angle or red light running crashes than the mean
frequency shown in Table 16 should not be considercd for improvements prior to any
intersection (hat has more crashes than the mean. Similarly, any intersection approach
with a crash frequency that is af least two standard deviations gbove the mean value
wonld typically be a better candidate for improvement than an approach with crashes
equal to or only slightly greater than the mean.

The twelve study approaches were analyzed using this method and grouped n Table 17
and Table 18, Table 17 groups the crashes based on their angle crash frequency. Seven
(7) of the twelve (12) intersection approaches are below the mean angle crash frequency.
The eastbound Clack at Buffalo Gap is two standard deviations above the mean. Two (2)
other approaches were at least one standard deviation above the mean.  The westbound
Danville approach to Buffalo Gap was above the mean, but not more than one standard
deviation gbove. This is interesting because this approach had the highest rate of
violations per hour and violations per 1,000 vehicles in the study. This illustrates that the
violations do not necessarily translate directly to crashes.

Limitations are present it the applicability of this statistical comparison due to the low
number of angle and red light running crashes on each approach. One or two additional
crashes per year on an approach will result in that approach being ranked one or more
slandard deviations above the mean becausc the msmber of crashes on each approach
were low initially.

Abilene Red Light Running Engineering Analysis Prgn 26/34




[

[Ty

Table 17: Study Approaches Angle Crash Gronpings

| | Angle Group
Entersection ¢t Study Approach | Crash i (lis
! Frequency highest)
Buffale Gap at Clack i EB Clack =M+2 1
South 14" at Clack ! WB South 14" >M+1 2
South 17 at Sayles ER South 1* >M+1 2
Dfniiié?lr?d?sz:al WS Damville/lndustral | > M 3
South 1¥ at Ploneer ER South 1* =M 3
South 14" at Clack 8B Clack <M 4
South 17 at Pioneer SB Pioneer <M 4
South 1" at Pioneer WE South 17 <M 1
South 1% al Sayles _ 5B Sayles <M 4
Treadaway at South I Lo NB Treadaway | <M 4
Treadaway at South 11% 3B Treadaway | <M 4
Treadaway at South 11" WB South 11® <M 4

3 3= Wean valuc; M+1=Mean + 1 Standard Deviation; M=2 = Mean + 2 Standend Deviaiions

The twelve (12) study approaches were also grouped by red light running crash
frequency. These groupings are presented in Table 18. Only five (5) intersection
approaches were above the mean crash frequency. Eastbound Clack at Buffalo Gap, and
Westbound South 14" ai Clack were both at least two standard deviations above the
mean, indicating a potential crash problem at these intersection.

Table 18: Study Approaches Red Light Running Crash Groupings

| Red Light Group
Intersection ! Study Approach Crash {1is

Frequency highest)
Buffzlo Gap at Clack ER Clack =H+2 1
South 14" at Clack WB South 14" >M+2 1
Dfnﬁfl‘i‘;?[fdﬁ;tial WE Danville/industrial | > M 3
Scuth 1* at Sayles EE South 1* > M 3
Treadaway at South 11% SB Treadaway =M 3
South 14" at Clack 3B Clack <M 4
South 1% at Pioneer EB South 17 =M 4
South 1% at Pioneer SB Pioneer <M 4
South 17 at Pioneer WB South 1% <M 4
Sonth 17 at Sayles SE Sayles <M 4
Treadaway at Socuth 1 14 NB Treadaway <M 4
Treadaway at South 11% WB South 11" <M 4

* h= Mean walue; MH+1=Mcan + 1 Standard Deviation; M+2 =Mean + 2 Standard Deviations

Abilene Red Light Running Englicering Analysis

Page 27/34



Summary of Vielation and Enforcement Dafa

Lee Engineering reviewed the data provided by the Cily of Abilene reparding red light
running citations, crashes, and viclations in an effort to better understand the natwre of the
red light running problem on the 12 study approaches.

The viclation data collected by Redflex and Lee Engineering indicated an average of 2.2
violations per 1,000 vehicles at the study approaches. This is much lower than the
averape rate of 3.5 violations per 1,000 vehicles in a TTI study of approaches across the
state, The majority of the 12 Abilene study approaches revieved had average rates par
1,000 vehicles below the 3.0 to 5.0 range cited in TTY literature as typical. Four stody
approaches had violation rafes that exceeded both the city (2.2 per 1,000 vehicles) and
state wide (3.5 per 1,000 velicles) average rates. Those approaches were the following
four:

- Westbound Banville/Industrial at Buffalo Gap;

- Eastbound South 1™ at Pioneer;

- Southbound Clack at South 14™; and

- Westbound South 1™ at Piomeer,

The crash data provided by the City of Abilene indicated an average of 1.8 angle crashes
per year per study approach. The average number of red light rumning crashes per year
per approach was 0.8, Only the eastbound Clack approach to Buffalo Gap had an
average mmnber of angle crashes per year that was two standard deviations above the
mean number of angle craghes per year. Two study approaches had annual average
numbers of red Hght runming crashes two standard deviations greater than the mean
number of red light crashes per year. These were the eastbound Clack approach to
Buifalo Gap and the westbound South 14” approach to Clack., The eastbound Clack
approach 1o Buffalo Gap was the intersection approach with the largest difference
between Lee Engineering caleulated change period and change period currently in the
controller. Seven (7) of the 12 study approaches had annual rates of both angle crashes
and red light crashes that were below the mean valoes.
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Conclusions

Itersection and Signal Data

=

Y

Signal visibility was not determined to be a significant factor in red light running
at the study intersections. However, there was some concern surrounding sight
distance at the westbound Danville/Industrial approach to Buffzlo Gap due o
roadway curvature and tree growth on the approach.

Stop lines are not required but would be helpful at those approaches with red light
running problems or coneentrated police enforcement efforts. Pavement marking
maintenance is a significant challenge due to asphalt mixes and climate
conditions. Stop lines at the majority of intersestion approaches were coated with
cil or dirt and therefore were difficult to sce.

No black signal backplates were present on any signals. Backplates are not
required but should be considered for certain conditions.

Signal indications were not found to be an jssue. All lenses were 127 in size and
LED signal indications are now in place citywide. LED signal indications and 12
inch lenses are comnmen countermeasures used for reducing red-light nonning,

Signal Timing and Traffie Dara

g

There is nio required or standard method of calenlating signal change periods. All
methods require exercising engineering judgment in the application of yellow
change and red ¢learance interval lengths, Lee Engineering’s preferred method of
caleulating change periods resulted in values longer than those present af the
study intersections. Eleven of the 12 intersection approaches had change petiods
sharter than caleulated; ranging from 0.3 seconds short 1o 2.3 seconds short. Five
of the 12 approaches had yellow change intervals shorter than the calculated
values; ranging from 0.2 to 0.9 secands short. Eleven of the 12 approaches had
red clearance intervals shorter than the caloulated values; ranging from 0.2 t0 2.1
secends short.

Signal timing was not found to be a significant facior in red light running at the
majority of study approaches. Three (3) approaches had minor street quenss that
did not always clear during the allocated green time.

Based on traffic abservation and count data coltected, there was no indication of
capacity problems at the study intersections.

Violations

*

»

The City study average violation rate of 2.2 violations per 1,000 is fower than the
statewide typical range of 3.0 to 5.0 violations per 1,000 velicles.

Based on the violation data analyzed, there appears to be a significant red-light
violatjon problem on the wesibound Danville/Industrial approach to Buffalo Gap
and on the eastbound South 17 Street approach to Pioneer, These two approaches
were significantly higher than the city siudy average rate of 2.2 violations per
1,000 vehicles based on data at the 12 city study approaches. These were the only
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two approaches with violation rates higher than the statewide typical range of 3.0

to 5.0 violations per 1,000 vehictes.

. # Two other intersection approaches had violation rates greater than the average

L rafe — westbound South 1% Street at Ploneer and Southbound Clack at South 14™
Street. While higher than the city study average rate, these spproaches were

i within the {ypical statewide range of 3.0 to 5.0 violations per 1,000 vehicles.

i % The other eight study approaches do not appear to have red-light vielation
problems based on having a violation rate Iower than the City study average

EE violation rate of 2.2 violations per 1,000 vehicles,

18 Month Crash Data
¥ Three study approaches had an annual rate of angle erashes per year that were one
or more standard deviations above the average for the study approaches.
¥ Twao study approaches had annual rates of red light running crashes that were one
o or more standard deviations above the average for the study approaches.
i 5 A comparison to the other intersection approaches for which daia were provided,
the angle and red light nnning crasl anmual rates at the eastbound Clack approach
to Buffalo Gap and the westbound South 14% approach to Clack were
. sigui ficantly higher than other study approaches. Eastbound South 1™ at Sayles
N also was higher than the study approach average in both angle and red light
D running erash frequencies.
i ¥ Other intersection approaches that had either annual angle or annval red light
running crash rates higher than the study average, but not significantly higher,
. were westbound Danville/Industiial at Buffalo Gap, eastbound South 1% at
L Pioneer, and southbound Treadaway at South 1 1" Street.
% The eastbound Clack approach to Buffalo Gap was the only approach two
standard deviations greater than the average study anmual rate for both angle and
red light running crashes.

i Enforcement

3 Based on data provided by the City of Abilene Police Department, significant
officer directed red-light enforcement efforts are difficult to acconiplish.
Additionally, officer safety is put at significant risk through traditional means of
enforcing red light compliance by requiring an officer to follow a vielator through
an aiready red light.

No enforcement or confirmation light assemblies are corrently used.

Based on a review of the crash and violation data, only two (2) of the twelve (12)
sidy approaches warrant consideration for red light camera enforcement. These
two (2} approaches — westbound Danville/Industrial at Buffalo Gap and eastbound
South 1% at Pioneer — experienced violation rates significantly higher than other
(0 study approaches and significantly higher than statewide data. Camera

: enforcement on these two (2) approaches should be considerad after the other
remedial efforts outlined in the recommendations have been implemented and
proven unguceessful in reducing red-light violations and angle crashes.

R

AR

i

[
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Recommendations

Based on Lee Engincering’s review of the data provided by the City of Abilene, field
visits, and obsgervation data collected, Les Engineering offers the following
recomnendations for consideration by the City of Abilene. (eneral recormnendations
were made for all study approaches. Additionally, specific recommendations were made
for some of the individual study approaches, Specific recommendations were not made
for each individual approach.

All Studv Approaches

¥

Y ¥ v v

Black sipnal backplates slionld be installed on all signal heads controlling
intersection approaches with either a perceived or docwmented red-light running
problem. Priority in programming signal backplate upgrades sheuld be given fo
signal heads on east/west approaches fivst and then 1o north/south ones.
Tweniy-four inch thermoplastic stop lines should be installed across all signalized
intersection approaches with either a perceived or documented red-light ranning
problem. Stop lines ave not required by statate or the Texas MUTCD and are only
recommended for the problem approaches to an infersection, not all approaches.
Where the Abilene Police Department plans to concentrate red light running
enforcement efforts, white enforcement famps should be installed on signal poles
in order to maximize the safety and efficiency of officer enforcement efforts. I
enforcement lamnps are implemented, a public information campaign should
inform motorists abont the fimctionality of the lamps and should be combined
with an initial high level of vigible enforcement by APD o attempt to change
driver behavior.

Consider lengthening the yellow change imervals to at least the Lee Engineering
calculated mininmms.

Consider lengthening the red clearance interval to at least the Les Engineering
calculated minimums.

Consider lengthening the total change petiods (yellow + red clearance) using Lee
Engineering’s change period methadology.

Based on information presented in TTT s research on countermeasures to reduce
red light running, consideration should be given to adding an additional 0.5
seconds of yellow 1o the caleulated yellow time on approaches with a red-light
running problent.

Buffalo Gap at Danville/Industrial (Westbound Danville/fndustrial Approach

=
¥

3
2

A "Signal Ahead” sign should be added approximately 600" feet from stop line.
A new thermoplastic stop line should be installed on this approach.

New signal backplates should be installed on this approach.

A near side left vertical three section signal head should be considered for
installation on the existing pedestal pole on the sontheast corner. This signal head
would provide additional visibility due to curvature of the road,
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B A far gide left vertical three section signal head should be considered for
installation on the southwest corner of the imersection on an existing signal pole.
_ This signal head would provide additional information for left tuming motorists.
¥ Basged on the violation rate being 3.4 times greater than the 12 study approach
average the Abilene Police Departinent should concentrate red Jight enforcement
efforts at this approach. A white enforcement lamp should be added to the signal
pole to maximize the safety and efficlency of APD efforts.

% Based on the violation rate being 3.4 times greater than the 12 study approach
average, a red light camera should be considered for installation on this approach
if after an adequate trial of other measures proves unsuccessful in reducing red-
light tunning.

South 14% At Clack (Westbound Souih 14% Approach)

% Based on Lee Engineering’s change period calculations, the yellow change
interval shoutd be tengthened to at least 4.3 seconds. Consider lengthening the red
elearance interval to at least 1.2 seconds.

¥ New signal backplates should be installed on this approach.

» A vertical three section head should be considered for installation on 2 new
pedestal pole on the NE comer. This would provide a near side right signal head.

% Due to an average annual rate of crashes involving red-light running significanily
higher than the other study approaches the Abilene Police Department should
concentrate red light enforcement efforts on the westbound South 14™ approach.
A white enforcement lamp should be added 1o the signal pole to maximize the
safety and efficiency of APD efforts.

South 14™ At Clack {Southbound Clack Approach)

% Based on Lee Engineering’s change period caleulations, the yellow change
interval should be lengthened to at [east 3.8 seconds. Consider lengthening the red
clearance interval to at least 2 seconds.

¥ A new thermoplastic stop line should be installed on this approach,

¥ New signal backplates should be insialled on this approach.

® A far side left vertical three sectfon head should be considered for instaliation on
the existing signal pole to fimetion as a pull through head and provide better
information for left turning motorists.

» Rased on the violation rate being higher than the 12 study approach average the
Abilene Police Department should concentrate red light enforcement efforts on
the eastbound approach. A white enforcement lamp should be added to the signal
pole to maximize the safety and efficiency of APD efforts

South 1% Street af Savles (Fastbound Approach)

% Based on Lee Engineering’s change period caloulations, consider lengthening the
red clearance interval to at least 2 seconds.

¥ A new thermoplastic stop line should be installed on this approach.

# New signal baclplates should be installed on this approach.
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L Buffalo Gap At Clack {Basthound Clack Approach}
% Based on Lee Enginesring’s change period calculations, the yellow change
™ interval should be lengthened to at least 4.2 seconds, Consider lengthening ihe red
s clearance interval to at least 2.1 seconds.
¥ A new thermoplastic stop line should be installed on this approach
5 » New signal back plates should be installed on this approach.
" ¥ A far gide left verlical three section head should be considered for installation if
possible on the existing signal polc in the northeast comer of the intersection to
provide better information for the left turning motorists,
v ¥ A near side right vertical fliree section head should be considered for installation
high on the existing signal pole in the southwest corner of the intersection if
U possible to provide beiter visibility for approaching motorists.
1 » Turning movement counts should be conducted and signal phases optimized so
that queue clears regularly.
¥ Dus to an average annual rate of erashes involving red-light running significantly
higher than the other study appreaches the Abilene Police Department should
concentrate red light enforcement efforis on the eastbound Clack approach. A
white enforcement lamyp should be added to the signal pole to maximize the safety
and efficiency of APD efforts.

s South 1% Street at Pigneer (Eastbound Approaches)

s % DBased on Lee Engineering’s change petiod calculations, the yellow change
interval shoutd be lengthened to at 1east 4.2 seconds. Consider lengthening the red
clearance interval to at least 1.4 ssconds.

- » New signal backplates should be installed on the castbound approach.

¥ Verify that left-tum lane detection functions as intended. If possible, modify detector
settings to ensure better queue clearance.

% Based on the violation rate heing 2.4 times greater than the 12 study approach
average the Abilene Police Department should concentrate red light enforcement
efforts on the eastbound approach. A white enforcement lamp should be added to
the signal pole fo maximize the safety and efficiency of APD eiforts.

. % Based on the violation rate being 2.4 times greater than the 12 study approach

. average, a red light camera should be considered for instailation on this approach

if after an adequate trial of other measures proves unsuccessful in reducing red-

oy light runmning,

b Sonth 1** Street at Pioneer (Westbound Approach)

% Based on Les Engineering’s change period caleulations, the yellow change
inferval should be lengthened to at least 4.3 seconds. Consider lengthening the red
clearance interval to at least 1.4 seconds.

. ¥ New signal backplates should be installed on the westbound approach.

i ¥ Verify that lefi-turn lane detection functions as intended. If possible, modify detector

seftings fo ensure befter queue clearance.

-y % Based on the violation rate being higher than the 12 study approach average the

. Abilene Police Department should concentrate red light enforcement efforts on

the eastbound approach. A white enforcement lamyp should be added o the signal

= pole to maximize the safety and efficiency of APD efforts.

Laiad

R
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APPENDIX
Texas Department of Transportation Template Analysis

Abilene Red Light Ruvming Engineeving Analysis Page 24/34



Evaluation of the Need for Red Light Running Cameras
Engineering Analysis Template

City: ABILENE County: TAYLOR

Intersection: Buffaio Gap (FM 89) & DanvilledIndusirial (US 83 Frontage Road
Westbound Danvillefindustriai approach cnly

A. Intersection and Signal Data
1. Signal Visibility
a. Minimum Sight Distance to Signal
Appreach | Grade | Speed Limit (mph) | Measured (f) | Required {f)*
WB +0.9% 40 540 300

*Ses TMUTCD Tabie 40-1 for minimum sight distance requirements.

b. Ara"SIGNAL AHEAD" warnhing signs present? [ ] Yes No
Are "SIGNAL AHEAD” warning signs needed? Yes [ ] No
Are other warning signs present in the vicinity of the intersection?

Cyes [dNo

Explain: Visibility restricted by curvature and landseaping

¢. Information an Signal Heads

. Lens Type Back Plates | Retroreflective
Approach | Lens Si2é | | bn o Buib) | [YarN) | Border [Y or N)

WB 12" LED N N

2. Pavement and Markings Data
a. Are stop bars in “good” condition? [ 1Yes [ No
Explain: Poor visibility of stop lines due to faded markings with asphalt
and cil tracked gver them.

b. Are lane lines “clearly” visible? Yes [ No
Explain;

c. Are crosswalks “clearly” marked? [ Yes [ No
Explain: Mot Present




Buffale Gap (FM 89) & DanvilleIndustrial {US 23 Frontage Roady

d. What is the pavement condition {ruts, potholes, cracking, etc.)?
[ | Goed  Explain:
Ed Fair Explain: Concrete approach in satisfactory condition
1 Poor Explain:

e. Do pavement surface treatments exist {rumble strips, texturing, pavers,

ate.)?
Yes Expiain: Transverse grooving for friction is present
No

Engincering Analysis Temmplats -2- December 2007
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Buffalo Ciap & Danville/mdustrial

3. Provide diagram of intersecfion including: pavement markings, width of lanes
and medians, location of signal heads and signs, locations of loops/detectors,
and grades.
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B. Signal Timing and Traffic Data
1. Clearance Intervals

Buifabe Gap (FI 85} & DanvilleTndusieial (115 83 Frontags Road)

Posted Width of Yellow Interval All Red Interval
Appreach | o ood Limit| €798 | Intersection [Existing | Calculatsd® | Existing | Calculatsd”
WB 40 |[+0.9%| 8r 20 | 39 1.3 1.8

* Refarence ITE for calculation of clearance intervals.

2. Include existing controfler settings for each phase and each time-of-day.
infermation should include applicable settings such as minimum green, max 1 &
2, passage, minimum gapfext, protected-permissive, lead-lag, yellow and all red,
walk and ped clearance fime, recall settings, offsets, cycle length, ete. Include
analysis of peak hour condtfions and a determination of whether signal fimings
are contributing to red-light running problems.

a. Dces signal timing or phasing factor in as a possible contributor to red
light running at this intersection?

] Yes

] Ne

Explain; Signal was cbserved not always clearing YWB gueuss at various

times. Congestion is sometimes cited as a cause of red light running.

List comments or recommendations on potential signal timing or phasing
changes: Consider adding a few seconds (o westhound split to extend

signal ionger, or increasing gap fime on detection s¢ phase does not gap
out as quickly.

3. Vehicle Detection Data

Approeach

Detecticn Type
{loop, video, efc.)

Detestor Location

{measured from stop bar)

WB

Loop 8' x 40'

4' in front of stop kar

4. Traffic Volume Data

Approach

Daily Valumes

Total

Heavy Vehicles | Total | Heavy Vehicles

WB

8,300

5%

750 nfa

Engineeting Analysis Template
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€. Crash and Enforcement Data

Buffalo Gap (FM &%) & Denvillendustrial (U5 83 Frontage Road)

1. 18 Months of "Before” Crash Data

Approach

Gollision Type

Totai

Mumber of
Injury Crashes

Number of
Fatal Crashes

Crashes Associated
with Red Light Rurning |

| Rear End

0

Angle

3

Haad-On

1

2

Pedestrian

Pedalcyclist

Other

L F L Total

15

[ S

NE

Rear End

—

Angfe

Haad-On

Pedestrian

Pedaloyclist

Other

-

L% Total

im

B

Réar End

Angle

Head-On

Pedestrian

Pedalcyclist

Other

- Total |-

Rear End

Angle

Head-On

Padestrian

Pedaleyclist

Other

Total

Engineering Analysis Template
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D. Other Supporting Information:

Ruffalo Gap (FM 89) & DanvilleIndustrial (T'3 83 Frontape Road)

2. Violation Rate
a. Number of red light running citations per year issued by law enforcemeant

Mumber:nfa Year:

b, Chserved Viclations:

Cate:_July 2008 Time Period:_8 hours

Approach | Traffic Volume | Number of Violations !
WB 5,100 38 ;

3. Enforcement and Operational Issues
a. Describe the difficulty experienced by law enfarcement officers in patrol

cars or on foot in apprehending violators. Difficult and unsafe for officar
o pursue viotator through intersection on red,

b. Describe the ahility of law enforcement officers to apprehend violators

safely within a reasonable distance from the violation. Possible, but

arterial is heavily developed with numereus furning conflicts that may
hamper apprehensicn. Alsa left furners would be stopped in interior of

diamond creating congestion. Officer must pursue violator through red
indication.

. Are pedestrians at risk due to violations? L[] Yes B No

Explain;Low pedestrian volumes

Number of pedestrians per hour:nfa
Pedestrian crosswalk provided? []Yes MNo

. Have therg been any changes to the operations of the intersection

{signal timing, restriping, increased enforcement, etc.) with the past three
years? [JYes []No
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Evaluation of the Need for Red Light Running Cameras
Engineering Analysis Template

City: ABIENE County: TAYLOR
Intersection: South 14" Street (US 277) & South Clack Street fUS 83 Frontage Road)

Westhound South 14" Street approach only

A Intersection and Signal Data
| 1. Signal Visibility

' a. Minimum Sight Distance to Signal

-4 Approach | Grade | Speed Limit (mph] | Measured () [ Required (ft}*
WB +0.3% 45 > 3oy’ 460

(SR

* See TMUTCD Table 4D-1 for minimum sight distance requirements.
A _
i b. Are “SIGNAL AHEAD” warning signs present? [] Yes No

Are “SIGNAL AHEAD" warning sighs needed? [ | Yes No

Are other warning signs present in the vicinity of the intersection?
[]Yes Mo

Explain:

¢. Information on Signal Heads

.1 Lens Type Back Plates | Retroreflective
Approach | Lens Size |\ Ep orBulb) | {YorN} | Border {Y or N)

WE 12" LED N N

A 2. Pavement and Markings Data
a. Are stop bars in “good” condition? [ ] Yes [ No
Explain: WB — Faded / Dirty

_ b. Arelane linas “clearly” visible?
o wB - MvYes []No
Explain:




South 18t Sireel (115 277) & South Clack Street (US 23 Fromtage Road)

¢. Are crosswalks “clearly” marked?

WB - [ lves [ No

Explain:_None Present

. What is the pavement condifion {ruts, potholes, cracking, etc.)?

WB
I 1 Good Explain:
Fair Explain:
Poor Explain. WB — sleek and appears slippery

. Do pavement surface treatments exist rumble strips, texturing, pavers,

etc.)?
[ 1Yes Explaim: Neither direction
No

Engineering Analysis Template -2- December 2007



5 14" Streot & Clack S¢

3. Provide diagram of intersection including: pavement markings, width of lanes
and medians, location of signal heads and signs, locations of loops/deteciors,
and grades.

i~
H
:
|
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South 14tk Steear (U5 277} & Souily Clack Sweet (U3 &3 Fromage Road)

B. Signal Timing and Traffic Data
1. Clearance Intervals

Posted Width of Yellow Interval All Red Interval
Approach | oo od Limit | ®98 | \ntorsection [ Existing | Calculame® { Existig | Caiculated”
WB 45 +0.3% 58’ 40 | 43 1.0 1.2

* Reference ITE for calculation of clearance intervais.

2. Include existing controller setfings for each phase and each itime-of-day.
Information should include applicable settings such a8 minimum green, max 1 &
2, passage, minimum gap/ext, protected-permissive, [ead-lag, yellow and all red
walk and ped clearance time, recall setlings, offseis, cycle length, ete, Include
analysis of peak hour conditions and a determination of whether signal timings
are centributing to red-light running proklems.

a. Does signal fiming cor phasing factor in as a possible contributor to red
light running at this intersection?

Yas Explain:
Na
b. List comments or recommendations on potential signal timing or phasing
changes:
3. Vehicle Detection Data
Detectlon Type Detecter Location
Approach {loop, video, stc.) | ([measured from stop bar)
WB Loop Left turn detecfion
4, Traffic Volume Data
Approach Daily Volumes } Peak Hour Velumes
PR Total | Heavy Vehicles | Total [ Heavy Vehicles
WB 7,400 5% 870 nfa
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C. Crash and Enforcement Data

Santh | 4th Strewt (115 297 & South Clask Sereet (US 83 Frontapes Road)

1. 18 Months of “Before” Crash Data

Approach

! Collision Type

i
Total

Number of
Injury Crashes

Number of
Fatal Crashes

Crashes Associated
with Red Light Running

we

__Fjear Etwd

Angle

1

Head-On

Pedestrian

Pedalcyclist

Cther

—

Total

NB

Rear End

Angle

Head-On

Pedestrian

Pedalcyclist

Qiher

Taotal

SB

Rear End

Angle

LR -

el L =]

Head-On

Pedestrian

Padalcyclist

Other

Total

10

Rear End

Angle

Head-Cn

Pedestrian

Pedalcyclhist

Other

Total

Engineering Analysis Template
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Soukh 14th Street (U8 277} & South Clack Street (U5 83 Frontage Road)

2. Violation Rate

a

Number of red light running citations per vear issued by law enfarcement
Numbern/a Year

QObserved Violations:
Date . July 2008 Tima Period:8 hours

Tpproach Traffic Volume | Number of Violatlans
WB 4100 7

3. Enforcement and Operational ssues

a.

D. Other Supporting Information:

Describe the difficulty experienced by law enforcement officers in patrol
cars or on foof in apprehending violators. Diffficult and unsafe for cfficer

o pursue viclator through intersection on red. Difficult fo cbserve WEB
traffic from inside diamand.

Describe the ability of law enforcement officers to apprehend violators
safely within a reasonable distance from the violation. Possible, but
arterial is heavily developed with numerous turning conflicts that may
hamper apprehension. Officer must pursie violator throudh red
indication and runs risk of stopping violator in interior of diamond.

Are pedestrians at risk due 1o violations? []Yes No
Explain:Low pedestrian volumes

Number of pedestrians per hour:n/a
Pedestrian crosswalk provided? [ Yes Xl No

Have there been any changes to the operations of the intersection
(signal fiming, restriping, increased enforcement, etc.) with the pasi three
years? [ Yes [JNo
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Evaluation of the Need for Red Light Running Cameras
Engineering Analysis Template

- City: ABILENE County: TAYLOR
Intersection: South 14" Street (US 277) & South Clack Strest {US 83 Frontage Road)

Southbaund South Clack Street approach only

A. Intersection and Signal Data

3 1. Signal Visibility

a. Minimum Sight Distance to Signal §
Approach | Grade | Speed Limit {(mph) | Measured (ft) | Requirad (ft)*
SB +1.0% 40 = 1000’ 380

* See TMUTCD Table 4D-1 for minémum sight distance requirements.

b. Are “SIGNAL AHEAD" warning signs present? [} Yes No
Are “SIGNAL AHEAD" warning signs needed? [ Yes No
Are other warning signs present in the vicinity of the intersection?

[lYes DJNo

Explain:

c. [nformation on Signal Heads
' Lens Type | Back Plates | Retrorefiective
| (LED or Buih) (Y or N) Border (Y or N}

y SB 12° LED N N

S Approach | Lens &ize

2. Pavement and Markings Data
a. Are stop bars in “good” condition? Yes [ ] No
L Explain:

B. Ars lane lines “clearly” visible?
: 38 - [KYes []No

Explain:

c. Are crosswalks “clearly” marked?
SB - []Yes No

Explain;,_None present




South 1411 Streer (US 277] & Squth Clack Sireet (S 83 Frootage Road)

d. What is the pavement condition (ruts, potholes, cracking, etc.)?
SB
<] Good Explain: SB — Good. recent pyerlay
[] Fair Explain;
{7] Poor Explain:
8. Do pavement surface treatments axist (rumble strips, texturing, pavers,
ete.)?
L[] Yes Explain: Neither direction
No

Engineering Analysis Tenplate -2 December 2007
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5 147 Btreot & Clack Sc

3. Provide diagram of intersection including: pavement markings, width of lanes
and medians, location of signal heads and signs, locations of loops/detectors,
and grades.

Engineering Anaiysis Template -3- Decernber 2007



South 14th Street (1S 277) & Sauth Clack Streed (US 83 Frontage Eoed)

B. Signal Timing and Traffic Data
1. Clearance [ntervals

Posted I Width of Yellow Intervai All Red Interval
Approach Speed Limit Grade | Intersection | Existing | Calculated® | Existing | Calculated*
5B 40 +1.0% 67" 3.0 3.8 1.0 1.8

* Reference ITE for cajculation of clearance intervals.

2. Include existing controller settings for each phase and each time-of-day.
information should include applicable settings such as minimum green, max 1 &
2, passage, minimum gapfext, protected-permissive, lead-lag, yellow and all red,
walk and ped clearance tims, recall settings, offsets, cycle length, etc. Include
analysis of peak hour conditions and a determination of whether signal timings
are contributing to red-light running problems.

a. Does signal timing or phasing factor in as a possible contributor fo red
light running at this intersection?
Explain; Left turn movement from southbound Clack

observed not clearing on multiple cycles during mid-afternoon and PM

peak periods.

Yes

MNa

k. List comments or recommendations on potential signal timing or phasing
changes: Evaluate phase time

3. Vehicle Detection Data

Appreach

Detaction Type
{loop, video, etc.)

Datectar Locaticn
(measurad from stop Bar)

[

4, Traffic Volume Data

Daily Valumes

Peak Hour Volumes

Enginesring Analysis Template

Approach Total | Heavy Wehlcles | Total | Heavy Vehicles
SB 5,800 5% B30 nia
-4
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C. Crash and Enforcement Daia

Souh 14th Strect (US 277} & South Clack Street (US 83 Fronlage Road)

1. 18 Months of “Befora” Crash Data

Approach

Collision Type

Total

Number of
Injury Crashes

Numbher of
Fatal Craghes

Crashes Associated
with Red Light Running

WE

Fear End

Angle

1

Haad-On

Pedestrian

Pedaleyaiist

Other

Tatal

NE

: Rear End

Angle

Head-On

Pedestrian

Pedaloyclist

Other

Total

—

SB

Rear End

73] fa ]

Angle

——l

Head-On

Pedestrian

Pedaloyclist

Ciher

Total

10

Rear End

Angle

Head-On

Pedestrian

Pedalcyclist

Other

Total

Engineering Analysis Template
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South Fath Sueel (05 257) & South Clack Sireet (US 33 Frontage Road)

2. Violation Rate
a. Number of red light running citations per year issued by law enforcement
Mumber:nfa Year

b, Observed Violations:
Date:July 2008  Time Perfod:8 hours

Approach | Traffic Volume | Number of Violations
Sk 3,300 14

3. Enforcament and Operational Issues
a. Describe the difficully experienced by law enforcement officers in patrol
cars or on foof in apprehending viclators. Difficult and unsafe for officer

o pursue violatar through intersection on red. Difficult fo obsarve WE
fraffic from inside diamond.

b. Describe the ability of law enforcement officers to apprehend viclators
safely within a reasonable distance from the violation. Possible, buf

arterial is_heavily developed with numerous turning gonflicts that may
hamper apprehension. Officer must pursue violator through red

indication and runs risk of stopping violator in inferior of diamond.

c. Are pedestrians at risk due to viclations? []Yes No
Explain:Low pedestrian volumes

Number of pedestrians per hour:n/a
Pedestrian crosswalk provided? [] Yes No

d. Have there been any changes to the operations of the intersection

{signal timing, resfriping, ncreased enforcement, ete.) with the past three
vears? [ Yes [ ] No

D. Other Supporiing Information:

Enpineering Analysis Template -8 - December 2007



Evaluation of the Need for Red Light Running Cameras

Engineering Analysis Template

i

o City. ABILENE County: TAYLOR
= Intersection: South 1% Street (B1-20) at Savyles Boulevard

s Eastbound South 1% Strest approach only

A. Intersection and Signal Data
1. Signal Visibility
A a. Minimum Sight Distance fo Signal
Approach | Grade | Speed Limit (mph} | Measured {it) | Required (ft)*
3 EB -0.3% 40 = 1000 380

L [
* Seg TMUTCD Table 401 for minimum sight distance requirements.

LS

b. Are "SIGNAL AHEAD" warning signs present? [ Yes [JNo
Are “SIGNAL AHEAD” warning signs needed? [ Yes [ No
Are other warning signs present in the vicinity of the intersection?

o Cyes X No

Explain:

c. Infermation on Signal Heads
Lens Type | Back Plates | Retroveflective
(LED or Bulb) {Y or N} Border (Y or N)

e EB 12" LED N N

o Approach | Lens Size

i

2. Pavernant and Markings Data
a. Are stop bars in "good” condition?
Wi EB - []Yes No  Explain: Visible,_but oily

i b. Are lane lines "clearly” visible?
o EB - [IYes [PJdNo Explain: Visible, thermo

c. Are crosswalks “clearly” marked?
EB - []Yes No  Explam: Marked but not readily visible




Fouth 15t Street {B1-20} at 3ayles Boulevard

d. What is the pavement condifion (rufs, potholes, cracking, et.)?
EB

[] Good  Explain:

[] Fair Explain:

<] Poor Explain: Asphalt - pavement has rutting and potholas

2. Do pavement surface treatments exist (rumble strips, texturing, pavers,

efc.)?
[l Yes Explain:
] Mo

Engineering Analysis Teraplate -2- December 2007



Sayles Blvd & 1% Street

3. Provide diagram of intersection inciuding: pavement markings, width of [anes
and medians, Iocation of signal heads and signs, locations of inops/detectors,
; and grades.

w
H

[P

i

" N H " A FAE ;@ ‘j ;)
KALLY PRELREAMALT LOUVER
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B. Signal Timing and Traific Data
1. Clearance intervals

South L5t Streel (BI-20) ot Saples Boolevard

Posted Width of Yellow Interval All Redl Intorval
Approach Speed Limit Grade Intersection | Existing | Calculated* | Existing | Calculated®
EB 40 | 03% | 97.0 4.0 4.0 10 | 20 _

* Reference |TE for caleulation of clearance intervals.

2. Include existing confroller settings for each phase and each time-of-day.
Information should include applicable setlings such as minimum green, max 1 &
2, passage, minimum gap/ext, protected-permissive, lead-lag, yellow and all red,
walk and ped clearance fime, recali setfings, offsets, cycle length, etc. Includa
analysis of peak hour conditions and a determination of whether signal timings
are confributing to red-light running problems.

A.

Does signal timing or phasing factor in as a possible contributor to rad
light rurning at this intersection?

EB - []Yes

B No

Explain;

List comments or recommendations on potential signal timing or phasing

changes:

3. Vahicle Detaection Data

Approach

Datection Type

[loop, video, efc.}

Datector Location
(measured from stop bar} |

i

4. Traffic \{oiume Data

Engineering Analysis Template

Daily Volumes

Peak Hour Voiumes

| Approach !

Total

Heavy Vehicles

Total | Heavy Vehicles

910 nfa

EB ' 9,800 5%

{

H
L]

i
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South 13t Streec (BI-20) ar Sayles Boulevard

C. Crash and Enforcement Data

1. 18 Months of “Before” Crash Data

- 7 T

Approach

Collision Type

Number of
Fatal Crashes

MNumber of
Injury Crashes

Crashes Assoclated
with Red Light Running |

NEB

Rear End

Angjle
Head-On

Padesfrian

Pedaloyclist

Cther

Tatal

sB

Rear End

3%
L]

Angle

Head-On

Pedesttian

Fedaleyclist

Other

Total

EB

Rear End

i Anale

| Head-0On

| Pedestrian

I"Pedaloyclist

Other

Total

WB

Rear End

Angle

| Head-On

(DS TS )

Pedestrian

Pedaleyclist

Other

Total

CaX [Lat

2. Violation Rate
a. Number of red light running citations per year issuad by law enforcement

Enginecring Analysis Template -5-

Number:nfa

Year:

b, Observed Violations:

Date: Juiy 2008

Time Period:B Hours

Approach

Traffic Volume | Number of Violations

EB

5,500 L7

4
:
1
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Soutly 1st Steeet (B1-20) at Sayles Bovlovard

3. Enforcement and Operational 1ssues
a. Dascribe the difficulty experienced by law enforcement officers in patrai
cars or on foot in apprehending violators.  Difficult and unsafe for officer
o purgue violater through intersection on red.

b. Describe the ability of law enforcement officers to apprehend violators
safely within a reasonable distance from the violation. Possible, but
difficuit due to rail road crossing proximity and fact that officer must
pursug violator through red indication.

c. Are pedestrians at risk due to viclations? []Yes 4 No
Explain: Low pedestrian volumes

Number of pedestrians per hourinfa
Pedestrian crosswalk provided? [ Yes [1No

d. Have there been any changes to the operations of the intersection

(signal timing, restriping, increased enforcement, afe.) with the past three
years? yYes [ |MNo

D. Other Supporting Information:

Engineering Analysis Template -6- December 2007



Evaluation of the Need for Red Light Running Cameras
Engineering Analysis Template

City: ABILENE County: TAYLOR

Intersection: South 1% Sireet (B1-20) at Sayles Boulsvard
Southbound Sayles Boulevard approach only

A. Intersection and Signal Data
1. Signal Visibility
a. Minimum Sight Distance to Signal
Approach | Grade | Speed Limit (mph) | Measured (ft) | Required {ft)*
SB -2.2% 30 = 400° 270

* See TMUTCD Tabie 40-1 for minimum sight distance requiretments.

b. Are "SIGNAL AHEAD" warning signs present? [ ]Yes [ No
Are "SIGNAL AHEAD" warning signs needed? [ Yes [X Ne
Are other warning signs present in the vicinity of the intersection?

[ ves B No
Explain;

c. Information on Signal Heads

_ 1 LensType | Back Plates | Retroreflactive
Approach | Lens Size |  enyorBum) | (YorN) | Border (¥ of N}

SB 12" LED N N

2. Pavement and Markings Data
a. Are stop bars in "good” condition?
8B - [Yes [ No Explain: Visible for left turn movermnent,

through movement largely obscured by oily residue

b. Are lane lines “clearly” visible?
8B - [KYes [INo Explain: Visible, marked with huttons

c. Are crosswalks “clearly” marked?
8B - [Jyes [EINo Explain; Notpresent




oy
[RRT—

South 1% Straet (E1-20) at Saylea Boulevard

d. \What s the pavernent condition {ruts, potholes, cracking, etc.)?
5B
[1 Good Explain:
[ ] Fair Explain;
< Poor Explair: Asphalt — cracked, unsmooth transition o

railroad __

e. Do pavement surface treatments exist (rumble strips, texturing, pavers,

efc.)?
[ Yes Explain:
X WNo

Engineering Analysis Template -2 December 2007



Sayles Blvd & 1% Sincee

3. Provide diagram of intersection including: pavement markings, width of lanes

| and grades.

and medians, lecation of signal heads and signs, locations of loops/dstactors,

o Engineering Anafyais Template

R e e B
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Sputh 1 Strest (B1-20) at Sayles Boulavard

B. Signal Timing and Traffic Data
1. Clearance Intervals

Posted Width of Yellow Interval All Red Interval
Approach Speed Limit Grade Intersection | Existing | Caloutated* | Existing | Calculated*
SB 30 -22% | B7.0 4.0 3.4 1.0 20

* Reference ITE for calculation of clearance intervals,

2. Include existing controller setfings for each phase and each time-of-day.
nformation should include appiicaile seftings such as minimum green, max 1 &
2, passage, minimum gap/ext, pretected-pemmissive, lead-lag, yellow and all red,
walk and ped clearance time, recall settings, offsels, cycle length, etc. Include
analysis of peak hour conditions and a determination of whether signal timings
are contributing to red-light running problems.

a. Does signal timing or phasing factor in as a possible contributor to red
light running at this intersection?
SBE - [dYes DM No Explain:

b. List comments or recommendations on potentiat signal timing or phasing
changes:

3. VYehicle Detection Data

Detection Type Detector Location
Approach {loop, videa, eic.) | {measured from stop bar}
5B Loaop | Leftturn detection
4. Traffic Volume Datg
______Daily Volumes Peak Hour Vplumes
Approach Total | Heavy Vehicles | Totai | Heavy Vehlcles
SB 2,500 5% 280 nfa

Engineering Analysis Template -4 December 2007



C. Crash and Enforcement Data

1. 18 Months of “Before” Crash Data

Sguth 1% Street (B1-20) at Sayles Boufevard

Appreach

Collision Type

Total

Number of
Injury Crashes

Numnber of
Fatal Grashes

Crashes Associated
with Red Light Running

NBE

Rear End

2

1

Angle

4

1

Head-On

1

Pedesfrian

Pedaleyclist

Other

Total

5B

Rear End

Angls

Head-Cn

Padestrian

_Pedalcyclist

Other

Total

EB

Rear End

Angle

Head-On

Pedesfrian

Pedalcyclist

Other

Total

WB

Rear End

Angle

Head-On

P |k R on

Fedestrian

Pedalcyclist

Other

Total

o ea

[ e

2. Violation Rate
a. Number of red light running citations per year issued by law enforcement
Year

Number: nfa

b. QObserved Violations:
Date: July 2008

Appreach | Traffic Volume | Number of Violatlons
SB 1,600 0
Engineering Analysis Template -5-

Time Period:8 Hours
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South 1* Street (BI-20) at Sayles Boulevard

3. Enforcement and Operational lssues
a. Describe the difficuity experienced by law enforcement officers in patrol
cars or on foot in apprehending violators. Difficult and unsafe for officer
o pursue violator through intersection on red.

b. Describe the ability of law enforcermnent officers to apprehend viciators
safely within a reasonable distance from the violation. Possible. but
difficult due to rail road crossing proximity and fact that officer must
pursue violater through red indicafion.

c. Are pedestrians at risk due to violations? [] Yes <] Ne
Explait: Low pedestrian volumes

Number of pedestrians per hour:nfa
Pedestrian crosswalk provided? [] Yes Mo

d. Have there been any changes o the operations of the intersection

{(signai timing, restriping, increased enforcement, elc.) with the past three
years? Yes [ | Nao

D. Other Supporting Information:

Engineering Analysis Template -a- Deceamber 2007



g Evaluation of the Need for Red Light Running Camneras
- Engineering Analysis Template

oy City:  ABILENE County: TAYLOR

Intersection: Treadaway (BUS 83) & South 11™ St (SH 36)
i Norihbound Treadaway approach only

A Intersection and Signal Data
1. Signal Visibility
8. Minimum Sight Distance to Signal

Approach | Grade | Speed Limit (mph) | Measured (ff) | Required (ft)*
1 NB -0.2% 45 = 1000’ 460
oy | ]
} * See TMUTGD Table 4D-1 for minimum sight distance requirements.

4 b. Are “SIGNAL AHEAD" warning signs present? [ | Yes No
: Are "SIGNAL AHEAD warning signs needed? [ ] Yes No
Are other warning signs present in the vicinity of the intersection?

. Llyes [ No

: Explain:

i c. Information an Signal Heads

L . Lens Type | Back Plates | Retroreflective
Approach | Lens Size {LED or Bulb) (Y or N) Border {Y cr N

3 NB 12" LED N N

2. Pavement and Markings Data
1 a. Are stop bars in “good” condition?

A NB - []Yes [ No Explain; Fadedddirty — asphaltioil residue

1 b. Are fane lines “clearly” vigible?
o NB - []Yes No  Explain: Faded/dirty

Pl c. Are crosswalks “clearly” marked?
NB - [JYes [¥No Explain: Not Present




Treadway (BITS £3) & 5 117 5t (5H 36)

d. What i the pavement condition {ruts, pothcles, cracking, etc.)?
NB
] Good Explain;

Fair Explain: Asphalt — cracking, but has heen sealed
[ 1 Poor Explain:

e. Do pavement surface treatments exist {rumble strips, texturing, pavers,
ete)?
[]Yes Explain:
No

Engineering Analysis Template -2- Decanber 2007



Liiaemed

A

Treadway (BLS 83) & § 117 §1 (SH 35)

3. Provide diagram of intersection including; pavement markings, width of lanes
and medians, location of signal heads and signs, lceations of loops/detactors,
and grades,

e L 1
S g

=

i

A g
ik 11
Lo
E
- i
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Treadway (BUS 83) & 5 11" 3t {SH 36}

B. Signal Timing and Traffic Data
1. Clearance Intervals

i Pasted Widthof | Yellow Inferval All Red interval |
Approach _Speed Limit Grade Intersection | Existing | Calculated™ | Exlsting [ Caiculated
NB 45 -0.2% Bg 4.5 4.3 0.0 1.8

* Reference ITE for calculation of clearance intervals.

2. Include existing controller settings for each phase and each time-of-day.
information should include applicable settings such as mmimum green, max 1 &
2, passage, minimum gap/fext, protected-permissive, lead-lag, yellow and all red,
walk and ped clearance time, recall setlings, ofisets, cycle length, ete. Include
anatysis of peak hour cenditions and a determination of whether signal timings
are contribuiing to red-light running problems.

a. Does signai fiming ¢r phasing factor in as a possible centributor to red
light running at this intersection?
Yes
< No

Explain:

b. List comments or recommendations on potential signal timing or phasing
changes:

3. Vehicle Detection Daia

Detectlon Typa Detactor Location
Approach {loop, video, etc.) | [measured from stop bar)
__NB __Loop Left turn @ stop bar
4. Traffic Volume Data
Daily Volumes Peak Hour Volumes
Approach Total | Haavy \ehicles | Total | Heavy Vehlcles
NB 11,200 5% 1,140 nia

Engineering Analysis Template -4- December 2007
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[

C. Crash and Enforcement Data

1. 18 Manths of "Before” Grash Data

Treadway (BUS 833 & S 11" §t (SH 36}

! Approach

Collision Type

Tatal

Number of
Injury Craghes

Number of
Fatal Crashes

Crashes Associated
with Red Light Rutining

Rear End

Angle

1

Head-On

NB

_Pedestrian
Pedalcyclist

Other

Total |

Rear End

Angle

Head-On

SB

Fedestrian

;. Pedalcyclist

Other

Total

O ea

Rear End

Angle

Head-On

EB

Pedesfrian

Pedalcyciist

Oither

Total

RearEnd

Angle

Head-On

WEB

Pedestrian

Pedzalcyclist

Other

Tolal

2. Violation Rate

a.

Numbern/a

Year:

Ohserved Violations:

Date: July 2008  Time Peried: 8 Hours

Approach

Traffic Velume

Number of Vielations

NB

8,200

4

Engineering Analysis Template

Number of red light running citations per year issued by law enforcement
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Treudway (BUS §3) & 8 11 S1{SH 36)

3. Enfercement and Operational lssues
4. Describe the difficulty experienced by law enforcement officers in patrol
cars or on foot in apprehending vialators. Difficult and_unsafe for officer
1o pursue violator through intersection on red.

b. Describe the ahility of law enforcement officers (o apprehend violators
safely within a reascnable distance from the vielation. Possible, but
arterial is heavily developed with numerous turning conflicts that may
hamper apprehension. Officer must pursue violator throuah red
thdication.

c. Are pedestrians at risk due ta violations? 1 Yes B No
Explain: Low pedestrian volumes

Number of pedestrians per hour_ N/A
Pedestrian crosswalk provided? [ ] Yes No

d. Have there been any changes to the operations of the intersection

(signal timing, restrping, increased enforcement, ete.) with the past three
years? [ Yes [ No

D. Oiher Supporting Informaftion:

Engineening Analysis Template -6- December 2007
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Evaluation of the Need for Red Light Running Cameras
Engineering Analysis Template

City: ABILENE County: TAYLOR

Intersection: Treadaway (BUS 83) & South 11 St (SH 36}
Southbound Treadaway approach anly

A. Intersection and Signal Data
1. Signal Visibility
a. Minimum Sight Distance to Signal
Appreach | Grade | Speed Limit {mph) | Measured [ft) | Reguired ()"
SB +0.1% 40 = 1000 3480

* Bee TMUTCD Tahle 4D-1 for minimum sight distance requirements.

b. Are "SIGNAL AHEAD" wamning signs present? [ | Yes [X] No
Are “SIGNAL AHEAD” warning signs needed? [ | Yes No
Are gther warning signs present in the vicinity of the intersection?

[vYes DI No
Explain:

c. Information on Signal Heads
tens Type | Back Plates | Retroreflective
JLED or Buib) {Y orHNj Border (Y or N)

5B 12" LED N N

Apprecach | Lens Size

2. Pavement and Markings Data
a. Are stop bars in "good” condition?

SB - [J¥es [XINo Explain: Faded/dirty — asphaltfoit residue

b. Are lane lines “clearly” visible?
8B - [IYes [XINo Explain: Fadeddirty

c. Are crosswalks “clearly” marked?
8B - [JYes [ No Explain: Notpresent




Tetudwey (BUS 833 & 8 11" St{SH 38)

d. What is the pavement condition (ruts, potholes, cracking, etc.}?
SB

[} Good  Explain:

<] Fair Explain: Asphalt — cracking, but has been sealed

] Poor Explain:

¢ Do pavement surface treatments exist (rumble sfrips, texturing, pavers,
etc.)?
[]Yes Explain;
B No

Engineering Analysis Template ~2- December 2007
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Treadwey (BUS 837 & 8 10 5t (319 36)

3. Provide diagram of intersection including: pavement markings, width of lanes
and medians, location of signal heads and signs, locations of loops/detactors,
and grades.

Enginzering Analysis Template -3 - December 2007
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B. Signal Timing and Traific Data

Trendway (BUS 933 & § 1Y St (SH 363

Posted Widthof |  Yellow Interval Al Red Interval
Approach Speed Limit Grade Infersection 1 Exigting | Calculated* | Existing | Calsulated*
SB 40 +0.1% 6y 4.5 3.5 0.0 1.4

* Reference ITE for calculation of clearance infervals.

2. [nclude existing controller settings for each phase and each time-of-day.
Information should include applicable settings such as minimum green, max 1 &
2, passage, minimum gapfext, protecied-pemissive, lead-lag, yellow and all red,
walk and ped clearance time, recall settings, offsets, cycle length, etc. Include
analysis of peak hour conditions and a determination of whether signal timings
are contributing fo red-light running problems.

a. Does signal timing or phasing factor in as a possible contributor to red
light running af this intersection?

Yes

B No

Explain:

b. List comments or recommendations on potentlal signal timing or phasing

changes:

3. Vehicle Detection Data

Detection Type Detector Location
Approach {loop, video, etc.] | (measured from stop bar)
5B Locp Lefi turn @ stop bar

4. Traffic Volume Data

Daily Volumes

Peak Hour Volumeas

Engineering Analysis Template

Approach o) Heavy Vehicles | Totat | Heavy Vehicles
S8 111,000 5% 11250 nla ...
wdh-

December 2007



f : Trandvay (BUS 833 & & 11> 5t (SH 36

C. Crash and Enfercement Data

1. 18 Months of “Before” Crash Data

. . Number of Number of Crashes Associated |
l ‘ Approach | Collision Type | Total Injury Grashes | Fatal Crashes | with Red Light Running
b Rear End 3 -

Annle 2 1

Head-On
NB Fedestrian
Pedalcyelist
{ther

Total
Rear End
i Angle
i Head-On :
sB Pedestrian '
Pedaloyelist
Other

[
|

[ ) P PN

-

il
Lep] L)
]
o
)

Total
Rear End
: Angle
. Head-0On
EB Pedestrian
) Fedalcyclist
N Other i
Total 1 0 0 0
tRearEnd | 1
l Angle
: Head-On i
WHB Pedestrian
Pedalcyclist
ol Other
Tatal| 2 0 i i

-

2. Violation Rate
i a. Number of red light running citations per year issued by law enforcement
Numbernfa  Year

b. Observed Violations:
- Date: July 2008 Time Period: 8 Hours

Approach | Traffic Velume | Number of Violations
SB 38,700 5

Decamber 2007
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Treadway (BUS 83} & § 112 5t (SH 36}

3. Enforcement and Operational Issues
a. Describe the difficulty experienced by law enforcement officers in patrol
cars or on foot in apprehending viclators. Difficult and unsafe for officer
to pursue violator through intersection on red.

b. Describe the ability of law enforcement officers to apprehend violators
safely within a reasonable distance from the violation. Possible, but
arterial is heavily developed with numerous turning conflicts that may
harnper apprehension. Officer must pursue violator throuah red
indication.

¢. Are pedestrians at risk due fo violations? ] Yes [ No
Explain: Low pedesirian volumes

Number of pedestrians per hour__ N/A
Pedastrian crosswalk provided? [ Yes No

d. Have there been any changes o the operations of the intersection

{signal timing, restriping, increased enforcement, etc.) with the past three
years? X Yes [ ]No

D. Other Supporting Information:

Engineering Analysis Template -6- December 2007



Evaluation of the Need for Red Light Running Cameras
Engineering Analysis Template

City: ABILENE County: TAYLOR

Intersection; Treadaway (BUS 82 & S 11" St (SH 36)
Westbound South 11" St approach only

A. Intersection and Signal Data
1. Signal Visibility
&. Minimum Sight Distance ta Signal
[ Approach | Grade [ Speed Limit (mph] | Measured (ff] | Required (6"
I wB  [+0.3% 35 > 1000 325

*Bee TMUTCD Tabie 4D-1 for mirmmurn slght distance reguirements.

b. Are “SIGNAL AHEAD" warning signs present? [ Yes No
Are "SIGNAL AHEAD" warning signs needed? [} Yes [< No
Are other warning signs present in the viginity of the intersection?

[1Yes [ MNo

Explain:

¢._Information on Signal Heads -
[ Lens Type | Back Plates | Refroreflective
Approach fLens Slze | \ ey o guib} | (YorN} | Border{Y or N)

WB 12 LED N N

2. Pavement and Markings Data
a. Are stop bars in "good” condition?

WB - [] Yes No  Expiain. Faded/dirly — asphalt/oil residug

b. Are lane lines “clearly” visible?
wa - Yes [ JNo Explain: Faded/dirty

c. Are crosswalks “clearly” marked?
WB - [Yes No  Explain: Mot present

d. What is the pavement condition (ruts, potholes, cracking, etc.)?



Trwadway (BUS 831 & § 117 ¢ (SH 34)

wWB
[} Good Explain:
BJ  Fair Explain: Asphalt — cracking, but has besn sealed
[] Poor Explain:

e. Do pavement surface freatments exist {rumble strips, texturing, pavers,
ete,)7?
[ ] Yes Explain:
BJ No

Engineering Analysis Template -2- December 2007



Yesudway (BUS R3] & § 11" 8¢ (SH 263

3. Provide diagram of intersection including: pavement markings, width of lanes
and medians, location of signal heads and signs, locations of loops/detectors,

and grades.

- S T
{5k ¢,
('*r ?)
i 7

E ""' Sl =RE
M By - TS

139

%

id

~ % ;
iom e
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Treadway (BUS £3) & 8 11™ Sc(SH 36)

B. Signal Timing and Traffic Data
1. Clearance intervals

Posted Width of Yeilow Interval All Red Interval
Approach Speed Limit Grade Intersection | Existing | Calculated” | Existing | Calculatad* i
WEB 35 +0.3% ! g95' 3.5 3.5 1.0 2.2 :

i

* Reference ITE for caleulation of clearance intervals.

2. Include existing coniroller seftings for esach phase and each time-of-day.
Infarmation sheuld include applicable setfings such as minimum green, max 1 &
2, passage, minimum gap/ext, protected-permissive, lead-lag, vellow and all red,
walk and ped clearance time, recall settings, offsets, cycle length, ste. Include
analysis of peak hour conditions and a determination of whether signal timings
are contributing fo red-light running problems.

a. Does signal fiming or phasing factor in as a possible contributor fo red

light running af this intersection?
4 Yes
L] No

Explain: WB LT Queues nof clearing during peaks

List comments or recommendations on potentiai signal fiming or phasing
changes: Consider increasing WB LT split if it can be done without
impacting north/south operations significantly

3. Vehicle Detection Data

Detectlon Type Detector Locatlon
1 {loop, video, ¢tc.) | (measurad from stop bar)

WH Loop Left turn @ stop bar

Approach

4. Traffic Violume Data

Engineering Analysis Temnplate -4 -

Approach Daily Volumes Peak Hour Volumes
i Total | Heavy Vehicles | Total | Heavy Vehicles

WB 8,500 5% 830 na

December 2007



.

[0

G. Crash and Enforcement Data

1. 18 Months of "Befare” Crash Data

Treadweay (BUS 53} & 5 117 51 (SH 36)

Approach | Collision Type | Total

Numther of

_Injury Crashes

Number of

Crashes Asscciated
Fatal Crashes | with Red Llgiht Running

Rear End 3

Angle 2

Head-On

NB Pedesirian

Padalcyclist

Other

Total

Rear Ebdd

pa| ==

Angls

Head-On

SB Pedestrian

Pedalcyclist

Other

T |t

Total

| Rear End

Angle

Head-On

EB Padestrian

Pedaloyclist

Other 1

Tofal 1

Rear End 1

Angle

Head-0n

Wwe Fedestrian

Pedaleyclist

Other 1

Total 2

2. Violation Rate

a. Number of red light running citations per year issued by law enforcament

Number:n/a

Year:

b. Observed Viclations:
Time Period: 8 Hours

Date: July 2008

uﬁ;p roach | Traffic Volume | Number of Violations
WB 4 700 3
Engineering Analysis Template -5-
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Treadway (BUS 83) & 3 11" 51 {31 15)

3. Enforcement and Operational Issues
a. Describe the difficulty experienced by law enfercement officers in patrol
cars or on foof in apprehending violators.  Difficult and unsafe for officer
fo pursue violator through intersection on red.

b. Describe the ability of law enforcement officers to apprehend violators
safely within a reasonable distance from the violation.  Possible, but
arteral is heavily developed with numerous turning conflicts that may
hamper apprehension. Officer must pursue violator through red
indication.

c. Are pedastrians at risk due to violations? [ ] Yes <] No
Explain: Low pedestrian volumes

Number of pedestrians per hour__ N/A
Pedestrian crosswalk provided? [ | Yes No

d. Have there been any changes to the operations of the intersection

{signal timing, restriping, increased enforcement, etc.) with the past three
years? Yes []No

D. Other Supporting Information:

Engineering Analysis Template -6- December 2007
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Evaluation of the Need for Red Light Running Cameras
Engineering Analysis Template

City:  ABILENE County: TAYLOR

Intersection: Buffalo Gap {FM 88) & 3 Clagk Street {US 83 Froniage Road
Eastbound Clack approach only

A. Intersection and Signal Data
1. Signal Visibility
a. Minimum Sight Distance o Signal
Approach | Grade [ Speed Limit {mph) | Measured (i} | Required [ft)*
EB +0.9% 45 > 8oy 460

* See TMUTCD Table 4B-1 far minimuim sight distance requirements.

b. Are "SIGNAL AHEAD” warning signs present? [} Yes [ No
Are "SIGNAL AHEAD” warning signs needed? [] Yes D[] No
Are other warning signs present in the vicinity of the intersection?

] ves No
Explair.

c. Infarmation on Signal Heads
{ iens Type | Back Plates | Retroreflective |
1 Approach | Lens Slze |\ oy o Buiby | (YorN) | Border (Y or N |

EB 12" LED N N

2. Pavement and Markings Data
a. Are stop bars in "good” condition? [[] Yes No
Explain: Faded w/ asphalt/ofl

b. Are lane lines "clearly” visible? Yes | INa
Explain:

¢. Are crosswalks “clearly’ marked? [ ]Yes [ No
Explain: Nane present




il Buffala Gap (FM 85) & S Clack Street (U5 83 Fronisge Road)

d. What is the pavement condition {ruts, potholes, cracking, etc.)?
Good  Explain: Concrate w/ drooves
[] Fair Explain:
[] Poar Explain;

: e. Do pavement surface treatments exist (rumble strips, texturing, pavers,
etc.)?

i Yes Explain: Grocving

5 [] Mo
[
|
¥
L
¥
id

f
£
]
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N Butfale Gae & 5 Clack 5t

3. Provide diagram of intersection including: pavement markings, width of lanes
and medians, locafion of signal heads and signs, locations of loops/detectors,
1 and grades.

[

- Engincering Analysis Teriplate -3- Becember 2007



et

Buftaly Gap (FM 3% & § Claek Street (U3 33 Frontage Rond)

B. Signal Timing and Traffic Data
1. Clearance Intervals

Posted Width of Yellow Interval Ali Red Inferval
Approach Speed Lirmit Grade Intersestion | Existing | Caleulated* | Ex[sting | Calculated*
ER 45 +0.8% 116’ 4.0 42 0.0 2.1

| !

* Refarence ITE for calculation of clearance intervals.

2. Include existing comiroller setfings for each phase and each time-of-day.
Information should include applicable settings such as minimum green, max 1 &
2, passage, minimum gap/exi, protected-permissive, lead-lag, yeliow and all red,
walk and ped clearance time, recall seitings, offsets, cycle length, ete. Include
analysis of peak hour conditions and a determination of whethar signal timings
are contributing to red-light running problems.

a. Does signal timing or phasing factor in as a possible contributor to red
light running at this intersection?
Yes Explain; Queues not clearing, Change period too short

] No

b. List comments or recemmendations on potential signal timing or phasing
changes: _ Adjust phase time and change period

3. Vehicle Detection Data
Defection Type Datector Location
Approach (loop, video, efe.) | {measured from stop bar) i

EB Loop

4. Traffic Valume Data

i Daily Volumes Peak Hour Volumes
Total | Heavy Vehicles | Total | Heavy Vehlcles
EB 9,700 5% 800 n/a

Approach

Engineering Analysis Template -4- December 2007



. Crash and Enforcement Data

1. 18 Months of "Before” Crash Data

Buffalo Gap {Fi 59) & § Clack Street (US 85 Frontage Rond)

Approach

Collision Type

Total

Mumber of

EB

Rear End

g

Mumber of
Fatal Crashes

Crashes Assoclated
with Red Light Running

Injury Crashes
1

Angle

8

2

Head-0On

Pedestrian

Pedalcyclist

Other

Tatal

NB

Rear End

Angla
+ Head-On

pa|ha [ Tfes

Pedestrian

Pedaloyclist

Other

Total

SB

Rear End

Angle

O (e | O |

Head-On

Pedestrian

Fedalcyclist

Other

Total

Rear End

Angle

Head-0On

Fedestrian

Pedaleyclist

i Other

Totai |

2. Vioiation Rate
Number of red light running citations per year issued by law enforcement

a.

Number:

nfa

Year:

. Observed Violafions:
Date:July 2008

Time Period: 8 hours

Approach

Traffic Volume

“Number of Violations

EB

5,600

12

Engingering Analysis Template
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Brifalo Gap (FI 89} & 8 Clack Styect {113 B3 Frontage Koady

3. Enforcement and Operational Issues
a. Describe the difficulfy exparienced by law enforcernent officers in patrot
cars or on foot in apprehending violators.  Difficult and unsafe for officer
to pursue violator through intersection on red.

b. Describe the ahility of law enforcement officers to apprehend violators
safely within a reasonable distance from the violation. Possible, but
arterial is high speed with no shoulders. Officer must pursue violator
through red indication, Alsc. viclators may stop within diamond interior.

¢ Are pedestrians at risk due to violations? []Yes No
Explain: nfa - Low pedestrian traffic volume

Number of pedestrians per hour__ n/a
Pedestrian crosswalk provided? [ ] Yes No

d. Have there been any changes to the operations of the intersection
{signal timing, restriping, increased enforcementi, etc.) with the past three
years? [4 Yes [ ] No

D. Other Supporting Information:

Engineering Analysis Template -6- Decembesr 2007



Evaluation of the Need for Red Light Running Cameras
Engineering Analysis Template

City: ABILENE County. TAYLOR

Intersection: South 1% Street (BI-20) & Picneer Drive
Eastbound — South 1= Street abproach only

A. Intersection and Signal Data
1. Signal Visibility
a. Minimum Sight Distance to Signal
Approach | Grade | Speed Limit (mph) | Measured [ft) | Required {ft}y*
EB +0.6% 45 = 1000 460"

* See TMUTCD Table 4D-1 far minimum sight distance requEFEmenE,

b. Are “SIGNAL AHEAD” warning signs present? [] Yes No
Are "SIGNAL AHEAD” warning signs needed? [ Yes No
Are other warning signs present in the vicinity of the intersection?

[JYes [ No
Explain:

¢. Information on Signal Heads
Lens Type [ Back Plates | Retroreflective
{LED or Bulb} | {¥ arN) Barder (¥ or N]

EB 12" LED E N N

Approach | Lens Size

2. Pavement and Markings Data
a. Are stop bars in “good” condition?
EB - []Yes No  Explain: Faded. oilfasphalt residue

b. Are lane lines “cleatly” visible?
EB - BYes []No Explain: _thermoplasfic markings

c. Are crosswalks “clearly’ marked?
EBE - []Yes [<XINo Explain: None present




Suouth 15t Street (BL-20} & Piouzer Drive

d. What is the pavement condition {ruls, potholes, cracking, etc.)?
EB
[ ] Goed  Explain:

Fair Explain: Asphalt — cracking, but has been sealed
] Poor Explain:

e. Do pavement surface freatments exist (fumble strips, texturing, pavers,
elc.)?
[] Yes Explain:
No

Engineering Analysis Template -2- December 2007



. Bicneer DOr & 17 8t

3. Provide diagram of intersection including: pavement markings, widih of lanes

-y and meadians, location of signal heads and signs, locations of loops/detectors,
i and gracdes.

- —i

1
H
]
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South 15t Street (B1-20) & Pioneer Drive

B. Signal Timing and Traffic Data
1. Clearance Infervals

Posted Width of Yellow Interval All Red Interval
Approach Speed Limit Grade Intersection | Existing | Calculated* | Existing | Calculated”
EB | 45 +0.6% it 4.0 4.2 1.0 1.4

* Reference ITE for calculation of clearance intervals.

2. Include existing controller settings for each phase and each time-of-day.
Information should include applicable settings such as minimum green, max 1 &
2, passage, minimum gapfext, protected-permissive, lead-lag, vellow and all red,
wallkk and ped clearance time, recall settings, offsets, cycle length, etc. include
analysie of pealk hour conditions and a determination of whether signal timings
are contributing to red-light running problems.

a. Does signal timing or phasing factor in as a possible contributor to red
light running at this intersection?
] Yes [ INo Explain: Adjust change intervals

b. List comments or recommendations on potential signal timing or phasing
changes: Red clearance for SB needs to be adjusted. yvellows need
adjusted

3. Vehicle Detection Bata
Detecticn Type | Detector Location
Approach ({loop, video, efc.) ; {measured from stop barj

EB Loop 6" x 40" [ Left furn detection

4, Traffic Volume Data

Dally Volumes Peak Heur Volumes
Approach Total | Heavy Vehicles | Total | Heayy Vehicles
EE 8,700 5% 760 nfa

Engineering Analysis Template -4.- December 2007



C. Grash and Enforcement Data

1. 18 Months of “Befora” Crash Data

Approach

Collision Type

Total

Number of
Injury Crashes

Seuddy et Street (31207 & Pionear Divive

Hann"_lger of
Fatal Crashes

Crashes Associated
with Red Light Running

MNEB

Rear End

1

Angle

2

! Head-On

Pedestrian

Pedaleyclist

Other

Total

S8

Rear End

=

Angle

Head-On

Pedestrian

Pedalcyclist

Other

Total

EB

Rear End

o3 |Ih3 | ha

Angle

Head-On

Padestrian

Pedaloyclist

Other

Total

WB

Rear End

Angle

= |3 || B

Head-On

Pedestrian

Padaleyclist

Other

—

Total

2. Violafion Rate

a.

Year:

Chsarved Violations:

Date:Nov 4-5_2008 Time Period:_2 Hours

Approach

Traffic Volume

Number of Vlolations

EB

1,535

8

Engineering Analysis Template

Number of red light running citations per year issued by law enforcement
Number:nfa
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South st Street (BI-20) & Picneer Drive

3. Enforcement and Operational Issuss
a. Describe the difficully experienced by law enforcement officers in patrel

5

e

D. Other Supporting Information:

cars or on foot in apprehending violators.  Difficult and unsafe for officer
to pursuie violator through intersection on red.

. Describe the ability of law enforcement officers fo apprehend violators

safely within a reasonable distance from the violation. Possible, but
arterial is hinh speed with no shouiders. Officer must pursue violafor
through red indication.

. Are pedestrians at risk dus to viclations? [] Yes No

Expfain: Light pedestrian fraffic volume

Number of pedestrians per hour.___n/a
Pedestrian crosswalk provided? [ ] Yes No

. Have there been any changes to the operations of the intersection

{signal timing, restriping, increased enforcement, etc.) with the past three
years? Yes [ ] No

Engineering Anatysis Ternplate -6- December 2007



Evaluation of the Need for Red Light Running Cameras
Engineering Analysis Template

City:  ABILENE County: TAYLOR

Intersection: South 1% Street ;BI—ZD% & Pioneer Drive
W

esthound — South 1* Street apnroach anly

A. Intersection and Signal Data
1. Signal Visibility
a. Minimum Sight Distance fo Signal
Approach | Grade | Speed Limit {mph) | Measured {ff} | Required {ft}*
WB -0.3% 45 = 1000’ 480'

* See TMUTCD Table 40-1 for minimum sight distance reqLTr?ements.

b. Are “SIGNAL AHEAD" warning signs present? [ ] Yes [XI No
Are “SIGNAL AHEAD” warning signs needed? [_] Yes MNo
Are other warning signs present in the vicinity of the infersection?

[1Yes [ No
Explain:

¢. Information on Signal Heads
1 -
. Lens Type Back Plates | Retroreflective
Approach | Lens Size | o e’ Bt | (orNy | Border ¥ or N)

WB 12" LED N N

2. Pavement and Markings Data
a. Are stop bars in “good” condition?
WBE - [ ] Yes No  Explain: Faded. cilfasphalt residue

h. Are lane lines “clearly” visible?
wB - [ Yes No  Explain: _therma

c. Are crosswalks “clearly’ marked?
WwWB - Yes [ |MNo Explain: Crosswalk is marked but
stripes within vehicle path are faded/dirty.




Sontl st Street (B1-207} & Pioneer Drite

d. What is the paverment condition {ruts, potholes, cracking, etc.)?
we

[] Good  Explain:

i< Fair Explain: Asphalt — cracking, but has been sealed

'] Poer Explain:

e. Do pavement surface ireatments exist (rumble strips, texturing, pavers,
etc)?
[]Yes Explain:
No

Engineering Analysiz Template -2- December 2007
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LS——

Picnerr I & 175t

3. Provide diagram of intersection including. pavemsnt markings, width of lanes
apd madians, location of signal heads and signs, locations of loops/dstectors,
and drades.

Engineering Analysis Template -3- December 2007



B. Signal Timing and Traffic Data
1. Clearance Intervals

South st Street (B1-20) & Pianeer Drive

Posted Width of Yellow Interval All Red Interval
Approach Speed Limit Grade Intersection | Existing | Calculated*” | Existing | Calculated*
WB 45 -0.3% 75 4.0 4.3 1.0 1.4

|

* Reference ITE for calculation of clearance intervals.

2. Include existing coniroller settings for each phase and each time-of-day.
Information should include applicable settings such as minimum green, max 1 &
2, passage, minimum gap/ext, protected-permissive, lead-lag, yellow and all red,
walk and ped clearance fime, recall settings, offsets, cycle length, etc. Include
analysis of peak hour conditions and a determination of whether signal timings
are contributing e red-light running proklems.

a. Does signal timing or phasing factor in as a possible contributer to red
light running at this intersection?

Yes

[ INo

Explain: Westbound left turn does not always

clear queve — Adjust change intervals

h. List comments or recommendations on potential gignal timing or phasing
changes: Maodify change perieds and left turn phase timing

3. Vehicle Detection Data

i

i Approach

Detection Type
{lcop, video, etc.)

Detector Location
{measured from stop bar}

WEB

Loop &' x 40'

Left turn

detection |

4. Traffic Volume Data

Appreach j

Dally Volumes

Peak Hour Volumes

Total

Heavy Vehicles | Total

Heavy Viehicles

WE

8900

5%

860

nfa

Engineering Analysis Template

December 2007
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C. Crash and Enforcement Data

1. 18 Months of “Before” Grash Daia

Bouth 1st Street (BI-20% & Pichest Drive

Approach

Collision Type

Total

Number of
Injury Crashes

Number of

Grashes Associated
Fatal Crashes | with Red Light Running

NB

Rear End

1

Angie

2

1

Head-On

 Pedesirian

Pedalcyclist

Qihar

Total

5B

Rear End

—

Angle

Head-0On

Pedestrian

Pedalcyalist

Other

Total

EB

Rear End

Angle

Head-Cn

Pedeslrian

Pedaleyclist

Other

Total

WB

Rear End

Angle

Lt L et AL 3
o

Head-Cn

Pedesttian

Fedalcyclist

Cther

—
s

Total

2. Violation Rate
a. Number of red light rurining citations per year issued by law enforcement

Engineering Analysis Template

Number:nfa

Year:

b. Observed Violations:

Date:Naov. 4-5, 2008

Time Period; 2 Hours

Traffic Volume

Number of Violations

i Approach
]

VWB

1,382

5

December 2007



Sguth st Strect (BT-20) & Proneer Drive

3. Enforcement and Operational Issugs
a. Describe the difficulty experienced by law enforcement officers in patrol
cars or on foot in apprehending vickaters., Difficult and unsafe for officer
1o pursue violator through intersection on red.

b. Describe the ability of law enforcerment officers to apprehend violators
safely within a reasonable distance from the violation. Possible, but

arerial is high speed with no shoulders. Officer must pursue violator
through red indication.

c. Are pedestrians at risk due to violations? [] Yes < No
Explain: Light pedestrian traffic volume

Number of pedestrians per hour___n/a
Pedestrian crosswalk provided? Yes LI No

d. Have there been any changes fo the operations of the intersecticn
(signal timing, restriping, increased enforcement, etc.) with the past three
years? Yes [1No

D. Other Supporting Information:

Engineering Analysis Template -6- Decernber 2007



Evaluation of the Need for Red Light Running Cameras
Engineering Analysis Template

City: ABILENE County: TAYLOR
Intersection: South 1% Street (B-20) & Pioneer Drive

Southbound Pioneer Drive approach only

A. Intersection and Signal Data
1. Signal Visibility
2. Minimum Sight Distance to Signal
Approach | Grade | Speed Limit (mpk} | Measured {ft} | Required {ft}*
5B -4.0% 30 = 400 270

* See TMUTCD Table 40-1 for minimumﬂeﬁght distance requirEFn‘éTw"ts.

b. Are “SIGNAL AHEAD" warning signs present? [ | Yes [ No
Are “SIGNAL AHEAD" warning signs needed? [ Yes [J No
Are other warning signs present in the vicinity of the intersection?

[Oyes X No
Explain:

c. Information on Signal Heads
Lens Type | Back Plates | Retroreflective
(LED or Buik) {Y or N} Baorder (Y or N}

SB 12" LED N N

Approach | Lens Size

2. Pavement and Markings Data
a. Are stop bars in “good” condition?
SB - [JYes [KINo Explain: Faded, cilfasphalt residus

b. Are lane lines “clearly” visible?

SB - [XYes [JNo Explain: Lane lines marked with butions

c. Are crosswalks “clearly” marked?
58 - []Yes No  Explain: Mot present




South 15t Strect (BI-20) & Piosieer Drive

d. What is the paverment condition (ruts, potholes, cracking, etc.)?
3B

[(1Good  Explain

X Fair Explain, Asphalt — cracking, but has been sealed

LI Poor Explain:

e. Do pavement surface treatments exist (rumble strips, texturing, pavers,
efe.}?
'l Yes Explain:
X] No

Engineering Analysis Templafe -2~ December 2007



o Tiomees Dr & 1" 3t

. 3. Provide diagram of Intarsection including: pavement markings, width of lanes
i and mediansg, lacation of signal heads and signs, locations of loops/detectors,
i and grades.

L

[

il
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Soutly 1st Steaee (BI1-20} & Pioneer Drive

B. Signal Timing and Traffic Data
1. Clearance Intervals

Peosted Width of Yallow interval All Red Interval
APPrOAch | g,eed Limit | ©9° | ntersection | Existing | Galculatnd” | Existing | Galculated”
SB 30 -4.0% 112 | 40 3.5 1.0 3.0

i
1 1

L i

* Reference |TE for calculation of clearance intervals.

2. Include existing controller setfings for sach phase and each fime-of-day.
information should include applicable settings such as minimum green, max 1 &
<. passage, minimum gapfext, protected-permissive, lead-lag, yellow and all red,
walk and ped clearance time, recal! setlings, offsets, cycle length, ste. Include
analysis of peak hour conditions and a determination of whether signal fimings
are contributing fo red-light running problems.

a. Does signal timing or phasing factor in as a possible contributer to red
light rurning at this intersection?’
Yeas [ I1No Explain: 8B possibly gaps out pramaturaly

b. List comments ar recommendations on potential signal timing or phasing
changes: Red clearance for SB nesds to be adjusted.

3. Vehicle Detection Data
Detection Type Detector Location
Approach {locp, videe, ete.} | {(measured frem stop bar}

5B Loop &' x 40° | Left furn detection

i
-. |
i

4, Traffic Volume Data

Daily Valumes Peak Hour Volumes |
Approach | = lieavy Vehicles | Total | Heavy Vehicles
5B 4,500 5% 4450 nia

Engineering Analysis Template -4 December 2007



=1

| ——

C. Crash and Enforcement Data

1. 18 Months of “Before” Crash Data

Saweth Lst Steeet (BE-29) & Pionser Erfve

Approach

Collision Type | Total

Number of
Injury Crashes

MNumber of
Fatal Crashes

Crashas Assoclated
with Red Light Running

NE

Rear End 1

Angle 2

7

Head-COn

Padestrian

Pedalcyclist

Cther

Tofal 3

SB

Rear End

-

"Angle 1

Head-On

Pedestrian

Pedaleyclist

Other

Total

EB

Rear End

o0 |k

Angle

Head-On

Fedestrian

Pedalcyclist

Other

Total

WBE

Rear End

s

| o | =[N3

Angle

Head-On

Pedestrian

Pedaleyclist

Oher

—

—

Total 4

2. Violation Rate

[

a. Number of red light running citations per year issued by law enforcement
Number:nig Year:

b, Observed Violations:

Date:Nov, 4-5, 2008 Time Period: 2 Hours

Approach | Traffic Volume | Number of Violations

SB 580 0

Engineering Analysis Template December 2007



South 1st Street (D200 & Pionser Dilye

3. Enforcement and Operational Issues
2 a. Describe the difficulty experienced by law enforcement officers in patrol
gars or on foot in apprehending violators.  Difficult and unsafe for officer
to pursue viotater through interseciion on red.

N b. Describe the ability of ilaw enforcement officers to apprehend violators
safely within a reasonable distance from the violation. Possible, but
o arteriaf is high speed with no shoulders. Officer must pursue violator
: through red indication.

: ¢. Are pedestrians af risk due to violations? ] Yes No
il Explain: Liciht pedestrian fraffic volume

2 Number of pedestrians per hour.___n/a ._
Pedestrian crosswalk provided? [ ] Yes No

o d. Have there been any changes to the operations of the intersection
(signal timing, restriping, increased enforcement, etc.) with the past three
years? Yes [ ] No

! D. Other Supporting Information:
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