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EXECUTIVE SUMMARY

The objective of this researatias toevaluate the implementation of proposed Adaptive Signal
Control Technolog®(ASCT) traffic operations at eiginterial corridors in Florida, before and
after the installation of specific AS@mSync and Synchro Green), document the effectiveness
of these systems, their advantages and disadvantagesl provide recommendations for state
wide implementation of ASCT.

A literature review was first conducted to document the state of the industry and best practices
for adaptive systems. Next, the impact of ASCT was evaluated by comparing traffic operational
measures and crash statistics before and after their implemeoedit theeightcorridors.

Table 1 shows the detailed information on the corridor characteristics and data collection
times.

Tablel Data Collection Sites and Description

. Cross | Length #Signalizeg #Unsignalizeq Spet_ed Data Collection Time Periods
Site Route Section | (mile) Int. per Int. per mile AADT | Limit
mile -Pp (mph) AM Peak | Off Peak | PM Peak
. .| Newberry| 6-Lane TFY |¢vLlYy n LIy
Gainesvillg Road Divided 1.45 8.3 13.8 45750 35 9am om 6pm
6-Lane 50/ TFY |ewLIY n LJY
Deland | US 17/92 Divided 2.28 2.2 6.6 31500 45 9am om 6pm
Panama Beach | 4/6-Lane TFY |ewLIY n LJY
. . 8.5 11 5.6 28750 55
City Beach] Parkway| Divided 9am pm 6pm
Sarasota . . 40/
and U;;‘:E\rl\fa”y 4é?\;i"§er;e 7.8 2.3 3.1 49110 | 45/ Tg;mv ™ "rJnY ”GLi]Y
Manatee y 50 P P
Panama 4-Lane TFEY |lsaml Y n LJY
City 23rd Streef Undivided 2 45 6.5 46875 45 9am pm 6pm
-Li Y LIY LIY
Pinellas |66th Sree{f 02" [ 5 2.4 8 35585 | 45 | T LI nLJ
Divided 9am pm 6pm
6-Lane 40/ TFHY |[cmnl Y] n LY
Manatee SR 70 Divided 9.2 24 1.7 52185 50 9am 12pm 6pm
E.Van Flesd
Drive & N] 6-Lane 45/ TEHY |¢pPonl] n LIV
Bartow L 1.1 4.5 1.8 41180
Broadway| Divided 35 9am 11.30am 6pm
Ave.

The staff at Traffic Management Centers (TMCs) and other agencies responsible for the
installation and maintenance of the ASCT at these corridors were interviewed in order to obtain
their perspective on the effectiveness of these systems. Based on thdigli®e and

gualitative information collected, the research team conducted a berefdt analysis, and
developed recommendations and guidance for further implementation of ASCT.



TrafficOperations

To evaluate the impact of ASCT on traffic operatitws, critical intersections and three critical
time periods (AM, PM and Off Peak) were identified for each corridee. gerformance

measures were obtained for the before and after study periods: Link/Route Travel Time, Delay
at Intersections, Queue Lergtat critical intersections), Queue to Lane Storage Ratio (at critical
intersections), and Passenger Car Equivalent (PCE) flows (at critical intersections). For each
performance measure, a comparison eten the before and after data waconducted

It wasfoundthat the implementation of ASCT led to an average overall reduction in travel time
of 9.36%4 All corridors show travel time reduction in at least one direction of travel and four
corridors show reduction in both directiondS 17 in Deland and B&treet in Pinellas showed
the most improvement, whereas Newberry Road in Gainesville was adversely affected by the
ASCT installation and the system was removed.

The ASCT generally helpedrease major street throughput (6.96%) and reduce major street
gueues (15.57%). The minor street queues incrdd$6.98%) while the throughput remained
almost the same (0.69%), i.e., ASCT is able to maintain the same levels of side street flows
despite an increase in minor street queues.

Regression analysis shewthat lower AADT Jower intersection density (signalized and
unsignalized), antbwer initial operating speed (before implementation of ASt&E)lted in
highertraffic operational improvementThe sites that showed consistent improvements had
minimal detecton or construction issues, lowolume side streets, and simpler geometry (for
example, no left turns as part of the main corridor).

Safety

The crash data alorgixof the eightcorridorswere obtained from theSignal Four Analytics

System in order to evaluatthe impact of ASCT on safety. Safety analysis was not conducted for

GKS 20KSNJ Gg2 aAGSA& RdzS (2Thddath éxitagtedZam thel G T 2 N.
Signal Four Analytics System was for the period January@lb8ember 2017.

The researclieam examined ltanges in total crasheandchanges in crashes by severity (fatal

and injury crashesgrash type (such as rear end, intersection related), and time of Riegi,

Off Peak, Wekend). Estimates of traffic volume for the entire corridor (ning) were

obtained and these were used tmmpareannual crash ratedAll crash data were collected

over a period of 59 months (2013 to 2017). Depending on the date of ASCT implementation, the
aA0Sa KIR @FNBAY3I RIGF NI gta WacalfasNompaisHFaa NS¢ |y
Gf 2y3 GSNXED ¢2 KI @GS dzyAF2NNAGE AY O2YLI NR&aZY
AYLX SYSyGFraAaz2y YR 17 FTFOGSNL F2NI L€t ardadSaoe 28
US17 in Deland, 28 Street in Panama City, and Easn\leet Drive in Bartow, showed

reduction in crashes in both short and long term. University Parkway in Sarasota showed only

short term improvement. Regarding the two corridors that showed an increase in crashes, SR
cdpo AY t AYySt | periodforlata col@dich .NBeack Pafkwia$ iNPanamah@gy
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hadincreasing touristelateddemand which haded to higher seasonal trafficThis increases
potentially offsetting any safety benefits of signal coordination.

Interviews and BeneftCost(B/C)

The data collected from traffic engineering and safety analyses were used to compute the
benefits for each sitewhile costs were obtained during interviews with operating agencies.

The interviews were conducted either through am-site meetingor through video calls when
in-person interviews could not be arrangelquestionnaire wasleveloped angrovided to

the agency in advance of the intervieand t consisted of five sections and approximately 40
guestions which focused on previous traftiontrol technologies used by the agency, their
experience with ASCT, cost components, and institutional issues.

Based on the interviewshe level of staff satisfaction correlated with objective measurements
such as tavel time and queue improvement. e of the key components for successful ASCT
implementation identified through these interviews are:

1 Regular maintenance and checks of the detection system and cameras

1 ASCT software needs regular updating, and it is important to include maintenance funding
1 Extensive training of 5 days or more is required, pitbvidingadditional staff for ASCT

1 Sites where vendors installed the system and did the initial fine tunémfppmed better

1 ASCT proved to be effeativluring the Off Peaieriodsat all sites and duringeakhours in
some sites

The benefitcost analysis revealed overall naisitive monetized benefitgl2.8 considering

safety, 5.4 without safety)lhe ASCT pierm well for most of the corridors and for the overall
program. The benefits are mainly attributed to reduced travel time along the corridiaes.
crashes are classified into five categories labeled KABCO: killed (K), incapacitating (A), non
incapacitatng (B), possible injury (C), and property damage onlySi@e KABCO valussigh

the fatalities heavily, safety benefits are extremely variable and could swing from net negative
to net positive due to a single fatality

Overall, the research tan has concluded thaaSCThenerallyyield better performance and a

higher return on investment when implemented on corridors with émintersection density

low-volume side streets, and high demand but not oversaturated traffic conditiBased on

interviews conducted, { / ¢ A& y2d4 I &aaSd AG FyR F2NBSG Ald¢
detectors and cameras), training (at least 5 dagsyl appropriate staffing are some of thesy

factors contributing to theisuccess
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1. INTRODUCTION

AdaptiveSignal Controlechnologies (ASCdgnductreaktime optimization of traffiaccontrol
using a variety of sensors and algorithmi$e primary objective of implementirgSCTsto
minimize travel timeand decrease the number of stops through arterial corrid8tsch systems
are known to reducéraffic delays, crashesndmay result in feweperiodic retimings of

traffic signals.

1.1 Background and Objectives

The Florida Department of Transportation (FDBAS been interested in evaluating the
effectiveness of ASCT under various conditions, in order to develop guidelines fewstate
deployment. Previous implementations and e\alons of these technologies have found that
ASCT may not be effective or warranted for all types of corridors and traffic conditions.

The main objectives of this projestere to evaluate theeffectiveness of ASGI several arterial
corridors in Floridacompare traffic operations and safdbgfore and after the installation

and provide recommendations for stateide implementation of ASCThis evaluation is based
on aquantitative and qualitative analysis, including equipment and personnel cosit and
concludes with a benefitost analysis for each corridoA total ofeightcorridors are studied in
this project.

1.2 Project Overview

The Florida Department of Transportation (FDOT) commissioned this pirojéety 20140
evaluate the effectivenessf ASCT across Florida. InSync and Syaken ae the two

adaptive systems deployed did eight corridors studie{Figurel.1). Tablel.1l provides a
overview of theseorridors, including geometry features, speed limits, intersection density, and
annual average daily traffic (AADT).

All corridors studiedhavesimilar crosssections, but thée total lengthvaries from 1.1 to 9.2
miles. Most of the corridorhavea relativelylow density of signalized and unsignalized
intersections (less than 0.5 and 1.6 intersections/mile, respectively), although, Newberry Rd
(Gainesville) has by far the highest density for kggesof intersections (5.7 and 9.5
intersections/mile). The AADalongthese corridors are 41,000 veh/day averagewith the SR
70 corridorhaving thehighest(52185 veh/dayand Panama City Beach Pkwgving thelowest
(28750 eh/day).



Figurel.l Locatiors Of The StudyCorrida's



Table 11 Data Collection Sites and Description

Gainesuvill Panama Cit Sarasota
Deland y and Panama City| Pinellas | Manatee Bartow
e Beach
Manatee
Newberry University E.\(an Fleet
Route US 17/92 | Beach Parkway 23rd Street 66th Street SR 70 Drive & N.
Road Parkway
Broadway Ave.
Cross Section 6-Lane 6-Lane 4/6-Lane 4/6-Lane 4Lane 6-Lane 6-Lane 6-Lane Divided
Divided Divided Divided Divided Undivided Divided Divided
Length (mile) 1.45 2.28 8.5 7.8 2.0 5.0 9.2 1.1
#Signalized
Intersections per 8.3 2.2 1.1 2.3 4.5 24 2.4 4.5
mile
#Unsignalized
Intersections per 13.8 6.6 5.6 3.1 6.5 8 1.7 1.8
mile
Pedestrlan No No No No No No No No
Signals
AADT 45750 31500 28750 49110 46875 35585 52185 41180
SpgﬁghL)'m't 35 50/ 45 55 40/ 45 | 50 45 45 40/ 50 4535
Data lfzal\gk 7amc¢ 9am 7amc¢ 9am 7am¢ 9am 7amc¢ 9am 7am¢ 9am 7am¢ 9am 7am¢ 9am 7am¢ 9am
Co_ll_liers(talon Poefa]:k Ipm¢3 pm | 1pm¢3 pm 1pm¢3 pm 1pm¢3 pm 1lam¢ 1l pm 1pm¢3 pm 110;;:: 313%%2;
Periods | PM
Peak 4pm¢ 6pm 4pm¢ 6pm 4pm¢ 6pm 4pm¢ 6pm 4pm¢ 6pm 4pm¢ 6pm 4pm¢ 6pm 4pm¢ 6pm




Prior to the data collection, the research teamnducteda thoroughliterature review
(AppendixA). The literature review focuses draffic signal optinization approaches and
providesan overview of existing products, their computational capability and functionality, and
their approach to signal control optimization, along with their perceived advantages and
disadvantages. It also imles an overview of industry best practices with regard to
implementing ASCT, and the experience of other agendtesso identifiepertinent

performance measures that should be collected before and after installation of ASCT. These
measuresncludearterial travel time, delay at each signalyning movements, queue length,

and quality of existing signal control and coordination.

The following chapters report theata, analysesand results from this projecChapter 2
provides an overview of thedffic engineeringanalysisconducted whiclconsidestravel time
saving, reduction in queuesand other operational performance measures. The results of
safety analysis anmeported in Chapter 3Chapter 4 summarizes the results fr@nseries of
discussins and interviews with local agencies responsible for installing the ASCT at each
corridor. Chapter 5 provides the results of thenefit/cost analysiswhichconsidestravel
time savings, safety effects, and operational and maintenance costs of ABETast chapter
of this reportprovidesrecommendations and guidelines for implementation of ASCT.
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The objective of this project is to evaluate the implementation of Advanced Signal Control
Technologies (ASC®) several corridors across Florida. This document summarizes the work
conducted under Task 1 which reviewed and assessed existing ASCT, their computational
capability and functionality and their approach to signal control optimization, along with their
perceived advantages and disadvantages identifieddte.

The term Adaptive Signal Control Technology (ASCT) describes any system that collects data,
SOlFtdz 6§S&a GNIYFFAO aA3TylLt LISNF2NXI YOS 2y GKS
objectives ad then updates signal timing in response to that evaluafinThese systems are
expensive and take considerable time for deployment. Hence, it is necessary to evaluate the
benefits and appropriateness of such a system feiouss corridor designs and demand

conditions. Each ASCT varies in the extent and type of detection required, equipment

deployed, as well as in the definition and algorithmic use of split, cycle, offsets and phase
sequences.

SCOOT and SCATS are two ofiteesuch systems and they have been the most popular
(Figure2.1). SCOOT was developed in the United Kingdom, while SCATS was developed in
Australia. In an attempt to introduce this technology in the US, RHODES and OPAC were
developed as part of the RIRACS program by the Federal Highway Administration (FHWA).
The Los Angeles Department of Transportatior[PIOY) independently developed its own

ASCT systef2] while ACS.ite was initially developed by the US DOT in partmpraith

Siemens, Purdue University, and the University of AriZ8halnSync and SynchroGreen are the
latest adaptive signal control systems and these are being installed in several corridors across
Florida and will be evadied in this study.

Other: 4: 9% ACS-Lite; 2; 4%

LA ATCS: 2: 4%
5557

::E b5 C OPAC; 3; 7%

2
et Y

RHODES: 4: 9%

SCOOT; 15; 33% —/ - -

SCATS; 15; 34%

Figure2.1 Market share of Adaptive Signal Systems in @10



The next sections detail the ASCT methods and algorithms used in InSync and SynchroGreen
followed by an overview of other ASCT that have been implemented elsewhere. The fourth
section summarizes industry experiences with these systems as documenteditertteire.

The last section provides the conclusions of this task.

2.1Insync Adaptive Traffic Signal Control System
2.1.1Background

The InSync adaptive traffic control system is invented by Dr. REpagiedra, P.E., PTOE. The
system is developed by Rhythm Engineering and was launched in 2008 after three years of
research and developmeis]. The company has been granted 4 patents for its unique design
[6]D I OO02 NRA Y 3 (0 2 [6]itksSadaprievirafiic \gignal dontdISyst@m has

been deployed at more than 1,000 intersections all across the United States. The system is
currently deployed at 22 states: Arizona, Arkansas, California, Colorado, Florida, Georgia, lowa,
Kansas, Kentucky, Michigan, Missouri, New Mexico, Oklahoma, Oregon, Pennsylvania, South
Carolina, Tennessee, Texas, Vermont, Virginia, West Virginia and Wisconsiraréhere

scheduled deployments of the InSync adaptive signal control system in numerous sites for
Idaho, lllinois, Florida, Ohio and South Dakota locatjéhs

2.1.2SystemArchitecture & Hardware
Detection Methods

The InSync adaipe signal control is a distributed system of processors that need to be installed

at each intersection that is part of the adaptive signal controlled coriigprAccording to the

02 YLI y & Q ], themeedsar 8an work with any signal controller that the local agency

has decided to implement, implying that there should not be any additional costs for controller
dzLJANI RSa® CdzNIKSNY¥Y2NBZ Ad A& &l dnbskynalicéntral Ly { &
cabinet[6], and thus there is no need for upgrading the jmstalled ones to ensure

functionality. Rhythm Engineering provides three options for detection: 1) implement their

detection method, whichcongii @ 2F Ly { &y O OF YSN} AT HO {1SSL) (K
which could include inductive loop detectors, cameras, microwave techniques and radars; or 3)
integrate all available devices and InSync cameras, an option that yields most accurate results

[6]. Each of these three options is discussed in the following paragraphs

InSync Cameras

The InSync detection method consists of Samsung52Rd IP cameras with detection

technology[6]. At each inérsection up to 4 of those cameras can be installed, one for each

approach, and there are options for installing additional cameras if needed. Those cameras

have remote aim and focus and are used to monitor the intersection by detecting and

measuringtraik O RSYlI YR |0 Fff AYOGSNBEBSOGAZ2Y Q& | LILINEI O
acquired from this detection system include vehicles in quebggire 2.dllustrates the queue

detection through the InSync cameras. Each approach camera categorizeareaels b

detection lane; each detection lane is subdivided by vertical zones based on the average length

of a car. Monitoring the intersection through these cameras can be done online from any web
browser|[6].



Figure2.2 InSync cameras detection through image procesging

Using Existing Detection: InSync Tesla

For this detection option, the agency can keep their detection and monitoring devices, saving

the InSynccamérda AyadlttlFdA2y O02a0ad ¢KAA ¢gle&x AF (K
their own detection method, they can still take advantage of it and and yet have the benefits of

the adaptive traffic signal control that InSyncyidlegp ¢ KS ac¢ Safl aeaidisSye Aa
accept most third party cameras, detectors and radars; in this system, stop bar detection is

required for all lanes of the monitored intersection.

Using InSync and Existing Detection: InSync Fusion

This Irsync detection option can be used to combine the benefits from installing InSync
cameras and at the same time use other available detection methods. This way, the accuracy of
the detection is increased since data sets are used from multiple sources.

InSyngrocessor

In order for the system to be successfully deployed the company recommends that one InSync
processor is located at every signal cabinet of each intersection adaptively controlled. Ethernet
connections are required for every signal cabiftdt The processor weights approximately 7

Ibs and works as follows: it gathers data from each intersection and vehicles monitoring sensor,
pre-installed or newly installed, such as vehicle loop detectors, cameras and/or rddhers
processor analyzes the datasets received and communicates with the upstream and
downstream intersections to ensure data validity in corridor anali§if5]. At every second

the processor diermines the traffic movement priority (additional information on phasing and



traffic movement options is provided below). The processor communicates the results of the
optimization to the controller and the changes appear on the network immediately.

Equpment panel

This panel is essentially the power supply channel and the Ethernet switch for the processor
and the InSync camergs).

Detector card

This card supports the integration of the video detection and the traffic cdlietr{6].

'AaSNRa az270gt NB

CentralSync is the software used for the initial and ongoing configuration of the system. The

RSLI 28YSyid 2F GKS WINIFFAO YIylF3aSYSyid OFNARIOf
interface. Thisaftware is Windowsbased, which might be an issue for any agency that has a

different operating system. An advantageous option is that plans and strategies can be
uploaded or downloaded remote[¥].

2.1.3SignalControl Optimization Framework

Il OO2NRAY3I (G2 CSRSNI{ | A7} &dagtie Signal toRrglsystanis(i NI (A 2 y
continuously adjust daily signal schedules to accommodate traftigraglation, react promptly

to changed traffic patterns and progressively improve travel time reliability along the

AYLX SYSy il (A2 y-©dled al tileRda@ivIsignal KoftrolxckRaracteristics are
usually listed as: effectively utilizing trafflow models to predict vehicle arrivals and effectively
adapt the signal timing in order to accommodate the progression of the vehicles in the corridor
globally, and minimize delays locally (intersection ley&]) The manufacturer of InSync

indicates that the system is completely digital and operates without being restricted to the
analog sequencing, splits, offsets and cycles. Insteadn¢riByoduces the concept of states:

each state is a phase or a pair of phases that occur simultaneously without cf@jflidthe

InSync adaptive signal control system achieves dynamic adaptation by altering signaling states,
sequences or the green time so as to accommodate the current state of traffic. The state
machine/processor can pick from any state or sequence that is allowable (these are pre
defined) in order to serve the current demand ma#iciently. Figure 2.3rovides a series of 8
states and 16 sequences as an example of states and sequences that the digital model can
choose from and implement in reime [9]. InSync eliminates signal cycles and transition
periods.
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Figure2.3 States and Sequences digitally called in In$§jnc

I FGSNI AF GKSNRAY 3 £t I @FAflroftS RSGSOGA2Y RIEGI X
2y GKS af20lt¢ AYGSNARASOUGUAZY f S@brksadfgllond:NRS NI (2
tokens are distributed to vehicles arriving at the intersection on red. Every 5 seconds that the

vehicle is waiting on the intersection it getsaken (Figure 2.5 the algorithm aims to minimize

GKS RSfl @& FT2N) 0KS AyiSNRSOGA2YyQa | LILINRI OKS& o
The process is described as ftdlituated and the signal timing is optimized according to the

number of cars waiting and the duranh of their waiting time (delay).

LI NI FNRY 2LIGAYATAYy3I GNIFFAO aradaylrt GAaySa f2
progressively ensure the minimization of delay along the corri@r This is achieved by

creating speed lines through the corrid@ver time, speed lines are generated across the

corridors so that a car travelling at the desired speed goes through the corridor without

stopping. Note that not only though movements can be coordinated; any state including left

turns can be part of the aptive coordinatiori5]. The global optimizer guarantees progression

of platoons of vehicles along the corridor; then control is turned over to the local optimizer at

the intersection level and the optimal phase combination is served in order to satisfy the
currentdemand[10]® ¢ KS LINP OS&da R2SayQié NXBIdzANBE RSGSNYJ
[10].



Figure2.4 Token distribution at the intersection levi]

2.1.4Development Rocess

Rhythm Engineering provides the service of implementation to the sites; installation teams are
aSyid 2 GKS O2NNAR2NRa 201 0A2y Ay 2NRSNJ G2 LI
Ol 0 Ay Si[6)l.@ccordingoyh@® 2 YLI yeQa 6S0aAlSs 0STF2NB AydS
following information is needed: traffic counts, phases, SYNCHRO files and information on the
controllers, the detection systems and the signal cabinets currently in use.

A

¢tKS aeadsSyQa @esYaplgiedodurhehtationifblBdifid manuals and guides for
installation, operation, and maintenance. Training support is also included in the installation
package, incorporating classroom sessions and handsaining in the field. Technical support

is provided during the operation proce$s].

2.1.5Monitoring

LY FTRRAGAZ2Y G2 (GKS /SYyuNrt{eyO az2Fidsl NBE (KI G
there is a wekuser interface where information can be accessed onlihe.WebUI interface

allows for monitoring and can also be used tecomFigure Bmeras and adjust detection areas
[6.Reali A YS AYF2NNIGA2Y A& LINBPOYARSR |0 Fyeé GAYS:
statistics and diagrsiics by calling the processor. The wadsed user environment can also

generate statistical reports or csv files for download after specifying the type of data needed to

be exported.
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2.1.6Case Studies

The InSync adaptive signal control has been implemented in various corridor sites since its
AYONRRAzZOGA2Y AY HAany®d® ¢WYa C¢NIYALRNIIGAZ2Y [ 2V
implementation along a 1.24 mile corridor in the city of Salinag,1CAThe results indicated

that travel time along the corridor after the InSync deployment was reduced by 42%, the

average speed increased by 69% and fuel savings were reported up to 33%. Kittelson and
Associates, Inc. presented the results of an In@yipdementation along a 1-mile corridor in

Hillsboro, OR12]. The consultants reported that the InSync system metered traffic along
O2ZNNAR2NJ SYiNIyOSa Ay 2NRSNJ G2 FlLOAtAGIGS GKS
travel time was reduced by a range 624% but average intersection delay was not improved.

This report also brings into light small issues with the monitoring and detecting processes that

were eventually address€d?]. Kimleg/-Horn and Associates, Inc. conducted a study analyzing

before and after deployment data at a 2n3ile long corridor, in Pinellas County, Florjd3].

The results of the benefit cost analysis indicated benefits for the masoiiesm reduced travel

times and fuel consumptiofiL3]. HDR Engineering, Inc. reported improved travel times after

the implementation of InSync along a 6 signalized intersection corridor at the Town of Mt.

Pleasant, S{14]. Atkins evaluated the implementation of InSync alongraié corridor with

11 signalized intersections at the City of Greeley[15D Findings indicated that the

implementation resulted in reducing average travel times along the corridor and led to higher
average speeds. Also, they reported that there was overall reduction of the average delay along

the corridor and fewer stops per vette that resulted in better level of service of the facility

[15]. Missouri DOT reports on an adaptive traffic signal system installed in 2010 along a 12
signaland 28 A€t S I NISNRLFE X f 2 Queli h&deplogment$eSudstindiftetyY Y A § =
savings in travel time ranging frora3®%. However, the implementation yielded a slight

increase in delay for minor street traffit6].

2.2 Synchrogreen Adaptive Traffic Signal Cont&ylstem
2.2.1Introduction

SynchroGreen is a reine Adaptive Signal Control Technology (ASCT) solution developed by
Trafficware. It considers sidgsreet, pedestrian traffic and mainline traffic in providing an
adaptive solution to the varying traffic dynamics. Trafficware claimadollowing features for
SynchroGreefl7]:

f a! Redzada GNIFFAO aAraylt GAYAYy3d Ay NBFf GAY
I

T ! GAtAT S&a GKNBS 2LIGAYAT I GAZ2Y Sy3aiaysSa G2 | f
Ft206dé

T &/ 2 YLI ( lexisting tradfig dori¢rol infrastructure, including many common traffic

- - A

O2y NRffSNE YR @FNAR2dza F2N¥a 2F RSUGSOGAZY
f altft26a dzaSNJ aSt SOGA2y 2F Ol NA2dza adaNF G§S3aAA

LINEANB&aaAA2Y O0FYRGARIKE YR ONRGAOIT Y2@0SYS
 &! R ldéffic @8trol seamlessly integrates with Synchro and SimTraffic for modelling

YR S@Ifdza GdAy3a RAFFSNBYG aeadsSy aSdaaAay3aa o
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2.2.2System Compoents

SynchroGreen consists of three key components: the management system (server), local traffic
controllers and the vehicle detection units7]. According to Trafficware, the management

system is also called the Signal SystemtbtgSSM) with the SynchroGreen Central Server
Software installed on the Window PC Server. The local traffic controllers are called Signal
System Locals (SSLs). The SSM is responsible for processing and calculating the updated signal
timing plans while tb purpose of SSLs is to gather detector data and execute the commands
from SSM. When in operation, communication between SSM and SSLs occurs every several
seconds to guarantee the accuracy of the signal timing.

2.2.3Signal Control Optimization frameworks

The primary goal of the SynchroGreen algorithm is to minimize the network delay while
providing reasonable mainline progression bandwidth]. SynchroGreen also provides three
different adaptive control modes to cater to patgal needs. The Balanced Mode provides for

an equitable distribution of green time with reasonable mainline bandwidth. The Progression
mode gives priority to mainline progression. The Critical Movement Mode weights more heavily
the identified critical moements. In summary, SynchroGreen follows a more traditional
approach to signal control optimization, and utilizes the current traffic conditions to optimize
the phase allocation (splits), period (cycle length) as well as start time (offsets) in real time.

Phase Allocation

Phase allocation determines the amount of green time each phase should receive. A targeted
phase allocation time is initially calculated based on the green utilization, which is the duration
of time that the current movement is servessuming saturation flow levels. The estimation of
green utilization utilizes the stepar detectors after being calibrated considering their sizes,
positions and the prevailing vehicle speed. However, the targeted phase allocation is not
necessarily théinal phase allocation that is sent to the controllers. The actual phase allocation
will rely on the targeted period (or cycle length) of the intersections.

Period

Period is the adaptive counterpart of cycle length in a traditional coordination systear.tAé
targeted phase allocation is determined, SynchroGreen establishes the targeted period of each
intersection by constructing the respective riagd-barrier diagrams. The intersection with the
highest targeted period will serve as the critical intextsgn. This period of the critical

intersection is assigned to all other intersections, and the actual phase allocation is enlarged
proportionally to the previously targeted phase allocation.

Start Time

Start time consists of lag time and travel path. Tdggtime is similar to the concept of offset in
traditional signal coordination. In SynchroGreen, lag time is dynamically modified based on
detected traffic conditions, the determination of which often considers the existence of
gueuing and platoon arrivaistribution which is extracted from advance detectors. The travel
path is selected based on the predominant travel direction. It can vary bydfrday and

12



determines when each SSL should receive the updated timing plan. This maintains coordination
in the order in which the platoon is expected to arrive at downstream intersections.

2.2.4SystemRequirements

SynchroGreen can operate using existing infrastructure. SynchroGreen software supports 2070
and AT@ype traffic controllers and will operate on fifec controllers from various vendors.
SynchroGreen requires advance detection on the mainline andisopletection for each lane

in order to better monitor and predict the traffic conditions. However, it supports any common
detection technology such asops, video and advance radar, and also allows for multiple
detection methods to be used at the same time at an intersection.

2.2.5Software Packages

Based on the software capability and the number of adaptive intersections that need to be
served, SychroGreen is available for three different levElSs).

SynchroGreen Leand A y Of dzRS&a GKS [20Ff LYGSNBRSOlGA2Y {2F
and provides a welbased interface for monitoring and controlling the systérhis option is an
SO2y2YAOILt gLé& F2NI I OAGe (2 SELSNASYOS (KS o
used in the Newberry Road study corridor.

SynchroGreen Premiumd A y Of dzRS&a G KS f20Ff AYyUSNESOUAZY 4&:
software, and operates up to 150 intersections. It provides agencies with the ability to analyze
reaktime system performance, create detailed reports, log system calculations, and much

more. This solution is designed to be easily integrated as part of fiyglwaded adaptive

OGN FFAO O2y iUNRE LINRP2SOGa®DE

SynchroGreen Enterprisgd A Y 1 SANI 1S4 RANBOGE & gAGK &2dz2NJ ! ¢a
system and also qualifies for federal funding. It allows agencies to operate up to 150 adaptive
intersections and 9,999tofa AY U SNESOUA2Yy &a dé

2.2.6CaseSudies

Since the introduction of SynchroGreen, several field implementatiane been conducted.
According to Cheek et 4l.9], SynchroGreen was deployed along a 1.7 mile arterial in
Seminole County, Florida in 2012. The corridor consists of 12 signals and features large
fluctuation of dayto-day traffic flow. An over 35% reduction of delay on the arterial was
observed after inmlling SynchroGreen; sigsreet traffic also benefited by an average of 19%
delay reduction. Another SynchroGreen system was recently deployed at nine intersections
along Glades Rd. in Boca Raton, Floi2@4 Results indidad that SynchoGreen efficiently
handled the flow variation both at hourly and daily levels. Travel time was reduced by a range
of 2.4% to 8.6% in three of the four study segments. However, not many of the improvement
were found statistically significant.

2.3 Other Advanced Signal Control Technologies

This section introduces and discusses other adaptive signal control methods found in use in the
United States.
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2.3.1Split Cycle Offset Optimization Technique (SCOOQOT)

SCOOT is an adaptive traffic control system originally developed by the Transport Research
Laboratory (TRI21]. Its algorithm is based on the TRANSYT optimization program (TRANSYT 7F
is its US version.) SCOOT is installedcentral computer and has three optimizers that

compute the best signal plan for the network based on detected traffic demand on all
approaches to the system intersections. The optimizers are used to continuously adapt these
parameters for all interseatns in the SCOOT controlled area, aiming to minimize wasted green
time at intersections as well as to reduce stops and delays by synchronizing adjacent sets of
signals.

The operation of the SCOOT model is summariz&igure 2.5SCOQOT obtains information
traffic flows from detectors, which are typically required on every link. Their location is
important and they are usually positioned at the upstream end of the approach link. Inductive
loops are used most often, but other methods are also feasible.

SCOOT receives traffic information and converts the data into its internal units and uses them
to construct "Cyclic flow profiles” for each link as shown in the top lefigdire 2.5The data

from the model are then used by SCOOT in the three optimizeighwvare continuously

adapting three key traffic control parameterthe cycle time, the splits, and the offsets. The
cycle time optimizer computes an optimum cycle length for the critical intersection in the
network. The split optimizer then assigns gnesplits for each intersection based on this cycle
length and the offset optimizer calculates offsets. Phase sequence is also optimized.
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Figure2.5 SCOOT Operation Proced{?2]

SCOOT wawiginally designed to control dense urban networks, such as large towns and cities.

It has also been successful in small networks, especially for areas where traffic patterns are
unpredictable. It is used extensively throughout the United Kingdom (Englietaind, and

Wales) as well as in other countries (including USA, China, Canada, Brazil, Thailand, Chile, etc.).
In the US, SCOOT has been implemented in Ann Arbor, MI, Minneapolis, MN, Arlington, VA,
Orange County, FL, Santa Barbara, CA, San Diedoxi@zhkd, CA and Anaheim, CA.

Some of the advantages of SCOOT are that the cyclic flow profiles are credied and are
updated every four seconds. It optimizes phase sequence, and estimates queue lengths based
on flowroccupancy profiles from upstreadetectors. It uses the profiles to determine splits and
offsets for the next cycles as well. SCOOT has interfaces for CORRBldiM®s, VISSIM, and
Aimsun.

One of the drawbacks of SCOOT is its inability to handle clsgated signals. Due to its
particular detection configuration requirements, it requires some time to detect vehicles and
estimate arrivals from the upstream detectors. It is primarily designed to react tetéong

slow variations in traffic demand, and not to shéetm random fluctuatns.

2.3.2Sydney Coordinated Adaptive Traffic System (SCATS)

SCATS is an intelligent transportation signal control strategy that automatically selects signal
control plans from a background library in response to the detected traffic demands. Its
objective is to achieve maximum throughput while minimizing stops and dilags been
successfully deployed on arterial roads, downtown grid networks, and at small groups of
intersectiong4] [23][24]. SCATS was developed by the Roads and Traffic Authority (RTA) of
New South Wales, Australia (the former constituents of the Roads and Maritime Services) in the
late 1970s. It is maintained by Roads and Maritime Services.

Theinput data for SCATS are collected by a system of traffic detectors. Two basic measures
from detectors are used to adjust signal timings: degree of saturation and traffic flows. The
system uses sensors at each traffic signal to detect vehicle presenaehname and

pedestrians waiting to cross at the local site. Sensors may be inductive loop detectors
embedded in the pavement or video image devices mounted overhead on the signal strain
poles. Pedestrian sensors are generally push buttons. SCATS ieddsigntomatically

calibrate itself, and it is a cyely/-cycle system that optimizes cycle length, split, and offset.

SCATS has been implemented in 27 countries worldwide, inclddistgalia, Bangladesh, Brazil,
Brunei, Chile, China, Ecuador, Fiji, iImega, Iran, Ireland, Jordan, Laos, Malaysia, Mexico, New
Zealand, Pakistan, Philippines, Poland, Qatar, Saudi Arabia, Singapore, South Africa, Thailand,
USA and Vietnam. In the US it has been implemented in Oakland County, Ml and Newark, DE.

SCATS suppesrautomatic reconfiguration of the subsystems based on predefined criteria. The
developers indicate that SCATS replaces the manual collection of data which are required for
road planning and provides a greater volume of original data with good accuratyltesan
interface with SParamics, VISSIM, and Aimsun.
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Some of the limitations of SCATS are thatlies upon plan selection with some local
adaptation. The cycle time and split are updated each cycle. It does not provide arrival
prediction, queue esnation and phase sequence optimization so the system acts only
reactively to an identified traffic pattern.

2.3.3Los Angeles Adaptive Traffic Control System-AFCS)

LAATCS is a computbased traffic signal control system which provides fully automataffic

responsive signal control based on prevailing@ae traffic conditiong25]. LA! ¢ / { &1 & UNXA
deployed as part of the Automated Traffic Surveillance and Control (ATSAC) Center in 1984 for

the Los Angeles Olympic Games. The PC wifdmed system was completed in 1999. It has

been implemented in over 3,000 intersections in the @f Los Angeles.

There are three operation modes N4 CS: adaptive, tirnef-day and operator control. In the
adaptive mode it requires current flow conditions as input to determine a common section
cycle time, splits, and offsets. In the tiroé-day node it operates on fixedime plans as
determined by the engineer. In the operator control mode it is used to handle traffic in special
cases.

The input data (primarily flows) are collected by the detectors upstream of the stop bar for
each system intersg¢ion. LAATCS automatically selects the intersection with the highest level
of traffic, and the minimum and maximum cycle length and splits are determined by the
engineers. Offset is also optimized at the end of the optimization process.

An advantage ofttis system is that cycle lengths can be different for each intersection. Any of
its three optimized measures (cycle length, split and offset) can be disabled for selected links in
a section. Also, it can interface with CORSIM (offline-postessing intédace) and applies a set

of logics to handle oversaturated traffic conditions in its network.

Its limitations are that it updates the cycle time and split each cycle which can lead to frequent
transitions, and that it does not provide phase sequeapgmization.

2.3.4Real Time Hierarchical Optimized Distributed Effective System (RHODES)

RHODES is an adaptive traffic control system developed in the 1990s with FHWA support at the
University of Arizona. The system is now managed by Siemens tradffioss. RHODES uses

input sensor data from detectors, AVLs, transponders, and so on. It producesreal
LINSRAOGAZ2Y & 2F GNIFFAO Ff26 YR a2LJiAYIffeeg O
network, using phase timin@6]. A schematic of the RHODES operation is shown in RAdure
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Figure2.6 A simplified diagram of RHODES operafiz§i]

wl h59{ SYLJ 2&3a -adhphve sigdal dosirSl &rchiietiiref, whid@composes

the traffic control problem into sulproblems that are interconnected hierarchically (dynamic
programming). Then, it predicts traffic flow at appropriate resolution levels (individual vehicles,
platoons, transit vehicles, emergency responsesjrand trains) to enable proactive control.
RHODES uses a data structure and computation and communication approaches that allow fast
solution to solve those sub problems.

RHODES uses a thdesel hierarchy for characterizing and managing traffiexflicitly

predicts traffic at these levels utilizing detector and other sensor information. It requires lane
traffic data (e.qg., through detectorboth stop line and upstream), retime communication
to/from processors, and Rlével computational capality.

¢tKS KAIKSad f S@ShynamignetivériSloadingS NI2NRISK & gK&A OK O LG d
slowvarying characteristics pertaining to the network geometry and the typical route selection
of travelers.

Based on the traffic load on each particulak|iRHODES allocates green time for each demand
pattern and each phase. These decisions are made at the middle level of the hierarchy, referred

G 2 Networkiflow controld ¢

DAGBSY GKS | LILINE E A MterseQiontomiBob y | 1 A W & 3 Blec&k ®dlRa t SPS €
appropriate phase change epochs based on observed and predicted arrivals of individual

vehicles at each intersection as showrigure 2.7

17



Metwork flow control subsystem

Platoon
Apres-Ner arrivals ——= Reareann

i and queuss

Intersection control subsystem

Vehicle Y -
PreDicT L = amivals ——=|  Control algorithms

1 and queues = e —

Turn ratios }
Travel timas |>-__Jl_______________,-:-*":;____,.aﬂ'"

Discharge ' o

rates

}

Sensors

Figure2.7 Middle and lower levels of RHODES architeciR6g

RHODES has been employed in the following locations in the US: Seattle, Santa Clara County
(CA), Pinellas County (FL) and two locations in Arizona. Before and after studies conducted in
the Pinellas County applicati@mowed a 14% improvement in travel times.

According to Mirchandani and Wafg], the strengths of the RHODES system are automated

setup, amenable to lab testing and consistency with traffic response objectives. RHODES is

suitable for use in undersaturated arterials and widslyaced grids. It can be applied as a signal
control strategy for diamond interchanges.

2.3.50ptimized Policies for Adaptive Control (OPAC)

¢KS GhLIIAYAT SR t2fA0ASA T2Nhpledntedivithithdhe re@ vy (i NB £ ¢
time adaptive control system (RTw! / { 0 F OKAS@AyYy 3 GKS Rdz-f y20A:
O2yUNRE YR O22NRAYI (SR ORyLinRhiveRi®ofA y i SNE SO A
al aal OKdzaSada a4 [26Stf RSQ®8 andbdatidtrkducing 4 G NI 0 S
the first demandresponsive signal control. OPAC is designed for implementation on single
intersections as wellsaarterials and networks. The OPAC strategy is essentially minimizing the
202S00AGS Fdzy OlA2y 2F GKS G201t AYyGSNERSOGAZ2Y A
timing through a dynamic optimization algorithm, over a-{specified horizor27].

According to the developers, the important advantages of the strategy is that it provides better
results compared to the implementation of the TODlofE strategies and that it is truly
demandresponsive, adapting to the reahffic conditions[29]. Four versions of OPAC strategy
KIS 0SSy RS@OSt2LISR gAGK SIFOK 2yS YAYAYAT Ay3
constrained only by the minimum and maximum phase lengths. P@Eveloped in 1979)

introduced dynamic programming techniques for signal timing. However, this approach was
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not implemented in real time because processing real time data was not achievable at that
point[28]. OPAG 6 My n0 | LILISA SWBYIGWK I @ 2 IOV EIGINTI & Y SR aSI N
order to exhaustively search all the possible combinations of valid switching times and achieve
OPAC objectivg29]. In OPAG (1981), traffic patterns are projected based on upatredata,

and the optimal switching times are optimized for the whole horizon. This new approach
introduced the dynamic revision of decisions based on the most recenfa8taOPA&!

(1995) incorporates the signal coordinatisynchronization factor and was introduced within

the RTTRACS. Thus, the optimization control provided within this framework is continuous and
on-line [29]. The fourth OPAC version developed flow profiles for each phaseaipirey

specified horizon length with data from online upstream link detectors and projected data from
smoothed volume counti30]. These flow profiles are evaluated for each control setting and

the decision is made in real tinte extent the phase by-2 seconds or terminate it. This

strategy allows for flexibility in the cycle length based on the virtual fixed cycle concept, a
feature that is absent from adaptive systems with a fixed cycle length. The OPAC strategy can
optimizeup to eight phases within the dual ring configuration and all combinations of left turn
lag/lead phasing30].

The strategy was evaluated through a befamed-after study implemented by ITT Systems in

the Reston Parkway tebed in Northern Virginia in 1997 and 19@8)]. Results suggest that

this type of control showed improvement on the order of 5% to 6% in average delays and stops
compared to the time of day control used previougy]. The implementation also revealed

the effectiveness of the strategy during instances of loss of communication to the central
monitoring system/control as well as instances when there is no communication between
adjacent signalR27].

The OPAC strategy is capable of handling individual intersections as well as coordinated
controlled arterials and networks. It allows prioritization of preemption control over OPAC,
considering the movement of transit and emergency vehicles, recoveringgreemption
control immediately[30].

2.3.6 Adaptive Control Software Lite (AdSte)

¢CKS G! RILIIAGS [/ 2yiNRE {2FG6F NB [AGSeE Aa |y Ay
order to address the need to have widealgployable, lowinstallation and operational cost

adaptive control systems in the United Staf@d]® ¢ K& & NSy ¢ az2Faol NB Aa Y
monitoring traffic signal performance and adjusting signal timing for linear art¢&a]sThe

ACSLite software can control up to 16 consecutive intersections in a loop.sy$tem is

constantly updated with field data from upstream and approach detection, providing
AYVTF2NXYEGA2Y 2y SFEOK AYUSNBESOUGAZ2Y QA LISNF2NXI yO
adaptive to the changes of the traffic but, at the same time, maintairtithe-of-day (TOD)

schedules that have been specified, complying with all the traffic engineering principles that

have been sef32]. The software is successfully integrated with CORSIM simulation for testing
purposes and adhes to the NTCIP communication protocol, incorporating the concepts of
interoperability and interchangeabilif29]. It operates in a closeldop control system, as

ASYaz2NhB Y2yAU2N) 6GKS aeaidSy @antraledin didtaiitaadjisy R FSSR
the operation, if necessary. AC#e deployment requires a lowost upgrading to local
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intersection controllers, and agencies can retain the advantage of the familiarity with the
controller software they currently use. ACi® is flexible with the controller firmware update
as well as the type of detectors used in the field. A@Sneeds stop line detectors for each
phase to be installed in the fie[@2].

The adaptation logic of the A€@8eis based on making incremental adjustments to splits and

offsets as often as every 5 to 10 minutes (which is the optimization step.) More specifically,

during each phase, split adjustments are made based on the measure of utilizgforafio)

of each phas¢31]. The same cycle length is maintained based on the-tfralay scheduler

FYR GKS GNIFTFAO Sy 3IAySS Nland edaRrat®Gyic arebused Gydzt &
GKS O2y i NERT f Sbkkith AGRItE dudng N@Ey cifck 36 dbs to manage the

duration of each split. Phase status data are obtained once per minute from the NTCIP detector
(which can be loop or other point detection). The software detects the occupancy of each

detector on cordinated approaches during the green and red intervals of each phase and the
a2F06 NB RSGSNNAYSaAa 6KSGKSNI GNXFFAO Aa dzaAy3
reallocate split times from phases that do not use their entire split time tasphavhere more

split time is needed, attempting to balance tbgwratio for all the phasef32]. This

optimization is constrained by minimum and maximum green times and pedestrian intervals.

With respect to the offset adjustent logic, the changes to the offset time values are quite

small per cycle (from 2 to 5 seconds earlier or later). This type of adjustment is based on cycle
flow profiles which are compiled by the monitoring of advance loops on progression
approacheg31]. ACS.ite develops a statistical flow profile using the data collected from the
detectors and optimizes the offset, implementing it at the coordinated ptja3¢ The

frequency of the adjustmentsan also be controlled by the traffic engineer supervising the

control process each time.

The AC%ite software has been independently evaluated in a simulation environment and in

field studies. Using CORSIM, the controller was adjusted in order to hauwdtiple
AYGSNBSOGA2YyaQ O22NRAYIFGA2Y ® wSadzAZ Ga Ay UGKAA
control delay and traffic travel time compared to suboptimal offset values. Compared to

suboptimal split values, travel time ranged from 4.9% shorteg.8% longef31]. Initial field

GSada 6SNBE O2yRdzO0GSR S@Ilfdad GAy3a GKS aeaidsSyQa
manufacturers. Test beds were deployed in 2006 at Gahanna, Ohio; Houston, Texas; Bradenton
Florida, and BECajon, Californi§81]. These tests indicated travel time savings up to 11%, as well

as delay time reductions up to 35%, and fuel consumption reductions and cost b¢a&fits

The Bradenton, Fbdation is unique in that it is andhaped corridor with two adjoined,

perpendicular arterials. At this location, an 11% decrease in travel time and a 28% decrease in
number of stops were found after implementation.

The AC&ite software was designed sgcally to minimiize procurement, operations and
maintenance costs. A€&te can also respond to unexpected incidents and accommodate
changes regarding the signal time monitoring sch¢&ig.
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2.4BestPractices in ASCT

Adaptive signal systems have been applied in many areas of the US, including Florida. Some of
the implementations and the experiences reported are discussed below, followed by an
overview of lessons learned and best practices obsenveldease studies.

2.4.1Pinellas County, Florida (RHODES and OPAC)

Pinellas County, Florida has experience in multiple adaptive signal control systems. The
RHODES system was implemented on-infiefsection corridor with average intersection

spacing of ¥ to %2 mile. According to an evaluation of the sy{8éJthe RHODES

configuration parameters had to be modified via text files and were found to be difficult to use
for operators. Also the vendor support from University of Arizona was found to be inconsistent
and the system was discontinued.

Pinellas County additionally tested OPAC on ainteksection corridor with average
AYGSNESOGAZ2Y &L OAy3a 2F m YAt SO Wal 22N Oe Of
skipping of phases and there was a VME communication failure betweenRA€ Qingle board
processor and the 2070 controller CPU. Eventually the system was upgraded to Econolite

Centracts Adaptive (no specifics have been found in the literature on this approach).

In both cases, training of the operators and maintenance of detsatvere found to be vital
factors in achieving success with the system. The county currently usgadnEconolite
Centracts Adaptive and ACHe.

2.4.2City of Irvine, California (SWARM/OPAC)

A systematic evaluation of the performance and effective@nef a Field Operational Test (FOT)

of an integrated corridotevel adaptive control system was attempted from fall 1994 through
spring 1999 in the City of Irvine, California. This test included OPAC as well as other new
technologies for ramp metering, $Tand new 2070 ATCs. This study began developing software
prior to the purchase of the new test controllers, and noted that basing the software on
hardware that was still in development complicated the software porting tasks. The study
concluded that lackf consistent communication and training prevented the arterial consultant
from effectively deploying the test technolod5]

2.4.3VDOT Pilot Implementation (InSync)

The Virginia Department of Transportation (VDOT) emplagednSync system along thirteen
corridors in Virginia between years 2011 to 2(0326]. Corridors were selected on the basis on
criteria like variability in traffic patterns, heavy side street flows, conflicts with other madds
support from local authorities.

Floating car probes, blue tooth and INRIX data were used. Travel times, speeds and number of
stops were considered as the performance measuresafistically significant 17% reduction in
total intersection crashes andl.8% reduction in total stops were found. About 70% of the
corridors showed statistically significant reduction in travel tiffilee system generally showed
improvement in the mainline performance but it was not significant when intersections were
oversaturated and/or when the existing system (Time of Day) already performedAltieugh
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corridors were retimed &% years ago, no sigficant development occurred in the immediate
vicinity of them, hence researchers assumed that it is safe to attribute the improvements to
ASCT.

Widely-spaced intersections had problems with platoons breaking up and a break in
communications was found taffect performance significantlside street delays generally

increase (commonly between 5 to 10 s) when ASCT is deployed, although there is usually a net
reduction in overall corridor delayn quantifying improvements in operations, the agency
reportedthat off-peak and queue data were found to be useful. INRIX data showed 15% to 20%
improvement in travel time reliability.

The report noted that the public expectation was too high when the system was announced,
and therefore advised to lower public expatons in urban areas, as the advantages of
adaptive control are not aimed at the most highly congested time periods.

2.4.4Park City, Utah (SCATS)

UDOT implemented ATCS in Park City as a pilot project on a 12=intersection ¢8#ijddhe
following suggestions were made in the report after the evaluation of the project:

1 There was no evaluation plan in advance of implementation and therefore the agency
KIR (G2 dzasS SEA&alGAY3 fAYAGSR GofrfadBé RI GO
limiting such evaluations to comparing only individual intersections as opposed to
comparisons of the performance of the entire system before and after SCATS is
installed.

T ¢KS NBLR2NI NBO2YYSYRSR O2yRdzOGAY3 | GéAidKk
®ST2NB«k | T i hskapproadhiieRehdd ¢ the political decision to turn SCATS
off for few weeks.

A VISSIM network simulation was developed and calibrated to get a larger data set in order to
evaluate alternative geometric configurations. It alswvg UDOT the opportunity to explore

various traffic signal scenarios and future expansions of the system (not only in Park City, but on
Fye 20KSNJ ySGg2NJ 0> &AdzOK | ay GoST2NBk I TFiSNE

2.4.5City of Surrey, Canad@MAC)

¢CKS /AGe 2F {dzZNNBeé& AYLI SYSY(iORAGRNSANI LIRE R A V6
system for 7 closetgpaced intersections on a single corri@8]. Some of the important
lessons that were reported are:

1 To maximize the benefits of deploying ASCT, arterial corridors and signalized
intersections with more highly variable and/or unpredictable traffic volumes should be
selected as preferred locations.

1 The length of the arterial corridor must be long enouglappreciate the travel time
variations.

1 Techniques to further fingune the configuration data and/or enhance the ASCT
algorithms to improve the duration of the transition periods should be investigated. As a
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minimum, the local traffic signal controllestiould always be configured to use the
GaK@Ng&e¢ 2FFaSi dGNXryairAdAzy YSUK2RX gKAOK aK:
corrections.

1 Robust and reliable communications between the Central Server and all MAC Adaptors
in the field is a key consideiah in the deployment of the ASCT system (as the ASCT
algorithms cannot run until all the MAC Adaptors have reported data for the last
completed cycle).

2.5 Summaryof Best Practices and Lessons Learned
The following is a summary of best practices identified in previous studies:

1 Robust communication and adaptability of controllers to any new adaptive signal
control systems are both important factors in the effectiveness and functionality of any
system.

VVVVVV
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perspective.

1 Transition from emergency events to regular patterns should be studied; ary pre
emptive events during data collection would be useful in this regard.

1 Since there & sometimes problems during prand post congested periods, collecting
off-peak and queue data is necessary to evaluate the effectiveness of the system.

9 Infrastructure, such as communication cables, controllers and detection should be
thoroughly tested lfore the data collection.

f Theold systems mustbe-@l t A6 N} SR IyR O22NRAYIFGSR F2NJ
so that the benefits derived can be measured more accurately.

A
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considered.

1 Whenever available, high resolution signal timing and detector data should be used and
whenever necessary, simulation tools should be employed for rigorous evaluation of the
system. Phase splits and other controller information can be use&uatuating the
access equity of the intersectiofts|.

1 Travel demand can, and typically does change between before and after studies due to
a variety of reasons such as site development and seasonal changes. This vasability i
often mitigated by collecting data on the same days of the week and within a given
season.

2.6 Conclusions and Recommendations

The two adaptive systems of focus in this study, InSync and SynchroGreen, are at the leading
edge of development among ASCTisSync approaches adaptive control in a different way

than most other systems in allowing more possible phasing and patterns, while SynchroGreen
optimizes currently used phasing based on changing traffic patterns. Both systems have
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existing user bases witpositive experiences and target improvements in locations with large
variability of traffic flows by time of day and day of the week.

The University of Florida will be evaluating the test corridors over the next two years with the
principles mentioned ithis document. Maintenance of the systems and selection of
appropriate measures of effectiveness, time and points of data collection will be helpful in
evaluating the systems.
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3. TRAFFIENGINEERINGNALYSIS

¢tKS a06ST2NB YR FOGSNI!{/¢é& RIGI O2tftSOGA2Y A

as well as demand data, turning movements, queuing patterns, the presence of preemption,
and other information that may affect signal coordination (presenceeafgstrians and
bicycles, presence of heavy vehicles, speed limits, etc.).

Prior to the data collection, the research team identified all pertinent performance measures
that should be collected before and after installation of ASCT. These measures ineltidgdl

travel time, delay at each signal, ritbck delays, and quality of existing signal control and
coordination.When previously collected information was available by FDOT and other agencies,
the research team included such datethe analysis afhose sitesand collected in the field the
remaining data. Data were collected during three separat®@r time periods at each site: the
morningPeak (AM)the evening Peak (PM), and aff €eak period. The research team
coordinated with the local ageiesto identify suitable study periods for each corridor, and

obtain any relevant data in advance of the data collection.

Travel time data were primarily collected using our instrumented vehicle in a floating vehicle
study. Travel time is estimated ¥&d on thetime difference betweerarrivals athe first and

last intersections for each corridor, when the vehicle has crossed the intersection at a speed
approximately equal to the average operating spetlde number ofuns along each corridor
were a function of the time it took to traverse it during each period of analysis. A minimum of 5
runs were conducted at all corridors. In addition to travel time data collection, turning
movement counts and queue lengths were collected at two critical intersestior each

corridor. These were identified in consultation with the corresponding city, county, or
managing agency. Based on these data, the following performance measures were obtained
for the designatedPeakand offPeakstudy periods: queue length, @ue to lane storage ratio,
and passenger car equivalent (pce) flows.

Table 3.1 and.2 provide the summary of changesperformance measures for theorridors
As shown

1 Four of eight corridorsfanama Cit3each Parkway, 2535t, USL7 and 68 St) showed
clear improvement in all performance measures on major ssesith increassin
gueues on minor streat

1 Of the remaining four, SR 70 and University Parkway showed improvement upon further
analysis

0 SR 70 intersects with US 3@dhich carrieheavy volumes and is a part af
ASCT impmentation. Hencecross street travel time waasoconsidered

0 Intersections affected from DDI construction were removed from analysishéor
University Parkwagorridor.

1 ASCT waemoved fromNewberry Rdshottly after installation, as it was adversely
affecting operations.

1 E Van Fleet Drin Bartow did not show cleavperationalimprovement This may be due
to its unusual shapewhich includesnajor left turnswithin the corridor.
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The data and malyss foreachsite have been included ppendiceAthroughH. The next
subsection presents a statistical comparison of selected traffic measures, while the last
subsection presents theegression analyssonductedto show the relationship between sit
characteristics andperationalimprovemenswith ASCT implementation
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Table 31 Summary of Performance Measures for Altri@lors (Direction of Change)

Number PerformanceMeasures
i f L h (mi ASCT T
ey 0 AL (i) SCT Type Tr.avel Delay Queue Length Volume Comment
Signals Time
Newb.erry Road 12 1.45 SynchroGreen| Increased | Increased Increased Increased - Short links a.d versely
Gainesville affect detection
US 17/92Deland 5 2.28 InSync Decreased| Decreased Decreased/ Increased “Welksupported by the
Increased vendor
PanamaCity Beach - Overall improved
ParkwayBay 10 8.5 InSync Decreased| Decreased Decreased Increased P
performance
County
-Whileoverall
University performance of the
Parkway Decreased Decreased corridor slightly
Sarasota/Manatee 19 8 InSyne /Increased Decreased | Decreased /Increases (Work Zone) improved, operations at
County some intersections (close
to DDI) deteriorated
23 street - Travel time reduced
: 9 2.0 InSync Decreased| Decreased Increased Increased - Side streets suffered
Panama City L
significantly
66" Street Pinellas 12 5.0 InSync Decreased Decreased/ Decreased Increased
Increased
The system extends to
SR 76Manatee 21 9.2 SynchroGreen Decreased Increased Increased/ Decreased cross street US 3.01’
/Increased No Change where the travel time and
gqueues decreased
E. Van Fleet Drive] Corridor includes major
Decreased| Decreased
& N. Broadway 5 11 InSync Increased Increased left turns along the
/Increased | /Increased

Ave- Bartow

mainline
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Table 32 Summary oPerformance Measures for All Corridors (Magnitude of Change)

Corridor Number of | Length ASCT Type Performance Measures
Signals (mi) Travel Time Queue Length Volume Comment
(D1)-22.70% Major Through Major Through
Newberry Rad 12 145 SynchroGreen 20.48% 9.98% - Would be more effective with
Gainesville ' (D2)-0.01% Minor Through Minor Through advance detection
36.8% -4.83%
(D1) 10.57% Major Through Major Through
-12.68% 3.96% :
US 17/92Deland 5 2.28 InSync (D2) 25.0% Minor Through Minor Through -Well-supported by the supplier
33.69% 11.87%
Panama City Beacl (D1) 5.7% Major Thrg)ugh Major Thorough
ParkwayBay 10 8.5 InSync . -21.58% . >.00% - Overall improved performance
County (D2) 13.7% Minor Through Minor Through
3.50% 1.75%
University Parkway (D1)-11.22% Major Through Major Through | -While c.)veralll performance of
Sarasota/Manatee 19 78 InSync _ -54.40% _ -9.67% the cor_ndor slightly |_mproved_,
County (D2) 25.17% Minor Through Minor Through opera_mons at some intersection
19.67% 3.33% deteriorated
- (D1) 7.57% Major Through Major Through | Travel time reduced
street- Panama 9 2.0 InSync 3.58% 10.08% - Side streetsuffered
City ' (D2) 13.07% Minor Through Minor Through significantly
16.33% -1.83%
(D1) 10.56% Major Through Major Through
66" Street Pinellas 12 5.0 InSync _~35.58% _ 7:50%
(D2) 20.31% Minor Through Minor Through
25.83% -16.42%
(D1)-5.80% Majolr (‘)I'g(;(?ugh Majc;r (‘)I'g(;(?ugh The system extends to cross
SR 70Manatee 21 9.2 SynchroGreen (D2) 4.78% Minor Through Minor Through ;::]eee;;J(jsqi(éldev:hdeersr;r;eséﬁveI
4.00% 0.00%
. (D1) 12.82% Major Through Major Through
E[\.j_V;r:);;(\jfatyDAr\l\\//:_e 5 11 InSync . 10.75% _ 28.83% Corridor has_ left turns in major
Bartow (D2)-14.22% Minor Through Minor Through | street directions
15.83% -3.50%
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3.1 Comparison of Traffic Performance Measures

In order to measure the effects of ASCT on the corri@oaffic operationalconditions several
performance measures (PM) are evaluated. The changeawel time, major street throughput,
and minor street throughputor each corridor arsummarizedn Table 33 and3.4. The change
rate ofeach measurés calclated as:
0@ ¢ "Q'Q—G b Q0 uegz nmmnb
Tom P P

TheD 0 and 0 0 &epresent theQ 0 0 after and béore the implementation of ASCT
respectivelywhere'Q pltfo,4,5,6,7and itrepresensthe specific performance measure
evaluated {ravel time, main street throughpdthrough, main streetjueue lengththrough,

main street throughpudeft, main streetqueue lengthleft, minor street throughputleft, and

minor streetqueue lengtheft). Thetravel time changes are summarizedTiable 33. D1

indicates the travel time chander direction 1 (EB/ NB) and D2 indicates the travel tfore
direction 2 (WB/SB).Green shading represents improved travel times with ASGile wed
shading represents worsening conditions with ASCT. Note that ASCT was not performing as
expected along th&lewberry Rd(see AppendiBregarding the operational performance of

this corridon, and thereforat is not considered ithe calculationof the overall average.

All corridors show travel time improvement in at least one direction of travel and four corridors
show improvement in both directions. Of the four, US 17 in Delani,S86n Pinellas, and 23

St. in Panama City, showed statiatig significant improvement in travel time in both

directions. Overall, an average reduction of 9.36% in travel time (both directions) was observed
across alstudycorridors.Detailed information on each of these provided in Appendicesto

H.

There were four instances where travel time increased after ASCT installation:

1 Newberry Road EBvherethe ASCT was eventually removed

1 University Parkway EB, which had a new &ilifhe east part of the corridaunder
construction during the aftestudy

E Van fleetm Bartow, where the mainlinecludesleft turns

SR 70, where the ASCT favored the higlodnme cross street US 301. Upon further
analysis, the cross street (US 3@dlich also had an ASCT installation but was not part
of the study corridor dr this project,showeda 20% reduction in travel time.

1
1

While travel time is important tanalyzen order to evaluate the driver perception of the
corridor level of service, the flows and queues collected at two critical intersections in each
corridor indcate how ASCT is serving the major and minor streets. Due to the limited
availability of time and resources to collect data and to have uniformity across sites, it was

RSOARSR G2 O02ttSOG RIdal F+4 2yfte Gfordackk ONRGAOF §

corridorwith the help of locahgenciesand FDOT district staff.



Table 33 TravelTime Clhngesfor Each Grridor, By Drection

Travel Time
Change
(D2)

Travel Time
Change (D1)

Stat.

Sig Comments

Corridor

*%*

US 17/92

Detection and other issues

Newberry Road .
system currently not in use

Panama City Beach
(PCB) Parkway
23rd Street
DDI construction and Mall
- upgrades duringi K &fteré
study

University Parkway

66th street
SR70

E. Van Fleet and N.
Broadway Ave (Barto

D2 had left turnslong the
mainline

Overall

** indicates the travel time change istatisticallysignificant withd 0 ¢ & 6 it p
** indicatesthe travel time change is significant withd & & 6 i@t v

* shows the travel time change is significant with ¢ & 6 i@ T

- shows the travel time changeiissignificant withD 0 © & 6 i T

The throughput change and queue &th change of the major stredtirough), major

street/left, and minor streetthrough are presented imrable 34. The values reportedepresent

the average change for an approaahdfor the given performance measure. For example,

GF @SN IS LISNOSY Gl 3S OKLI igdh&verhgs of el ¥alllesa § NS0 G K
percentage changes in flow in two major street directions()reetime periods (3) x two

critical intersections (2).

The corridors where the throughput increases and the queue length decreases at the same
time, which are the besperforming cases, are marked in green. The corridors that incurred
throughput reduction and queue length increase, which are the wpestorming cases, are

marked in red. The instances where there was no clear trend in the changes observed (i.e. both
throughput and queues either increase or decrease together) are marked in beige.

As indicated imable 34, when noticeable improvements are obsed for the major street

there is typically a deterioration in the minor street traffic operations. Th& 8eet corridor

in Pinellas County achieved the best improvement with 7.50% throughput increase and 35.58%
reduction in queues on the major stre@through). However, its minor street (through) had a
reduction of 16.42% in throughput and an increase of 25.83% in queues. Some of the
percentages in queues seem large, however they often correspond to short queues consisting
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of only a few vehiclesAddiional information regarding queue lengths for each corridor is
provided in AppendiceAto H.

Overall, the ASCT agenerally effective as thdgads to increasein throughput (6.96%) and
reduction in queues (15.57%) for the magtreets. Althoughhey resultin increases in queues
(16.98%) on the minor streets, the throughput remains almost the sah@9%) i.e. ASCT is
able to maintain the same levels of side street flalespite an increase in queues.

Table 34 Throughput and Queue Changes at Critical Intersections

Corridor Major Street (Through) Major Street(Left) Minor Street(Through) Comments
FIow/Tthroughp Queue FIow/Tthroughp Queue FIow/Tthroughp Queue
UsS 17/92 1.18% 2.88% 11.87% 33.69%
Newberry 9.98% 20.48% 24.50% 10.43%
Road
Panama City|
Beach (PCB
Parkway
23rd Street 10.08% 3.58% 20.17% 21.83%
One of the
critical
intersection
s not
University -9.67% -54.50% -17.67% -33.00% 3.33% 10.679 | considered
Parkway due to
vicinity to
constructio
n in after
study
SR70 3.00% 1.00% 17.00% 34.00%
E. Van Fleet
and N. 28.83% 10.75% 10.92% 38.83%
Broadway
Ave (Bartow)
Overall 1.62% 5.05%

3.2 Regression Analysis and Findings

In order to understand the relationship between the characteristics of the study corridors and
operational performance with the ASCT, linear regression analysis is performed and the results

are reported in thisubsection. The regression models developeduatify the ability of ASCT to
AYLINR @GS LISNF2NXIFYyOS a || FdzyOiAazy GKS O2NNRAR2
be used to anticipate the effect of ASCT on other corridors, providing guidance on which

corridors are best candidatder ASCTmplementation

Table 35 shows the correlation between explanatory variables, and the correlation between
each response variable (PM) and the explanatory variables.
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In the regression aalysis, the response variablage:

1 Percentage change in travel tineTT_Diff)

1 Difference in geue storage ratio (QS_Diff)

1 Percentage change in major street throughput (PTR_Diff)
1 Percentage change minor street throughpu{PTRMI_Diff)
1 Percentage change in intersection delay (PDelay_Diff)

The corridor characteristics eluated and used as explanatory variables are:

Speed limit (Speed.limit) in mph

Number of lanes (X.lanes)

Annual AverageDaily Traffic (AADTn vehicles

Averagedistance between intersectiondntersectionDistane) in feet
Lengthof the corridor (Lengthin miles

Number of signalized intersectisr(X.Signals) per mile

Number of unsignalized intersectisr(X.Unsignals) per mile

= =4 4 -4 -8 -9 -9

In addition, the following variables were created as a combination of the variables above:

1 Number of access points (access.poitk.Signals+X.Unsignals) per mile

1 Nominal variables based dhe length of the corridorshort (short_dis) if it is less than 2
miles long if it is more than 8 miles (long_dis)edium (med_dis) it is 28 miles long

1 Operating speed (before) to free flospeed (speed limit) ratio (Speed.fFFS

The correlation matrix provides helpful information in determining the combination of variables
to be used in predicting each of the independent (response) variables. For example, with ASCT
application (correlatiorcoefficients provided in the parenthesis):

1 Corridors with higher AADT, show less improvement in queues (0.46)

1 Medium length corridors (2 to 8 miles) show relatively higher improvement (reduction)
in travel time than short and long corridor$)(36)

1 Corridas with higher intersection densitghow lessmprovement in queues (0.47)

The correlation matrix is also helpful in identifying the exploratory variables which interact or
have similar effects on the response variables. This information is helpful icingdihe
number of exploratory variables or creating a new combination variable. For example:

1 Longer corridors (0.76) with more lanes (0.31) show higher speed (before ASCT is
implemented) to FFS ratio

1 The number of signalized and unsignalized intersectp@nsmile have a high correlation
(0.63) and produce a similar effect on the response variables. Hence it might be better
to use a combined variable for these.

Based on the information obtained from the correlation matrix a stepwise linear regression
analysis was conducted. Other types of regression modelsl@ggloglinear) yielded similar

results. Linear models were chosen for simplicity and ease of comparison. Out of five, only two
response variables resulted in meaningful and statistically signifroadels: Percentage Travel
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Time Change and Queue Storage RatianQe (Major Street)The followingsubsections discuss
each of these models.
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Table 35 Correlation Matrix

Speed.Limi | X.Lane Divide X.Signal | X.Unsignal AADT Intersection.Distanc [medium_di |long_di |access.poin \er Speed.FF|PTT_Dif PTR_Diff|Qs_Diff PTRMI_Dif |PDelay_Dif
t s s s e s s t S f f f

Speed.Limit 1.00 -0.04 | -0.04 | -0.86 -0.39 -0.50 0.38 0.09 0.62 -0.62 0.74 0.57 -0.35 -0.13 -0.32 -0.16 0.18
X.Lanes -0.04 1.00 1.00 -0.18 -0.06 -0.26 0.29 0.29 0.22 -0.12 0.42 0.31 0.14 -0.11 -0.20 0.12 0.05
Divide -0.04 1.00 1.00 -0.18 -0.06 -0.26 0.29 0.29 0.22 -0.12 0.42 0.31 0.14 -0.11 -0.20 0.12 0.05
X.Signals -0.86 -0.18 | -0.18 1.00 0.63 0.40 -0.60 -0.42 -0.46 0.84 -0.78 -0.47 0.40 0.29 0.35 0.08 -0.03
X.Unsignals -0.39 -0.06 | -0.06 0.63 1.00 -0.18 -0.89 0.00 -0.35 0.95 -0.38 -0.15 0.09 0.37 0.47 -0.10 -0.13
AADT -0.50 -0.26 | -0.26 0.40 -0.18 1.00 0.31 -0.25 -0.06 0.03 -0.23 -0.14 0.30 -0.29 0.46 0.08 -0.07
'mersemio:'DiSta"C 038 | 020 | 020 | -060 | -0.89 | 031 1.00 005 | 061 | -086 | 064| 041 | 002 | -046 | -023 | 007 0.15
medium_dis 0.09 0.29 | 0.29 -0.42 0.00 -0.25 -0.05 1.00 -0.45 -0.17 0.12 -0.07 -0.36 -0.16 0.02 0.05 -0.34
long_dis 0.62 0.22 0.22 -0.46 -0.35 -0.06 0.61 -0.45 1.00 -0.43 0.83 0.73 0.06 -0.19 -0.04 -0.14 0.31
access.point -0.62 -0.12 | -0.12 0.84 0.95 0.03 -0.86 -0.17 -0.43 1.00 -0.58 -0.29 0.22 0.37 0.47 -0.04 -0.10
Length 0.74 0.42 0.42 -0.78 -0.38 -0.23 0.64 0.12 0.83 -0.58 1.00 0.76 -0.15 -0.31 -0.04 -0.13 0.13
Speed.FFS 0.57 0.31 | 0.31 -0.47 -0.15 -0.14 0.41 -0.07 0.73 -0.29 0.76 1.00 0.15 -0.25 -0.07 -0.13 0.07
PTT_Diff -0.35 0.14 | 0.14 0.40 0.09 0.30 0.02 -0.36 0.06 0.22 -0.15 0.15 1.00 0.11 0.14 0.19 0.11
PTR_Diff -0.13 -0.11 | -0.11 0.29 0.37 -0.29 -0.46 -0.16 -0.19 0.37 -0.31 -0.25 0.11 1.00 0.03 0.32 0.00
QS_Diff -0.32 -0.20 | -0.20 0.35 0.47 0.46 -0.23 0.02 -0.04 0.47 -0.04 -0.07 0.14 0.03 1.00 -0.09 -0.19
PTRMI_Diff -0.16 0.12 0.12 0.08 -0.10 0.08 0.07 0.05 -0.14 -0.04 -0.13 -0.13 0.19 0.32 -0.09 1.00 -0.07
PDelay_Diff 0.18 0.05 | 0.05 -0.03 -0.13 -0.07 0.15 -0.34 0.31 -0.10 0.13 0.07 0.11 0.00 -0.19 -0.07 1.00
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3.2.1 Linear regressiomodel for predictingpercentage travel time change

Table 36 presentsthe model predictingoercentage travelime change ((After FBefore
TT)/Before TT). A negative percentage travel time change indicates travel time improvement.
The number of signalized intersectsmer mile represents the density of signalized
intersectiorsalong the corridor. Higher densitiynits the capabilities of the signal system to
provide efficient taffic progression.

QG NNA R2 NA 24 JS(NE (R &S FRIGHER C ClimitsNlde Gapabilities of the
signal systenii 2 A YLINRE O® (I NBRSHISERIEE NI {(i/A¢20 YSI ya f26SN
O2y3Saiim2y2t I@INYS GAAIBLIY NIDdY MIYEINR GSYSy (i @

Table 36 Percentagelravel Time&ChangeModel Results

Estimate Std. Error t value Pr(>|t])
(Intercept) -0.45527 0.10321 -4.411 6.34E05
#Signalized intersection  0.04562 0.01064 4.288 9.40E05
Speed/FFS 0.47904 0.15474 3.096 0.00337
R 0.3069
Adj. R 0.2761

Qx
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3.2.2 Linear regressiomodel for predictinggueue storage ratio change (major street)

Queue storage ratio is the ratio of queue length over the Istoeagecapacity.Table 37
presents the model predictinQueue Storage Ratio Change (After QEefore Q/S) on the
major street at the critical intersections along the corridors. Negatjuaie storage ratio
change indicatesnprovement.

Table 37v dzS d2z@ NWESA 2 / KIFy3aS oaf2aNliaiNBSio a

Estimate Std. Error t value Pr(>|t])
(Intercept) -0.66750 0.11180 -5.973 3.43E07
#access.points 0.01542 0.00384 4.018 0.000221
AADT 9.900E06 0.00000 3.899 0.000319
R 0.4185
Adj. R 0.3927

¢CKS ydzYoSNJ 2F | O0S&aa LRAYyG O0AyOfdzRSaE 620K aAi3
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The AADT positively affects queue storage change hgher AADT results ionger queues
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3.3 Travel Time Reliability

Travel time reliability is an importawobmponent when analyzing corridor performance. Travel
Time index (TTI), as an indicator of travel time reliability, is calculateal foorridors and for
each time period:

TTI = Peak Period Travel Tim

Free-Flow Travel Time

TTI index represents the average additional time required during peak times as compared to
travel times of light traffic. The difference in TTI before and after system installation is shown in
Table 38. The average change in TTI wa43 across all sites

All corridors except 238Street have highetravel time and hence TTI the PM peak. The last
column inTable 38 shows the percentage difference in TTI betwélealeast congested and
most congested periods for a given site. A higher number indicatgscongested peaks
(usually inthe PMPeal. The three sites that have minimal difference betwéefi Peakand
Peakcongestion levels are US 17 (16%), Panama City Beach Parkway (9%) Stideiq11%).
All three showthe most improvement in traveimes. Hencethe least improvement in travel
time reliability was observed otorridors with oversaturated peaks.
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Table 38 Travel Time Index (THdr All Corridors in Both Directions

Direction 1 Direction 2 TTI

Site VI (s

Period Min)

Before | After | Difference | Before | After | Difference | /Min %

AM 1.94 | 2.00 0.05 1.75 | 1.93 0.18

Newberry Rd Off 2.11 | 243 0.33 2.00 2.15 0.16 60%
PM 2,59 | 3.73 1.13 3.26 2.92 -0.34
AM 1.90 | 1.73 -0.18 193 | 1.71 -0.22

US 17 Deland  Off 2.02 | 1.80 -0.23 2.19 | 1.62 -0.58 16%
PM 2.24 | 1.99 -0.25 252 | 1.63 -0.89
AM 1.21 | 1.11 -0.10 1.44 1.51 0.08

Pi?l?v(\:/};ly Off 1.09 | 1.14 0.05 1.83 1.51 -0.32 9%
PM 1.24 | 1.10 -0.14 1.69 1.34 -0.35
. . AM 159 | 1.52 -0.08 1.43 1.38 -0.06

Upnell\r/l:':vrvsallt; Off 1.72 | 1.96 0.24 1.86 1.61 -0.25 57%
PM 2.21 | 2.67 0.46 3.33 1.80 -1.54
AM 2.30 | 2.01 -0.29 2.25 1.70 -0.54

23rd Street Off 2.86 | 2.63 -0.23 2.97 2.53 -0.44 27%
PM 252 | 2.40 -0.12 2.59 251 -0.08
AM 2.08 | 1.77 -0.31 1.94 1.59 -0.36

66th Street Off 196 | 1.79 -0.17 2.16 1.72 -0.43 11%
PM 2.16 | 1.98 -0.18 2.23 1.73 -0.50
AM 1.72 | 1.75 0.03 1.66 151 -0.15

SR 70 Off 1.28 | 1.37 0.08 1.28 1.27 -0.01 32%
PM 161 | 1.76 0.15 1.75 1.68 -0.06
E.\_/an Fleet AM 2.66 | 2.55 -0.12 2.59 3.22 0.63

Drive &N. | ¢t | 556 | 262| 0.05 2.82 | 3.58 0.76 22%

Broadway

Ave. PM 3.52 | 2.46 -1.06 341 3.27 -0.13

3.4 Conclusions from Traffic Engineering Analysis

Thetraffic engineeringanalysis of the study corridoshowsthat the implementation of ASCT
led to an average overall reduction in travel time of 9.36% (excluding the Newdwarigtor, as
indicated above) All corridors show travel timeeductionin at least one direction of travel and
four corridors showeductionin both directionsThe travel time reliability improved overall.

The ASCT also helps to increase major street throughput (6.96%) and reduce major street
gueues at the same time (15.57%). The minor street queues increase (16.98%) while the

37



throughput remains almost the same (0.69%9,, ASCT is able to maintain the saavels of
side street flows despitanincrease iminor streetqueues.

¢KS fAYSIFNI NBAINBaaAzy lylfeaira akKz2ga GKIG KAZ
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4. SAFETRNALYSIS

While it is essential to conduct traffengineering analysis to assess the improvements made by
implementation of ASCT on traffic operations, it is also important to understand the impact of
such technology on traffic safety. Often the introduction of new traffic patterns result in
increase of reaend crashes. In this chapter, we collect historakh data for before and

after the implemeantation of ASCT and analyze theifects.The next subsection provides an
overview of the literature, followed by a description of the data assembled. The third
subsection summarizes thealysis methodology, wia the fourthsubsection provides the

results of the analysis by corridof.he last subsection summarizes the conclusions of the safety
analysis.

4.1 Background on Safety Studies

In 2013, out of the 10.1 million motor vehicle crashes, about 10% of them occurred at
signalized intersection89]. This represents an increase from 9% out of the 6.3 million crashes
reported in 200310]. There is indeed an extsive body of literature on intersection safety. In
this project, we focus our attention on the operational characteristics of traffic signals with
particular emphasis on adaptive signal control and signal coordination.

Severabperational characteristicsf the signal can have impacts on safety. For example,
increasing the yellow time and all red times could reduce red light running and hence improve
safety[41-43]. Chin and Qudduf}4] reported that crashes at signalized intersections increase
with increasng number of phases and hypothesize that most crashes happen during phase
changes. This result is also supported by Poch and Manrndshg

Sunkar[46] reports that signal retiming, in general, has safety benefits as it reduces the
number of stops and improves the smoothness of traffic flowchiranslatesinto reduced

severe collisions. Also, the report by Hicks and Cfdrstates thatASCTeduce the number

of stops by 28% to 41#inforcingthe point thatASCTmproves coordination hence reducing

the number of stops. Furthermore, a report from HRG,'Isgpports the point thaASCT

reduce the frequency of stops. Their mp states that injury crashes decreased by half in Troy,
Michigan and crashes reduced by 38% in West Des Moines, lowa after the implementation of

the adaptive control signals. In addition, FH¥02 y 8 A RSNB aA3dylf O22NRAY I (

strategy for improing intersection safety and the re@nd crashes along the major street.
Based on befor@nd-after studies, reductions in crash frequenciasgefrom about 6% to
38%. Coordinated intersections have also been estimated to haB®3fewer total crashes
and 14-43% fewer reaend crashes compared to uncoordinated intersectioffhe ITE toolbox

L http://www.hrqg -inc.com/adaptivetraffic-signalsreducedelayincreasesafetyand-improve-
public-satisfaction/?print=prit

?http://safety.fhwa.dot.gov/intersection/other topics/frwasa08008/sa4 Signal Coordination.
pdf
3 http://safety.fhwa.dot.gov/intersection/conventional/signalized/fhwasal3027/ch8.cfm#s833
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on intersection safety desidmlso reports a 12% reduction in crashes during the peak periods
based on a study in lllinois.

Based on beforeand after studies condated in five corridory adaptive signal control with
coordination was shown to reduce crashedvioeen 15% and 30% (Figufel).

TAC Corridor Implementation Summary

Scope of Before Period | After Period Change In Signal Years

Corridor Crashes Exposure Annual
Corridor and 7 o Crash-
s o ; c Related
ey I"'H. ::z: Yoars Annual  Yexrs  Aanual fe SUOR Before  Alter Co:t Saving
Sacrons Crashes Crashes Y 9%
Washington Road
Columbia County, 5 1 1.0 162 1.0 120 -42 -26% 5.0 50 $1,164,702
GA
215t Street
City of Topeka, KS 7 1 20 142 20 108 -34 -24% 140 140 5942,854
Missouri Highway
291, Lee's Summit 12 25 30 262 1.0 217 45 -17% 360 120 $1,247,895
(Missouri DOT)
Chipman Road
City of Lee's 8 1 20 89 06 76 13 -15% 160 47 $360,503
Summit, MO
Thompson Road/
Hwy 71, City of 8 3 09 63 09 44 -19 -30% 7.3 73 $526,889
Springdale, AR
Total 40 85 8.9 718 55 565 -153 -22% 783 410 $4,242,843

Figure 41 Impactsof Coordination on Safety

Based on a beforand-after (2 years before and 2 yeartea) study of crashes along 6
corridors in Florida that were treated with signal retiming, Y&ueports reductions in crashes
based on both a simple comparison of observed crashaklé¢ 41) and using the Highway
Safety Manual(HSM)approach which comgred the observed crashes after the treatment with
the expected number of crashes in the same corridor without the treatm€able 42).

4 http://library.ite.org/pub/e1d08c5+2354d71451e9f3967064dfb9

5 http://rhythmtraffic.com/safety-benefitsassociatedwith-adaptive-traffic-signatcontrol/
6

https://staticl.squarespace.com/static/5771719de857b45f0450e/t/5797882a725e25¢c408307ed5/14
69548587406/2%29+Effects-TrafficSignalRetimingon-Safety.pdf
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Table 41 Comparisorof Obsered CrasheB8efore and AfteRetiming (Adapted Froii])

Observed | Observed %
Corridor Before After Difference | Difference
1 1812 1532 -280 -15.45
2 1053 915 -138 -13.11
3 564 509 -55 -9.75
4 1180 850 -330 -27.97
5 2623 2151 -472 -17.99
6 802 723 -79 -9.85

Retiming(adapted from[6])

Table 42 Comparisorof Expected Crashes without Retiming with Observed Crashes with

Observed | Expected %
Corridor After After Difference | Difference

1 1532 1670 -138 -9.01

2 915 1043 -128 -13.99
3 509 585 -76 -14.93

4 850 896 -46 -5.41

5 2151 NA NA NA

6 723 834 -111 -15.35

In contrast to the above study which has looked at the corridor as a whole, others have
examined the crashes at individual intersections while considering its operational attributes
such as coordination as an explanatory variaBEsed on a study of inteections in Singapore,

Chin and Quddugt4] report that intersections with adaptive signals ardesathan those with
pre-timed signals based on fewer estimated crashes (5% less). The authors argue that adaptive
signals force traffic into a more relgu discharge pattern and reduce long gaps in opposing

flows leading to safety benefits. Such effects may also be observed in the case of signal
coordination, although the effect of coorthtion was not the focus of thattudy.

Feng et al[48] exanined the safety of intersections using data from central Florida. Of the 170
AYGSNBSOGA2ya AY GKSANI aildzRe I mooordirfathdS G A &2f€ | G
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scheme. The model results showed that coordinated intersections on the mainline highways
had more crashes than those that were isolated. The authors argue that this must not be
interpreted as a causal effect (i.e., coordination increases crashes); rather, this could be a
manifestation of endogeneity effects (unsafe corridors are more likelyet coordinated
systems) and/or the impact of higher speeds in coordinated corridors.

Turner[49] examined intersections in New Zealand. Although the analysis focused on individual
intersections, one of the factors considered was whether the intersection was coordinated with
an upstream intersection. The effect of coordination was mixed. It was fotubé associated

with increased rightangle crashes (except in some metropolitan cities where the effects were
negative) and right turning vehiclgedestrian crashes. Coordination was also associated with
FSHSNI a20KSNE @SKA Of Satigiiddlly sigaificind dffictiofcoordhdtidNB 4 I a
on other crash types such as reamd crashes.

In a study by Li and TarksQ], crash patterns on six arterials with coordinated signals were
studied. All data were collected after the signal coordioatplan was implemented. The
researchers studied the likelihood of reand and right turn crashes on every-frbnute

interval. Their analysis indicates that traffic streams that are more likely to arrive at an
intersection in periods without an existingigue (i.e., they arrive in the later part of a green
phase) are less likely to have a remd crash. Since the intent of coordination is to eliminate
such queues, the authors argue that coordination has net positive effect on reducing the
incidence of reeend crashes near intersections. As already indicatad study did not look at
crashes along the same corridors before the coordination.

In a most recent study on the safety benefit of ASCT, Osorio and Bengktjratamined six
intersections @ the Neil Street corridor in Champaign, IL through a befane after study

utilizing the Empirical Bayes methéat the study periodof 20122016. Their study developed
crash modification factors (CMFs) for different crash types and severity classifscdor
multiple-venhicle fatal and injury crashes, they developed a CMF of 0.67 at all intersections and
four-leggedonly intersections. However, although the CMFs developed were not statistically
significant at 95% confidence interytiley show a de@asing trend in multiple vehicles fatal

and injury crashes. For Property Damage Only (PDO) and total crashes, the CMFs developed
were 1.04 and 0.96 respectively. This finding also indicates that there is no change in PDO and
total crashes as their CMFs ddoped were close to one.

Overall the literature review shows thaadaptive/coordinated signal systems can be expected
to improve the safety of arterials. This is becaimsproved progression leads teduced

number of stops and thus a reduction ozar-end crashesAlso,increased platooning allosv

for more gaps in opposing traffic streapvghich results in reducedngle/turning crashes.
Disaggregate modeling studies also imply that-selection bias should be considered as well,
i.e., unsafecorridors are perhaps more likely to warrant treatments in the first place.

42



4.2 Data Assembly

Table 43 summarizes the corridor data used for the safety analyi$ie crash data along these
corridors were obtained from the Signal Four AnalyBysteni. Although the Signal Four

system receives data updates very night, there is a natural lag period between the date of the
crash and the date on which this is included in the Signal Four system with a geolocation
attached to it. Our analysifof details see Appendid indicates that 95% of all crashes
generallyappearin Signal Four within one month of the crash in mostidors. This is true for
crashes reported on both Long ankdd® Forms. A Long Form Report is an extended fommich
includesa narrative, dagram, andadditionalcrashrelated details. Long Form Reports are used
for crashes that involve death or personal injury, property damages and driving ureler th
influence.Short Form Repostare typically provided foall other types ofraffic crashes.

Therefore for this projectwe include only crashes that occurred at least one month prior to the
RFGS 2F GKS Fylfearad ¢KAa gAff fAYAG GKS LRa
because they have not been processed andeatihto the system yet.

Table 43 CorridorCharacteristics and Installation Dates of New Adaptive System for Each Site

Lenath # of Signalized New
Corridor County (milge ) Cross Section| Intersections System
per mile Start Date
uUs 17/92 Volusia 2.28 | 6-Lane Divided 2.2 14-Nov
Newberry Road Alachua | 1.45 | 6-Lane Divided 8.3 14-Nov
Panama City Beach|  Bay 8.5 4/6-Lane 1.1 1/9/2015
(PCB) Parkway Divided
23rd Street Bay 2 4-Land 4.5 4/24/2015
Undivided
University Parkway | Sarasota| 7.8 4/6-Lane 2.3 16-Feb
Divided
E. Van Fleetand N.| Polk 1.1 6-Lane Divided 4.5 3/8/2016
Broadway Ave
(Bartow)
SR 693 Pinellas 5 6-Lane Divided 2.4 4/24/2017
SR70 Manatee 9.2 6-Lane Divided 2.4 Sept 2018

7 https://s4.geoplan.ufl.edu/
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A second issue of concern is ensutingt crash reporting practices have not changed over the

analysis period. While the recording of lefigm crashes into electronic databases have

generally remained consistent practice all across the state, theve &lao been recent

initiatives to startrecording all crashes (both longnd short form). The recording of short

form crashes is also known to be varied across the state. Our analysipserdixK) suggest

that there is no systematic variation (specifically, an increase over time) in tip®gions of

short form crashes over time. Therefore, we use both lamg short form crashes for analysis

inthis studyasthiss At f y20 o6AlAa (GKS aFf FGSNE LISNA2R ONI a

The data extracted from the Signal Four Analytics System was for the perioayJ20WL3c
November 2017. Note that the earliest installatiohASCT at the eight study corridevas
November 2014 and the latest was April 20Ikidtially, the research team extracteadl crashes
within 300 feet of the entire corridoiTherefore, crashesccurringwithin 300 feet upstream of
the first ASCntersectionand those crashesccurring within 300 feet downstream of the last
ASCntersectionwere also included. Crashescurringon side streets along the corridor
(irrespective of whether the de-street intersection is signalized or not) were also included.
Subsequentlythe research teanalso created a subset of data comprising only the mainline
crashes (i.e., crashes along the corridor in which the signals are coordthd&eaBdly, mainline
crashes represented 580% of all crashes along the corridofBrashe®ccurringbetween 1 am
and6 am were filtered out since theast majority ofsignalsoperate on flash during thse
times.Regardlesshere were relatively few crashescordedduringthese times.

The data assembled includes all crashes along these corralmisot all of them are related to
the signal system. The literature review presented previously indicates that certain types of
crashes are more likely to be influenced by sigmafressionTable 44 presents the various
types of crashes examined (in addition to all crashes along the corridor) and the expected
impact of signal improvements on these crash types.

Analyzing crash trendaust also account for exposure, i.e., ogas in traffic volumes in the
studycorridors over time. The best consistent estimates of traffic volumes over time were the
AADT values obtained from FDOT (Florida Traffic Oplifleemethodology for aggregating
AADT estimated at different points alotige corridor into a single estimate for each corridor is
presented inAppendixL

We also assembled crash data for the entire counties in which the coragenscated, during
the same analyses period. This was done to examine whether there were @axyeoitemporal
trendsin crashe®over the analysis perigdvhich are not related to ASCT

8 Feedback from engineers responsible for the individual corridorssaiggested this to be a preferred approach.
We show later in the analysis that including sg&leeets may be a better approach for the Bartow corridor as this is
not a straightline corridor.

® http:/fito.dot.state.fl.us/website/FloridaTrafficOnline/viewer.html
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Table 44 Description of Main Crash Attributes Used for Analysis

Crash Type Potentiallmpact of Signal Progression

RearEnd crashes | A reduction in the number of stops because of the smoothening of
flow decreases the probability of a reand crash occurring

Peak and OfPeak | Traffic volumes andlptooning patternsdiffer betweenPeakand Off
Crashes / Weeken( Peak periodsIncreased platooning allows more gap the opposing
Crashes traffic stream decreasing the chees of turning or angle crashes

Fatal and Injury Smoothening of flow decreas¢he chance of injuries or fatalities

Crashes becauseof decreasen rearend crashes

Intersection While signal coordination systems can be expected to impact safet
related/influenced | along the entire corridor, it can potentially have a greater impact on
Crashes crashes happing at or in the vicinity of intersections.

4.3 Methodology

The objective of this analysis is to determine the impact of ASCT deployment on the overall

safety (crash patterns) of the entire corridor. The methods employed aim to accomplish this

goal while recognizing (1) the analyses are being conducted righttaé&enstallation limiting

0KS Y2dzyd 2F aF FGSNE RIFGIESE 6n0 SaGAYlLF(dSa 27
though implementations may happen during the middle of a year), and (3) there may be other
factors impacting the safety along thercidor .

The analysis results section presents the results by corridor followed by an overall summary.
For each corridor, the following are presented and discussed:

1 The temporal (monthly) profile of crashes along the corridor and for the entire county in
which the corridor is located

1 Crash frequencies per month before and after the implementation by crash type (all
crashed, fatal and injury crashes, intersectratated crashes, reagnd crashes,
weekday AM Peak crashes, Weekday PM Peak crashes, Wédk&agk crashes, and
Weekend crashes) along the corridor (mainline and side streets)

1 Crash frequencies per month before and after the implementation by crash type (all
crashed, fatal and injury crashes, intersectratated crashes, rea@nd crashes,
weekday AM Peak crashes, Weekday PM Peak crashes, Weekddaktfrashes, and
Weekend crashes) along the main line of the corridor

1 Crash frequencies per month before and after the implementation by crash type (same
types as before) for the entire county in wh the corridor is located.
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1 Crash rate (Crashes / AADT) per year before and after the implementation by crash type
(all crashes, fatal and injury crashes, read crashes, and intersectiarlated crashes)
along the corridor

The reader will note that ash types representing certain time of day perioBsdk / Gf Peak)

or day of the week (weekday / weekend) are not included in the crash rate analysis as the AADT
will not be representative of traffic volumes during specific tinfeday or dayof-the week

periods.

G A& dzaS¥FdzZA G2 y20S GKIFIG GKS RdzNY> A2y 2F GKS
different as the deployments happened at different points in time. In order to examine the

effects over the same time frame, we also present the crastuencies for a seven month

period before the deployment and a seven month period after deployment (see Appendix D). It

is important to note that, while ensuring consistency in time frame of analysis, these represent
short-term effects and potentially rédct different seasonal effects for the beferand after
LISNA2R& o06F2NJ SEFYLXS F2N GKS tlylYl [/ AGe
ALINAY 3 oNBF]l FYR &adzYYSNJI S¥FFSOta oKAETS GKS
periods.
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4.4 Sakty Analysis Results

In thissection the detailed analysis and results are presented for six of the eight total corridors.

The new signal system was installed in the Newberry road corridor by November 2014. The

system was run intermittently until June 2®1At this time, this was disabled and switched back
tothemanualc&2 NRAY | GA2y aeadsSyYy FtftNBFRe Ay LIIFOSe® ¢K
SR70 corridor considering the late implementation date for this location.

4.4.1US 17/92 Corridor

Figure4.2 presents the temporal (monthly) profile of crashes along the corridor (mainline only
and mainline + side streets) afdgure 43 presents the crash profile for Volusia County. The
vertical line in the figure separates the befesnd after periods.
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Figure 43 Temporal Profile of Total Crashes along Volusia County

Table4.5 presents the aggregate beferand after comparison of thanonthly crashes on this
corridor and its respective county, Volusia. The monthly crash frequencies decreased for all
crash types (with the exception of weekday P&laR along the corridor after the ASCT
implementation compared to the befordeployment perod. However, the monthly crash
frequencies increased for thengre county. The shofterm (7-month) comparison also reflect
these trends to a large extentgble L1 in AppendixL).

Travel times for both directions on this corridor decreased bg\arage of 0.66 min (10.6%)
for the NB and 1.67 min (25%) for the SB. Also, the intersection through movement delay
decreased for almost all the intersections in both directions by an average of more than 11
seconds per intersection.
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Table 45 Comparison of Crashes on US 17/92 and Volusia County Before (Jan ¢ N23/1B4,
2014) and After (Nov 15, 20tANov 30, 2017) the Implementation of ASCT

All I;e:]tgl Inteoriectl Rear V\;e/i:/?a Weekday | Weekday | Weeken
crashes . End PM Peak | Off Peak d
Injury Related Peak
Crash
Freq. 325 83 66 88 32 68 154 71
Before
Crash/
uUs 17/92 Month | 14.44 3.69 2.93 3.91 1.42 3.02 6.84 3.16
Parkway
(Mainlin Crash
e +Side Freqg. 430 98 85 122 44 106 194 86
Streets) | After
Crash/
Month | 11.78 2.68 2.33 3.34 1.21 2.90 5.32 2.36
Diff (%) -18.44 | -27.22 -20.61 -14.54 | -15.24 -3.91 -22.34 -25.33
Crash
Freqg. 207 48 32 62 18 40 102 47
Before
Crash/
uUs 17/92 Month 9.23 2.14 1.43 2.76 0.80 1.78 4.55 2.10
Parkway
(Mainlin Crash
e Freqg. 288 58 21 72 26 68 135 59
Corridor) | After
Crash/
Month 7.88 1.59 0.57 1.97 0.71 1.86 3.69 1.61
Diff (%) -14.64 | -25.87 -59.74 -28.76 | -11.38 4.29 -18.80 -22.99
Crash
Freqg. 21827 | 6367 4771 6431 2325 3900 10324 5278
Before
Crash/
Month | 970.09 | 282.98| 212.04 | 285.82| 103.33 173.33 458.84 234.58
G| |
Freg. 38955 | 11486 8833 12457 4484 7031 18267 9173
After
Crash/
Month | 1067.26| 314.68| 242.00 | 341.29| 122.85 192.63 500.47 251.32
Diff (%) 10.02 11.20 14.13 19.41 18.89 11.13 9.07 7.14
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Table4.6 presents the annual crash rat@sashes per AADT) on this corridor (mainline only) for
each of the crash types not related to time of #ayAs shownthe AADT values are fluctuating
(increasing in some years and decreasing in others) over the analysis pée@awhile, the

before and after traffic volume counts conducted showed a 4% and 11.9% increase in both the
major street and minor street throughpuespectively. It is useful to note that, the traffic

volume changes were measured only at the critical signalized intersections along the corridor
during peak hours.

The crash rates during the after years (2@18.7) do not apear substantially differerfrom
crash rates during the before years (202314) with the exception of the rate of intersection
related crashes which decreased.

Table 46 Comparison of Cash Rates on US 17/92

Fatalities
Rear & , Total
RE P Fl Intersection IR TC

Year AADT End Injuries Crashes

(RE) [AADT (FI) /AADT | Related (IR)| /AADT (TC) [AADT
2013 38880 23 0.0006 20 0.0005 15 0.0004 86 0.0022
2014 37070 42 0.0011 31 0.0008 19 0.0005 131 0.0035
2015 37030 20 0.0005 15 0.0004 7 0.0002 88 0.0024
2016 42410 28 0.0007 20 0.0005 6 0.0001 86 0.0020
2017 41550 21 0.0005 20 0.0005 6 0.0001 104 0.0025

4.4.2 Panama City Beach Parkway Corridor

Figure 44 presents the temporal (monthly) profile of crashes along the corridor (mainline only
and mainline + side streets) afdgure 45 presents the crash profile for Bay County. The
vertical line in the figure separates the befesnd after periods. The prale shows peaking of
crashes in March and July of each ygatentially coinciding with springreak andsummer

traffic to the beaches. 8teady increase in crashes over time is also noticeable. A report from
the Bay County Tourist Development Counailvg$ that there had been an increase in tourism
and the development tax collection for July 2016 compared to July'20mkus, an increase in

10 As already discussed, pepkriod crashes, weekend crashes etc. are not included in the crash rate analysis as we
do not have the traffic volumes for these specific periods. Further traffic volumes are also not available for all cross
streets and so therash rate analysis is restricted to mainline crashes only.

11 http://www.newsherald.com/business/20160906/updajealy-breaksall-time-tourismrecord-in-
panamacity-beach
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the number of tourists over the past few years and the corresponding increase in traffic during
specific months cdd explain the increase in the crash rat@siother reason could be due to

changes in the crash reporting methodology
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Table 47 Comparison of Crashes on PCB Parkway and Bay County Before (Janga208.3
2015) and After (Jan 9, 20£3Nov 30, 2017) the Implementation 8SCT

All '?:3' Intersectio | Rear We/il;/?a Weekday | Weekday Weekend
crashes . n Related End y PM Peak | Off Peak
Injury Peak
Crash
Freq. 698 129 46 161 66 121 287 224
Bef
etore Crash
/Mon
PCB th 28.77 5.32 1.90 6.64 2.72 4.99 11.83 9.23
Parkway
(Mainlin Crash
e +Side Freqg. 2127 287 110 513 194 370 918 645
Streets)
After
Crash
/Mon
th 61.22 8.26 3.17 14.77 5.58 10.65 26.42 18.57
Diff (%) 112.77 | 55.34 66.97 122.48| 105.24 113.51 123.34 101.05
Crash
Freg. 571 120 64 194 56 111 228 176
Before
Crash
/Mon
PCB th 23.54 4.95 2.64 8.00 2.31 458 9.40 7.26
Parkway
(Mainlin Crash
e Freg. 1770 229 76 452 152 299 778 541
Corridor)
After
Crash
/Mon
th 50.95 6.59 2.19 13.01 4.38 8.61 22.39 15.57
Diff (%) 116.44 | 33.25 -17.08 62.68 89.52 88.08 138.26 114.63
Crash
Freq. | 13467 2545 2024 4189 1575 2586 6148 3158
Before
Crash
/Mon
th 555.16 | 104.91 83.44 172.68| 64.93 106.60 253.44 130.18
Csszt Crash
y Freq. | 23216 | 4071 3562 7128 2811 4327 10730 5348
After
Crash
/Mon
th 668.24 | 117.18 102.53 205.17| 80.91 124.55 308.85 153.94
Diff (%) 20.37 11.69 22.88 18.81 24.62 16.83 21.86 18.24
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Table4.7 presents the aggregate beferand after comparison of the monthly crashes on this

corridor and its respective county, Bay. The monthly crash frequencies incrieasabicrash

types (with the exception of intersectierelated crashes along the mainlinghich decreased)

compared to the befor@eployment period. At the same time, the monthly crash frequencies

increased for the entire county as well. The skherm (7 month) comparison also reflect these

trends to a large extent (Tabl2 in Appendixl). Also, the data qualitjor this corridoris

problematic. There wereelatively few crashest 8 a8 A FASR | & ¢ AndtieSNAR SOG A 2
corresponding data field in the original database has a high proportion of missing cases for

reasons noteadily apparent.

Generally, here was an overall improvement in travel time for both directions in this corridor
after the installation of the ACT systenmTable4.8 presents the annual crash ratésashes per
AADT)n this corridor for each of the crash types not related to time of dayshown, lte

AADT values are systematically increasing over the analysis period. Similarly, the before and
after traffic volume counts conducted showed a 5% and 1.8% increase in the major street and
minor street throughput respectivel{However, he traffic volume changes we measured only

at the critical signalized intersections along the corridor during peaks.

The rate of total crashes and reand crashes during the after years (26A®%17) do appear to
be systematically higher than crash rates during the before years {2018). The rate of
intersectionrelated crashes decreased and there is no trenthe case of fatal and injury
crashes.

Table 48 Comparison of Cash Rates on PCB Parkway

Rear Fatalities . Total
Year | AADT f;g) /AiI[E)T & 'r(‘jFUI;ies /AEIII)T IFre]teT;:g IE?F?) /A,IARDT Crgsg)es /A;([:)T
2013 | 42268 | 83 | 0.0020 67 0.0016 34 0.0008| 239 | 0.0057
2014 | 45076 | 110 | 0.0024 53 0.0012 30 0.0007| 331 | 0.0073
2015 | 46155 | 116 | 0.0025 58 0.0013 25 0.0005| 515 | 0.0112
2016 | 46745 | 162 | 0.0035 99 0.0021 25 0.0005| 622 | 0.0133
2017 | 48202 | 175 | 0.0036 72 0.0015 26 0.0005| 634 | 0.0132

4.4.323rd Street Corridor

Figure 46 presents the temporal (monthly) profile of crashes along the corridor (mainline only
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and mainline + side streets) afdgure 47 presents the crash profile for Bay County. The
vertical line inthe figure separates the beforand after periods. Unlike the PanaaCity Beach
Corridor which isn the same countywe do not see a systematic seasonal profile in the crashes

as this corridor is not along the beach. Further, the temporal trend alseslaodecrease in the
number of crashes over time.
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Figure 46 Temporal Profile of Total Crashes along 23rd St Corridor
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Figure 47 Temporal Profile of Total Crashes along Bay County

Table4.9 presentghe aggregate beforeand after comparison of the monthly crashes on this
corridor and its respective county, Bay. The monthly crash frequencies decreased for all crash
types (with the exception of intersectiarelated crasheswhich increased) comparea the
before-deployment period. At the same time, the monthly crash frequencies increased for the
entire county as well. The sherm (7-month) comparison also reflect these trends (the
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intersectionrelated crashes also decreased in the short term; se#€llL3 in Appendixl).
There was a decrease in travel time in both directions during all time periods. However, the PM
Peakhad minimal improvements.

Table 49 Comparison of Crashes on'@St. and Bay County Before (Jan 1, 2Q2pril 23,
2015) and After (April 24, 20X5Nov 30, 2017) the Implementation of ASCT

Al Fatal Intersect Rear Weekda | Weekda | Weekda
crashes and ion End y AM y PM y Off Weekend
Injury Related Peak Peak Peak
Crash | g6 185 95 428 01 189 608 198
Freg.
Befor
€ | crash
rasiif 3911 6.66 342 | 1541 | 3.28 6.81 21.9 7.13
Month
23rd St.
(Mainline Crash
+Side 935 152 182 427 04 172 514 155
Streets) Freg.
After
Crash/| - o994 | 487 583 | 1367 | 3.01 5.51 16.46 4.96
Month
Diff (%) -23.46 27 7032 | -11.3 | -8.17 1191 | -2484 | -30.41
Crash | o2, 143 67 347 39 106 332 97
Freq.
Befor
® | crastv
ashil 5067 | 5.15 2.41 125 1.4 3.82 11.96 3.49
Month
23rd St.
(Mainline Crash | 546 88 100 297 44 105 264 93
Corridor) Freq.
After
Crash/ | 65 2.82 3.2 9.51 1.41 3.36 8.45 2.98
Month
Diff (%) 2163 | 4529 | 3269 | 2391 03 11.94 | 2031 | -1477
(F:::Sh 15784 | 2955 2326 | 4861 | 1856 2989 7267 3672
Befor 9
e
Crash/
Vot | 568:45 | 10642 | 8377 | 17507| 66.84 | 107.65 | 261.72 | 132.24
Bay Crash
County Froq, | 20889 | 3661 3260 | 6456 | 2530 3924 9611 4834
After
;:/Irc(;inst?]/ 668.8 | 117.21 | 104.38 | 206.7 81 12564 | 307.72 | 154.77
Diff (%) 17.65 | 10.14 246 | 1807 | 2118 16.71 17.58 17.03
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Table 410 presents the annual crash ratésashes per AAD®h this corridor for each of the

crash types not related to time of dafs shown, lte AADT values are systematically increasing
over the analysis period. Similarly, the before afigr traffic volume counts conducted

showed a 10.1% increase in the major street throughput although a 1.8% decrease in the minor
street throughpu. However the traffic volume changes were measured only at the critical
signalized intersections along tleerridor during peak hours.

The rate of total crashes, fatal and injury crashes, and-eedrcrashes during the after years
(20152017) do appear to be systematically lower than crash rates during the before years
(20132014). The rate of intersectiarelated crashes, however, increased.

Table 410 Comparison of Cash Rates on 23rd St.

Fatalities
Rear & Injuries . Total
RE Fl Intersection IR TC

Year | AADT End (FI) Crashes

(RE) IAADT [AADT Related (IR) | /AADT (TC) /AADT
2013 | 21870 164 0.0075 75 0.0034 14 0.0006 86 0.0039
2014 | 29879 145 0.0049 52 0.0017 48 0.0016 131 0.0044
2015 | 31495 114 0.0036 44 0.0014 22 0.0007 88 0.0028
2016 | 33027 110 0.0033 31 0.0009 39 0.0012 86 0.0026
2017 | 33772 111 0.0033 29 0.0009 44 0.0013 104 0.0031

4.4.4 University Parkway Corridor

Figure 48 presents the temporal (monthly) profile of crashes along the corridor (mainline only
and mainline + side streets) afdgure 49 presents the crash profile for Sarasota County. The
vertical line in the figure separates the befesnd after periods. A gradual increase in crashes
over time is observed for the corriddburing the deployment of the AS@iere was

construction of éDiverging Diamond Interchange (DDI) at the interstaté hnd University
Parkway which caused additionadaffic issues
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Figure 48 Temporal Profile of Total Crashes along University Parkway Corridor
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Figure 49 Temporal Profile of Total Crashes along Sarasota County

Table 411 presents the aggregate befer@nd after comparison of the monthly crashes on this
corridor and its respective county, Sarasota. The monthly crash frequancresased for all
crash types along the corridor compared to the befdeployment period. At the same time,
the monthly crash frequencies increased for the entirertty as well. The shoterm (7-

month) comparison indicate reductions in crash frequenoiegarious types;ee Tabld 4 in

AppendixL). There was an overall improvement in travel time and delayis corridor after
ASCT was installed.
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Table 411 Comparison of Crashes on University Parkway Befarel(J2013; Feb 14, 2016)
and After (Feb 15, 2016Nov 30, 2017) the Implementation of ASCT

All Fatal Intersect Rear Weekd | Weekda | Weekda Weeken
crashe and ion End ay AM y PM y Off d
s Injury Related Peak Peak Peak
Crash Freq.| 517 138 240 326 57 119 222 119
Befor
) . e Crash/Mont
Universit h 13.78 | 3.68 6.40 8.69 1.52 3.17 5.92 3.17
y
Parkway Crash Freq.| 313 95 143 185 49 60 135 69
(Mainline
+Side After
Streets) Crash/Mont
h 14.57 4.42 6.66 8.61 2.28 2.79 6.28 3.21
Diff (%) 5.73 20.22 4.06 -0.90 50.13 -11.95 6.20 1.26
Crash Freq.| 410 134 175 275 56 98 172 84
Befor
e Crash/Mont
Universit h 10.93 3.57 4.66 7.33 1.49 2.61 4.58 2.24
y
Parkway Crash Freq.| 322 82 119 216 58 67 143 54
(Mainline
) Aft
Corridor) " | crash/Mont
h 14.99 3.82 5.54 10.05 2.70 3.12 6.66 2,51
Diff (%) 37.16 6.87 18.75 37.17 80.88 19.40 45.19 12.27
Crash Freq.| 30774 7404 8829 11221 3750 6173 14621 6230
Befor
e Crash/Mont
h 820.26| 197.35 | 235.33 | 299.09| 99.95 164.54 | 389.71 | 166.06
Sggﬁf]‘t’;a Crash Freq.| 20024 | 4567 5010 | 7404 | 2674 | 4037 | 9397 3916
After Crash/Mont
h 932.10 | 212.59 233.21 | 344.65| 124.47 187.92 437.42 182.29
Diff (%) 13.63 7.72 -0.90 15.23 24.53 14.21 12.24 9.77

Table 412 presents the annual crash ratésrashes per AAD©h this corridor for each of the

crash types not related to time of dayheAADT values are fluctuating over the analysis period
(increases till 2016 and decreases). Meanwhile, the before and after traffic volume counts
conducted showed a 9.7% decrease in the major street throughput and a 3.3% increase in the
minor street throughpit. However the traffic volume chages were measured only at the

critical signalized intersections along the corridor during peak hours.
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In general, there was a systematic increase in crash rates in 2017 compared to the previous
years.

Table 412 Comparison of Cash Rates on University Parkway

Fatalities
vear| mor | 10 | E | s || e R crasres T
(RE) (FI) (TC)
2013 | 40864 | 65 | 0.0016| 29 0.0007 44 0.0011| 108 | 0.0026
2014 | 41331| 99 | 0.0024| 51 0.0012 67 0.0016| 153 | 0.0037
2015| 45011| 95 | 0.0021| 46 0.0010 53 0.0012| 127 | 0.0028
2016 | 46552 | 97 | 0.0021| 41 0.0009 54 0.0012| 149 | 0.0032
2017 | 40373 | 135 | 0.0033| 49 0.0012 76 0.0019| 195 | 0.0048

4.4.5Bartow Corridor

Figure 410 presents the temporal (monthly) profile of crashes along the corridor (mainline only
and mainline + side streets) akigure 411 presents the crash profile for Polk County. The
vertical line in the figure separates thefore- and after periods.
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Figure 411 Temporal Profile of Total Crashes along Polk County

Table 413 presents the aggregate beferand after comparison of the monthly crashes on this

corridor and its respective county, Polk. The monthly crash frequencies increased for all crash

types with the exception of weekday PRéakand intersectiorrelated crabes along the

mainline of the corridarHowever, when considering the sidéreets along with the mainline,

there isa reduction in the total crashesjtersection crashes, weekdayf®eak and PMPeak

crashes, and weekend crashes. Unlikedteer studycorridors which are generally straight

ines GKS . FNI2g¢g O2NNAR2NI Aa a[¢ &aKILSR® ¢KSNBT:
both mainline and side streets in analyzing this corridbe monthly crash frequencies

increased for the entire county agell. The shorterm (7-month) comparison, however,

indicates reductions in crash frequencies of various typebdtn the mainline and mainline
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with side streetsgee Tabld5 in Appendixl).

The installation of the ASCT system gengsdlows improvement in travel time. Travel time
reduced by 12.9% for the EB and increased by 14.2% for the WB.

Table 413 Comparison of Crashes on Bartow Corridor and Polk County Before (Jan &, 2013
March 7, 2016) and After (dch 8, 201& Nov 30, 2017) the Implementation of ASCT

Al Fatal Intersectio Rear Weekda | Weekda | Weekda
crashes and n Related End y AM y PM y Off Weekend
Injury Peak Peak Peak
Crash | 55, 85 87 142 39 70 158 87
Freg.
Before
Crash/ | g6 | 2.22 2.28 3.71 1.02 1.83 4.13 2.28
Month
Bartow
(Mainlin
e +Side grr:;h 178 51 26 95 26 33 74 45
Streets ’
) After
Crash/ | g7 | 245 1.25 4.57 1.25 1.59 3.56 2.17
Month
Diff (%) 748 | 104 -45.01 231 | 2267 | -1325 | -13.82 -4.82
Crash | 16, 47 37 85 15 33 80 34
Freq.
Before
Crash/1 o4 | 123 0.97 2.22 0.39 0.86 2.09 0.89
Month
Bartow
(Mainlin
e Crash | 116 33 11 63 22 16 46 32
Corridor) Freg.
After
Crash/ | 55 | 150 0.53 3.03 1.06 0.77 2.21 1.54
Month
Diff (%) 31.76 | 29.2 -45.3 36.38 | 169.88 | -10.78 5.8 73.18
Crash
Froq | 42238 | 12961| 10676 | 14485 | 5314 8332 19465 9127
Before
Crash/
Vot | 1104.96( 339.06| 27929 | 378.93| 139.02 | 217.97 | 509.21 | 238.77
Polk Crash
County Frog. | 24824 | 7166 5943 8668 | 3305 4861 11371 5287
After
Crash/
Vot | 1194.94| 344.95|  286.08 | 417.25| 159.09 | 233.99 | 547.36 | 2545
Diff (%) 814 | 174 2.43 10.11 | 14.44 7.35 7.49 6.59
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Table 414 presents the annual crash ratésrashes per AAD®h this corridor for each of the
crash types not related to time of dayjhe AADT values are fluctuatioger the analysis
period. Meanwhile, the before and after traffic volume counts conducted showed a 28.8%

increase in tlk major street throughput and a 3.5% decrease in the minor street throughput. It

is useful to note that, the traffic volume changes weneasured only at the critical signalized

intersections along the corridor during peak houtarrespondingly there is no clear pattern in

crash rates in 2022017 compared to the previous years.

Table 414 Comparison of Cashais on Bartow

Fatalities
Rear & Intersectio Total
RE FI IR TC
Year| AADT | End Injuries n Related Crashes
IAADT /AADT IAADT IAADT
(RE) (FI) (IR) (TC)
2013| 34595| 17 0.0010 12 0.0005 6 0.0005 42 0.0032
2014 | 32706| 32 0.0014 14 0.0008 12 0.0007 57 0.0031
2015| 36405| 29 0.0014 17 0.0010 12 0.0009 49 0.0032
2016 | 37773| 33 0.0014 18 0.0007 12 0.0008 60 0.0026
2017 | 36015 37 0.0014 19 0.0007 6 0.0008 70 0.0026

4.4.6 SR 693 Corridor

Figure 412 presents the tempordmonthly) profile of crashes along the comidmainline only
and mainline pluside streets) andrigure 413 presents the crash profile for Pinellas County.
The vertical line in the figure separates the befaaad after periods.
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Figure 413 Temporal Profile of Total Crashes along Pinellas County

Table 415 presents the aggregate beferand after comparison of the monthly crashes on this
corridor and its respective county, Pinellas. The monthly crash frequencies decreased for fatal
and injury crashes, intersection related crashes, weekdayBadk crashesand weekday @

Peak crashes along the mainline of this corridor. When considering the mainline and side
streets, there was a reduction in only the fatal and injury crashies.monthly crash

frequencies also increased for the entire county (with theegtion of fatal and injury crashes

and weekend crashes). The shtgtm'? (7-month) comparisons are largely consistevith this
trend (see Tabld 6 inAppendixL).

The system shows an overall improvement in travel time and delay on this corridor. For all

2Thelongd SNY |yl fteaAra dzasSa GKS &arys$s
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travel periods, travel time decreased by 20.3% for the SB and 10.5% for the NB directions.

Table 415 Comparison of Crashes on SR 693 and Pinellas County Before (JanclARO033,
2017) and After (April 24, 20 ¢ Nov 30, 2017) the Implementation of ASCT

Fatal Intersec Weekda | Weekda | Weekda
All . Rear Weeken
crashes and tion End y AM y PM y Off d
Injury Related Peak Peak Peak
Crash Freq.| 1799 597 814 861 252 355 892 300
Befor
e
tiraSh/MO“ 3475 | 1153 | 1572 | 1663 | 4.87 6.86 | 17.23 5.8
SR 693
(Mainiin Crash Freq.| 272 73 129 142 43 58 126 45
e +Side
Streets) | After
tchraSh/MO” 376 | 1009 | 1783 | 1963 | 5.94 8.02 | 1742 | 622
Diff (%) 821 | -12.49 | 1342 | 1803 | 2212 | 16.93 | 1.09 7.35
Crash Freq.| 884 333 414 445 124 181 437 142
Befor
€ | CrashiMon| 15 0e | 643 8 8.6 2.4 35 8.44 2.74
SR 693 th
(Mainlin
e Crash Freq.| 127 36 54 68 24 23 56 24
Corridor
) After Crash/Mon
" 1756 | 4.98 7.47 9.4 3.32 3.18 7.74 3.32
Diff (%) 282 | 2263 | -6.65 936 | 3852 | 9.06 | -829 | 2096
Crash Freq.| 111740 | 29568 | 27547 | 36437 | 14564 | 22691 | 50036 | 24449
Befor
e
tchraSh/MO” 2158.53| 571.18 | 532.14 | 703.87 | 281.34 | 438.33 | 966.57 | 472.29
Fé'gﬁ:?; Crash Freq.| 16294 | 4072 5527 | 5951 | 2182 | 3449 | 7317 | 3346
After Crash/M
thras N1 205063 56295 | 764.1 | 822.72 | 301.66 | 476.82 | 1011.57| 462.58
Diff (%) 4.36 144 | 4359 | 16.89 | 7.22 8.78 4.66 2.06

Table 416 presents the annual cragiates(crashes per AAD®h this corridor for each of the
crash types not related to time of dayjhe AADT values are fluctuating over the analysis
period. Meanwhile the before and after traffic volume counts conducted showed a 7.5%
increase in the major street throughput and a 16.4% decrease in the minor street throughput.
However the traffic volume banges were measured only at the critical signalized intersections
along the corridor during peak hours.

63



Table 416 Comparison of Cash Rates on SR 693 with AADT

Fatalities
vear| mADT | End AADT '”j‘;&”es AADT 'QL‘T;?E?{?Q) ADT CI;);?‘LS /A-;\(I;T
(RE) (FI) (TC)
2013 | 35740| 78 | 0.0022| 77 0.0022 65 0.0018| 160 | 0.0045
2014 | 36172| 115 | 0.0032| 106 | 0.0029 131 0.0036| 259 | 0.0072
2015 | 37554 | 118 | 0.0031| 63 0.0017 103 0.0027| 211 | 0.0056
2016 | 35830| 89 | 0.0025| 62 0.0017 76 0.0021| 173 | 0.0048
2017 | 36830 | 113 | 0.0031| 61 0.0017 93 0.0025| 208 | 0.0056

4.5 Summary and Conclusions from Safety Analysis

Thistask evaluatedhe impacts of ASCT deployments on the overall safety (crash patterns) of
six corridors. Crash data from January 2013 to November 2017 were used for the analysis.
Crash trends along the mainline and those along the fmairand side streets were analyzed.
These were also compared ¢oashtrends at the county level. Changes in total crashes were

first examined followed by changes in crashes by severity (fatal and injury crasiash)type

(such as rear end, intersection related), and time of d@gak Off Peak weekend). Estimates of

traffic volume for the entire corridor (mainline) were obtained and these were used to examine
ON} aK NI} GSad ¢KS Rdz2NI GAzZY
different as the deploymentaere completedat different times. In order to examine the
effects over the same time frame, we also compared the crash frequencies for amevihn
period bdore the deployment and a sevanonth period after deployment for all sites

LI GG SNY a

(representing a shosterm impact of the ASCT deployment). The results should be considered
recognizinghat (1) the analysewere conducted shortly after the AS@tallation limiting the
SadAYl G@an 27
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Table 417 presents an overall summary of results. Although we examimddple metrics we
focus on total crashes and intersectioglated crashes to present the major results.
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though implementations mae completed irthe middle of a year) impacting crasate
analyses, and (3) there may be other factors impacting the safety along the corridor.
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Table 417 Summary ofSafety Results

Long Term Short Term
Main Line and Side Main Line Main Line and Side Main Line
Site Streets Streets
All Crashegq Intersection| All Crashed Intersection| All Crashed Intersection| All Crashed Intersection

(%) Crashes (% (%) Crashes (% (%) Crashes (% (%) Crashes (%
Us 17/92 -18.44 -20.61 -14.64 -59.74 -19.81 0.00 -36.00 -20.00
Bartow -7.48 -45.01 31.76 -45.30 -28.00 -48.15 -13.89 -63.64
23rd Street -23.46 70.32 -21.63 32.69 -11.11 -42.86 -29.94 -53.57
University Parkway 5.73 4.06 37.16 18.75 -24.32 -25.49 -4.71 -11.11
Panama City Beach Parkwg 112.77 66.97 116.44 -17.08 40.96 23.81 43.72 0.00
SR 693 8.21 13.42 2.82 -6.65 13.19 15.74 12.61 15.22

Among all corridors, US17/92 in Deland showed consistent benefits in terms of crash reductions (both overall and intersection

related crashes) and in both the short term and long term. The results hold for both mainline and mainline and siddrstiatts.

there were reductions imearlyall crash types while the county as a whole saw increases in crashes over the same period of time.
Bartow also showed decreases in crashes with the exception of all cralsimgsthe mainline. However, déscusseaarlier, it
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Both 239 Street and University Parkway showed short term benefits in terms of crash reductions. However, when examrirged ov

longer term, University Parkway showed increases in crashes wifll&2&t showed increases in intersectigrelated crasheand

reductions in all crashes. Regarding the UniversarkWay corridor, the construction of the interchange @89 couldalso have an
effect on the overall crash patterns.

The corridor along Panama City Parkway showed systematic increases in crashes. It is possible that the effect of thg increasi
tourist demand over the years leading to higher seasonal traffic is patgntffsetting any safety benefits of signal coordination. It
is also useful to note that this is the longest corridor with the least number of signalized intersections / mile, anoréhehef
impact of signal improvements on the overall corridor maylimited. SR 693 also showed increases in crashes. This location had the
0KS NBad# da
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In the overall, based on an examination of the temporal profiles of crash patterns in several corridors in which the asigaated

teryh Rnpacts.
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control technologies were deployed, this study finds that there are safety benefits to such deployments. Specificqa@tydhens
in crashes (crashes / month) along the deployment corridor could be up to 18% in locations which have reasonable intersection
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density (1.5/mile or more) and when there are no other major extraneous factors (such as
construction or countywide increases in crashes) which could have critically impacted safety.
The corridor can experience a crash reduction post the signal coordination even though the
crash rates may be increasing during the same period in the county in which the corridor is
located The study also demonstrated that the safety benefits can accrue along the main line
and the side streets. Therefore it is important to consider the appropriate measure (crashes
long main line only versus crashes along main line + side streets) depemding corridor

geometry and relative magnitudes of traffic along the main line and cross streets. This study
also calculated crash reductions by crash type, crash severity, time of day, and day of the week.

As already acknowledged in the report, thealysis of crashes were undertaken fairly quickly
FFGSNI GKS FAYlIf RSLI 28YSyida FyREI GKSNBEF2NB:X
across the corridors. By+#xamining these corridors in the future by considering additional

I F G S NEdatd BwoNldbe poEsible to develop Florigpecific crash modification factors
(CMFs) to capture the benefits of advanced signal control technology deployments . Such CMFs
would represent a more robust quantitative measure of safety benefits.

In the nex chapter, the crash data frohe safety analysis angsed along with traffic
operational measure to conduct benefitost analysis.
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5. FINDINGEROMSTAFINTERVIEWS

AppendiceA through H provide the detailed information collected durimgterviews with TMC
staff in a questiorand-answer format. In this chapter, we describe the interview process
followed by summaries of the interview data in four categories: Signal System; Performance
and Satisfaction; Staff, training and cost; Institnablssues. The last section summarizes the
lessons learned from the interviews conducted.

5.1 Interview Process

The intervews were conducteat each site either through ain-personinterview orthrough
video cakwhen inperson interviewgould not be arrangedrhequestionnaire was provided
to the agency in advance of the interviewctnsisted of five sections and approximately 40
guestionswhich focused omrevious traffic control technologiassed by the agencyheir
experience withadaptive traffic control systems (ASCT), cost components, and institutional
issuesin some cases questions wapartiallyansweredor not answered, and in those cases
follow-up attempts were made whenever possibla single interview was conducted at Bay
County to discuss two corridors: Panama City Beach Parkway and Panam&’Gitse28 and
the responses regarding these two corridors are identical. Therefore, the data are summarized
below by agency, rather than by corridor.

5.2 Signal System

Table 51 shows the type of signal control applied at each corridor (before and atiad
information regardingheir maintenance and life expectancy. All sites studiad actuated
coordinated controprior to ASCT installatio®f all the sites, only DeLand did not use NEMA
TS2. Theyused NEMA F$ instead, which was used in conjunctiith NEMA TS in other
sites. Life expectancies and retiming frequencies had a large range of results for these
controllers.

SynchroGreen was seledtéor installation at two of the eight corridors and InSync was used at
the remaining six. InSync has an upgrade version called IiF8granwhichin addition to

InS/nc camerasillows br the ASCT to connect widxisting detectors, such as ground loop
detectors. Most sites did not neetb change controllers, with sbf the eightcorridorskeeping

the same controllers. The remainibhgo corridors had to replace the controllers with new

ones Maintenance was largely pvaed across the board on an-aeedel or yearly basis.

Often, it was found that th&ASCTBoftwareneeds updating on a regular basis.

It was found that most counties did not have a regular retiming schedule and the time of last
retiming varied greatly from 1 year to 8 years beforeCASIeployment. This could be a key

factor in evaluating the effectiveness of the ASCT, especially in the areas where there has been
significant land development and increases in traffic over the past several years.

67



Table 51 SpnalSystenmDetails

Site/Question Gainesville DeLand Manatee Sarasota Bartow Bay Pinellas
Traffic ControlType | Actuated Actuated Actuated Actuated Actuated Actuated Actuated
coordinated | coordinated coordinated | coordinated | coordinated coordinated coordinated
control control control control control control control
Traffic Controller NEMA TS NEMA TS NEMA TR NEMA T& NEMA T NEMA T4 NEMA T
(before ASCT) NEMA T NEMA T
Life expectancyf Do not know | 14 years 4 years Do not know | Do not know | 5 years 10 years
detectors
(before ASCT)
Last retime before | 3 years 5 years 4 years 1 year 8 years 3 years 3 years
data collection
Initial criteria for new| Extended Adaptability to | N/A Mobility Complexity N/A Simpler
detector cycle length | change needs met needs met system
ASCT deployed Synchro InSyncFusion | Synchro InSync, InSync, InSyncfusion | InSync
Green Green, ATMS | InTraffic InTraffic and Regular
2.8
Others considered? | InSync ACSlite, No No No No OPAC,
SCOOT, RHODES
Synchro Greer
TrafficController Trafficware NEMA TR NEMA T NEMA T NEMA TR NEMA TS NEMA T
(after ASCT) Nema with updates | with updates | NEMA T
980/ATC
Life expectancy of | N/A 6 years 4 years 4 years 1.5 years 5 years 10 years
detectors
(after ASCT)
Maintenancetiming | As needed Asneeded, Once ayear | Once ayear | Once ayear | Quarterly As needed
twice a year
Software update? Yes No Yes No No Yes Yes
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5.3 Performance and Satisfaction

Thissection summarizethe system performance andatisfactionof the local staff with the
ASCTTable 52). The most common challenges fadeyl TMC stafin each of the sites were
with the camera detectiomnd communication. Public perception was an issudy in Bartow
and in Gainesville (understandably, since $lystem resulted in deterioration of operations at
both locations). In the remaining six corridors, staff indicated that the complaints from the
public went back to normal levels or lower within one month after ASCT deployment.

At failure, the ASCT primbrireversto an oftline mode with a given time of dgyOD)plan.
ASCTvasfound to bemost effective during the @ Peak hours, and in some sites also during
peak hoursas indicated by local staff

The management of saturation, threlatively lowamourt of complaints for a site, and
especially sustained performanantributed tostaff satisfaction withASCTFor examplethe
staff inGainesvilleeportedthat ASCT did not perform well duriogersaturaed conditions
and operations were often worse thalOD plans. This, in additiont@ months ofincreasing
complaintsfrom the public led to removal of ASCT on Newberry Road. Gainesville staff gave a
oneutrak satisfactionrating tothe ASCPproduct. The satisfaction of thetaff alsoaffectedthe
likelihood ofexpansion to other corridor€One site witlstaff that indicatedneutral satisfaction,
Bartow, seemed hesitant to expdmASCT to other corridors. The staff3ainesvillendicated
that theywould expandhe implementationunder differentcircumstances. Téhstaffwho
indicated they were very s$afied with the existing installationvanted to expandASCT to other
corridors with one site, Bay, already expandiag of the date of the interview.
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Table 52 Performance and Satisfaction

Site/Question Gainesville DelLand Manatee Sarasota Bartow Bay Pinellas
Top Challengs Communication Camera Detection | Detection, Public Camera Camera

Detection Communication Perception | Detection | Detection
ASCT responsg | Nothing Off-line mode | Off-line Off-line mode | Other Other Historic
failure with time of mode with | with time of data time

day plans time of day | day plans splits

plans
Performance In house In house In house In house In house and | In house In house
evaluation and FDOT independent
When is it Off Peak Peak andDff | Peak, off, | Off Peak Off Peak Peak and | Off Peak
effective? Peak shoulders off Off Peak
peak
Manages 1 No 3 4 2 1 4
oversaturation? oversaturation
1- worst, 5-best occurs
Months before 12 0.5 1 1 6 0 1
complaints
returned to
normal levels
Sustained No, demand Yes Yes Yes Yes, Yes Yes
performance? too high improving
Level of 3 5 4 4 3 5 5
Satisfaction
1- worst, 5- best
Expanding to Yes,toaless | Yes Yes, under | Yes, but not Maybe, Yes,one | Yes
other places? congested right InSync dependent | additional
corridor conditions on results corridor
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5.4 Staff, Training, and Cost

Table 53 highlights stafirelated issuesind the cost per interseion at each site Saff training
wasconducted through the respectiwendors. Except fdPinellas, nadditional staff were
used to monitor the ASCT performandée number of training days per sitaried and for the
most part correlated with thestaff satisaiction (shown ifTable 52): the more training days, the
more satisfied with the ASCT tk&aff were

Each county had a different type of contract with the vendors. Some paid a lump sum amount,
whereas others paid separately by line item (procurement, installation, and maintehance
Since the ASCT packages, length of the corridor and type of contract vary, for ease of
comparison, all costs are shown per intersection for each corritiablé 53). As discussed

earlier, the details of cost breakdown and type of contract are providegte appendices.

Except for Bartow, the cost per intersection varies from $20k to $45k. These costs are used in
conducting benefit/cost analys{summarized in Chapter 5 of this report)

Corridors that had lower performance and lower staff satisfactjenerally had the following
implementation characteristicdable 52 and5.3):

1 The najority of the implementationwas conductedn-house with little help from
vendors

1 The staff responsible for the corridor had fewsining daysand no specializestaff
for ASCT

1 There was nonaintenance contract witlthe vendor.

71



Table 53 Staff, Training, and Cost

Site/Question Gainesville | DeLand | Manatee | Sarasota | Bartow Bay Pinellas
Staff training External External| External | External | External External | Initially external, mostly internal
Training days 1 10 5 2 5 5 5
Staff change No No No No No No Yes, 1
Overall capital cost
$21,666 $30,000| $45,350 | $36,500 | $96,400 | $42,500 | $32,871

(per intersection)
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5.5 Institutional Issues

Thissection provides a brief overview wistitutional issuegncounteredwith the installation

and implementation of the ASCT devi¢dstails on tlese by site are provided in the
AppendicesAto H). These are categorized into: organization and management; regulatory and
legal; human and facility resources; and financial.

5.5.1Organization and Management

Most of the institutional issuemlentified during the interviews relate tthe organizatiorand
management oASCTGainesvillestaff indicated they had limited time to devote to ceating
variousissues with the system. In DeLatlik staff reported issues regarding the funding for
maintenance oASCT cameraSarasotataff indicated theyhadissues with the two different
contractors.Bartowstaff indicated theyfaced skepticism about the installation of the new ASCT
system. Bayounty staff indicated there was a significant amount of time that had to be
devoted on learning the operations oS&T

5.5.2Regulatory and Legal

Only Manatee faced institutional issues in terms of regulatory and legal boundstafhe
indicated thee were legal issuesith assigning the @nt to an existing contract instead of
bidding it out.

5.5.3Human andracility Resources

Several institutional issuedentified were related tdiuman and facility resources. Manatee
staff indicated theyaced difficulties irdeterminingseveral aspects, such as chandiradfic
controllers andcomplications with the invokment of multiple parties and contractSarasota
staff indicated theyhad issues witlstaffing,as employees were pulled away from their regular
schedules to help complete the installatiqaickly. The public in both Sarasota and Bayially
found it dificult to adjust to the new systenwhich operated differently than they were used
to.

5.5.4Financial

There were also financial institutional issues. Delstatf indicated theyexperienced issues in
finding funding for the maintenancef the ASCTisistalled.Sarasta staff indicated they
experienced financial issues due to additioB#ternet port thathadto be installed asome of
the intersectiors, extra maintenance costs, and expensive cameras.

73



5.6 Summary of Lessons Leafmom the Interviews

Thefollowing are concluded from the interviews conducted with staff at the agencies
responsible for installing, operating and maintaining ASCT:

T

T

Regulamaintenance and checks of the detection system and camaagssential for
effedive ASCT operation

ASCT software needs regular updating, and it is important to include maintenance
funding as part of the overall project

Extensive training of 5 days or more is required for the successful operat®8@F

which leads to more efficiary, functionality, andtaff satisfaction

The sites where the vendors installed thgstem and did the initial firguning

performed better

Most counties were able to use their existing signal controllers (NEB) for ASCT
implementation

The frequency osignal retiming prior to ASCT installation varies widely among corridors
(1 to 8 years), and this could be an important factor in evaluating the effectiveness of
GKS 1 {/ ¢ NBfFTGADBS (2 Ga0oSTF2NBE 2LISNI GA2Y A
Issues such as accounting for additional staff sdar learning ASCT operations,

arranging for funds for additional costs such as Ethernet ports, camera maintenance etc.
need to be considered as part of the overall project

ASCT proved to be effective duri®f Peak hours at all sites and during peak hoin

some sites

The level of staff satisfaction was correlated with objective measurements such as travel
time and queue improvement

Staff atall sites(even when the system did not perform well at their corridegre

open to the idea of expanding the use of AS&adther locations if the corridor
characteristics were favorable for ASOhe site(Pinellashas already expanded to

another corridordue to their satisfaction witlan existing installation

The next bapter utilizes the costs from the interviews and compares it with monetized benefits
from Chapters 2 and 3 tonducting a benefitost analysis.
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6. BENEFFCOSTANALYSIS

The beneti-cost analysis is a systematic process for identifygngntifying and comparing

expected benefits and costs of the implementation of ASCT. The benefits include the economic
value of positive outcomes as the result of the implementation of ASCT and may be
experienced by users of the transportation systemshar public atlarge. The costs include the
spending on ingtllation, equipment, and personnel costs.

6.1 Backgroundn Benefits and Costs

The benefit components considered in this study include travel time sgwmegicle cost

savings (gas consumption #agys), air pollution reduction, and safety benefitBhe cospart

contains the equipment, installation, training and maintenance cost. While some sites paid the
vendors separately for each linem, others paid a lumysum amount per intersection. Hence

for the purposes obenefit-costanalysisO2 a8 1&d I NB f A&AGSR a adGz2dalt O
LISNI AYGSNBSOGAZ2Y ¢ ®

¢KS GNI @St GAYS &l @Ay3a O2Yy&aARSNI GKS NBRdzOG A 2
corridor into consideration. Since the persa trips and business trips have different monetary

value, our analysis assumes that all trucks trips are for business psrgaséor passenger cars,

it is assumed that 20% are personal trips and 80 % are business trips during the AM and PM

peak hourswhile 80% are personal trips and 2@%& business trips during theff Peak We

also assume that the average vehicle occupancy for trucks and passenger cars are 1 person/veh
and 1.39 person/vehicle respectivep2]. The main vehicle cost savingsluded in this study

is the reduced fuel consumption, which results from the improved average travel speed.

economic damages caused by exposure to air pollution represent externalities which are not
considered here, because their impacts are bornedwsiety, rather than by the travelers and

operators whose activities generate those emissions. The air pollution reduction is associated

with the reduced combustion of transportation fuel.

Implementation of ASCT may also affect the likelihood of sigtialierelated accidents. In this
benefit-cost analysisve consider the intersecticrelated crashesThe crash data along the
corridors were obtained from the Signal Four Analytics Sysiém.crashes are classified into
five categories labeled KABCOz=kil(K), incapacitating (A), nemcapacitating (B), possible
injury (C), and property damage only (8Jso, theanalsis is conducted both with and without
safetyrelated effects. This approach was followed duettee differencesin crash reporting
acros the State While all counies report the severddng form) crashes, the short form
crashes are ot always available in the datase for every countyn practice, his difference
canresult in including more crashes for some sites only because thema@re crashes
reported. At one of the sites (Panama City) the reporting changed from the before to the after
period of our analysis, making the safety comparison uneven.
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6.2 Calculation of Benefits

Four benefit componentare included in the calculationsavel time saving, vehiclecost
saving, air pollutionsaving, and safety savirgjEach component is monetized indicated
below.

6.2.1 Time savings

Ideally, the 6O 2 Y & dzY S N&sHould izNdeif talrieasure the it of travel time
improvement. However, this method is not applicable to this project sinasstimesdy default
that demand increasgewith the decreased travel time. This demarivel time relationship is
not consistent with the data we collectedbin this project. For exampléor the Lhiversity
Parkwaycorridor (Sarasota and Manatee Counties, District 1), the travel time and demand
decrease at the same time after ASCT was implemeriteerefore, the average traffic flow of
before and after ASCT idgmentation is usedandthe travel time saving is calculated as:

Y Yz 1 n Tgz¢ zp 0O €)
Y Yz fee Tz ¢ Yz n Tgzé¢ 20 @)
Y Yz Tzé zp O )
Y Yz fee Tz ¢ "Yz n 7¥gz¢e 26 (6)
Where:
Y and”Y (person*hr/hr)are the hourly time consumption for persortaips on

the corridor during periodbefore and after imfementation respectively;

Y and”Y (person*hr/hr)are the hourly time consumption for businesgps on
the corridor during perioKbefore and after implementation respeugly;

‘Q1,2,3represent AMPeakhours,Off Peakhours and PMPeakhoursrespectively
“Yand"Y (hr) are the average travel time during peri@efore and after implementation

n andn (veh/ h) are thetruck flow rates during period(before and after
implementation;

n andn (veh/h) are the passengearflow ratesduring period(efore and after
implementaton;

0 is the percentage of passenger cars traveling for businegsopes during perio

¢ andé¢ (person/ veh) are the average occupancy for passenger cars and trucks
respectively(in this study we use 1.39 and 1 féer andé¢ );
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a andd (%/ hr) are the unit monetized travel time cgst

"Q (hr/ day) isthe number of hours considered for perid@f a weekdaywhere Q pigfo
represent AMPeakhours,Off Peakhours and PMPeakhours respectively;

0 is the number of weekdays considered for a year

Based on thesel is the annually monetized time sag for the corridorand it is calculated
as:

Y Y 2§ Y 2 2'Qz |

()
Y 2 Y 2 § 20z

The calculation assumes the following:

All truck trips are folbusiness;
The hourly monetized time saving afpersonal trip ) is $14.20/h $2];
The hourly monetized time saving @business trigd )is $26.50/h $2];

There are 260 weekdays in a yéa;

There are 2 AMPeak 2 PMPeakand 70ff Peakhours in a dayQ)

80% of car trips during AM and PM and 20% of car trig¥fifPealare business trips
(B).

= =4 4 4 A8 -9

6.2.2 FuelConsumption Savings

There areseveralstate-of-the-art emission estimation models which requirse ofsecondby-
second vehiclspeed andacceleration as well agrade, elevation, friction resistance and
vehicle weight, drag coefficient, engine performanand several other variables. Thus, these
cannot be used in this projednstead, a fuel consumption estimation model thssolely

based on theaverage travel speed is useésB]. Table 61 shows the réationship between the
averageoperating speedand the corresponding fuel consumption rate (gallons /mile). The fuel
consumption rate for speed vala@é betweenthose provided cate interpolated. The gas

price is obtained througfb4].
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Table 61 Relationship between Fuel Consumption Rate @peratingSpeed

OperatingSpeed (mph) Auto (gallons/mile)
10 0.123
15 0.089
20 0.068
25 0.054
30 0.044
35 0.037
40 0.034
45 0.033
50 0.033
55 0.034
60 0.037

All trucks are assumed to burn diesdiile all passenger cars consume gasoline only. The
hourly diesel and gasoline consumption are calculated as a function of the fuel consumption
rate, corridor length and traffic flow rate as follows:

0 0z z0 8)
0 "0z R z ) )
0 0z 20 (10)
0 "0z R z () (12)
Where:
0 and 0 (galloncarhr) are the hourly gasoline consumption for the corridor

during period®efore and after implmentation;

0 and 0 (galloncarhr) are the hourly diesel consumptionrfthe corridor during
period ‘(before and after implementation;

"Oand™O (gallons/ mile) are the fuel consumption rate during peri@mefore and after
implementation

L is the length of the corridor (m#p

¢KS FyydzZZ tte Y2ySGAT SR Fdz5t al gAay3 Aa (KS
vehicles on the corridors. They are calculated as follows:
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0 0 z'Qz0 27Q 0 2'Qz0 27Q
12
0 2'Qz02°Q 0 2'Qz02°Q

Where:

0 ($/ year) is the annually monetized fuel saviig, W& M  are the unit price ($/
gallon) of gaoline and diesel respectively.

It is assumed that all passenger cars use gasoline while trucks use @esplice of the
gasoline and diesel are taken as $2.66/gal and $3.18/gal respectvly |

6.2.3 Emission reduction

EPA methods toalculate emissions require detailed data sets. Hensanalified emission
model[55] waschosen for use in this project, ande emissions are estimated according to the
fuel type and consumption rat® andO (short ton/ hr) are the hourlgmission production
rate of substancéQfor period"Qand are calculated as:

. ‘ pnnGy . \
(6] ) 2’00 z W V) 2’00
R n oY (13)
p T
. , pnnCy ,
(o] V) 2’00 z W V) 2’00
, pm n oY (14)
pTIT
Where:
[6)0) and00O (short ton/ gallon) are the emission facgwf substancéirom

gasoline and diesel respectively

aY is the emission reduction efficiency for substarf@gs). If a specialized emission reduction
equipment is installd on a vehicle, this paramet&rould have a value based on the extent to
which the equipmenteduces the emissions. We have made a conservative assumption that no
vehicles in our study have any special emission reduction equipment, hence ERj= 0.

‘O is the hourly monetiegd air pollution cost ($/ hour);

Q is the unit air pollution price fosubstance@

79



Table 62 providesthe emission factors for passenger cars and trubkg [The emission factor

relatesthe quantity of a pollutant released to the atmosphere with an activity associated with

the release of that pollutant.

Table 62 EmissiorFactosfor Passenger Cars and Trufks|

Emission Emission factor . Emission
. Emission
factor for for Gasoline Factor
. . . Factor For .
Type of air pollution Gasoline Passenger Cars Diesel for Diesel
Passenger (short Trucks(Kg/m3) Trucks(short
Cars (Kg/m) ton/gallon) 9 ton/gallon)
Carbon dioxide (Cp / / / /
Volatile Organic Compounds
(VOCs) 2.5 1.04318ED5 1.8 7.51086ED6
Nitrogen oxides (NOX) 6.7 2.79571ED5 23 9.59721ED5
Particulate matter (PM) 0.129 5.38279ED7 3.5 1.46045E05
Sulfur dioxide (SO2) 0.098 4.08925E07 0.017 7.09359ED8

The recommended monetized val{f&2] for each type of air pollutant ishownin Table 63.

Table 63 DamageCostsfor Pollutant Emissiofb2]

Type of air pollution

cost ($/short ton $2017)

Carbon dioxide (C0O2)

/

Volatile Organic Compounds (VOCs) 1872

Nitrogen oxides (NOXx) 7377
Particulate matter (PM) 337459
Sulfur dioxide (SO2) 43600
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Theyearly monetized air pollution savif@($/ year) is calculated as follows:

0 0 2Q2'Qz0 0 202070 (15)

Emission savings calculated by these simplified methods are likely to be small compared to
other savings. Thereforéhe research teanconducted the benefit/cost analysis with and
without the consideration of emissions.

6.2.4 Crash Reduction

Safety evalation is conducted based dhe estimated crash increase/reduction before and
after the implementation of the ASCOnly intersectiorrelated crashes which do not involve
direct human error are considered for a fair comparisas indicated earlier,dditional analysis
was conducted with reaend only crashes but the results are not reported here because it is
based on sparse data.

The number of crashes for five different types of crasmne collected from the corridorThe
annually monetized safety sags'Y ($ /year)are calculated as follows:

Yo 6260 6260 (16)

Where:

6 (crashes/ year) is the annual crash rate of crash fpehere™Q pltlott v represens
possible injury, nofincapacitating injury, incapacitating injury, fatality, and property damages

6 O ($/ crash) is the unit monetized cost for crash ty@e

Table 64 provides the suggested monetized value for each type of crash Sgpe |
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Table 64 FDOT KABCO Crash Costs

KABCO Level '\\/";E‘ét(';fd
C¢ Possible Injury $97,650

B ¢ Nonrincapacitating $157,170

A ¢ Incapacitating $580,320
K¢ Killed $10,230,000
O- Property damage only crashes | $7,600

6.3 Calculation of Costs

Table 65 shows the total cost of ASCT for each corridor. The values shown iaguigenent,

installatian, training, and maintenance cost/hile some sites paid the vendorsdsch of
theseasline-items, others paid dump-sum amount per intersection. Hender the purposes
ofthisanalysisO2 4G4 I NB fAai@Rdokk al At PSEf OZAAG®2 BB NILISN

Table 65 Monetized Cost for &h Corridor

Monetized Cost
Corridors name Location Cost / Number of

intersection | Intersections Total cost
University Parkway Sarasota and Manatee, District 1| $36,500 18 $657,000
~as Van FleetDrive and | garow, istrict 1 $96,400 5 $482,000
Newberry Road GainesvilleDistrict 2
23rd Street Bay County, District 3 $40,000 9 $360,000
Panama City Beach Parkwg Bay County, District 3 $45,000 10 $450,000
SR 70 & US 301 Manatee, Districts 4 and 5 $45,350 22 $997,700
US 17 92 DelLand, District 5 $30,000 5 $150,000
66th Street Pinellas, District 7 $32,871 12 $394,452
Total $3,491,152

Note: ASCT was removed at Newberry Rd. Hence it is not considered in B/C calculations
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6.4 BenefitCost Analysis and Findings

Thissection @alculates the monetized benefttost of ASCibr each corridor according to the
process described earlier. The befaker data collectiordates and peak hours evaluatéat
each site are included ifiable6.6. The total monetized benefit value with and without
including safety benefits are calcted for each corridor anthe results are shown in Table
6.7a (with emission savings) and Tabl&l6(without emission savingsAlso, the beneficost
ratio with and without including safety benefits are calculated for each corridottlaadesults
areshown in Table 8a(with emission savings) and Tabl8I&(without emission savings).

Table 66 Data Collection Dates and Peak Hours

Site Name AM Peak | Off Peak PM Peak Before Dates After Dates
University March 18 & 19, March 14 & 15,
Parkway | /2T 9am | lpmt 3pm | 4pnm 6pm 2015 2017
East Van Fleet Zanm 9am 9:30ant Ao 6om February 22 & 23 March 28 & 29,
Drive and North 11:30pm | “PTTOP 2017 2017
September 17 & | November 19 &
Newberry Road| 7ant 9am | 1pmt 3pm | 4pmt 6pm 18, 2014 20, 2014
1llant January 27 & 28, September 22 &
23rd Street 7anmt 9am 1pm 4pmt 6pm 2015 23. 2015
Panama City Zamt 9am 1llant Apmt 6pm October 22 & 23,| February 3 & 4,
Beach Parkway| 1pm pmt op 2014 2015
) 10ant December 8 & 9,| October 3 & 4,
SR 70 & US 30] 7ant 9am 12pm 4pmt 6pm 2016 2018
1llant October 1 & 2, December 16 &
US 17 92 7anmt 9am 1pm 4pnm 6pm 2014 17, 2014
November 9 & 10{ May 16 & 17,
66th Street 7anmt 9am | 1pmt 3pm | 4pmt 6pm 2016 2017
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Table 67aMonetized Benefit Value for Each Corridbrcludes Emission Savings)

Monetized Benefit

Corridors name Location Travel Time Vehicles Alr .| Total with Total without
: . Pollution | Safety benefit
Saving Cost Saving . safety safety
Saving
. . Sarasota and Manatee
University Parkway Counties, District 1 $4,373,802 $473,639 $30,469 $4,880,524 $9,758,434 $4,877,910
Fast van FeetDIVEl  Bartow, District 1 $401,717 | -$60,823 | -$32,104 | $472,349 | -$22,295 $494,644
Newberry Road Gainesville, District 2
23rd Street Bay County, District 3 $1,588,365 $195,702 $39,451 -$189,008 $1,634,509 $1,823,518
PanaFr;a;ij\;gyBeach Bay County, District 3 | $3,016,459 | $358,578 | $74,906 $3,449,942 $3,449,942
SR 70 & US 301 Manatee, Districts 4 and 5  -$108,204 -$53,528 -$95,495 -$257,227 -$257,227
US17 92 DeLand, District 5 $3,454,869 $489,110 $91,940 -$2,565,559 $1,470,361 $4,035,920
66th Street Pinellas, District 7 $4,652,124 $665,447 $132,495 | $23,316,234 | $28,766,300 $5,450,066
Total $16,575,697 | $2,068,125 | $241,663 | $25,914,540 | $44,800,025 $18,885,485
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Table 67b Monetized Benefit Value for Each Corridor (Excludes Emission Savings)

Corridors name

Location

Monetized Benefit

i Vehicles Cost Saving
TraveI_Tlme Safety benefit Total Total without safety
Saving
. . Sarasota and Manatee
University Parkway Counties, District 1 $4,373,802 $473,639 $4,880,524 $9,727,965 $4,847,441
East Va”N(F)'rfﬁt Drive an Bartow, District 1 $401,717 $60,823 $472,349 -$9,809 $462,540
Newberry Road Gainesville, Distric@
23rd Street Bay County, District 3 $1,588,365 $195,702 -$189,008 $1,595,058 $1,784,067
Panama City Beach Bay County, District 3 $3,016,459 $358,578 $3,375,037 $3,375,037
Parkway
SR 70 & US 301 Manatee, Districts 4 and 5 -$108,204 -$53,528 -$161,731 -$161,731
Us 17 92 DelLand, District 5 $3,454,869 $489,110 -$2,565,559 $1,378,421 $3,943,979
66th Street Pinellas, District 7 $4,652,124 $665,447 $23,316,234 $28,633,805 $5,317,571
Total $16,575,697 $2,068,125 $25,914,540 $44,558,363 $18,643,823
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Table 68aBenefit and Cost Summary (Includes Emission Savings)

Total Benefits B/C Ratio
Corridors name Location Total cost Comments
With Safety Without safety With safety Without safety
. . Sarasota and
UniversityParkway ManateeDL $657,000 $9,758,434 $4,877,910 14.9 7.4
East Van Fleet Driv¢
and North Bartow,D1 $482,000 -$22,295 -$494,644 0 -1
Newberry Road Gainesvillep2 ASCT wasemoved
23rd Street Bay CountyD3 $360,000 $1,634,509 $1,823,518 4.5 5.1
Panama City BeacH Crash reporting methodology
Parkway Bay CountyD3 $450,000 $3,449,942 $3,449,942 7.7 changed
SR 70 & US 301 | Manatee,D4 andD5 $997,700 -$257,227 -$257,227 -0.3 No safety data for after
Us 102 DelLandD5 $150,000 $1,470,361 $4,035,920 9.8 26.9
66th Street Pinellasp7 $394,452 $28,766,300 $5,450,066 72.9 13.8
Total $3,491,152 $44,800,025 $18,885,485 12.8 5.4
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Table 68b Benefit and Cost Summary (Excludes Emission Savings)

Total Benefits B/C Ratio
Corridors name Location Total cost : - Comments
Total Total without With safety Without
safety safety
. . Sarasota and
University Parkway Manatee, D1 $657,000 $9,727,965 $4,847,441 14.8 7.4
East Va”Nz'r?ﬁt Drivean  garow, D1 $482,000 $9,809 $462,540 0 1
Newberry Road Gainesville, D2 ASCT wasemoved
23rd Street Bay County, D3 $360,000 $1,595,058 $1,784,067 4.4 5
Panama City Beach .
Parkway Bay County, D3 $450,000 $3,375,037 $3,375,037 7.5 Crash reporting methodology change
SR 70 & US 301 Manatee, D4 and D  $997,700 -$161,731 $161,731 -0.2 No safety data for after
Us 17 92 DelLand, D5 $150,000 $1,378,421 $3,943,979 9.2 26.3
66th Street Pinellas, D7 $394,452 $28,633,805 $5,317,571 72.6 13.5
Total $3,491,152 $44,558,363 $18,643,823 12.8 5.3
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Since the ASCT was removed from Newberry Road (Gainesville), it is not considered in the
benefitcost analysis. For SR 70 (Manatee) there has not been adequate time after ASCT
installation to collect crashelated data.An increase in the number of tourists over the past
few years and the corresponding increase in tradfang with changes in crasbporting
methodology resulted isignificant increase ithe reported number of crashes at Panama City
BeachHence it was decided to include safety results for this siteeinefitcost Analysis.

As expected, emission savings are negligible comparectr denefits, and the overall B/C for
the project does not change with the inclusion of emission savings. However, considering the
safety benefits, the overall B/C increases from 5.4 to 12.8.

Without considering safety benefits, five of the sevemridors had psitive outcomesby
adopting the new systenThe 66thSreet (Pinellas) andUniversityParkway Sarasota and
Manateée havethe highest monetized benefit value $6,450,066and $4,877,910Qespectively.
The US 17 92 (Delandddthe best B/C26.9. Althoughthe East Van Fleet Drive and North
(Bartow) and SR 70 have negative benefit vgltlee value is close to zero (i.e. the introduction
of ASCT does not produce significant changes to quality of service for these two carridors)

All the resuis above are for a-year analysis. To conduct a-§8ar analysis, one would need to
consider annual discounting for monetized benefits rate (i.e. how the commuters perceive the
benefits from year 2 to year 10), recurring maintenance costs (how much aadalitilollars

would it cost to maintain ASCT versus the system before), and fuel pricing scenarios (which
needs to consider whether fuel prices remain same or change over time). Due to significant
uncertainty in all these parameters, it was decided tegent only the Year One benefibst
analysis.

6.5 Benefit-CostFindings and Conclusion

Overall, as indicated by the positive monetized benefits, the ASCT performs well for most of the
corridors and for the overall program. The benefits are mainly attedub reduced travel time
along the corridors. Since KABCO values weigh the fatalities heavily, safety benefits are
extremely variable and could swing from net negative to net positive due to a single fatality.
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7. CONCLUSIONS ARECOMMENDATIONS

This project evaluated thinplementation of ASCT alomgght corridors in FloridaTraffic
engineering and safety analyses were conduced several quantitative relationships
between site characteristics and performance measwvere developed

Field daéa (before and after ASCT installations) were collected through floating car runs and
turning movement counts along the study corridors during AM, PM@fidPeakperiods.
Changes in travel time, major street queue strorage ratio and traffic throughpuwt sihat ASCT
generally resulted in an averageerall reduction irtravel time(9.36% and major street
gueues(15.57%. The minor street queues increase (16.98B6Wwevertheir throughput

remains almost the same (0.699%Regression analysis showtbat higher AADT, higher
intersection density (signalized and unsignalized), and higher initial operating speed (before
implementation of ASCT) resitt less traffic operational improvement.

US17 in Deland, 28 street in Panama City and East Van fleet Driveaitioly showed

reduction in crashewhen conducting a longdaerm analysis, Wwereas University Parkway in
Sarasota showeninprovement only for the shorteterm analysis.Among the two corridors
GKIG aK2gSR AYyONBlFasS Ay ONIakKSaszs {w cdgo Ay
and Beach Parkway in Panama @Gyl increasing tourist demand over the years leading to
higher seasonal traffipotentially offseting any safety benefits of signal coordination.

Benefitcost Analysis revealed overall nabsitive monetized benefit§l2.8 considering safety,
5.4 without safety)Overall, ASCT performeckll for most of the corridors and for thentire
program.

Thefollowing arerecommendations from this study

1 Ahigh density of access poinise( both signalized and unsignalized intersectioaghg the
corridor reduces the effectiveness of ASTHis was very evident che NewberryRd.
corridor where on an average there was an access point every 1/22th of a mile and an
unsignalized intersection every 1/14th of a mile. Some of these access points had heavy left
turning traffic to/from major establishments such te Oaks Mall and thslorth Florida
Regonal Medical CenteAlso, nany of these trips originate and end on the same side of
Newberry Rd. but they have to use th®inlinearterial because there is no connectiyi
between adjacent businesses.

1 While an upper threshold on distance between sigread intersections (¥ mileas specified
in the FDOT guidance documdghb¥]) is necessary to maintain the progression, high density
of access pointereates difficulties with detection and ASCT may not be effective at such
locations. Access managemesteps such as closing nassential access roads, linking
internal roadsalong thesame side of the corridor, increasing the distance between
intersections, planning effective median openings and street connestimay be considered
before ASCT is introded.
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Detection and Communication were noted as top challenges by all the TMCs in their

interviews. Regular maintenance of the detection and the ASCT system is necessary for a
successful operation. Generally, the counties that had a maintenance contract witlongen

had betterASCPperformance Only one county (Pinellas) had an internal training program for

the staff and had an additional staff member to monitor the performance of ASCT. Pinellas

showed the best overall improvement in terms of traffic operatianauvel time, queues and
OKNRdzZaAKLIzG v FY2y3a €t aradasSaod !'{/¢ Aa w20 | G
and appropriate staffing are key factors in theceess oASCT.

ASCTs unlikely to showmprovements at corridors with high volumeosss streets (for
example, SR 70 at Manat&@ountywith cross street US 301). It simply redistributes the green
to the cross street and the gains from improvement on the side streets are nullified by
deterioration on the major street.

Observation from the dta, interviews and statistical analyses showed that ASCTs are not
suitable for implementation for all types of corridors and traffic conditions. The analyses
confirmed the empirical observations that ASCT would yield better performance and a higher
return on investment when implemented on corridors with low intersection density, low
volume side streets, and high demand but not oversaturated traffic conditions

Several corridors had minor to major ongoing construcpenjects during ASCT
implementation. Tle installation and initial fine tuning periods have to be planned
accordingly

Florida attracts heavy seasonal traffic (for example, snowbirds during winter at Sarasota and
collegestudentsduring springoreakat Panama City beach). Counties should avoid

introducing new and unfamiliar traffic pattesmt the start of these seasons. Steps must be
taken to alucate travelerabout ASCand particularly unfamiliar phasing and timing

patterns
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A.1EXECUTIVE SUMMARY

The objective of this research is to evaluate the implementation of proposed Adaptive Signal
Control Technologies (ASCT) traffic operat@inseveral arterial corridors in Florida, before and
after the installation of specific ASCT, document the advantages and disadvantages of different
approaches and implementations, and provide recommendations for stade

implementation of ASCT. Thisggmdix summarizes the before and after field data collected
along the Newberry Rd., Gainesville corridor from NW 76th Blvd to NW 8th Ave.

The SynchroGreen advanced signal control system was implemented along this corridor in
December 2014. Floating car muwere conducted with the UFTI instrumented vehicle to
collect vehicle travel times before the implementation of SynchroGreen, during three time
periods (AM Peak, Off Peak and PM Peak). In addition, turning movement counts and queue
lengths were collectedt two critical intersections (NW 75th St. and3 N). Based on these,

five performance measures were obtained for the before and after study periods: Link/Route
Travel Time, Delay at Intersections, Queue Length (at critical intersections), Queue to Lane
Storage Ratio (at critical intersections), and Passenger Car Equivalent (PCE) flows (at critical
intersections). For each performance measure, a comparison between the before and after
data is conducted and presented in this appendix.

The following were oerved:

1 The travel time in the EB direction increased during all study time periods (AM Peak, Off
Peak and PM Peak) by an average of 1.25 min (22.6%). The travel time in the WB
direction increased during the AM Peak and Off Peak by an average of 0.42 0#f) (
and it decreased during the PM Peak by 0.84 min (10.4%).

1 The intersection through movement delay in the EB direction increased for 9 out of the
12 intersections along the corridor by an average of 6.10 sec/intersection (43.6%). The
intersection throgh movement delay in the WB direction increased at 8 out of 12
intersections by an average of 2.11 sec/intersection (14.6%).

1 The average queue length for th&3% NB & Newberry Rd. intersection decreased by an
average of 0.32 vehicles/(2%) over all angsis periods. The average queue length for
the 75 SB & Newberry Rd. intersection increased during all analysis periods by an
average of 1.38 vehicles (18.5%).

1 The traffic volume at both intersections (I75N and 75 St.) increased during all three
analysigeriods by an average of 78 pce/h/In (9.9%) and 30 pce/h/In (8.4%)
respectively.

City of Gainesville staff were interviewed regarding the effectiveness of the signal control along
the corridor, and they also confirmed that the performance of the corridetedorated with
the installation of SynchroGreen. They speculated that SynchroGreen could be more effective
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for less congested corridors as well as when advance detection is present (there is currently no
advance detection.)

A.2CORRIDOR INFORMATION

Gairesville is collegbased, and Newberry Rd. is one of the major corridors in the city of
Gainesville, which connects the University of Florida campus areadpedstnd the Interstate

75 for entering/leaving town (westnd). The adjacent land uses includalls, restaurants,

hotels, gas stations, drug stores, automotive service shops and banks. IntefStagpresents

a major northsouth freeway link for intecity commuters throughout the entire North Central
Florida region, and is thus expected to seveey high volumes of traffic entering/leaving the
Gainesville area during the morning or afternoon peak period. A shopping mall is also located
along the corridor, which is expected to generate/attract high traffic demands.

The dominant traffic during thenorning peak is eastbound towards the city center, while the
dominant traffic during the afternoon peak is westbound for leaving Gainesville. The traffic
volume was quite high during the peak periods and congestions were often observed.

FigureA-1 provides a schematic of the Newberry Rd., Gainesville corridor. Adblists the
intersections along the corridor. Two intersectionZ%IN and 7% St) were selected as the
critical intersections along the corridor and detailed turning movemertt queue counts were
collected at these. Data collection was conducted during three time periodd:am, 1 png

3pm, and 4 6 pm. Figuréd-2 provides the lane configuration of these two critical intersections.
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Table Al Intersections along the Newberry Rd., Gainesville Corridor

Intersection Distance ?n Between No. of.Unsi'gnaIized
(mile) Intersections in Between

1 NW 76" Blvd & Newberry Rd.

2 NW 75" St & Newberry Rd. 0.1 0
3 I-75 S & Newberry Rd. 0.14 2
4 I-75 N & Newberry Rd. 0.13 1
5 | NW 69" Terrace & Newberry Rg 0.08 1
6 Oaks Mall West & Newberry R( 0.15 0
7 NW 66" St & Newberry Rd. 0.09 1
8 NW 629 St & Newberry Rd. 0.2 1
9 NW 60" St & Newberry Rd. 0.14 1
10 NW 57" St & Newberry Rd. 0.18 0
11 NW 53" St & Newberry Rd. 0.12 1
12 NW 8" Ave & Newberry Rd. 0.12 1

Total 12 intersections 1.45
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(a) I75N & Newberry Rd.

FigureA-2 Schematic and Overview of Critical Intersections
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A.3PERFORMANCE MEASURES

Five performance measures were evaluated: Link/Route Travel Time, Delay at Intersections,
Queue Length (criticahtersections), Quewto-Lane Storage Ratio (critical intersections), and
PCE Flows (critical intersections). For each performance measure, a comparison between the

0STF2NBE YR FFGSNIRIGEFE A& O2yRAzOGSRaGb@aR 20 KS
RFGF&é0 FINB LINBaSYdiSRo®
A.3.1ROUTE TRAVEL TIME

The average travel time (min) along the route was measured using a floating car. During the
before data collection there was an incident on th&slramp. The research team collected data
during that time,and in the following tables we report separately any data collected when the
incident was active. A total of 54 runs for EB and 51 runs for WB were conducted during the
before study, and a total of 51 runs for EB and 51 runs for WB were conducted dwiafigh
study. The data are summarized below.

Before Study (Sept. 17 & Sept.18, 2014)
TableA-1.1 Route Travel Time (min)
Route TT (min) AM Incident AM No Incident  Off Peak PM  Average

Newberry Rd. EB 7.7 4.83 5.24 6.45 5.51

Newberry Rd. WB 5.93 4.35 4.96 8.1 5.8

After Study (Nov. 19 & Nov. 20, 2014)
TableA-1.2 Route Travel Time (min)

Route TT (min) AM Off Peak PM Average
Newberry Rd. EB 4.96 6.05 9.26 6.76
Newberry Rd. WE 4.79 5.35 7.26 5.8
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Comparisons of Before and After Travel Times
TableA-1.3 Change in Percentage of Route Travel Time (AfBafore)
Route TT (min) AM Off Peak PM Average

Newberry Rd. EE  0.13 (2.7%)  0.80 (15.3%)  2.82 (43.7%)  1.25(22.7%)

Newberry Rd. WE  0.44 (10.1%)  0.38 (7.7%)  -0.84 ¢10.4%)  -0.01 (0.1%)

OBefore DAfter O Before @After
__10 __10
£ B (=
\E/ 8 1 \E/ 8
g 6 R g 6
c o4 i c o4 B
[¢D] I - (D) I -
= e N > e N
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— e i — H e i
0 T E 0 T E
AM Off Peak PM AM Off Peak PM
Newberry EB Newberry WB
(a) Newberry Rd. EB (b) Newberry Rd. WB
Figure Al.1 Travel Times Along Newberry Rd., Gainesville
Discussion

The following can be concludém the comparison of travel times:

1 The travel time along Newberry Rd. in the EB increased in the AM Peak, Off Peak and
PM Peak by an average of 1.25 min (22.7%). The EB direction carries the majority of the
traffic during the AM peak. The highest incseabccurred during the PM Peak when the
demand is relatively lower, with an increase of 2.82 min (43.7%).

1 The travel time along Newberry Rd. in the WB increased in the AM Peak and Off Peak by
an average of 0.42 min (9.0%), while it decreased in the Ri¥ BPg¢0.84 min (10.4%). It
is the WB direction that carries the majority of the traffic in the PM peak, and this shows
improved travel times.

1 Inthe before data, the AM peak travel time along Newberry in the EB direction is higher
than that of the WB dection, which is reasonable as the majority of the traffic travels
EB toward the University of Florida. The reverse occurs during the PM Peak, and it is the
WB that has the higher travel time. However, in the after study, the heavily traveled WB
directionhas a lower travel time. It appears that the system favors the peak direction at
a significant detriment to the opposing lower demand direction.
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A.32 DELAY

Delay (sec) at each intersection along the corridor was also obtained using the floating car
measurements.

Before Study (Sept. 17 & Sept.18, 2014)

Table A2.1 Delay (sec) for each Intersection Through Movement Along the EB Direction
Delay by Intersection (sec AM Incident AM No Incident Off Peak PM

NW 76" Bivd 78.4 18.6 35.28 50.52
NW 73" St 73.3 32.13 23.4  36.75
I-75 S 43.7 14.83 19.68 37.58
I-75 N 34.4 16.1 4.45 4.01
NW 69" Terrace 5 10.47 412  25.13
Oaks Mall W 12.4 15.07 524 13.69
NW 66" St 155 4.5 1221  7.69
NW 629 St 10.6 8.13 11.61 48.15
NW 60" St 13.9 2.73 3.68 5.55
NW 57" St 2.95 5.43 15 7.37
NW 53" St 9 1.67 1.45 7.54
NW 8" Ave 6.9 3.13 2.04 2.7
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FigureA-2.1 Delay (sec) for each Intersection Through Movement Along the EB Direction
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TableA-2.2 Delay (sec) for each Intersection Through Movement Along the WB Direction
Delay at Intersections AM AM No Off

(sec) Incident Incident Peak PM
NW 8" Ave 9.8 4.27 11 43.38
NW 58" St 20.5 16.47 3.41 11.88
NW 57" St 2.7 1.6 139 434
NW 60" St 7.5 17.9 10.73  20.7
NW 624 St 6.9 3.2 6.52 25.2
NW 66" St 3.6 3.8 23.78 58.76

Oaks Mall W 1.6 1.03 12.85 25.1
NW 69" Terrace 82 22.6 19.69 29.24

I-75 N 13.8 5.8 2.51 111

I-75 S 14.46 13 17.07 23.66
NW 78" St 11.94 3.67 22.39 23.66

Nw 76" Blvd 8.16 11.33 4.2 3.35

OAM Incident @AM No Incident @ Off Peak BPM

o

o

Delay (sec)
w b 00
o O

iR 2] -

NW 8th N NW NW NwW NW |-75 N Oaks I-75S N NW NW
Ave 55th St57th St 60th St62nd St66th St Mall W 69th 75th St 76th
Terrace Blvd

Location
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FigureA-2.2 Delay (sec) for each Intersection Through Movement Along the WB Direction

After Study (Nov. 19 & Nov. 20, 2014)

TableA-2.3 Delay (sec) for each Intersection Through Movement Along the EB Direction
Delay at Intersections (sec AM Peak Off Peak PM Peak

NW 76" Blvd
NW 78" St
I-75 S
I-75 N
NW 69" Terrace
Oaks Mall W
NW 68" St
NW 629 St
NW 60" St
NW 57" St
NW 58" St

NW 8" Ave

17.7

31.8

27.16

18.84

2.75

11.27

1.85

21.16

4.61

1.03

0.92

1.36
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3.82

6.03
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5.4

3.06

2.29

6.16

85.55

71.5

84.7

6.75

15

18.8

7.4

71.81

14.9

5.48

7.5
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FigureA-2.3. Delay (sec) for each Intersection Through Movement Along the EB Direction

Table A2.4 Delay (sec) for each Intersection Through Movement Along the WB Direction

Delay at Intersections (sec AM Peak Off Peak PM Peak

NW 8" Ave
NW 58" St
NW 57" St
NW 60" St
NW 629 St
NW 68" St
Oaks Mall W
NW 69" Terrace
I-75 N
I-75 S
NW 758" St

NW 78" Blvd

10.55

8.76

1.37

8.43

5.91

11.58

4.56

57.5

8.87

31.63

13.6

5.5
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FigureA-2.4 Delay (sec) for each Intersection Through Movement Along the WB Direction

Comparisons of Before and After Intersection Delay Times

The differences in delay between the before and after study periods are shohabie A2.5
andTable A2.6. The tables are colmoded as follows: green shows significant improvement,
yellow shows modest change, and red shows significant deterioratidalay.

TableA-2.5 Difference in Delay (sec) for each Intersection Through Movement Along the EB Direction
Delay (sec) AM Peak Off Peak PM Peak Average

NW 78" Blvd -0.9 25.86 20
NW 758" St -0.33 3.06 12.49
[-75S 12.33 29.37 29.61
I-75 N 2.73 -0.62 2.74 1.62

NW 69" Terrace -7.72 1.91 -23.63 -9.81
Oaks Mall W -3.79 4.69 511 2
NW 66" St -2.65 -0.75 -0.29 -1.23

NW 629 St 13.03 7.86 23.65 14.85
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Delay (sec) AM Peak Off Peak PM Peak Average

NW 60" St 1.88 1.72 9.35 4.32
NW 57" St -4.41 1.56 -1.89 -1.58
NW 53" St -0.75 0.84 -0.04 0.02
NW 8" Ave -1.77 412 0.5 0.95
Average 0.64 6.64 11.03 6.1

TableA-2.6 Difference in Delay (sec) for each Intersection Through Movement Along the WB Direction
Delay (sec) AM Peak Off Peak PM Peak Average

NW 8" Ave 6.28 18.99 -7.23 6.02

NW 58" St -7.71 6.48 0.12 -0.37
NW 57" St -0.24 1.26 6.06 2.36
NW 60" St -9.47 1.13 1.25 -2.36
NW 629 St 2.71 2.92 -10.25 -1.54
NW 66" St 7.78 -3.16 -13.61 -3
Oaks Mall W 3.53 -4.9 -9.3 -3.56
NW 69" Terrace- 0.55 16.81  17.42
I-75 N 3.07 -0.25 5.38 2.73
I-75 S 18.63 -7.42 0.96 4.06

NW 73" St 9.93 4.95 -6.96 2.64
NW 76" Blvd -5.83 3.96 4.82 0.98

Average 5.3 2.04 -1 2.11
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FigureA-2.5 Difference in Delay (sec) for each Intersection Through Movement Along the EB Direction
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FigureA-2.6 Difference in Delay (sec) for each Intersection Through Movement Along the WB Direction

Discussion
The following can beoncluded from the comparison of delays:

1 The intersection delay in the EB direction increased at 9 out of the 12 intersections by
an average of 6.10 sec/intersection. Delay increased significantly during the PM Peak,
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despite the fact that this is directiomas a lower demand than the other during this
time.

1 The intersection delay in the WB direction increased at 8 out of the 12 intersections by
an average of 2.11 sec/intersection. Delay increased the most during the AM Peak,
which is not the predominardirection of travel at that time.

1 The results of number of stops at the intersection approaches (EB and WB directions)
were consistent with the intersection delay findings. Thus the detailed comparison of
number of stops is not included in this report.

A3.3QUEUE LENGTH
Queue length (number of vehicles/lane) is presented by movement and by time period. This
measure is used to evaluate oversaturated conditions at the critical intersections along the
study corridors. Note that the queue length reported here is the obsemagdimum number
of vehicles queued during each cycle, and does not represent the total number of vehicles that
may have stopped during the cycle. During some time periods, because of cycle failure, vehicles
need to stop multiple times before passing thrduipe intersection.

Figure B3.1 presents the schematic of the lane configurations at the two critical intersections.
Queue length is reported for each of these lanes.

NORTH NORTH
=
N

A,
P 11
-] 14 % 11 - 10
-] 13 - 10 9
-] 12 - 9 - _A z: )
1 2
2 ™ 3 b
— - LRy e
(a) F75N & Newberry Rd. (b) 75 St. & Newberry Rd.

FigureA-3.1 Lane Configuration of Critical Intersections
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Before Study (Sept. 17 & Sept.18, 2014)

TableA-3.1 Average Queue Length by Lane (#vehs/lane)’alN & Newberry Rd

Eastbound NB EB Westbound
Time Period
Thru Left Right Left Thru Right Thru
Lane Number 1 2 3 4 5 6 7 8 9 10 11 12 | 13 14
1 8 8 | 71| 53 5.7 7 69 | NNA | 34|43 4 09| 0.7 1.6
2 84|184|6.6| 53 7.6 66 | 74 | NNA|33(38| 27 |18 18 1.2
AM Peak 3 9 9 9 129 | 153 | 10.6| 124 | N/A | 43| 6 7 48| 45 3.3
4 9 9 9 4 72 | 37| 38 | NA|32|37| 22 |13|18| 13
Average| 86|86 | 79| 6.9 8.9 7 76 | N/A|36|45| 4 22|22 19
1 1 2 2 4.7 4.7 12 | 45 3 23| 1 1.7 | 03|08 0.5
2 32|135|38]| 45 6 28 | 37| 46 |13|13| 16 | 0 | 06| 0.6
Off Peak 3 23118| 23| 45 63 | 17| 55| 5 |18|35| 28 | 0 |[02]| 03
4 15| 23|25| 53 5 25| 33| 52|28|23| 18 |23|13| 038
Average| 2 | 24|27 | 438 55 2 43 | 44 |1 21| 2 2 0.7 0.7 0.6
1 1.3/05|18| 8.2 10.7 | 33 | 25| 33 | 58| 57| 28 7 |45 2.8
2 15(18(15| 1122 | 103 | 1.7 | 33| 65 |52 3.8 4 53|28 0.8
PM Peak 3 1.7 1 |12)|238%|273*| 22 | 32| 78 |58|6.2| 3.8 [45|4.2 2.2
4 15| 13|18 23.3* | 21.5* 2 47 | 75| 7 6 2 521 4.2 2.7
Average| 15| 12|16 166 | 175 | 23 | 34 | 6.3 | 6 | 54| 3.2 | 55|39 21

Note: * indicates cycle failure.

Note: Lane 8 waslosed due to accident during AM Peak.

112




TableA-3.2 Average Queue Length (#vehs/lane)-ZbN & Newberry Rd.

EB (Main) WB (Main) Side Street
Time Period
Thru | Left | Thru(9,10,11)| Thru+Right| Thru(12,13,14)| Left | Right
AM Peak 8.4 | N/A 4.01 3.96 2.1 7.9 7.29
Off Peak 24 | 4.4 2.05 1.98 0.65 5.13 | 3.15
PM Peak 14 | 6.3 5.69 3.17 3.85 17.04* | 2.85

Note: * indicates cycle failure.

Note: Lane 8 was closed due to accident during morning peak.
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TableA-3.3 Average Queue Length by Lane (#vehs/lane) at 75 St. & Newberry Rd.

EB NB WB sB
ime peros Left Thru | Right LefZThr Right Left T:r Th“‘t/ Righ | Ay
Lane Number 1 2 3 4 5* 6* 7* 8 9 10 11 12

1 14 | 15 | 164| 166 | 82 15' 15' 144 | 142 | 28 3.4 16
2 04 | 92| 11 | 96 5 66| 78| 92 | 88 | 2 17 13
AM Peak| 3 01| 67|63 5 73 | 46| 46| 83 | 76 | 11 16 2
4 1 | 59]67] 61 5 34 | 37| 54 | 46 | 11 2.4 13
szrag 07 | 92 101 93 64 | 68| 72| 93 | 88 | 18 23 16
1 32 | 77 | 118|117 55 | 35| 77| 148 148 67 7.8 35
2 08 | 43| 53] 63 52 | 47| 7 |03 63 6.3 2.7
Off Peak | 3 18 | 62| 65| 9.2 6 a2 | 77| BT 122 43 7.7 3.2
4 2 | e8| 73| 95 6 42 | 73| 143 | 158 | 58 6.7 25
szrag 2 | 63| 78] 92 57 | 41| 74| 145]| 15 | 6.3 7.1 3
1 23 | 118] 15 | 15.7 8 57| 62| 98 | 83 | 43 5 23
2 18| 94| 12 |178| 74 |42|68]| 98| 82 | 72 6.6 3.2
o peak| 3 2 | 13 | 154/ 19 8 58| 68| 98 | 88 |102| 128 | 32
4 16 | 13 | 184 20 8 54 | 76| 126 | 11.8 | 11.8| 142 | 2.6
A"irag 19 |118|152| 181| 79 | 53| 68| 105| 93 | 84 9.7 2.8

Note: *Thelj dz§dzS t Sy3dK Ay [FyS& pXZcZ YR 1T NBLNBaSyi
sight distance.
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TableA-3.4 Average Queue Length (#vehs/lane) at 75 St. & Newberry Rd.

Time EB (Main) WB (Main) NB SB
Period . . . .

Left | Thru | Thru/Right | Left | Thru| Thru/Right | Left/Thru Right | Left/Thru/Right
AM

0.74 | 9.65 9.34 9.06 | 1.77 2.27 6.37 6.99 1.55
Peak
Off

1.96 7 9.17 14.75* | 6.29 7.13 5.67 5.77 2.96
Peak
PM

1.93 | 135 18.12 9.9 | 8.38 9.65 7.85 6.05 2.83
Peak

Note: * indicatescycle failure.

Note: The queue length of the NB movements represent the maximum number of vehicles within the
RA&AGlI yOSo
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After Study (Nov. 19 & Nov. 20, 2014)
TableA-3.5 Average Queue Length by Lane (#vehs/lane)/alN & Newberry Rd.

EB NB EB wB
Time Period
Thru Left Right Left Thru Right Thru
Lane Number | 1 2 3 4 5 6 7 8 9 10 11 12 | 13 | 14
1 9 9 86| 6 6.4 | 78| 10| 3.2 7.6 76| 2.6 2 /08|22
2 9 9 8 54| 48 | 6 |82 5.2 6.6 72| 26 | 18|22 0.6
AM
3 5454 3 4.4 5 34(34| 4.4 2.4 29| 11 [03|05| O
Peak
4 2824 2 28 | 42| 2 | 38| 5 1 03| 03 |12]| 0 |02
Average| 6.6 | 65|54 | 47 | 51 | 48|64 | 45 4.4 45| 1.7 | 13|09 0.7
1 05| 1 |13]| 52| 63 |27|47]| 45 3.8 18| 23 [(02|07|03
2 15117 (22| 3 57 |118| 45| 53 35 25| 27 | 03]05|03
Off
3 38(28(22| 4 6.8 | 38| 6 | 48 2.8 22| 15 |03] O 1
Peak
4 12| 15|17 4 6.2 | 17| 53| 75 4.7 3 2 281513
Average| 1.8| 18| 18| 4 6.3 |25|51]| 55 3.7 24| 21 |09(07|0.8
1 38| 2 | 26(11.2|108| 2 | 52| 9.6 8.4 7 58 | 96|58]| 5
2 3 12| 3 |104|138| 28| 4 | 9.6 5.2 64| 76 | 76]98| 9
PM
3 1.2112(24)| 94 |104| 26| 48| 7.8 6.6 44| 3.8 7 5 |44
Peak
4 16| 2 |24 8.2 9 24132 77 3.3 2 28 [ 37| 2 | 1.7
Average| 24| 16|26| 98 | 11 | 25| 43| 8.7 5.9 5 5 7 |57| 5
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Table A3.6 Average Queue Length (#vehs/lane)-@bN & Newberry Rd.

EB (Main) WB (Main) Side Street

Time Period
Thru Left Thru(9,10,11) Thru+Right Thru(12,13,14) Left Right
AM Peak 6.13 | 4.46 4.45 1.67 0.98 4.88 5.58
Off Peak 1.78 | 554 3.04 2.13 0.78 5.15 3.81
PM Peak 2.2 8.67 5.42 5.01 5.88 104 | 3.38

TableA-3.7 Average Queue Length by Lane (#vehs/lane) at 75 ST & Newberry Rd.

EB NB wB SB
Time Period

Left Thru Right | Left/Thru Right Left Thru | Thru/Right | All

Lane Number 1 2 3 4 5* 6* 7* 8 9 10 11 12

1 0.6 16 16 15.4 6.8 114 11.8| 138 | 115 | 95 7.7 2.3

2 05| 95 | 105 12.7 8.5 6.2 | 6.8 | 127 | 9.8 7.3 6.7 1.3
AM Peak 3 04| 52| 72| 96 6 6.6 8 8.2 9.2 1.2 2.6 0.6
4 02| 44 | 38| 84 7.8 32| 48 | 94 6 2 2.2 0.6
Average| 0.4 | 88 | 9.4 | 115 7.3 6.8 | 7.9 11 9.1 5 4.8 1.2
1 25| 58 | 6.7 | 11.7 12 55| 7.8 | 16.3* | 23.8* 8 8.3 5.7
2 0.7 | 53 | 55 11 11.2 5.7 10 | 15.7% | 23.7*| 7.8 9.3 5.2

Off Peak 3 13| 9.7 | 9.2 | 137 11.3 58 | 7.8 | 15.8* | 24.2* | 6.8 9 3
4 1 6.7 | 5.7 11 11.3 3.7 | 48 | 15.2* | 23.2* | 6.2 9 3.3
Average| 14 | 69 | 6.8 | 11.8 115 52| 76 | 158 | 23.7 | 7.2 8.9 4.3
1 1.3 | 13.2| 13.2 15 12 47 | 7.2 | 126 | 11.8 | 12.2 12 4.2

2 1.2 12 | 123 | 15 12 75 | 93| 128 12 11.2 11.6 2
PM Peak 3 1.7 | 142 | 15 15 12 115 11.7| 122 | 114 | 154 14.4 4.4
4 2 12.7 | 14.3| 15 11 18 | 2.7 | 15.2 16 14 13.4 4.4
Average| 1.5 13 | 13.7 15 11.8 6.4 | 7.7 | 13.2 | 128 | 13.2 12.9 3.8

Note: * indicates cycle failure.
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Note: The queue length in Lane 5,6,and 7 represents the maximum numiesdt A Of S a

sight distance.

TableA-3.8 Average Queue Length (#vehs/lane) at 75 ST & Newberry Rd.

GAGKAY

Time EB (Main) WB (Main) NB# (Side) SB (Side)
Period . : . .
Left | Thru | Thru+Right| Left | Thru| Thru+Right| Left+Thru| Right | Left+Thru+Right
AM Peak| 0.43 | 9.08 11.52 10.08 | 5.01 4.78 7.28 7.35 1.22
Off Peak| 1.38 | 6.81 11.83 19.73* | 7.21 8.92 11.46 6.4 4.29
PM Peak| 1.54 | 13.35 15 13 13.2 12.85 11.75 7.04 3.75

Note: * indicates cycle failure.

Note: The queue length of the NBovements represents the maximum number of vehicles within the
203SNBDSNEQ &aA

IKG

RAadGryOSo

Comparisons of Before and After Queue Lengths for Ciritical Intersections

The differences in queue length between the before and after measurements are shown in

Table A3.9 toTable A3.12. The tables are colaoded as follows: green shows significant
improvement, yellow shows modest change, and red shows significant increase in queue

length.

TableA-3.9 Difference in Average Queue Length by Lane (#vehs/lané)5 K Newberry Rd.

L
Time ane Number Averag
. e
Period
1 2 3 4 6 7 8 9 10 | 12 | 12 | 13 | 14 | Queue
AM Peak | .~ ) i ) § ) Nt o84l 005 | : ) ) -1.18
2.06| 216|253 221]383] 215|129 A ‘ : 229| 09| 135] 1.11 :
OffPeak | . ) ) ~ lo7s|oas|oss| tt | 16a|035|015| %% | © |o019] 023
0.25]| 0.67 ]| 0.83| 0.72 | : : 1 ' : : 5 | 0.06]| :
PMPeak | 0.9 | 043 1.02| .. " lois|oss| 22| - " | 1sa| Y| 173| 289] 001
' ' ' 6.83 | 6.46 | ' 8 | 0.07]|047]| 7 : : '

Note: Lane 8 was closed for part of the AM Peak in the before data collection.
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Table A3.10Difference in Average Queue Length (#vehs/lane)/&N & Newberry Rd.

EB (Main) WB (Main) NB (Side)

Time Period
Thru | Left | Thru(9,10,11)| Thru+Right| Thru(12,13,14)| Left | Right
AM Peak | -2.25| N/A 0.45 -2.29 -1.12 -3.02| -1.72
Off Peak | -0.58| 1.11 0.99 0.15 0.13 0.02 | 0.67
PM Peak | 0.78 | 2.38 -0.27 1.84 2.03 -6.64 | 0.52

Note: The EB left turn lane was closed for part of the AM Peak in the before data colle
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TableA-3.11 Difference in Average Queue Length by Lane (#vehs/lane) at 75 St. & Newberry Rd.

Lane Number A
Time Period verage
Queue
1 2 3 4 5# 6# T# 8# 9 10 11 12
AM Peak | -0.31] -0.42| -0.73| 2.18 | 09 | 0.04| 0.69| 1.7 0.34 | 3.24| 2.52| -0.34 0.82
Off Peak | -0.58 | 0.63 -1 2.67 | 5.79| 1.04 | 0.21| 1.29* | 8.67* | 0.92 | 1.79| 1.33 1.9
PMPeak | -0.39| 1.19|-149| -3.12| 39 | 1.11] 0.87| 269 | 3.52 | 482| 3.2 | 0.92 1.43

Note: * indicates cycle failure.

Note: The queue length in Lanes 5,6, and 7 were the maximum number of vehicles witgintieS NIJ S NJ
distance.

Table A3.12 Difference in Average Queue Length (#vehs/lane) ) at 75 St. & Newberry Rd.

Time EB (Main) WB (Main) NB# (Side) SB (Side)
Period . . . .
Left | Thru | Thru+Right | Left Thru | Thru+Right | Left+Thru | Right | Left+Thru+Right
AM Peak | -0.31 | -0.57 2.18 1.02 | 3.24 2.52 0.9 0.36 -0.34
Off Peak | -0.58 | -0.19 2.67 4.98* | 0.92 1.79 5.79 0.62 1.33
PM Peak | -0.39 | -0.15 -3.12 3.1 4.82 3.2 3.9 0.99 0.92

Note: * indicates cycle failure.

Note: The queue lengthofthe. Y2 @SYSy i a NBLINBaASYyid GKS YI EAYdzy
sight distance.

Discussion
The following can be concluded from the comparison of queue length:

1 For the 75N & Newberry Rd intersection, the average queue length decreased by an
average of 1.18 vehicles in the AM Peak, but increased by 0.23 vehicles in the Off Peak.
The highest increase was observed in the EB left turn queue, which increased during
both the Off Peak and PM Peak periods.

1 Forthe 75 St. & Newberry Rd. intersectitme average queue increased during all three
time periods by an average of 1.5 vehicles.
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A.34 QUEUE TO LANE STGRARATIO

In addition to queue length, it is important to assess any impact to adjacent lanes or to
upstream facilities. The queue liok/lane ratio is used to establish the likelihood of spillback,
which is presented in this section by movement and by time period.

The following assumptions are used:

() The storage capacity is estimated as the maximum number of vehicles in the lane.

() The queue to link/lane storage ratio is estimated as 1 if the observer reported
GaLAttolrO1é YR A noy AF NBLR2NISR & (K
distance.

W Queue to lane storage ratios over 80% are highlighted in yellow, as they represent
conditions with a high probability for spillback.
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(a) F75N & Newberry Rd. (@) 75 St. & Newberry Rd.

Figure A4.1 Lane Configuration of Critical Intersections

121



Before Study (Sept. 17 & Sept.18, 2014)
TableA-4.1 Average Queue Storage Ratio by Lane and by Perietbat & Newberry Rd.

Lane Number

Time Period

1 2 3 4 5 6 7 8 9 10 11 12 13 14

1 08 | 08 |0.71| 0.2 | 0.22| 0.27| 0.26 | N/A | 0.34| 0.43| 0.4 | 0.09| 0.07 | 0.16

2 084|084 | 066| 0.2 | 0.29| 0.25| 0.29 | N/A | 0.33 | 0.38| 0.27 | 0.18 | 0.18 | 0.12

AM Peak 3 09 | 09| 09 | 056|069|0.47|054| NJA | 043| 06 | 0.7 | 0.48| 0.45| 0.33
4 09 | 09| 09 | 015|0.28| 0.14| 0.15| N/A | 0.32| 0.37| 0.22| 0.13 | 0.18 | 0.13

Average | 0.86 | 0.86 | 0.79 | 0.28 | 0.37 | 0.28 | 0.31 | N/A | 0.36 | 0.44 | 0.4 | 0.22| 0.22| 0.19

1 01| 02| 02]0.18|0.18| 0.04| 0.17| 0.3 | 0.23| 0.1 | 0.17| 0.03 | 0.08 | 0.05

2 0.32| 0.35| 0.38| 0.17| 0.23| 0.11| 0.14| 0.49| 0.13 | 0.13| 0.16| O | 0.06 | 0.06

Off Peak 3 0.23| 0.18| 0.23| 0.17| 0.24 | 0.06 | 0.21| 0.5 | 0.18| 0.35| 0.28| 0O | 0.02]| 0.03
4 0.15| 0.23| 0.25| 0.21| 0.19| 0.1 | 0.13| 0.55| 0.28 | 0.23 | 0.18 | 0.23 | 0.13 | 0.08

Average| 0.2 | 0.24| 0.27| 0.18| 0.21 | 0.08 | 0.16 | 0.46 | 0.21| 0.2 | 0.2 | 0.07 | 0.07 | 0.06

1 0.13| 0.05| 0.18| 0.31 | 0.41| 0.13| 0.1 | 0.33| 0.68| 0.6 | 0.28| 0.73| 0.48| 0.28

2 0.15| 0.18 | 0.15| 0.43| 0.4 | 0.06 | 0.13| 0.68 | 0.55 | 0.38 | 0.43 | 0.55| 0.28 | 0.08

PM Peak 3 0.17| 0.1 | 0.12| 0.85| 0.94 | 0.08| 0.12| 0.88| 0.6 | 0.63 | 0.38 | 0.48| 0.42| 0.22
4 0.15| 0.13| 0.18 | 0.87 | 0.79 | 0.08 | 0.18| 0.82 | 0.73 | 0.65| 0.2 | 0.53| 0.42| 0.3

Average | 0.15| 0.12| 0.16 | 0.62 | 0.63 | 0.09 | 0.13 | 0.68 | 0.64 | 0.57 | 0.33 | 0.58 | 0.4 | 0.22

Note: Lane 8 was closed during part of the AM Peak.
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Table A4.2 Number of Cycles with Spillback atdN & Newberry Rd.

. . #oycles Lane Number
Time Period i 15min
1 2 4 5 6 7 8 9 10 11 12 13 14
1 7 5 5 0 0 0 0 N/A 0 0 0 0 0 0
2 6 4 4 0 0 0 0 N/A 0 0 0 0 0 0
AM Peak| 3 6 6 6 1 2 1 1 N/A 0 2 2 1 0 1
4 6 6 6 0 0 0 0 |[NA| O 0 0 0 0 0
Average 5.25| 5.25 025/ 05|025|{025|NA| O |05| 051|025 0O |0.25
1 6 0 0 0 0 0 0 0 0 0 0 0 0 0
2 6 0 0 0 0 0 0 1 0 0 0 0 0 0
Off Peak| 3 6 0 0 0 0 0 0 0 0 0 0 0 0 0
4 6 0 0 0 0 0 0 1 0 0 0 0 0 0
Average 0 0 0 0 0 0 0.5 0 0 0 0 0 0
1 6 0 0 0 0 0 0 0 3 1 0 2 1 0
2 6 0 0 0 0 0 0 3 1 0 1 1 0 0
PM Peak| 3 6 0 0 2 4 0 0 4 1 1 0 1 0 0
4 6 0 0 2 2 0 0 3 2 2 0 1 0 1
Average 0 0 1 15 0 0 251175 1 |025|125|0.25]| 0.25

Note: Lane 8 was closed during part of the AM Peak.
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Table A4.3 Average Queue Storage Ratio by Lane and by Period at 75 St. & Newberry Rd.

Lane Number
Time Period

1 2 3 4 5 6 7 8 9 10 11 12

1 0.04 08 | 0.85| 0.85| 0.56 | 0.8 0.8 0.7 0.6 | 0.09 | 0.16 | 0.16

2 0.05 0.63| 0.72| 0.69 | 0.47 | 0.74 | 0.77 | 0.6 0.6 | 0.14 | 0.17 | 0.22

AM Peak 3 0 0.34| 0.33| 0.28 | 0.53 | 0.32| 0.38| 0.33| 0.3 | 0.06 | 0.08 | 0.16
4 0.05 03 | 034| 03 | 047|028 0.29| 0.26 | 0.22 | 0.06 | 0.13 | 0.14

Average 0.04 0.52 | 0.56 | 0.53 | 0.51 | 0.54 | 0.56 | 0.47 | 0.43 | 0.09 | 0.13 | 0.17

1 0.16 0.38| 059 | 058 | 066 | 0.29| 0.8 | 0.64 | 0.64 | 0.37 | 0.44 | 0.35

2 0.04 0.22| 027 | 0.32| 053 | 0.41| 0.67 | 0.65| 0.72 | 0.35| 0.35 | 0.27

Off Peak 3 0.09 0.31|033|046| 08 | 04 | 0.75| 059 | 053 | 0.35| 0.43 | 0.32
4 0.1 0.34| 037 | 048 | 0.8 | 045| 0.7 | 0.62 | 0.69 | 0.32 | 0.37 | 0.25

Average 0.1 031| 039|046 | 07 | 0.39| 0.73| 063 | 065 | 0.35| 04 | 0.3

1 0.12 0.72| 0.75| 0.78 | 0.8 | 0.52 | 0.58 | 0.43 | 0.36 | 0.24 | 0.28 | 0.23

2 0.09 052| 06 | 0.89| 0.72| 043 | 0.62 | 043 | 0.36 | 0.4 | 0.37 | 0.32

PM Peak 3 0.1 0.75| 0.77 | 095 | 0.8 | 0.56 | 0.67 | 0.43 | 0.38 | 0.57 | 0.71 | 0.32
4 0.08 0.8 | 0.92 1 0.8 | 048 | 069 | 055 | 0.51 | 0.66 | 0.78 | 0.26

Average 0.1 0.7 | 076|091 | 0.78| 05 | 0.64| 0.46 | 04 | 047 | 053 | 0.28
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TableA-4.4 Number of Cycles with Spillback at 75 St. & Newberry Rd.

. . #cycles in Lane Number
Time Period 15min
2 3 4 5|67 8 10 | 11 | 12
1 5 1 1 1 0|j0]|O0 1 0 0 0
2 5 0 0 0 0o|0]|O0 0 0 0 0
AM Peak 3 8 0 0 0 0|j0]|O0 0 0 0 0
4 8 0 0 0 0|j0]|O0 0 0 0 0
Average 025 025 025 |0| 0| 0] 025 0 0 0
1 6 0 2 2 0|j0]|O0 0 0 0 0
2 6 0 0 1 0|j0]|O0 1 0 0 0
Off Peak 3 6 0 0 0 0o|0]|oO 0 0 0 0
4 6 0 0 0 0|j0]|O0 0 0 0 0
Average 0 0.5 075 0| 0] 0] 025 0 0 0
1 6 3 3 3 0|0]|O 0 0 0 0
2 5 1 1 3 0|j0]|O0 0 0 0 0
PM Peak 3 5 2 2 4 0|j0]|O0 0 0 0 0
4 5 3 4 5 0o|0]|O 0 0 0 0
Average 2.25 25 3751 0|00 0 0 0 0
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After Study (Nov. 19 & Nov. 20, 2014)

TableA-4.5 Average Queue Storage Ratio by Lane by Pericd% 1& Newberry Rd.

Lane Number
Time Period

1 2 3 4 5 6 7 8 9 10 11 12 13 14
1 0.90 0.90 0.86 0.23 0.25 0.30 0.38 0.32 0.78 0.78 0.26 0.20 0.08 0.22
2 0.90 0.90 0.80 0.21 0.18 0.23 0.32 0.52 0.66 0.74 0.26 0.18 0.22 0.06

AM
Peak 3 0.54 0.54 0.30 0.17 0.19 0.13 0.13 0.44 0.24 0.29 0.11 0.03 0.04 0.00
4 0.28 0.24 0.20 0.11 0.16 0.08 0.15 0.50 0.10 0.03 0.03 0.12 0.00 0.02
Average 0.66 0.65 0.54 0.18 0.20 0.18 0.24 0.45 0.45 0.46 0.17 0.13 0.09 0.07
1 0.05 0.10 0.13 0.20 0.24 0.10 0.18 0.45 0.38 0.18 0.23 0.02 0.07 0.03
2 0.15 0.17 0.22 0.12 0.22 0.07 0.17 0.55 0.35 0.25 0.27 0.03 0.05 0.03

Off
Peak 3 0.40 0.28 0.22 0.15 0.26 0.15 0.23 0.50 0.28 0.22 0.15 0.03 0.00 0.10
4 0.12 0.15 0.17 0.15 0.24 0.06 0.21 0.78 0.47 0.30 0.20 0.30 0.15 0.13
Average 0.18 0.18 0.18 0.16 0.24 0.10 0.20 0.57 0.37 0.24 0.21 0.10 0.07 0.08
1 0.38 0.20 0.26 0.43 0.42 0.08 0.20 0.92 0.90 0.74 0.62 0.88 0.60 0.56
2 0.30 0.12 0.30 0.40 0.53 0.11 0.15 1.00 0.56 0.66 0.80 0.74 0.96 0.90

PM
Peak 3 0.12 0.12 0.24 0.36 0.40 0.10 0.18 0.88 0.66 0.44 0.38 0.80 0.60 0.44
4 0.15 0.18 0.23 0.30 0.34 0.11 0.13 0.86 0.30 0.22 0.30 0.52 0.22 0.20
Average 0.24 0.15 0.26 0.37 0.42 0.10 0.17 0.92 0.61 0.52 0.53 0.74 0.60 0.53
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TableA-4.6 Number of Cycles with Spillback atdN & Newberry Rd.

#cycle Lane Number
Time Period | sin 15
mns | 1| 2| 3| 4|5 |6 | 7|8 ]| 9|10|11]12]|13]| 14
1 5 o|lo|lolololo|o|lo|]1]1|l0|lo0o]o] o
2 5 ol ol ololo|lo|o|lo]lo|1|l0|lo0o]o] o
M peak| 3 5 o|lo|olo|lo|lo|o|lo|]o|o|o|lo]|]o] o
4| s o|lo|olo|lo|lo|o|lo|]o|o|o|lo]o] o
Average | 00 | 00 [ 0.0 | 00| 00| 00 [ 00|00 02| 05| 0000|000
g olololo|lo|lo|o|lo|s5]o0o]o]lol|lol"”
1 6 o|lo|o|lo|lo|lo|o|lo|]o|o|o|lo]|]o] o
2 6 o|lo|olo|lo|lo|o|l1]o0o]o|lo|lo]o] o
oft peak| 3 6 1/olo|lololo|lo|l1]o]|lo|o0o|lo]lo] o
4| 6 o|lo|olo|lo|lo|o|l2]o|lo|lo|l1]o0]o0
average | 02| 00| 0.0 [ 0.0 | 0.0 000010000000 0200|
9 5| o/l ololo|lo|o|lo|]o|o|ol|s]|o|"”
1 5 olo|lolololo|o|l2]|3|1|1]|a]1] 2
2 5 o|lo|lololo|lo|ol|ls]|1]|1|3]|1]3] 2
o peak| 2 5 o|lo|ololo|lo|o|l2]o]lo|lo|l1]1]o0
4| s o|lo|ololo|lo|o|l2]o]o|lo|l1]o0] o0
Average | 00| 00 [ 0.0 [ 00| 0000|0027 |10 0510|1712 o
g o|lo|olo|lo|lo|o|s5]|]o|o|lol|s]| 5|~
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Table A4.7 Average Queue Storage Ratio by Lane by Period at 75 St. & Newberry Rd.

Lane Number

Time Period
1 2 3 4 5 6 7 8 9 10 11 12

1 0.03| 0.73] 0.73| 0.72| 048 0.80 | 0.80 | 0.60 | 0.50 | 0.34| 0.30 | 0.16

2 0.04 | 0.68| 0.71| 0.87 | 0.71 | 0.60 | 0.68 | 0.60 | 0.50 | 0.53 | 0.39 | 0.20

AM Peak 3 0.01|028| 035|043 | 047|051 | 061| 040 | 040 | 0.17| 0.23 | 0.07
4 0.02 | 0.28| 0.28| 0.51| 0.58| 0.30 | 0.42| 0.43| 0.30 | 0.13| 0.12 | 0.02

Average | 0.03 | 0.49 | 0.52 | 0.63 | 0.56 | 0.55 | 0.63 | 0.51 | 0.42 | 0.29 | 0.26 | 0.11

1 0.13 | 0.29| 0.33| 0.67 | 0.80| 0.46 | 0.59 | 0.93 | 0.96 | 0.44 | 0.46 | 0.57

2 0.03 | 0.27| 0.28 | 0.68 | 0.76 | 0.44 | 0.70 | 1.00 | 0.97 | 0.44 | 0.52 | 0.52

Off Peak 3 0.07| 048 | 0.46| 0.85| 0.81 | 0.45| 0.59 | 1.00 | 0.99 | 0.38 | 0.50 | 0.30
4 0.05| 0.33| 0.28| 0.63| 0.78| 0.31| 040 | 0.93 | 0.93 | 0.34| 0.50 | 0.33

Average | 0.07 | 0.34 | 0.34 | 0.71 | 0.79 | 0.41 | 0.57 | 0.97 | 0.97 | 0.40 | 0.50 | 0.43

1 0.07 | 0.83 | 0.83 | 1.00 | 0.80 | 0.39 | 0.60 | 0.55 | 0.51 | 0.68 | 0.67 | 0.42

2 0.06 | 068 | 0.70 | 1.00 | 0.80| 0.59 | 0.74 | 0.56 | 0.52 | 0.62 | 0.64 | 0.20

PM Peak 3 0.08 092 | 1.00| 1.00 | 0.80| 0.79| 0.81| 0.53| 0.50 | 0.86 | 0.80 | 0.44
4 0.10| 0.72| 0.88 | 1.00 | 0.82| 0.15| 0.22| 0.66 | 0.70 | 0.78 | 0.74 | 0.44

Average | 0.08 | 0.79 | 0.85 | 1.00 | 0.80 | 0.48 | 0.59 | 0.57 | 0.56 | 0.73 | 0.71 | 0.38
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Table A4.8 Number of Cycles with Spillback at 75 St. & Newberry Rd.

#cycles Lane Number
Time Period in 15

mins 1 2 3 4 5 6 7 8 9 10 | 11 12

1 5 0 0 0 0 0 0 0 0 0 0 0 0
2 6 2 2 4 0 0 0 0 0 0 0 0 0
AM Peak| 3 6 0 0 0 0 0 0 0 0 0 0 0 0
4 6 0 0 0 1 0 0 0 0 0 0 0 0

Average 0.50| 0.50| 1.00| 0.25| 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00

1 6 0 0 0 2 0 0 0 4 4 0 0 0
2 6 0 0 0 3 0 0 0 6 4 0 0 0
Off Peak| 3 6 0 0 0 3 0 0 0 6 4 0 0 0
4 6 0 0 0 0 0 0 0 2 2 0 0 0

Average 0.00| 0.00| 0.00| 2.00| 0.00 | 0.00 | 0.00 | 4.50 | 3.50 | 0.00 | 0.00 | 0.00

1 5 0 4 4 5 0 0 0 0 0 0 0 0
2 5 0 2 2 5 0 0 0 0 0 0 0 0
PM Peak| 3 5 0 4 4 4 0 0 0 0 0 0 0 0
4 5 0 2 4 5 0 0 0 0 0 0 0 0

Average 0.00| 3.00| 3.50| 4.75| 0.00| 0.00 | 0.00| 0.00 | 0.00| 0.00 | 0.00| 0.00
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Comparisons of Before and After Queue Storage Ratios

The differences in Queue Storage Ratio between before and attasorements are shown in
Table A4.9 to Table A1.12. The tables are colaoded as follows: green shows significant
improvement, yellow shows modest change, and red shows significant deterioration in queue
storage ratios or spillback potential.

Table A4.9 Difference inAverage Queue Storage Ratios 9N & Newberry Rd.

. Lane Number
Time

. Average

Period
1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13 | 14
AM ) 5 ’ ) ’ ) " _ | N/A| 009|002 ) ) ; -0.08
Peak | 0.21 | 0.22 | 0.25 | 0.10 | 0.17 | 0.10 | 0.07 : ' 0.23| 0.09 | 0.14 | 0.11 '
Off ) ) ) " | 003|002 003|011|0.16| 0.03|0.01|0.03| .. |002| 0.02
Peak | 0.02 | 0.07 | 0.08 | 0.03 | ' ' : : ' ' ' 0.01| '
PM 1 0,00 | 0.04] 010 - | 0.01| 004|024| " 1 020|016| 0.20| 030| 0.06
Peak | : : 024 | 021 : : 0.04 | 0.05| . : : :
Note: Lane 8 was closed during part of the AM Peak Period in the Before data collection.
TableA-4.10 Difference in Percent of Cycles with SpillbackZN & Newberry Rd.

. Lane Numb A
Time ane Number verage
Period | v | 5l 3| 4|5 | 6| 7| 8] 9o |10|11]12]13]14

AM _ _ ~ | 4% | -8% | 4% | 4% | NIA | 4% | -1% | -8% | -4% | 0% | -19%
Peak | 85% | 85% | 65% 4%
P%:k 4% | 0% | 0% | 0% | 0% | 0% | 0% | 8% | 0% | 0% | 0% | 4% | 0% | 0% 1%

PM 0% | 0% | 0% | ._ _ 0% | 0% | 4% | | -8% | 13%| 8% | 17%| *° -1%
Peak 17% | 25% 13% %

Note: Lane 8 was closed during part of the AM Peak Period in the Before data collection.

TableA-4.11 Difference in Average Queue Storage Ratio at 75 St. & Newberry Rd.

. Lane Number Average
Time

Period

AM Peak| -0.01 | -0.03 | -0.04 | 0.10 | 0.06 | 0.02 0.07 | 0.03 | -0.01 | 0.20 | 0.13 | -0.06 0.04

Off Peak| -0.03 | 0.03 | -0.05 | 0.25 | 0.09 | 0.03 | -0.16 [ 0.34 | 0.32 | 0.05| 0.10 | 0.13 0.09

PM Peak| -0.02 | 0.09 0.09 | 0.09 | 002 | -0.01 | -0.05 | 0.12 | 0.15 | 0.27 | 0.18 | 0.09 0.09
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Table A4.12 Difference inPercent of Cycles with Spillback at 75 St. & Newberry Rd.

. Lane Number Average
Time

Period |, | 3 4 5 | 6 | 7 8 o | 10 | 11 | 12

AM

peak | 10%| 5% | 15% | -2% | 0% | 0% | 0% | -5% | 0% | 0% | 0% | 0% 2%
Off

ek | 0% | 0% | 8% | 21% | 0% | 0% | 0% [ 71% | 58% 0% | 0% | 0% | 12%
PM

peak | 0% | 14%| 19% | 18% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% 4%
Discussion

The following were concluded regarding questerage ratios:

1 Queue storage ratios were fairly high during the AM peak in the before data collection
for the F75N intersection. These were substantially improved with the new system.

1 Queue storage ratios increased for the 75 St. intersection, with increased probability for
spillback.
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A.35 EQUIVALENT PCE FL®OW

Traffic flows were counted manually and converted to equivalent PCE flows (pce/hour) by considering the percdmtagg of

GSKAOf Sa® LG ¢ta aadzySR GKId GKS t/9 F2N GNHzO1 & Adhen @
following tables provide truck percentages by movement, as well as traffic volumes in units of pce/hr.
Truck Percentag Observations
TableA-5.1 Truck Percentages abN& Newberry Rd.
SB WB NB EB
Period Interval Total
Left Thru Right Left Thru Right Left Thru Right Left Thru Right
1 2.46% | 4.55% | 5.00% 2.06% | 5.00% | 0.85% 3.32%
2 2.68% | 1.96% | 5.22% 3.55% | 0.00% | 0.99% 2.40%
AM Peak 3 3.45% | 0.00% | 3.85% 2.75% | 3.13% | 0.92% 2.35%
4 3.93% | 1.43% | 7.23% 4.10% | 6.45% | 2.12% 4.21%
Average 3.13% | 1.98% | 5.32% 3.11% | 3.64% | 1.22% 3.07%
1 1.64% | 0.00% | 5.63% 3.00% | 9.09% | 3.22% 3.76%
2 0.29% | 0.00% | 4.65% 476% | 3.45% | 2.02% 2.53%
Off Peak 3 0.00% | 0.00% | 5.94% 0.00% | 0.00% | 0.97% 1.15%
4 0.79% | 0.00% | 2.11% 1.02% | 2.56% | 1.53% 1.33%
Average 0.68% | 0.00% | 4.58% 2.20% | 3.78% | 1.93% 2.19%
PM Peak 1 1.64% | 0.00% | 2.92% 0.00% | 9.09% | 1.59% 2.54%
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Period

SB wB NB EB
Interval Total
Left Thru Right Left Thru Right Left Thru Right Left Thru Right
2 0.29% 0.00% 1.80% 0.00% 3.45% 0.43% 0.99%
3 0.00% 0.00% 0.59% 0.00% 0.00% 0.76% 0.22%
4 0.79% 0.00% 0.67% 1.03% 2.56% 1.06% 1.02%
Average 0.68% 0.00% 1.49% 0.26% 3.78% 0.96% 1.19%
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Table A5.2 Truck Percentages at 75 St. & Newberry Rd.

SB wB NB EB
Period | Interval Total
Left Thru Right Left Thru Right Left Thru Right Left Thru Right

1 0.00% 0.00% 0.00% 7.04% 6.11% 0.00% 0.00% 0.00% 1.20% 5.56% 1.52% | 2.99% | 2.03%

2 0.00% 20.00% 0.00% 2.43% 5.05% 0.00% 0.00% 0.00% 1.86% 0.00% 1.91% | 5.88% | 3.09%

AM Peak 3 0.00% 0.00% 0.00% | 1.09% 5.50% | 0.00% | 6.06% 0.00% 2.30% | 5.88% 1.85% | 5.13% | 2.32%
4 0.00% 0.00% 0.00% | 3.53% 2.30% | 16.67%| 2.38% 0.00% 274% | 2.86% 3.14% | 2.08% | 2.98%

Average 0.00% 5.00% 0.00% 3.52% 4.74% 4.17% 2.11% 0.00% 2.02% 3.57% 211% | 4.02% | 2.61%

1 0.00% 6.25% 0.00% 1.36% 1.77% 0.00% 1.41% 0.00% 1.13% | 11.11% 1.53% | 3.08% | 2.30%

2 0.00% 0.00% 0.00% | 0.00% 1.51% | 0.00% | 1.43% 0.00% 2.09% | 0.00% 2.30% | 1.59% | 0.74%

Off Peak 3 0.00% 0.00% 0.00% | 4.55% 3.97% | 0.00% | 1.11% 0.00% 1.15% | 0.00% 2.64% | 1.35% | 1.23%
4 0.00% 0.00% 0.00% | 3.00% 0.97% | 0.00% | 0.00% 0.00% | 0.00% | 0.00% 1.95% | 3.03% | 0.75%

Average | 0.00% 1.56% 0.00% | 2.23% 2.05% | 0.00% | 0.99% 0.00% 1.09% 2.78% 2.11% | 2.26% | 1.26%

1 0.00% 0.00% | 25.00% | 4.29% 3.99% | 0.00% | 3.13% 14.29% | 0.99% | 0.00% 1.90% | 0.00% | 4.46%

2 7.14% 0.00% 0.00% | 1.23% 3.31% | 0.00% | 1.54% 0.00% 2.35% | 0.00% 0.52% | 0.00% | 1.34%

PM Peak 3 22.22% 9.09% 0.00% | 2.85% 4.74% | 9.09% | 0.00% 0.00% 1.41% | 0.00% 2.02% | 0.00% | 4.29%
4 0.00% 0.00% 0.00% 3.27% 1.64% 0.00% 0.85% 0.00% 1.05% 0.00% 0.46% | 0.00% | 0.61%

Average 7.34% 2.27% 6.25% 2.91% 3.42% 2.27% 1.38% 0.00% 1.45% 0.00% 1.23% | 0.00% | 2.38%
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Before Study (Sept. 17 & Sept.18, 2014)

Table A5.3 Traffic Volume (pce/15 min) and Traffic Flow (pce/houry@N & Newberry Rd.

SB wB NB EB
Time Period

Left | Thru | Right| Left | Thru | Right| Left | Thru| Right| Left | Thru | Right

1 195 | N/A 69 97 | N/A| 520

2 340 | N/A | 141 129 | N/A | 627

AM Peak 3 282 | N/A 78 90 | N/A| 626

4 317 | N/A | 183 238 | N/A | 487

Flow Rate 1134 | N/A | 471 554 | N/A | 2260

1 379 | 62 78 84 | 27 | 448

2 386 | 105 89 68 | 34 | 420

Off Peak 3 349 | 78 74 77 | 33 | 492

4 409 | 88 70 90 | 30 | 398

Flow Rate 1524 | 333 | 311 319 | 125 | 1758

1 504 | 120 | 117 77 | 56 | 407

2 483 | 132 | 133 85 | 43 | 417

PM Peak 3 426 | 137 110 107 | 45 | 439

4 499 | 96 125 87 | 35 | 360

Flow Rate 1912| 485 | 485 356 | 178 | 1623

Note: No traffic was recorded for the WB right and EB left during the AM peak due to an incident.
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Table A5.4 Traffic Volume (pce/15 min) and Traffic Flow (pce/hour) at 75 St. & Newberry Rd.

SB WB NB EB
Time Period
Left | Thru | Right | Left | Thru | Right| Left | Thru | Right| Left | Thru | Right
1 6 5 1 176 | 157 | 13 44 7 282 3 377 | 26
2 5 8 0 177 | 164 | 17 23 21 | 288 9 347 | 31
AM Peak 3 6 3 2 135| 196 8 51 8 210 9 306 | 41
4 5 3 1 156 | 175 | 14 67 6 190 5 218 | 49

Flow Rate| 22 | 19 4 645 | 692 52 185 42 | 970 | 26 | 1248 | 147

1 10 3 3 136 | 245 8 65 0 174 5 216 | 56
2 8 7 3 155| 274 | 12 50 5 177 6 224 | T4
Off Peak 3 9 5 3 166 | 289 12 48 4 181 7 231 | 61
4 10 7 0 209 | 289 14 75 3 187 9 226 | 88

Flow Rate| 37 | 22 9 666 | 1097 | 46 238 12 | 719 | 27 | 897 | 279

1 7 6 8 215 | 370 10 56 0 115 5 234 | 59
2 4 2 1 247 | 420 13 55 3 189 | 11 | 251 | 68
PM Peak 3 7 11 1 211 | 430 2 88 1 231 | 11 | 238 | 99
4 7 6 1 222 | 427 2 84 8 155 | 10 | 189 | 56

Flow Rate| 26 | 25 11 | 895 | 1648 | 27 283 12 | 690 | 37 | 912 | 282

136



After Study (Nov. 19 & Nov. 20, 2014)
Table A5.5 Traffic Volume (pce/15 min) and Traffic Flow (pce/hour}&iN& Newberry Rd.

Southbound Westbound Northbound Eastbound
Time Period
Left | Thru | Right | Left | Thru | Right | Left | Thru | Right | Left | Thru | Right

1 203 44 120 97 40 819

2 261 51 115 141 43 806

AM Peak 3 261 53 78 109 32 543
4 331 70 83 122 31 613

Flow Rate 1056 | 218 | 396 469 | 146 | 2781

1 427 76 71 100 33 497

2 339 79 86 105 29 495

Off Peak 3 406 86 101 85 44 414
4 507 | 121 95 98 39 392

Flow Rate 1679 | 362 | 353 388 | 145 | 1798

1 509 | 143 | 137 76 51 504

2 503 | 161 | 167 90 53 468

PM Peak 3 539 | 163 | 170 63 62 528
4 441 125 149 97 53 379

Flow Rate 1993 | 592 | 623 326 | 219 | 1879
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Table A5.6 Traffic Volume (pce/15 min) and Traffic Flow (pce/hour) at 75 St. & Newberry Rd.

Southbound Westbound Northbound Eastbound
Time Period
Left | Thru | Right | Left | Thru | Right Left Thru | Right | Left Thru | Right
1 7 3 0 142 | 131 4 36 1 251 18 396 67
2 3 5 1 206 | 198 5 36 6 323 10 366 34
AM Peak 3 4 4 0 184 | 200 4 66 5 261 17 324 | 39
4 5 4 1 170 | 217 6 42 4 219 35 318 48
Flow Rate| 19 16 2 702 | 746 19 180 16 | 1054 80 1404 | 188
1 10 16 4 147 | 282 9 71 1 177 9 261 65
2 6 6 5 137 | 331 | 11 70 0 191 3 261 | 63
Off Peak 3 6 13 8 154 | 378 12 90 0 174 7 265 74
4 12 8 5 100 | 414 17 61 2 208 3 256 66
Flow Rate| 34 43 22 | 538 | 1405| 49 292 3 750 22 1043 | 268
1 8 6 4 219 | 409 6 64 7 203 3 210 | 65
2 14 10 1 261 | 494 14 65 0 170 2 194 59
PM Peak 3 9 11 2 239 | 474 11 80 2 213 9 247 43
4 6 12 2 233 | 448 6 117 0 191 9 219 73
Flow Rate| 34 43 22 538 | 1405| 49 292 3 750 22 1043 | 268
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Comparisons of Before and After Flows

The differences in traffic flow between the before and after measurements are showabie

A-5.7 andTable A5.8. The tables are colmoded as follows: green shows significant decrease,
yellow shows modest change, and red shows significant increakenin f

Table A5.7 Difference in Traffic Flow Rate (pce/hr) &89N & Newberry Rd.

Southbound Westbound Northbound Eastbound
Period
Left Thru | Right | Left Thru | Right | Left Thru | Right | Left Thru Right
AM Peak -78 N/A -75 -85 N/A 521
Off Peak 155 29 42 69 20 40
PM Peak 82 107 138 -30 41 256

Note: No traffic of WB right and EB left during AM peak of Before Study due to accidents.

Table A5.8 Difference in Traffic Flow Rate (pce/hr) at 75 St. & Newberry Rd.

Southbound Westbound Northbound Eastbound
Period
Left Thru | Right | Left Thru | Right | Left Thru | Right | Left Thru Right
AM Peak -3 -3 -2 57 54 -33 -5 -26 84 54 156 41
Off Peak -3 21 13 -128 308 3 54 -9 31 -5 146 -11
PM Peak 11 14 -2 57 178 10 43 -3 87 -14 -42 -42

Discussion

Thefollowing can be concluded regarding traffic volumes at this corridor:

1 The traffic volume at both critical intersections/f8N & Newberry Rd. and 75 St. &

Newberry Rd.) increased during all three time periods by an average of 9.9% and 8.59%

respectively.

1 The increased travel times and queues may be at least partially due to the increase in

flows between the before and after data collection periods.
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A.3.6 CONSIDERATION ORAFRIC FLOWS JOINWIYH QUEUE LENGTH
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Table A6.1 Differences in Traffic Flow (TF) and Queue Length (Q)5ii& Newberry Rd.

Westbound (Main) Eastbound (Main) Northbound (Side) Southbound (Side)
F)Telr;:d Thru Right Left Thru Left Right
Left Right Thru Left | Thru | Right
TF Q TF Q TF Q TF Q TF Q TF Q
AM Peak -78 | -1.53 | N/A | N/A | N/A | N/A | 521 | -2.25 -75 | -3.02 -85 | -1.72
Off Peak 155 | 0.94 | 29 0.2 20 | 1.11 | 40 | -0.58 42 | 0.02 69 | 0.67
PM Peak 82 121 | 107 | 0.36 | 41 | 2.38 | 256 | 0.78 138 | -6.64 -

Note: No traffic of WB right and EB left during AM Peak of Before Study due to accidents.
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TableA-6.2 Differences (%) in Traffic Flow (TF) and Queue Length (Q@bB& Newberry Rd.

Westbound (Main) Eastbound (Main) Northbound (Side) Somztsr}gg;md
Time .
. . . Lef | Thr | Righ
Period Lef Thru Right Left Thru Righ Left Thr Right t U A
t t u
TF Q TF Q TF Q TF Q TF Q TF Q
PAgle\k 6 9_0% 23.10 | N/A N/A N/A N/A 2%)10 26.80 15.90 | 38.30 15.30 | 23.60
' % > % % % % %
Off 10.20 | 28.30 28.30 | 16.10 | 25.00 : 13.50 21.60 | 21.20
0, 0, 0,
Peak % % 8.70% % % % 2.30% 24(1%70 % 0.40% % %
PM 17.70 | 22.10| 17.70| 22.90 | 37.70 | 15.80 | 55.30 28.50 '
0,
Peak 4.30% % % % % % % % % 3?%00

Note: No traffic of WB right and EB left during AM Peak of Before Study due to accidents.
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TableA-6.3 Differences in Traffic Flow and Queue Length at 75 St. & Newberry Rd.

Westbound (Main)

Eastbound (Main)

Northbound (Side)

Southbound (Side)

Time Left Thru Right Left Thru Right Left Thru Right Left Thru Right
Period

TF| Q | TF| Q [ TF| Q@ [ TF| © | TF| ©Q | TF Q|TF|l @ [TF| @ |TF| Q
AM 1.0 5.6 - | 15 0.3 - - -
peak | 27| 2 | %] 1 S41031] 6 | 1% 6 | 21002 3|o028|?|0.04
Off 2.6 0.0 - |14 0.6
Peak > 139 | ®|ossl s | 297 ) 21| 1.04|13] 0.27
PM 7.8 01| - - - 0.9
Peak 6 || 6 |14]030] | 256 g |11]002]14
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Table A6.4 Differences (%) in Traffic Flow and Queue Length at 75 St. & Newberry Rd.

Westbound (Main) Eastbound (Main) Northbound (Side) Southbound (Side)
Time . . . .
Period Left Thru Right Left Thru Right Left Thru Right Left Thru Right
TF | Q | TF Q TF Q TF | Q| TF| Q TF Q TF Q TF | Q TF Q TF Q TF Q
AM 11 208 | - | 13 28 ' § § ) - | 23
9% 8% 8% 8% 9% | 5% | 14 22 18 22
0, 0, 0, 0, 0, 0, 0,
Peak % % | 3% | % % % % % % 50% | %
Off - - 16 | 15 45 | 144 | 21
0, 0, 0,
Peak 20% | 7% | 20% 19% | 8% | % % % % %
PM 31| 11 36 N
0, 0, 0
Peak 6% % % 44% % 44% 38% | 3% | 5% 10/(3
Discussion

The following can be concluded from the comparison of traffic flows jointly with queue length:

1 There does not appear to be a high correlation between increasing traffimaneasing queue at these two critical
intersections.

1 Itis shown from the colored cells in the tables that generally speaking, traffic conditions at the 75 St. & Newberry Rd.
intersection have deteriorated during several time periods after the SyncrhgerGnstallation.

Conditions at the-¥5 N intersection have improved despite an increase in flow.

143



BEFORE AND AFTIERPLEMENTATION STUDIES OF
ADVANCED SIGNAL CONTROL TECHNOLOGIES IN FLORIDA

The main objective of this project is to evaiedhe implementation of proposed adaptive

signal control technology (ASCT) traffic operations at several arterial corridors in Florida, before
and after the installation of the ASCT, document the advantages and the disadvantages of
different approaches ashimplementations, and provide recommendations for statewide
implementation of ASCT.

A.4QUESTIONNAIRE

SECTION1: RESPONDEN LbChwa! ¢LhbD
Name Max Elliott
Organization  City of Gainesville Public Works Department Traffic Management

Position ITS Operations Engineer
Address 405 NW 39th Ave
Phone 352-393-7960

Fax
Email ElliottSM@CityofGainesville.org

SECTION 2: PREVIORAFFIC CONTROL NEXLOGY
1. Please specify the type of traffic control used before Adaptive Signal Control
Techrology (ASCT) was installed for your site. (Please check all that apply.)

a. Fixed time coordinated control b. Actuated coordinated control

c. Fixeetime isolated control d. Actuated isolated control

e. Other, please specify

2. What type of traffic controller was used before ASCT was implemented?
a. NEMA TS b. NEMA TR
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c. 170 d. 2070

e. Other, please specify:

How many detectors were used before ASCT was implemented for a typical intersection?
Please also specify the location where the detectors were typically placed for eadticspec
detector type (video detection, inductive loops, radars, etc.).

One Detector per lane, 30" modified type C detectors, at the stopbar.

3. What was the frequency of retiming the signal timing plan for the corridor before ASCT
was implemented?

Last fullretiming was over 3 years ago. Timings have been continously modified.

4. How often were maintenance and updates performed to your previous control system
in terms of the following components?

a. Detection:  Within 60 days of failure
b. Control Hardware: Controllers swapped out with firmware updates.
c. Software: Updated for major Trafficware firmware changes.

5. What was the annual maintenance cost in terms of hardware, software and personnel
of the previous control system for the whole corridor where the A&how deployed?
Annual preventative maintenance, updates and trouble calls run approximately $3,000
per intersection.

6. What was the life expectancy of your traffic control before the deployment of ASCT?
(Please refer to the hardware and software.)

Thecontrollers were scheduled to be replaced.
7. How many crashes of each category were reported during the past 4 years before the
ASCT implementation? (202D14)

K A B C O
(Killed) (Disabling (Evident (Possible | (No Apparent
Injury) Injury) Injury) Injury)
2011
2012
2013
2014
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SECTION 3: ADAPTIRAFFIC CONTROLEMS$ASCT)
9. Which Adaptive Traffic Control System (ASCT) does your agency deploy?

a. InSync; Version:

b. SynchroGreen Version:

c. Other; please specify:

10.Did you consider any other ASCT before you selected this one for installation? Why did
you reject the other(s) in favor of this one?

It was chosen to compare to the InSysgstem that will be going along NW"8Ave
11.What were your major criteria for choosing the ASCT for the selected corridor?
Extended cycle lengths.

12.What is the life expectancy of your ASCT system? (Consider both hardware and
software.)

A few months for thesoftware. Some signals will be rebuilt soon.
13.What type of traffic controller is currently in use after the ASCT implementation?

a. Same as before the ASCT implementation

b. New, please specify type: Trafficware Nema 980/ATC

C. Other, specify:
14.How many and what type of detectors are used after the ASCT implementation on an
intersection level? Please note any updates that the previous detection system needed so
as to work with your ASCT.

No changes yet. Video detection coming with resurfacing.

15.Was there a need to update your previous software operating system at your
Transportation Management Center in order to get your current ASCT software working?

a. Yes b. No

16. How often do you plan to perform physical maintenance or updates on your new
ASCT in terms of the following components?

a. Detection:Annual Preventative Maintenance

b. ASCT HardwareAnnual Preventative Maintenance

C. Software:As updates are made
17. Was there aneed for training your personnel in order to operate the new ASCT?

146



a. Yes, Num. of employees traine®l Hours of training per employed. b.No
18. Was there any change on the number of staff required to operate/maintain the
effective signal ASCT operatior{f€bmparison of staff needed before and after the
deployment.)

No

19. 2 KSNB RAR SELISNIA&S 02YS FNBY TF2NJ &2dzNJ

AyaildlrttlridAzys 2L SNIGAZ2Y YR (UKS &aermdnSyYQa YI |

marilo

In-House Vendor Contractor

Employee Training Yes
ASCT Installation Yes
ASCT Operation Yes
ASCT Maintenance Yes

20. How many crashes of each category were reported after ASCT was

implemented?

K A B C O
(Killed) (Disabling (Evident (Possible | (No Apparent
Injury) Injury) Injury) Injury)

SECTION 4: COST CONIENTS

21. What is the overall capital cost of purchasing the ASCT (in terms of the software
and licenses of the ASCT) for the corridor? If the purchase includes any service of
implementation, personnel training or maintenance, please also specify here.

Purchasing 354,500 in total; $11,500 SynchroGreen per Arterial (installation, initial
settings, implementation), $14750* intersection license (processor firmware and
support), $75,000 central server license
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22. What is the implementation cost (considering the instadiaton site, any
updates in software and hardware, design needs and contract hours) for the ASCT
corridor? Please specify if this cost is partially or totally included in previous cost items.

included in the per Arterial cost noted above

23. What was totalkost for training your personnel to operate and manage the new
ASCT? Please specify if this cost is partially or totally included in previous cost items.

$2,500 for 8hour on site training (included in total cosin $254,500)

24. What is the expected maint@nce cost (in terms of hardware, software and
personnel) for the ASCT corridor on a yearly basis? Please specify if this cost is partially or
totally included in previous cost items.

Approximately $3,000 per intersection (FDOT average spending per iateisn).

25. Can you specify the costs for the following ASCT components?
a. Firmware $ b. Software $
c. Equipment d. Maintenance of Traffic Cost000
e. Design Needs $ f. Contract Help/Agency Hours0dust $

SECTION 5: INSTITANAL ISSUES

26. Were there any institutional issues that you had to overcome while
implementing and operating the ASCT project? Please categorize and explain those issues
below.

a. Organization and Management Institutional Issues:

Management of time to put toward correcting issues.

b. Regulatory and Legal Institutional Issues:
C. Human and Facility Resources Institutional Issues:
d. Financial Institutional Issues:
27. Which component (e.g. detection, communication, hardware, software, sicgn

or other) of your ASCT deployment is the most challenging to maintain and why?

Communication
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28. What happens to your ASCT operations when some of your detectors fail on the
corridor level?

a. ASCT triggers an alarm and notifies operators
b. 1 {/ ¢ agAliO0OKIY¥SE2 YRRSaDET OMfpBsSyiAy3T ¢AYS
c. Combination of the above. Qdher (please describe): Nothing

29.How is your ASCT performance evaluated?

In-house:

a.
b. By an independent evaluator, please describe:
c. Not applicable there is no evaluation

d.

Combination:

30.If the corridor on which the ASCT operates experiences over saturation, how would you rate
the operation of the ASCT in response to these traffic conditions?

ASCT prevéas or eliminates oversaturation
ASCT eliminates or reduces the extent of the periods of oversaturation

a
b
c. ASCT adversely affects the traffic conditions during periods of oversaturation
d hdKSNY 52SayQi LINBGSyd 2NJ STtAYAYI OGS odzi KS
e. Oversaturation is very rare on the corridors operated by our ASCT

31.Based on your opinion and the #p-date operation, when are ASCT operations proven to
be the most effective?

a. Peak periods

b. Off-peak periods
c. Shoulders of peak periods
d. Other, please specify:

32.Has the level of performance of ASCT been sustained since its installation?
a. Yes b. No; why not? Not originally programmed for demands.

33.What was the public reaction to the ASCT operation?eHau received any complaints
about long delays and queues?

Numerous complaints
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34.How satisfied are you, in general, with your ASCT deployment?

a. Very satisfied b. Somewhat satisfied
c.Neutral d. Somewhat dissatfied

e. Not satisfied at all

35. Are there any other costs or benefits related to ASCT deployment that you would like to
report?

a. Benefits:

b. CostsExtensive time programming.

36.Would you consider expanding the ASCT program to any other corridors? Why or why
not? If yes, would you use the same technology/firmware or have any suggestions for other
systems? If so, why?

Yes. Along a less congested corrdior with advanced detection.

SECTION 6: SAFEBUES

37. Do you have any anecdotal / qualitative data on safety benefits / disbenefits of the signal
improvement along this corridor?

38. Has there been other changes along this corridor over the analysis period that could affect
the safety of this corridor either positively or negatively?

39. Are you aware of any changes to the crash data reporting procedures over the analysis
period? If yes, what are the changes?
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40. What are your overall reactions to the trends presented in the report?

41. Is there another comparable corridor in which signal improvements have not been made to
which the results of this corridor can be compared to?

42. Other thoughts / comments for us?

Thank you for your help iompleting this survey. Your responses will help us with evaluating
the deployment and benefits of your current ASCT.

If you have any questions regarding the survey, please contact Ria Kontou, email:
ekontou@ufl.edwr Liteng Zha, emaiitengzha@ufl.edwvho work under the direct
supervision of the faculty advisor Dr. Yafeng Yin.

A.5BENEFIT COST ANARYSI

*Note: No Benefit Cost Analysis for this site*
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B.1EXECUTIVE SUMMARY

The objectiveof this research is to evaluate the implementation of proposed Adaptive Signal
Control Technologies (ASCT) traffic operations at several arterial corridors in Florida, before and
after the installation of specific ASCT, document the advantages and disagearof different
approaches and implementations, and provide recommendations for stade

implementation of ASCT. This appendix summarizes the before and after field data along the US
17/92, Deland corridor, from W Beresford Ave to Firehouse Rd. Byminsystem was installed

in October and November of 2014 on all 5 intersections in the corridor.

Floating car runs were conducted to obtain travel times through the corridor, and traffic counts
and queue counts were collected at two critical intersecti@haylor Rd and Orange Camp Rd )
over three time periods (AM Peak, Off Peak and PM Peak).

Both the before and after studies were conducted over two days. Five performance measures
were evaluated: Link/Route Travel Time, Delay at Intersections, QueuehL(engtal
intersections), Queue to Lane Storage Ratio (critical intersections), and Equivalent PCE Flows
(critical intersections. For each performance measure, a comparison between the before and
after data is conducted and presented in this report.

Thefollowing were observed:

w Oversaturated conditions were not observed in the before or after study.

w The travel time along US 17/92 NB decreased during all study periods by an average
of 0.66 min (10.6%). The link travel time along US 17/92 SB decreasegl allrin
periods by an average of 1.67 min (25%).

() The intersection through movement delay of US 17/92 NB decreased at 4 out of 5
intersections by an average of 11.8 sec/intersection (49.6%). The intersection
through movement delay of US 17/92 SB decreasedlfd intersections by an
average of 16.9 sec/intersection (49.5%).

W In general, the new signal control strategy does not greatly change the overall queue
length at the two critical intersections studied. The average queue length for the US
17/92 & TayloRd. intersection decreased by an average of 0.41 vehicles, while the
average queue length for the US 17/92 & Orange Camp Rd. intersection increased
during all three time periods by an average of 0.09 vehicles.

W The traffic volume at both intersections {flar and Orange Camp) increased during
all three time periods by an average of 229 pcu/h/In (6.2%), except for the off peak
period which had a decrease by an average of 54 pcu/h/In (1.5%).

Part of the decreases in delays and travel times may be due tohittwege in coordination from

two coordination groups to a single coordination group, but approaches that were coordinated
in the earlier system still showed lower delays. In general, treyihe signal system has shown
clear operational improvement. A detad interview with District 5 indicates that the system

was performing up to expectations and deployment and operation of the system was well
supported by the supplier.
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B.2CORRIDOR INFORMATION

Figure BL provides a schematic of the US 17/92 Deland corritlable B lists the

intersections along the corridor. During the before study, there are two separated coordination
groups in the studied corridor, first coordination group includes intersection W Beresford Ave,
W New Hampshire Ave and Taylor Rd, $beond coordination group includes intersection
Orange Camp Rd and Firehouse Rd while all intersections are coordinated in the after study.
Since through trucks are not permitted from intersection Taylor Rd northwards, so trucks have
to make a detour, thughere are obviously large northbound left turn volumes on intersection
Taylor Rd & US 17/92. For the studied corridor, oversaturation condition is very rare.

Two intersections (Taylor Rd and Beresford Ave) were selected as the critical intersections
alongthe corridor and detailed turning movement and queue counts were collected at these.
The data collection time period for US 17/92 Corridor is identifiefizdse B1.

Table Bl Field Data Collection Time Period (US 17Z@2ridor, Deland)
AM Peak Off Peak PM Peak

Time Period 7am9am 1lamlpm 4pm-6pm

Figure B2 provides the lane configuration of these two critical intersections. The red circles are
the data collection spot for turning movement and queue counts foritiversections.
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Figure BL Schematic of the US 17/92, Deland Corridor

Table B2 Intersections along the US 17/92, Deland Corridor

EB Signalized Intersection

1 W Beresford Ave & US 17/92
2 W New Hampshir&ve & US 17/92
3 Taylor Rd & US 17/92

4 Orange Camp Rd & US 17/92
5 Firehouse Rd & US 17/92
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(b) Orange Camp Rd & US 17/92

(a) Taylor Rd & US 17/92
Figure B2 Schematic and Overview of Critical Intersections
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B.3PERFORMANCE MEASURES

Five performance measures were evaluated: Link/Route Travel Time, Delay at Intersections,
Queue Length (critical intersections), QuewneLane Storage Ratio (critical intersects), and

PCE Flows (critical intersections). For each performance measure, a comparison between the
0ST2NB IyR I FG4SNJ RIFGL
RFGF&é0 FINB LINBaSYdiSRo®

B.31 ROUTE TRAVEL TIME

v s A P

The average travel time (min) along the route was measured using a floating car. We were able
to cover 18 before and 18 after runs during the AM peak, 17 before and 18 after runs during

the OFF peak and 16 before and 17 after runs during the PM paaleB-1.1 andTable B1.2

provide the route travel time for before and after study, since the distance between Taylor Rd
and Orange Camp Rd is over 1 mile, we reported the travel time data separately along the
corridor. NB1 means the travel time from intertiea Firehouse Rd to Orange Camp Rd, NB2 is
from Taylor Rd to W Beresford Ave, SB1 is from W Beresford Ave to Taylor Rd, and SB2 is from

Orange Camp Rd to Firehouse Rd.

Before Study (Oct. 1 & 2, 2014)

Table BL.1 Route Travelime (min)

Route TT (min) AM Peak Off Peak PM Peak Average

NB1

NB2

SB1

SB2

NB

SB

2.04

3.75

2.49

3.36

5.79

5.86

2.84

3.31

2.62

4.04

6.15

6.66
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2.79

4.01

3.66

4.01

6.8

7.67

2.54

3.7

29

3.79

6.24

6.69



After Study (Dec. 16 & 17, 2014)
Table B1.2 Route Travel Time (min)
Route TT (min) AM Peak Off Peak PM Peak Average

NB1 2.30 2.55 3.02 2.62
NB2 2.95 291 3.04 2.96
SB1 1.94 1.98 2.06 1.99
SB2 3.25 2.93 2.89 3.03
NB Total 5.25 5.46 6.05 5.58
SB Total 5.20 4.91 4.95 5.02

Comparisons of Before and After Travel Times
Table BL1.3 Change in Percentage of Route Travel Time (4fBafore)
Route TT (min) AM Peak Off Peak PM Peak Average

-0.54 -0.69 -0.75 -0.66

NB
(-9.3%) (-11.2%) (-11.0%) (-10.6%)
s -0.66 -1.75 -2.72 -1.67
B
(-11.3%) (-26.3%) (-35.5%) (-25.0%)
O Before OAfter O Before O After
_10 _10
£ =
£ 8 E 8
E 6 £ 6
E g g
[ [3)
g 2 g 2
[ [
0 = : : : 0 : : : :
AM Peak Off Peak PM Peak Average AM Peak Off Peak PM Peak Average
US 17/92 NB UsS 17/92 SB
(a) US 17/92 NB (b) US 17/92 SB

Figure BL.1 Travel Times Along US 17/92, Deland
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Discussion

The following can be concluded from the comparisébtravel times:

w

w

The travel time along US 17/92 decreased during all three periods by an average of
0.66 min (10.6%) in the NB and 1.66 min (25%) in the SB.

In the before data, travel time in the SB was higher than in the NB during all three
study periodswhile in the after study, the NB has a higher travel time. Traffic
patterns changed slightly between the before and after studies, which would
account for some of the larger decreases in southbound travel time. Detailed flow
rates are found in Section 5.
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B.32 DELAY

Delay (sec) at each intersection along the corridor was also obtained using the floating car
measurements.

Before Study (Oct. 1 & 2, 2014)
Table B2.1 Delay (sec) for each Intersection Through Movement Along the NB Direction

Delay by Intersections (sec) AM Peak Off Peak PM Peak

Beresford Ave 44.92 27.45 24.5
Firehouse 6.39 17.05 15.88
New Hampshire 9.43 10.14 48.74
Orange Camp 18.83 50.24 49.45
Taylor 28.6 20.88 27.87

OAM Peak OOff Peak mPM Peak

120.00
100.00
80.00
60.00
40.00

Beresford Ave  Firehouse New Hampshire Orange Camp Taylor

Delay (sec)

Location

Figure B2.1 Delay (sec) for each Intersection Through Movement Along the NB Direction
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Table B2.2 Delay (sec) for each Intersection Through Movement Along the SB Direction
Delay by Intersections (sec) AM Peak Off Peak PM Peak

Beresford Ave 14.13 17.59 19.29

Firehouse 23.25 10.43 13.9
New Hampshire 7.61 25.57 14.68
Orange Camp 30.68 49.77 108.88
Taylor 33.25 42.46 57.18

120.00
100.00
80.00
60.00
40.00

0.00
Beresford Ave  Firehouse New Hampshire Orange Camp Taylor
Location

Delay (sec)

OAM Peak @Off Peak mPM Peak

Figure B2.2 Delay (sec) for each Intersection Through Movement Along the SB Direction
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After Study (Dec. 16 & 17, 2014)

Table B2.3 Delay (sec) for each Intersection Through Movement Along the NB Direction
Delay at Intersections (sec AM Peak Off Peak PM Peak

Beresford Ave 18.30
Firehouse 7.17
New Hampshire 10.13
Orange Camp 31.33
Taylor 11.56

16.61

4.06

3.39

49.63

16.91

OAM Peak @Off Peak mPM Peak

120.00
100.00
80.00
60.00

Delay (sec)

40.00
20.00
0.00

22.69
14.16
3.02
67.33

12.71

)

Beresford Ave Firehouse New HampshireOrange Camp Taylor

Location

Figure B2.3 Delay (sec) for each Intersection Through Movement Along the NB Direction
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Table B2.4 Delay (sec) for each Intersection Through Movement Along the SB Direction
Delay at Intersections (sec AM Peak Off Peak PM Peak

Beresford Ave 12.74
Firehouse 4.53
New Hampshire 11.24
Orange Camp 16.63
Taylor 25.30

19.20

3.34

6.47

20.81

26.20

OAM Peak OOff Peak mPM Peak

120.00
100.00
80.00
60.00

Delay (sec)

40.00

0.00

Location

11.21
7.81
5.62
22.71

20.92

PO 7 T [

Beresford Ave  Firehouse New Hampshire Orange Camp Taylor

Figure B2.4 Delay (sec) for each Intersection Through Movement Along the SB Direction
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Comparisons of Before and After Intersection Delay Times

The differences in delay between before and after study are showalie B2.5 andTable B
2.6. The tables areolor-coded as follows: green shows improvement, yellow shows modest
change, and red shows deterioration in delay.

Table B2.5 Difference in Delay (sec) for each Intersection Through Movement Along the NB Direction

Delay at Intersections (sec) AM Peak Off Peak PM Peak

Beresford Ave -26.62 -10.84 -1.81
Firehouse 0.79 -12.99 -1.73
New Hampshire 0.70 -6.75 -45.72
Orange Camp 12.50 -0.60 17.88
Taylor -17.04 -3.97 -15.16

Table B2.6 Difference in Delay (sec) for each Intersection Through Movement Along the SB Direction

Delay at Intersections (sec AM Peak Off Peak PM Peak

Beresford Ave -1.39 1.61 -8.07
Firehouse -18.73 -7.09 -6.10
New Hampshire 3.63 -19.11 -9.06
Orange Camp -14.05 -28.95 | -86.18
Taylor -7.96 -16.26  -36.26
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Figure B2.5 Difference in Delay (sec) for each Intersection Through Movement Along the NB Direction
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Figure B2.6 Difference in Delay (sec) for each Intersection Through Movement Along the SB Direction
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Discussion
The following can be concluded from the comparison of delays:

W The intersection delay decreased at most of the intersections and periods, there are
only 2intersections have relatively big increase in delay (12.50% and 17.88%), the
rest of the intersections and periods show great improvement in delay, and there
are 18 intersections (NB and SB, all periods) whose delay decrease over 10%.

() In the AM peak periogthe intersection delay at Orange Camp NB increased greatly;
the intersection delay increased slightly at Firehouse NB and New Hampshire in both
directions.

() In the off peak period, the intersection delay at Beresford Ave SB increased slightly.

() In the PMpeak period, the intersection delay at Orange Camp NB increased greatly.

The increases in delay for NB Orange Camp were not justified based on the volume observed,
and may be due to the priorities of the optimization algorithm. The algorithm may be adjust
to reallocate the delay within the intersection based on agency preferences.

B.33 QUEUE LENGTH

Queue length (number of vehicles/lane) is presented by movement and by time period. This
measure is used to evaluate oversaturated conditions at the critical intersections along the
study corridors. Note that the queue length reported here is the obskeximum number

of vehicles queued during each cycle, and does not represent the total number of vehicles that
may have stopped during the cycle.

Figure B3.1 presents the schematic of the lane configurations at the two critical intersections.
Queue lagth is reported for each of these lanes.

| T
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L3 | &
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=1 Tttt o A i I e
ol10ojrajrzjas
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(a) US 17/92 & Taylor Rd. (b) US 17/92 & Orange Camp Rd.

Figure B3.1 Lane Configuration of Critical Intersections
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Before Study (Oct. 1 & 2, 2014)

Table B3.1 Average Queue Length by Lane (#vehs/lane) at US 17/92 & Taylor Rd

Lane Number

Time Period
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1 1 3.29 2.71 2.86 1.14 2 443 | 5.29 13.43 13.29 11.43 12.43 0 343 | 7.29 | 1.43
2 1.14 4.86 4.29 4.43 157 | 357 | 443 | 7.29 10.71 10.57 15.86 15.43 | 0.14 | 2.29 3 0.86
AM
3 1.29 5.57 4.71 3.86 243 | 1.71 | 4.14 5 8.57 9.57 7.29 7.71 0.14 | 3.29 | 471 | 2.29
Peak
4 0.57 4.57 4.86 2.29 1.71 | 1.86 3 6.71 7.29 6.57 5.29 5.43 0.14 | 1.86 2 0.57
Average 1 457 4.14 3.36 1.71 | 2.29 4 6.07 10 10 9.96 1025 | 0.11 | 271 | 425 | 1.29
1 1.43 6.57 3.71 3.71 286 | 1.29 | 143 | 4.14 5.43 6.14 10.14 9.57 0 1.86 | 1.14 | 0.14
2 1 5.71 5.86 4.71 3.14 1 1.86 | 5.29 6 7.57 8.43 8.71 0 229 | 157 | 0.71
Off
3 1.14 6.29 6.14 457 257 | 186 | 1.71 | 4.29 6.29 6.86 9.43 9.71 0.14 | 214 | 2.29 | 0.14
Peak
4 2 5.86 5.29 3.57 314 | 243 | 1.71 | 4.14 7 6.57 8.71 10.29 | 0.14 | 2.86 | 2.14 | 0.14
Average 1.39 6.11 5.25 4.14 293 | 164 | 1.68 | 4.46 6.18 6.79 9.18 9.57 0.07 | 229 | 1.79 | 0.29
1 2 10.5 10.5 7.33 2.83 | 3.67 3 6.33 12.33 12.67 14.83 16.83 | 0.17 25 3.5 0
2 2 12.17 10.83 12.17 | 3.67 | 3.67 4.5 9.17 7.33 8.17 6 9.17 0.17 | 2.33 3 1.33
PM
3 1.67 12.17 12.5 9.33 1.83 | 3.67 3 6 9.33 10 5.33 5.83 0.17 2 3.83 0
Peak
4 3 8.33 9 6.67 233 | 3.83 | 2.83 | 4.17 7.83 11.83 7.5 8.83 0 2.5 2 0.17
Average 2.17 10.79 10.71 8.88 267 | 3.71 | 3.33 | 6.42 9.21 10.67 8.42 10.17 | 0.13 | 2.33 | 3.08 | 0.38
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Table B3.2 Average Queue Length (#vehs/lane) at US 17/92 & Taylor Rd

SB(Main) EB NB(Main) WB
Time Period
Left Thru+Right Left Thru | Right Left Thru | Right Left Thru | Right
AM Peak 1 4.02 1.71 2.29 | 5.04 10 10.11| 0.11 2.71 4.25| 1.29
Off Peak 1.39 5.17 2.93 1.64 | 3.07 6.48 9.38 | 0.07 2.29 1.79 | 0.29
PM Peak 2.17 10.13 2.67 3.71 | 4.88 9.94 9.29 | 0.13 2.33 3.08 | 0.38
Table B3.3 Average Queue Length by Lane (#vehs/lane) at US 17/92 & Orange Camp Rd.
Lane
Time Period
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1 3.67 | 4.83 6.83 10 0 2.67 2 1.83 | 4.83 12.5 125 | 933 | 067 | 233 | 1.33 | 3.5
2 5.17 7 9.17 | 8.83 0 1.17 | 3.5 | 1.67 3 11.17 | 10.67 8 0 3.33 | 2.17 1
AM
3 4 6.33 7.17 9.17 0 183 | 217 | 15 3 9 9 4.5 133 | 217 | 2.33 2
Peak
4 4.17 | 3.67 4.67 7.5 0 233 | 233 | 133 | 3.17 6 3.83 | 2.67 | 0.17 2 1.33 1

Average | 4.25 | 5.46 6.96 8.88 0 2 25 | 158 | 35 9.67 9 6.13 | 054 | 246 | 1.79 | 1.88

1 7.33 45 55 8.5 0 2 2.5 3 45 6.67 6.83 417 | 0.33 | 1.83 | 4.33 | 1.83
Off

2 8.33 8.67 10.17 | 10.67 0 417 | 3.33 15 6.5 13.33 | 11.33 7 1 2.67 | 2.33 | 3.17
Peak

3 7.83 | 10.83 | 10.67 | 13.17 0 3.83 2.5 2.17 | 5.83 6.67 4.67 3.17 0.5 3 1.67 | 2.17
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Lane
Time Period
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
4 7.33 7.5 8.67 8.5 0.17 4.5 1.83 | 1.83 | 5.83 8.5 6 2.5 0 2.83 3 2.67
Average | 7.71 7.88 8.75 10.21 | 0.04 | 3.63 | 254 | 213 | 5.67 8.79 7.21 421 | 0.46 | 258 | 2.83 | 2.46
1 8.8 15 14 8.8 0.8 5 8.6 2 8.8 13.2 15.8 17 0 4 3.8 3.2
PM 2 10.4 11.2 10.2 54 0 2.2 4.2 1.4 7.8 13.6 16.2 19 0 3.2 3.2 3.6
Peak 3 8.2 18.4 16.4 12.2 0 34 5 3.2 10 21.4 27 31.4 0 2.2 3.2 3.6
4 7.6 8 6.8 5 0 4.2 2.4 3 7.6 8.6 11.2 13 0 3.4 7 2.4
Average | 8.75 | 13.15 | 11.85 7.85 0.2 3.7 5.05 2.4 8.55 14.2 1755 | 20.1 0 3.2 4.3 3.2
Table B34 Average Queue Length (#vehs/lane) at US 17/92 & Orange Camp Rd.
SB(Main) EB NB(Main) WB
Time
Left Thru | Right Left Thru | Right Left Thru | Right Left Thru | Right
AM Peak 4.25 7.1 0 2 2.5 1.58 3.5 8.26 | 0.54 2.46 1.79 | 1.88
Off Peak 7.71 8.94 | 0.04 3.63 2.54 | 2.13 5.67 6.74 | 0.46 2.58 2.83 | 2.46
PM Peak 8.75 10.95| 0.2 3.7 505| 24 8.55 17.28 0 3.2 4.3 3.2
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After Study (Nov. 19 & Nov. 20, 2014)
Table B3.5 Average Queue Length by Lane (#vehs/lane) at US 17/92 & Taylor Rd.

Lane
Time Period

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1 1.33| 5.67 | 483 |3.33|150|2.00| 3.50| 6.50 | 6.83 | 6.50 | 4.67 | 4.00| 0.00 | 4.00 | 5.33| 1.33
2 1.33| 6.33 | 5.83 |4.17| 233|250 1.67| 3.17 | 5.33 | 5.17 | 433|450|0.00| 1.50| 4.50| 1.67
AM Peak 3 1.17| 883 | 7.67 | 417|2.00|2.33|183| 3.17 | 3.33 | 3.17 | 433|4.00| 0.17| 4.33| 3.50| 1.00
4 0.67| 5.67 | 6.17 | 3.67| 3.00| 1.50| 1.00| 1.83 | 3.00 | 3.33 | 3.33| 4.00| 0.33| 0.67 | 1.67 | 1.00
Average| 1.13| 6.63 | 6.13 | 3.83| 2.21| 2.08| 2.00| 3.67 | 463 | 454 | 4.17|4.13| 0.13| 2.63| 3.75| 1.25
1 1.67| 9.33 | 7.17 | 533|350 2.33| 2.67| 5.67 | 550 | 550 | 3.00| 3.00| 0.17| 1.83| 2.50| 0.83
2 2.33|11.83| 7.33 | 450 | 3.67|267|283| 6.17 | 7.00 | 6.83 | 4.17| 4.33| 0.83| 2.83| 1.83| 1.67
Off Peak 3 2.00| 11.00| 9.33 | 4.83|2.00|3.50|250| 717 | 7.17 | 6.83 | 2.67| 3.83| 0.67| 1.83| 3.50| 1.17
4 1.33| 10.33| 850 | 6.00| 3.33|4.00|350| 833 | 817 | 7.17 | 250| 3.67| 0.83| 3.17| 2.50| 1.00
Average| 1.83 | 10.63| 8.08 | 5.17| 3.13| 3.13| 2.88| 6.83 | 6.96 | 6.58 | 3.08| 3.71| 0.63| 2.42| 258 | 1.17
1 1.00| 11.20| 8.20 | 8.40| 4.20| 6.60| 5.20| 17.60| 11.80| 10.80| 2.20| 3.80| 0.80 | 3.60 | 4.80 | 1.00
2 1.60| 9.20 | 7.60 | 6.20| 4.20| 4.00 | 8.00 | 12.20| 8.20 | 8.40 | 3.60| 3.60| 0.00 | 3.60 | 3.80| 0.80

PM Peak
3 1.20| 8.60 | 7.80 | 4.80| 3.00| 3.60 | 5.60| 9.00 | 15.20| 15.20| 4.80 | 5.40 | 0.00 | 3.60 | 5.60 | 1.20
4 1.80| 11.40| 10.00| 7.60| 4.80| 3.80| 4.20| 7.40 | 7.80 | 8.00 | 2.40| 2.80| 0.40| 5.80| 4.20| 1.80
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Lane
Time Period
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Average| 1.40| 10.10| 8.40 | 6.75| 4.05| 450| 5.75| 11.55| 10.75| 10.60| 3.25| 3.90 | 0.30| 4.15| 4.60 | 1.20
TableB-3.6 Average Queue Length (#vehs/lane) at US 17/92 & Taylor Rd.
SB(Main) EB NB(Main) WB
Time
Left | Thru+Right| Left | Thru | Right | Left | Thru | Right| Left | Thru | Right
AM Peak| 1.13 5.53 2.21| 2.08| 283 | 458 | 4.15| 0.13 | 2.63| 3.75| 1.25
Off Peak| 1.83 7.96 3.13| 3.13| 485 | 6.77 | 3.40| 0.63 | 2.42| 258 | 1.17
PM Peak| 1.40 8.42 405|450 | 8.65 | 10.68| 3.58| 0.30 | 4.15| 4.60 | 1.20
Table B3.7 Average Queue Length by Lane (#vehs/lane) at US 17/92 & Orange Camp Rd.
Lane
Time Period
1 2 4 5 6 7 8 9 10 11 12 13 14 15 16
1 4.67 7.50 750 | 1233 | 1.00 | 267 | 250 | 2.83 | 3.00 | 11.00 | 7.83 | 650 | 0.50 | 2.33 | 2.33 | 6.00
2 5.17 4.50 4.83 700 | 017 | 167 | 183 | 283 | 3.67 | 11.17 | 933 | 650 | 0.17 | 3.17 | 250 | 450
AM Peak 3 9.50 4.50 6.67 6.83 | 000 | 267 | 250 | 3.00 | 3.83 | 1050 | 9.33 | 8.00 | 0.17 | 417 | 1.33 | 5.17
4 3.50 3.33 4.83 583 | 000 | 1.83 | 2.17 | 3.83 | 2.00 | 6.50 550 | 283 | 050 | 1.67 | 2.83 | 2.50
Average | 5.71 4.96 5.96 800 | 029 | 221 | 225 | 3.13 | 3.13 | 9.79 800 | 596 | 0.33 | 2.83 | 225 | 454
Off Peak 1 10.00 | 7.20 7.60 780 | 020 | 340 | 4.20 | 3.20 | 6.20 | 9.00 760 | 420 | 060 | 2.00 | 5.00 | 1.20
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Lane

Time Period
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
2 7.60 7.60 9.60 10.80 | 0.00 | 1.80 3.80 2.60 | 4.80 8.60 7.00 3.40 | 1.00 | 2.80 4.00 1.60
3 8.20 8.40 8.40 10.40 | 0.20 | 4.60 4.20 460 | 840 | 12.60 8.60 5.40 | 1.00 | 2.00 1.80 1.00
4 11.00 | 5.40 7.80 860 | 0.20 | 3.60 | 4.80 | 2.00 | 560 | 1240 | 8.40 | 6.80 | 0.80 | 2.80 | 2.80 | 2.20
Average | 9.20 7.15 8.35 940 | 015 | 335 | 425 | 3.10 | 6.25 | 10.65 | 790 | 495 | 0.85 | 2.40 | 3.40 | 1.50
1 9.60 8.00 7.80 | 10.80 | 0.40 | 6.20 | 10.60 | 3.20 | 7.80 | 13.20 | 10.60 | 8.00 | 1.20 | 7.40 | 15.00 | 5.40
2 12.40 | 12.80 | 14.00 | 14.80 | 0.20 | 4.80 | 8.00 | 4.60 | 8.00 | 14.60 | 13.20 | 8.80 | 1.60 | 6.20 | 3.20 | 3.20
PM Peak 3 10.60 | 11.00 | 12.20 | 14.00 | 0.20 | 7.40 | 7.00 | 4.20 | 9.40 | 14.40 | 13.40 | 8.60 | 1.40 | 4.00 | 6.40 | 3.80
4 7.80 8.00 780 | 11.20 | 0.60 | 3.80 | 480 | 4.40 | 880 | 11.20 | 9.20 | 560 | 1.00 | 2.00 | 4.00 | 5.00
Average | 10.10 | 9.95 | 1045 | 1270 | 035 | 555 | 7.60 | 410 | 850 | 13.35 | 11.60 | 7.75 | 1.30 | 490 | 7.15 | 4.35

Table B3.8 Average Queue Length (#vehs/lane) at US 17/92 & Orange Camp Rd.

SB(Main) EB NB(Main) WB
Time
Left | Thru | Right | Left | Left | Thru | Right| Left | Left | Thru | Right| Left
AM Peak| 5.71 | 6.31 | 0.29 | 2.21| 2.25| 3.13| 3.13 | 7.92 | 0.33| 2.83| 2.25 | 4.54
Off Peak| 9.20 | 8.30 | 0.15 | 3.35|4.25| 3.10| 6.25 | 7.83 | 0.85| 2.40 | 3.40 | 1.50
PM Peak| 10.10| 11.03| 0.35 | 5.,55| 7.60| 4.10 | 8.50 | 10.90| 1.30| 4.90 | 7.15 | 4.35
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Comparisons of Beforand After Queue Lengths for Critical Intersections

The differences in queue length between the before and after measurements are shdableB3.9 toTable B3.12. The tables
are colorcoded as follows: green shows significant improvement, yellow shows modest change, and red shows significant increase
in queue length.

Table B3.9 Difference in Average Queue Length by Lane (#aatey at US 17/92 & Taylor Rd.

Time Lane Number Average

Period | 1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13 | 14 | 15 | 16 | Queue

AM Peak| 0.13 | 2.05 | 1.98 | 0.48 | 0.49| -0.20| -2.00 | -2.40 | -5.38 | -5.46 | -5.80 | -6.13 | 0.02 | -0.09 | -0.50 | -0.04 | -1.43

Off Peak| 0.44 | 452 | 283 | 1.02 | 0.20| 1.48 | 1.20 | 2.37 | 0.78 | -0.20| -6.10 | -5.86 | 0.55| 0.13 | 0.80 | 0.88 0.32

PM Peak| -0.77| -0.69 | -2.31| -2.13| 1.38| 0.79 | 242 | 513 | 1.54 | -0.07 | -5.17 | -6.27| 0.18| 1.82 | 1.52 | 0.83 | -0.11

Table B3.10 Difference in Average Queue Length (#vehs/lane) at US 17/92 & Taylor Rd.
SB (Main) EB (Main) NB (Main) WB (Main)

Time Period
Left | Thru+Right| Left | Thru | Right| Left | Thru | Right | Left | Thru | Right

AM Peak 0.13 1.50 0.49]-0.20| -2.20 | -5.42| -5.96( 0.02 | -0.09| -0.50 | -0.04

Off Peak 0.44 2.79 0.20| 1.48 | 1.78 | 0.29 | -5.98| 0.55 | 0.13 | 0.80 | 0.88

PM Peak -0.77 -1.71 1.38( 0.79 | 3./8 | 0.74 | -5.72| 0.18 | 1.82 | 1.52 | 0.83
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Table B3.11 Difference in Average Queue Length by Lane (#vehs/lane) at US 17/92 & Orange Camp Rd.

Time Lane Number Average

Period | 1 2 3 4 5 6 7 8 9 | 10| 12| 12 | 13 | 14 | 15| 16 | Queue

AM Peak| 1.46 | -0.50( -1.00 | -0.88 0.29( 0.21 | -0.25] 1.54| -0.38| 0.13 [ -1.00| -0.17 | -0.21 | 0.38 | 0.46 | 2.67 0.17

Off Peak| 1.49| -0.73 | -0.40| -0.81| 0.11| -0.28| 1.71 | 0.98| 0.58 | 1.86 | 0.69 [ 0.74 | 0.39 | -0.18| 0.57 [ -0.96| 0.36

PM Peak| 1.35( -3.20| -1.40| 4.85 | 0.15( 1.85 | 2.55| 1.70| -0.05( -0.85| -5.95| -12.35| 1.30 | 1.70 | 2.85| 1.15| -0.27

Table B3.12 Difference in Average Queue Length (#vehs/lane) ) at US 17/92 & Orange

SB (Main) EB (Main) NB (Main) WB (Main)
Time Period

Left | Thru | Right| Left | Thru | Right | Left | Thru | Right | Left | Thru | Right

AM Peak 146 | -0.79| 0.29 | 0.21 | -0.25| 1.54 | -0.38| -0.35| -0.21 | 0.38 | 0.46 | 2.67

Off Peak 149 -0.64| 011 | -0.28| 1.71 | 0.98 | 0.58 | 1.10 | 0.39 | -0.18 | 0.57 | -0.96

PM Peak 1.35| 0.08 | 0.15 | 1.85 | 255 | 1.70 | -0.05| -6.38| 1.30 | 1.70 | 2.85 | 1.15

Discussion
The following can be concluded from the comparison of queungth:

W Generally, the difference in average queue length between the before and after data does not exceed 2 vehicles, which
shows no large improvement or deterioration in queue length at both critical intersections.
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For US 17/92 & Taylor Rd interseatithe average queue length decreased by an average of 1.43 vehicles in the a.m.
peak period and 0.11 vehicles in the p.m. peak period; while it increased by an average of 0.32 vehicles in the off peak

period. Especially, the queue of north bound througgiffic decreased greatly.
For US 17/92 & Orange Camp Rd intersection, the average queue increased in the AM peak period by an average of 0.17
vehicles and in the off peak period by an average of 0.36; while it decreased in the PM peak period by aro&@e2dage

vehicles.
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B.34 QUEUE TO LANE STGEARATIO

In addition to queue length, it is important to assess any impact to adjacent lanes or to
upstream facilities. The queue to link/lane ratio is used to establish the likelihood of spillback

which is presented in this section by movement and by time period.

The following assumptions are used:
The storage capacity is estimated as the maximum number of vehicles in the lane.

W

() The queue to link/lane storage ratio is estimated as 1 if the obseeported
GaALIATEol O1éeéxr 6KAES Ad Aa SadAYFdiSR | a
vehicles in the sight distance.

() Queue to lane storage ratios over 80% are highlighted in yellow, as they represent

conditions with a high probability for spillback.
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(a) US17/92 & Taylor Rd. (b) US 17/92 & Orange Camp Rd.

Figure B4.1 Lane Configuration of Critical Intersections
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Before Study (Oct. 1 & 2, 2014)

Table B4.1 Average Queue Storage Ratio by Lane and by Period at US 17/92 & Taylor Rd.

Lane Number

Time Period
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1 0.06 | 0.18 | 0.15 0.16 | 0.07 0.13 0.28 0.33 | 0.67 0.66 0.57 0.62 0 0.16 0.35 0.07
2 0.06 | 0.27 | 0.24 | 0.25 0.1 0.22 0.28 0.46 | 0.54 | 0.53 0.79 0.77 0.01 0.11 0.14 0.04
AM
3 0.07 | 0.31 | 0.26 0.21 0.15 0.11 0.26 0.31 0.43 0.48 0.36 0.39 | 0.01 0.16 0.22 0.11
Peak
4 0.03 | 0.25 | 0.27 0.13 | 0.11 0.12 0.19 0.42 0.36 0.33 0.26 0.27 0.01 0.09 0.1 0.03
Average | 0.06 | 0.25 | 0.23 0.19 0.11 0.14 | 0.25 0.38 0.5 0.5 0.5 0.51 0.01 0.13 0.2 0.06
1 0.08 | 0.37 | 0.21 0.21 0.18 0.08 0.09 0.26 | 0.27 0.31 0.51 0.48 0 0.09 0.05 0.01
2 0.06 | 0.32 | 0.33 0.26 0.2 0.06 0.12 0.33 0.3 0.38 0.42 0.44 0 0.11 0.07 0.03
Off
3 0.06 | 0.35 | 0.34 | 0.25 | 0.16 0.12 0.11 0.27 0.31 0.34 | 0.47 0.49 | 0.01 0.1 0.11 0.01
Peak
4 0.11 | 0.33 | 0.29 0.2 0.2 0.15 0.11 0.26 | 0.35 0.33 0.44 0.51 0.01 0.14 0.1 0.01
Average | 0.08 | 0.34 | 0.29 0.23 | 0.18 0.1 0.1 0.28 | 0.31 0.34 | 0.46 0.48 0 0.11 0.09 0.01
1 0.11 | 0.58 | 0.58 0.41 0.18 0.23 0.19 0.4 0.62 0.63 0.74 0.84 | 0.01 0.12 0.17 0
2 0.11 | 0.68 0.6 0.68 | 0.23 0.23 0.28 0.57 0.37 0.41 0.3 0.46 | 0.01 0.11 0.14 0.06
PM
3 0.09 | 0.68 | 0.69 0.52 0.11 0.23 0.19 0.38 | 0.47 0.5 0.27 0.29 | 0.01 0.1 0.18 0
Peak
4 0.17 | 0.46 0.5 0.37 0.15 0.24 | 0.18 0.26 | 0.39 0.59 0.38 0.44 0 0.12 0.1 0.01
Average | 0.12 0.6 0.59 0.49 0.17 0.23 0.21 0.4 0.46 0.53 0.42 0.51 0.01 0.11 0.15 0.02
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Table B4.2 Average Queue Storage Ratio by Lane and by Period at US 17/92 & Orange Camp Rd.

Lane Number

TimePeriod
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1 0.18 | 0.24 | 0.34 | 05 0 013 | 0.1 | 0.09 | 0.28 | 045 | 0.45| 0.33 | 0.02 | 0.12 | 0.07 0.18
2 0.26 | 0.35 | 0.46 | 0.44 0 0.06 | 0.18 | 0.08 | 0.18| 0.4 | 0.38 | 0.29 0 0.17 | 0.11 0.05
AM
3 0.2 0.32 | 0.36 | 0.46 0 009 | 0.11 | 0.08 | 0.18| 032 | 0.32 | 0.16 | 0.05 | 0.11 | 0.12 0.1
Peak
4 0.21 | 0.18 | 0.23 | 0.38 0 0.12 | 0.12 | 0.07 | 0.19 | 0.21 | 0.24| 0.1 | 0.01 | 0.1 | 0.07 0.05

Average | 0.21 | 0.27 | 0.35 | 0.44 0 01 | 013 | 008 | 0.21 | 035 | 0.32 | 0.22 | 0.02 | 0.12 | 0.09 | 0.09

1 0.37 | 0.23 | 0.28 | 0.43 0 0.1 0.13| 0.15| 0.26 | 0.24 | 0.24 | 0.15 | 0.01 | 0.09 | 0.22 0.09
2 0.42 | 0.43 | 0.51 | 0.53 0 021 | 0.17 | 0.08 | 0.38 | 0.48 | 0.4 0.25 | 0.04 | 0.13 | 0.12 0.16
Off
3 0.39 | 0.54 | 0.53 | 0.66 0 0.19 | 0.13 | 0.11| 034 | 0.24 | 0.17 | 0.11 | 0.02 | 0.15 | 0.08 0.11
Peak
4 0.37 | 0.38| 043 | 043 | 0.01 | 0.23 | 0.09 | 0.09 | 0.34 | 0.3 0.21 | 0.09 0 0.14 | 0.15 0.13
Average | 0.39 | 0.39 | 0.44 | 0.51 0 0.18 | 0.13 | 011 | 0.33 | 0.31 | 0.26 | 0.15 | 0.02 | 0.13 | 0.14 0.12
1 0.44 | 0.75 | 0.7 0.44 | 0.04 | 025 | 043 | 0.1 0.52 | 0.47 | 0.56 | 0.61 0 0.2 0.19 0.16
2 052 | 0.56 | 0.51 | 0.27 0 0.11 | 0.21 | 0.07 | 0.46 | 0.49 | 0.58 | 0.68 0 0.16 | 0.16 0.18
PM
3 0.41 | 092 | 0.82 | 0.61 0 0.17 | 0.25 | 0.16 | 0.59 | 0.76 | 0.96 1 0 0.11 | 0.16 0.18
Peak
4 0.38 | 0.4 0.34 | 0.25 0 021 | 0.12| 0.15| 045 | 031 | 04 0.46 0 0.17 | 0.35 0.12

Average | 0.44 | 0.66 | 0.59 | 0.39 | 0.01 | 0.19 | 0.25| 0.12 | 0.5 | 051 | 0.63 | 0.72 0 0.16 | 0.22 | 0.16
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After Study (Dec. 16 & 17, 2014)
Table B4.3 Average Queue Storage Ratio by Lane by Period at US 17/92 & Taylor Rd.

Lane
Time Period
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

1 0.07 | 031 | 027 | 019 | 009 | 013 | 022 | 041 | 034 | 033 | 0.23 [ 0.20 | 0.00 | 0.19 | 0.25 0.06

2 0.07 | 035 | 032 | 0.23 | 015 | 0.16 | 0.10 | 0.20 | 0.27 | 0.26 | 0.22 | 0.23 | 0.00 | 0.07 | 0.21 0.08

AM Peak 3 0.06 | 049 | 043 | 023 | 013 | 0.15 | 0.11 | 0.20 | 0.17 | 0.16 | 0.22 | 0.20 | 0.01 | 0.21 | 0.17 0.05
4 0.04 | 031 | 034 | 0.20 | 0.19 | 0.09 | 0.06 | 0.11 | 0.15 | 0.17 | 0.17 | 0.20 | 0.02 | 0.03 | 0.08 0.05

Average | 0.06 | 037 | 0.34 | 0.21 | 0.14 | 013 | 013 | 023 | 023 | 023 | 021 | 0.21 | 0.01 | 0.13 | 0.18 0.06

1 0.09 | 052 | 040 | 0.30 | 0.22 | 0.15 | 0.17 | 035 | 0.28 | 0.28 | 0.15 [ 0.15 | 0.01 | 0.09 | 0.12 0.04

2 0.13 | 0.66 | 041 | 025 | 023 | 0.17 | 0.18 | 039 | 035 | 0.34 | 0.21 | 0.22 | 0.04 | 0.13 | 0.09 0.08

Off Peak 3 0.11 0.61 0.52 0.27 0.13 0.22 0.16 0.45 0.36 0.34 0.13 0.19 0.03 0.09 0.17 0.06
4 0.07 0.57 0.47 0.33 0.21 0.25 0.22 0.52 0.41 0.36 0.13 0.18 0.04 0.15 0.12 0.05

Average | 0.10 0.59 0.45 0.29 0.20 0.20 0.18 0.43 0.35 0.33 0.15 0.19 0.03 0.12 0.12 0.06

1 0.06 0.62 0.46 0.47 0.26 0.41 0.33 1.00 0.59 0.54 0.11 0.19 0.04 0.17 0.23 0.05

2 0.09 0.51 0.42 0.34 0.26 0.25 0.50 0.76 0.41 0.42 0.18 0.18 0.00 0.17 0.18 0.04

PM Peak 3 0.07 0.48 0.43 0.27 0.19 0.23 0.35 0.56 0.76 0.76 0.24 0.27 0.00 0.17 0.27 0.06
4 0.10 | 0.63 | 056 | 042 | 0.30 | 0.24 | 0.26 | 046 | 039 | 040 | 0.12 | 0.14 | 0.02 | 0.28 | 0.20 0.09

Average | 0.14 | 056 | 047 | 038 [ 0.25 | 0.28 | 0.36 | 0.72 | 054 | 053 | 0.16 | 0.20 | 0.02 | 0.20 | 0.22 0.06
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Table B4.4 Average Queue Storage Ratio by Lane by Period at US 17/92 & Orange Rd.

Lane

Time Period

1 023] 038 ) 038 062 | 0.05| 013 | 0.13 | 0.14 | 0.18 | 0.39 | 0.28 | 0.23 | 0.02 | 0.12 | 0.12 0.30

2 026 | 0.23 | 0.24 | 0.35| 0.01 | 0.08 | 0.09 | 0.14 | 0.22 | 0.40 | 0.33 | 0.23 | 0.01 | 0.16 | 0.13 0.23

AM Peak 3 048 | 023 ) 0.33 | 0.34| 0.00 | 0.23 | 0.13 | 0.15| 0.23 | 0.38 | 0.33 | 0.29 | 0.01 | 0.21 | 0.07 0.26

4 0.18 | 0.17 | 024 | 0.29 | 0.00 | 0.09 | 0.12 | 0.19 | 0.12 | 0.23 | 0.20 | 0.10 | 0.02 | 0.08 | 0.14 0.13

Average| 0.29 | 0.25 | 0.30 | 0.40 | 001} 0.11 ] 0.11 ) 0.16 | 0.18 | 035 | 0.29 | 0.21 | 0.01 | 0.14 | 0.11 0.23

1 050| 036 ) 038 039]| 001|017 | 021 | 0.16 | 0.36 | 0.32 | 0.27 | 0.15 | 0.02 [ 0.10 | 0.25 0.06

2 038 | 0.38 | 048 | 0.54 | 0.00 | 0.09 | 0.19 | 0.13 | 0.28 | 0.31 | 0.25 | 0.12 | 0.04 | 0.14 | 0.20 0.08

Off Peak 3 041 ]| 042 ) 042 052 | 001 | 023 | 021 | 0.23 | 049 | 045 0.31 | 019 | 0.04 | 0.10 | 0.09 0.05

4 055 | 027 | 039 | 043 | 0.01 | 0.18 | 0.24 | 0.10 | 0.33 | 0.44 | 0.30 | 0.24 | 0.03 | 0.14 | 0.14 0.11

Average| 0.46 | 0.36 | 0.42 | 0.47 ] 001 ] 0.17 ] 0.21 | 0.16 | 0.37 | 0.38 | 0.28 | 0.18 | 0.03 | 0.12 | 0.17 0.08

1 048 | 040 ) 039 054 | 002 | 031 | 053 | 0.16 | 0.46 | 0.47 | 0.38 | 0.29 | 0.04 | 0.37 | 0.75 0.27

2 062 | 064 | 0.70 | 0.74 | 0.01 | 0.24 | 0.40 | 0.23 | 0.47 | 0.52 | 0.47 | 0.31 | 0.06 | 0.31 | 0.16 0.16

PM Peak 3 053 | 055|061 070]| 001|037 035]| 021 )| 055| 051 048] 031 | 0.05| 0.20 | 0.32 0.19

4 039 040 | 039 | 056 | 0.03 | 0.19 | 0.24 | 0.22 | 0.52 | 0.40 | 0.33 | 0.20 | 0.04 | 0.10 | 0.20 0.25

Average| 0.51 | 0.50 | 052 | 0.64 | 0.02 | 0.28 [ 0.38 | 0.21 | 050 | 0.48 | 0.41 | 0.28 | 0.05 [ 0.25 | 0.36 0.22
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Comparisons of Before and After Queue Storage Ratios

The differences in Queue Storage Ratio between before and after measurements are sfi@blei®4.5 andTable B4.6. The
tables are colocoded as follows: green shows improvement, yellow shows modest change, and red shows deterioration in queue

storageratios or spillback potential.
Table B4 5 Difference in Average Queue Storage Ratios at US 17/92 & Taylor Rd.

Lane Number

Time Period

AM Peak 0 | 0212| 0.11 | 0.02 | 0.03|-0.01|-0.12| -0.15( -0.27 | -0.27 [ -0.29 | -0.3 0 0 |-002( O

Off Peak | 0.02] 0.25| 0.16 | 0.06 | 0.02| 0.1 [ 0.08 | 0.15 | 0.04 | -0.01 | -0.31| -0.29 | 0.03 | 0.01 | 0.03 | 0.05

PM Peak | 0.02( -0.04]-0.12| -0.11| 0.08( 0.05 | 0.15 | 0.32 | 0.08 [ O |-0.26]-0.31| 0.01| 0.09( 0.07 | 0.04

Table B4.6 Difference in Average Queue Storage Ratio at US 17/92 & Orange Camp Rd.

Lane Number

Time Period

AM Peak | 0.08( -0.02( -0.05( -0.04| 0.01]| 0.01 | -0.02] 0.08| -0.03| O -0.03| -0.01] -0.01| 0.02 | 0.02| 0.14

Off Peak | 0.07| -0.03( -0.02 | -0.04| 0.01| -0.01 | 0.08 | 0.05| 0.04 | 0.07 [ 0.02 [ 0.03 | 0.01 | -0.01| 0.03 | -0.04

PM Peak | 0.07| -0.16| -0.07 | 0.25 | 0.01| 0.09 | 0.13 | 0.09( O -0.03 | -0.22| -0.44( 0.05 | 0.09 | 0.14| 0.06

Discussion

The following are concluded from the comparison of queue storage ratios:
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W Left turn lane spillback rarely happened in either before study or after study, left turn spillback only happened 4 times in
before study and at Taylor Rd intersection, due to the large left turn truck volume on northbound left, no left turn lane
spillbackhappened in the after study.

The queue storage ratios improved for the NB direction at the Taylor Rd. intersection, especially during the AM peak.
The queue storage ratios show modest improvement for the US 17/92 & Orange Camp Rd. intersection for the new
system.

w
w

B.35 EQUIVALENT PCE FL®W

Traffic flows were counted manually and converted to equivalent PCE flows (pce/hour) by considering the presence of heavy
vehicles. It was assumed that the PCE for trucks is 2.

Truck Percentage Observations
Table B5.1 Truck Percentages at US 17/92 & Taylor Rd.

SB wB NB EB
Period Interval Total
Left Thru Right Left Thru Right Left Thru Right Left Thru Right
1 0.00% 0.78% 0.00% 9.52% 0.00% 5.56% 5.00% 1.37% 0.00% 0.00% 0.00% 2.87% 2.42%
2 0.00% 2.70% 0.00% 0.00% 2.56% 10.00% | 4.82% 1.08% | 10.00% | 6.25% 0.00% 6.38% 3.21%
:Mk 3 0.00% 1.29% 0.00% 0.00% 0.00% 0.00% 9.90% 1.69% 0.00% 0.00% 0.00% 3.09% 2.58%
ea
4 0.00% 1.23% 0.00% 2.44% 0.00% 0.00% 9.28% 3.97% 5.88% 0.00% 0.00% 6.67% 4.06%
Average | 0.00% | 1.42% | 0.00% | 2.68% | 0.86% 3.80% 6.40% | 1.92% | 3.13% | 1.75% | 0.00% | 4.53% 3.00%
1 14.29% | 3.08% | 0.00% | 0.00% | 0.00% 8.33% | 10.99% | 2.63% | 0.00% | 4.55% | 16.67% | 2.94% 4.07%
Off 2 0.00% | 1.38% | 13.33% | 6.25% | 15.00% | 0.00% 9.28% | 4.29% | 0.00% | 8.33% | 8.33% | 6.73% 4.79%
Peak 3 0.00% | 2.75% | 0.00% | 6.25% | 6.25% | 25.00% | 9.43% | 2.39% | 20.00% | 0.00% | 4.00% | 6.41% 4.55%
4 0.00% | 2.25% | 8.70% | 4.76% | 0.00% 0.00% 5.47% | 1.47% | 10.00% | 0.00% | 0.00% | 3.05% 2.83%
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SB wB NB EB
Period Interval Total
Left Thru Right Left Thru Right Left Thru Right Left Thru Right

Average 1.79% 2.35% 5.56% 4.41% 5.13% 6.12% 7.86% 2.68% 6.35% 3.06% | 4.94% 4.44% 3.87%

1 0.00% 1.06% 0.00% 0.00% 4.55% 0.00% 4.05% 1.10% 0.00% 0.00% 0.00% 4.19% 2.12%

2 0.00% | 2.11% | 0.00% | 0.00% | 3.03% 0.00% 6.34% | 1.49% | 5.56% | 0.00% | 0.00% | 4.52% 2.85%

PPeI\:\k 3 0.00% | 1.01% | 0.00% | 0.00% | 2.56% 6.67% 2.96% | 0.55% | 0.00% | 0.00% | 0.00% | 1.79% 1.35%
4 0.00% | 0.56% | 0.00% | 0.00% | 3.45% 0.00% 1.96% | 0.00% | 0.00% | 0.00% | 0.00% | 2.84% 1.05%

Average 0.00% 1.16% 0.00% 0.00% 3.15% 2.08% 3.67% 0.77% 1.14% 0.00% 0.00% 3.18% 1.79%
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Table B5.2 Truck Percentages at US 17/92 & Orange Camp Rd.

SB WB NB EB
Period Interval Total
Left Thru Right Left Thru Right Left Thru Right Left Thru Right

1 0.00% | 5.13% | 0.00% | 0.00% | 10.53% | 5.17% | 3.70% | 2.19% | 3.70% | 0.00% | 0.00% | 6.06% | 3.56%

2 7.41% | 6.21% | 0.00% | 13.04% | 7.14% | 1.79% | 3.33% | 3.07% | 4.55% | 0.00% | 0.00% | 0.00% | 4.16%

:e,\:k 3 5.88% | 6.85% | 0.00% | 8.70% | 4.76% | 4.65% | 0.00% | 2.75% | 7.14% | 5.26% | 0.00% | 3.70% | 4.50%
4 4.35% | 5.70% | 0.00% | 0.00% | 0.00% | 5.00% | 5.00% | 6.67% | 0.00% | 5.88% | 0.00% | 6.67% | 5.60%

Average | 4.59% | 5.73% | 0.00% | 6.67% | 6.06% | 3.96% | 3.00% | 3.43% | 3.66% | 3.45% | 0.00% | 4.20% | 4.25%

1 3.45% | 4.04% | 7.69% | 0.00% | 0.00% | 0.00% | 3.45% | 2.46% | 0.00% | 10.53% | 0.00% | 0.00% | 3.08%

2 556% | 3.94% | 9.09% | 4.35% | 0.00% | 0.00% | 0.00% | 2.05% | 0.00% | 0.00% | 0.00% | 0.00% | 2.44%

Poe:k 3 4.00% | 4.14% | 0.00% | 0.00% | 0.00% | 2.50% | 0.00% | 2.48% | 0.00% | 2.86% | 0.00% | 0.00% | 2.59%
4 5.26% | 3.86% | 0.00% | 0.00% | 0.00% | 0.00% | 2.17% | 1.58% | 0.00% | 2.38% | 3.45% | 1.85% | 2.51%

Average | 4.29% | 3.83% | 4.41% | 1.32% | 0.00% | 0.68% | 1.13% | 2.06% | 0.00% | 3.17% | 1.19% | 0.65% | 2.58%

1 0.00% | 2.88% | 0.00% | 6.06% | 0.00% | 2.27% | 0.00% | 1.33% | 10.34% | 4.76% | 1.14% | 5.00% | 2.15%

2 2.88% | 4.14% | 0.00% | 2.70% | 2.38% | 5.77% | 4.08% | 2.17%| 0.00% | 0.00% | 5.71% | 3.45% | 3.16%

:el\:k 3 0.00% | 0.90% | 0.00% | 0.00% | 0.00% | 0.00% | 3.13% | 1.14% | 3.70% | 0.00% | 0.00% | 0.00% | 0.92%
4 1.80% | 0.73% | 0.00% | 3.85% | 0.00% | 0.00% | 0.00% | 2.29% | 5.56% | 0.00% | 0.00% | 2.08% | 1.30%

Average | 1.40% | 1.99% | 0.00% | 3.01% | 0.63% | 2.14% | 1.80% | 1.67% | 4.67% | 0.83% | 1.38% | 2.37% | 1.83%
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Before Study (Oct. 1 & 2, 2014)
Table B5.3 Traffic Volume (pce/15 min) and Traffic Flow (pce/hour) at US 17/92 & Taylor Rd.

SB WB NB EB
Time Period
Left | Thru | Right| Left | Thru | Right | Left | Thru | Right| Left | Thru | Right
1 8 132 | 13 18 | 24 9 114 | 163 6 7 13 | 184
2 9 111 | 15 16 | 41 21 | 146 | 396 | 17 23 18 | 215
AM Peak 3 16 | 161 | 19 28 | 28 16 | 125 | 279 | 20 19 18 | 145
4 11 176 16 16 20 11 110 | 205 6 11 14 136

Flow Rate| 44 | 580 | 63 78 | 113 | 57 | 495 | 1043| 49 60 63 | 680

1 10 | 213 14 10 18 19 | 114 | 212 13 26 17 113
2 11 | 247 17 16 12 15 | 102 | 238 | 14 22 25 | 132
Off Peak 3 13 | 262 | 27 12 20 13 | 112 | 234 | 16 21 13 | 120
4 13 | 207 | 32 19 16 12 | 108 | 202 17 37 16 | 109

Flow Rate| 47 | 929 | 90 57 66 50 | 436 | 886 | 60 | 106 | 71 | 474

1 11 | 229 15 20 19 11 | 164 | 181 13 20 24 | 196
2 10 | 271 11 21 25 20 | 150 | 256 | 25 21 30 | 182
PM Peak 3 12 | 323 19 22 25 11 | 152 | 198 | 26 24 36 | 167
4 14 | 230 15 21 32 16 | 124 | 190 | 27 16 27 139

Flow Rate| 47 | 1053| 60 84 | 101 | 58 | 590 | 825 | 91 81 | 117 | 684
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Table B5.4 Traffic Volume (pce/15 min) and Traffic Flow (pce/hour) at US 17/92 & Orange Camp Rd.

SB WB NB EB
Time Period
Left | Thru | Right| Left | Thru | Right | Left | Thru | Right| Left | Thru | Right
1 26 | 268 | 18 18 15 39 27 | 337 | 14 7 20 19
2 36 | 285 | 13 31 13 64 23 | 457 | 16 9 17 44
AM Peak 3 38 | 289 | 14 16 7 48 27 | 338 | 15 14 10 23
4 36 | 262 | 14 23 11 51 36 | 304 | 31 8 16 16

FlowRate | 136 | 1104 | 59 88 | 46 | 202 | 113 | 1436| 76 38 63 | 102

1 49 | 286 15 33 28 51 34 | 294 | 20 21 26 25
2 54 | 260 11 19 30 46 33 | 299 | 21 20 37 38
Off Peak 3 36 | 291 8 21 20 34 39 | 267 | 26 41 49 23
4 71 | 349 13 19 26 52 33 | 310 | 23 27 23 30

Flow Rate| 210 | 1186 | 47 92 | 104 | 183 | 139 | 1170| 90 | 109 | 135 | 116

1 74 | 358 | 41 32 30 67 54 | 297 | 23 23 27 36
2 73 | 392 | 27 23 26 44 63 | 400 | 24 26 36 32
PM Peak 3 64 | 450 16 31 23 52 58 | 330 | 30 38 43 35
4 82 | 455 | 21 28 36 49 38 | 325 | 24 38 46 38

Flow Rate| 293 | 1655| 105 | 114 | 115 | 212 | 213 | 1352 | 101 | 125 | 152 | 141
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After Study (Dec. 16 & 17, 2014)
Table B5.5 Traffic Volume (pce/15 min) and Traffic Flow (pce/hour) at US 17/92 & Taylor Rd.

Southbound Westbound Northbound Eastbound
Time Period
Left | Thru | Right | Left | Thru | Right | Left | Thru | Right | Left | Thru | Right
1 4 129 11 21 28 18 | 140 219 7 12 23 174
2 7 114 15 29 40 22 | 174 | 374 11 17 25 200
AM Peak 3 9 157 19 20 23 19 | 111 | 240 28 21 20 167
4 4 164 15 42 25 20 | 106 | 262 18 7 14 144

Flow Rate| 24 | 564 60 | 112 116 ( 79 | 531 1095| 64 57 82 685

1 8 268 12 12 | 21 13 | 101 | 195 11 23 14 140
2 22 | 220 17 17 | 23 15 | 106 | 243 18 26 13 111
Off Peak 3 13 | 262 18 17 17 10 | 116 | 214 12 26 | 26 166
4 13 | 273 25 22 17 11 | 135| 207 22 23 | 28 169

Flow Rate| 56 | 1023 72 68 | 78 49 | 458 | 859 [ 63 98 | 81 | 586

1 9 286 12 23 | 23 14 | 154 | 183 20 32 33 224
2 10 | 338 20 19 | 34 9 151 205 19 32 24 185
PM Peak 3 17 | 400 16 17 | 40 16 | 139| 184 22 21| 30 228
4 13 | 356 11 21 | 30 9 156 | 204 27 22 31 181

Flow Rate| 49 | 1380 59 80 | 127 | 48 [ 600| 776 | 88 [ 107 | 118 | 818
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Table B5.6 Traffic Volume (pce/15 min) and Traffic Flow (pce/hour) at US 17/92 & Orange Camp Rd.

Southbound Westbound Northbound Eastbound
Time Period
Left | Thru | Right| Left | Thru | Right| Left | Thru | Right | Left [ Thru | Right
1 20 | 273 8 12 19 58 27 | 366 27 11 17 33
2 29 | 325 9 26 15 57 31 | 571 23 9 6 26
AM Peak 3 36 | 312 20 25 22 45 21 | 373 15 20 12 28
4 24 | 241 12 12 10 42 21 | 352 17 18 11 32

Flow Rate| 109 | 1151 49 75 66 | 202 | 100 | 1662| 82 58 46 | 119

1 60 | 309 | 28 16 26 36 30 | 250 16 21 13 33
2 38 | 264 | 12 24 17 28 57 | 298 | 23 26 18 33
Off Peak 3 52 | 277 11 18 28 41 43 | 248 | 22 36 23 32
4 60 [ 350 | 17 18 22 43 47 | 321 14 43 30 55

Flow Rate| 210 | 1200| 68 76 93 | 148 | 177 | 1117 75 | 126 | 84 | 153

1 68 | 322 | 16 35 33 45 56 | 381 | 32 22 89 42
2 107 | 377 8 38 [ 43 55 51 | 330 | 28 38 37 30
PM Peak 3 70 | 448 9 33 33 39 66 | 356 | 28 29 49 48
4 113 | 412 9 27 51 48 49 | 313 | 19 32 43 49

Flow Rate| 358 [ 1559 42 ([ 133 | 160 | 187 | 222 | 1380 107 | 121 | 218 | 169
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Comparisons of Before and After Flows
The differences in traffic flow between the before and after measurements are showabie

B-5.7 andB-5.8. The tables are colmoded as follows: green shows significant decrease, yellow

shows modest change, and red shows significant increase in flow.

Table B5.7 Difference in Traffic Flow Rate (pce/hr) at US 17/92 & Talor Rd.

Southbound Westbound Northbound Eastbound
Period

Left [ Thru| Right| Left | Thru| Right| Left | Thru| Right| Left | Thru| Right
AM Peak -20 | -16 -3 34 3 22 36 52 15 -3 19 5
Off Peak| 9 94 -18 11 12 -10 | 22 | -27 3 -8 10 | 112
PM Peal 2 327 | -1 -4 26 -10 10 | 49 -3 26 1 134

Table B5.8 Difference in Traffic Flow Rate (pce/hr) at US 17/92 & Orange Camp Rd.

Southbound Westbound Northbound Eastbound
Period

Left [ Thru| Right| Left | Thru| Right| Left | Thru| Right| Left | Thru| Right
AM Peak| -27 | 47 -10 | -13 | 20 0 -13 | 226 6 20 | -17 17
Off Peak| O 14 21 | 16| 11| 35 | 38 | 53 | -15 | 17 | 51 37
PMPeald 65 | -96 | -63 | 19 | 45 -25 9 28 6 -4 66 28

Discussion

Thefollowing can be concluded from the comparison of PCE flows:

w

intersection.
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The traffic volume at both intersections (Taylor and Orange Camp) increased during
all three time periods except for the off peak period at the Orange Camp Rd




B.36 CONSIDERIION OF TRAFFIC WL®JOINTLY WITH QUELENGTH
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time. Generally, green indicates improvement despite an increase in flow.

Table B6.1 Differences in Traffic Flow (TF) and Queue Length (Q) at US 17/92 & Taylor Rd.

Southbound Westbound Northbound Eastbound
Period MOEs
Left Thru Right Left Thru Right Left Thru Right Left Thru Right
Flow -20 -16 34 3 22 36 52 15 -3 19 5
AM Peak
Queue 0.13 1.50 -0.09 -0.50 -0.04 -5.42 -5.96 0.02 0.49 -0.20 -2.20
Flow 9 94 11 12 -10 22 -27 3 -8 10 112
Off Peak
Queue 0.44 2.79 0.13 0.80 0.88 0.29 -5.98 0.55 0.20 1.48 1.78
Flow 2 327 -4 26 -10 10 -49 -3 26 1 134
PM Peak
Queue -0.77 -1.71 1.82 1.52 0.83 0.74 -5.72 0.18 1.38 0.79 3.78
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Table B6.2 Differences (%) in Traffic Flow (TF) and Queue Length (Q) at US 17/92 & Taylor Rd.

Southbound Westbound Northbound Eastbound
Period MOEs
Left Thru Right Left Thru Right Left Thru Right Left Thru Right
Flow -455% | -2.8% 43.6% 2.7% 38.6% 7.3% 5.0% 30.6% -5.0% | 30.2% 0.7%
AM Peak
Queue | 12.5% 37.4% -3.3% | -11.8% -2.8% -54.2% | -59.0% 16.7% | 28.8% | -8.9% -43.7%
Flow 19.1% 10.1% 19.3% | 18.2% | -16.9% 5.0% -3.0% 5.0% -71.5% | 14.1% 23.6%
Off Peak
Queue | 31.6% 54.0% 5.7% 44.7% | 308.3% 4.5% -63.8% | 775.0% | 6.7% | 90.2% 58.0%
Flow 4.3% 31.1% -48% | 25.7% | -17.2% 1.7% -5.9% -3.3% 32.1% | 0.9% 19.6%
PM Peak
Queue | -35.4% | -16.9% 77.9% | 49.2% | 220.0% 7.4% -61.5% | 140.0% | 51.9% | 21.3% 77.4%
Table B6.3 Differences in Traffic Flow and Queue Length at US 17/92 & Orange Camp Rd.
Southbound Westbound Northbound Eastbound
Period MOEs
Left Thru Right Left Thru Right Left Thru Right Left Thru Right
Flow -27 47 -10 -13 20 0 -13 226 6 20 -17 17
AM Peak
Queue 1.46 -0.79 0.29 0.38 0.46 2.67 -0.38 -0.35 -0.21 0.21 -0.25 1.54
Flow 0 14 21 -16 -11 -35 38 -53 -15 17 -51 37
Off Peak
Queue 1.49 -0.64 0.11 -0.18 0.57 -0.96 0.58 1.10 0.39 -0.28 1.71 0.98
Flow 65 -96 -63 19 45 -25 9 28 6 -4 66 28
PM Peak
Queue 1.35 0.08 0.15 1.70 2.85 1.15 -0.05 -6.38 1.30 1.85 2.55 1.70
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Table B6.4 Differences (%) in Traffic Flow and Queue Length at US 17/92 & Orange Camp Rd.

Southbound Westbound Northbound Eastbound
Period | MOEs
Left Thru Right Left Thru Right Left Thru Right Left Thru | Right
Flow | -19.9%| 4.3% | -16.9% | -14.8%| 43.5% | 0.0% | -11.5%| 15.7%| 7.9% | 52.6%| -27.0%| 16.7%
AM Peak
Queue | 34.3% | -11.2%| 0.0% | 15.3% | 25.6% | 142.2%| -10.7%| -4.2% | -38.5%| 10.4%| -10.0%| 97.4%
Flow [ 0.0% | 1.2% | 44.7% | -17.4%| -10.6%| -19.1% | 27.3% | -4.5% | -16.7%| 15.6%| -37.8%| 31.9%
Off Peak
Queue | 19.4% | -7.2% | 260.0%| -7.1% | 20.0% | -39.0% | 10.3% | 16.3% | 85.5% | -7.6% | 67.2% | 45.9%
Flow | 22.2% | 5.8% | 60.0%| 16.7% | 39.1% | -11.8%| 4.2% | 2.1% | 5.9% | -3.2%| 43.4% | 19.9%
PM Peak
Queue| 15.4% | 0.8% | 75.0% | 53.1% | 66.3% | 35.9% | -0.6% | -36.9%| 0.0% | 50.0%]| 50.5% | 70.8%
Discussion
The following can be concluded from themparison of traffic flows jointly with queue length:
W From the comparison above, we cannot conclude that there is a high correlation between increasing traffic with
increasing queue at these two critical intersections.
W From the colored cells in thables, traffic conditions at Orange Camp Rd have deteriorated during more time periods

after ASCT installment than at intersection US 17/92 & Taylor Rd. Regarding Operational Performance Measures
Based on the field data collection and the comparison @raponal performance measures we conclude the following:

The travel time and delay have greatly improved after installing the InSync system along the coordinated through movetimients of
corridor. However, the combined comparison of queue and flow sai@vs that other movements at critical intersections did not

experience large changes.
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BEFORE AND AFTIERPLEMENTATION STUDIES OF
ADVANCED SIGNAL CONTROL TECHNOLOGIES IN FLORIDA

The main objective of this project is to evaluate the implenagion of proposed adaptive

signal control technology (ASCT) traffic operations at several arterial corridors in Florida, before
and after the installation of the ASCT, document the advantages and the disadvantages of
different approaches and implementatispnand provide recommendations for statewide
implementation of ASCT.

B.4QUESTIONNAIRE

SECTION1: RESPONDEN LbChwa! ¢LhbD
Name Manny Rodriguez
Organization FDOT District 5
Position  Traffic Engineer at FDOT District 5

Address
Phone

Fax
Email Manny.Rodriguez@dot.state.fl.us

SECTION 2: PREVIORAFFIC CONTROL NEXLOGY
1. Please specify the type of traffic control used before Adaptive Signal Control
Technology (ASCT) was installed for your site. (Please check all that apply.)

a. Fixed time coordinated control b. Actuated coordinated control

c. Fixeetime isolated control d. Actuated isolated control

e. Other, please gzify:

2. What type of traffic controller was used before ASCT was implemented?
a. NEMA TS b. NEMA TR
c. 170 d. 2070

e. Other, please specify:
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3. How many detectors were used before ASCT was implemented for a typical
intersection? Please also specify the location where the detectors were typically placed
for each specific detector type (video detection, inductive loops, radars, etc.).

Mainline (2loop detectors for left turns), Side streets (presence detectors), Dilemma zone

detection (essentially for green extension)

4. What was the frequency of retiming the signal timing plan for the corridor before ASCT
was implemented?
Latest retiming at 2009; exy 35 years the signal retiming process was taking place

How often were maintenance and updates performed to your previous control system in
terms of the following components?

a. Detection:  twice per year maintenance and loop update
b. Control Hardware: last year update switch

c. Software:  when updates are provided by the vendor

5. What was the annual maintenance cost in terms of hardware, software and personnel
of the previous control system for the whole corridor where the ASCT is now deployed?
$2,700$3000per intersection repair; average provided by FDOT

6. What was the life expectancy of your traffic control before the deployment of ASCT?
(Please refer to the hardware and software.)

Anywhere between 720 years depending on the conditions and the environment
7. How many crashes of each category were reported during the past 4 years before the
ASCT implementation? (202D14)

K A B C O
(Killed) (Disabling (Evident (Possible | (No Apparent
Injury) Injury) Injury) Injury)
2011
2012
2013
2014
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SECTION 3: ADAPTIRAFFIC CONTROLEMS$ASCT)
9. Which Adaptive Traffic Control System (ASCT) does your agency deploy?
d. InSync; Version: Fusion (local detection plus cameras)

e. Synchro Greerersion:

f. Other; please specify:
16.Did you consider any other ASCT before you selected this one for installation? Why did
you reject the other(s) in favor of this one?

ACSLite was a no go due to its lagging functions, SCOOT not considered and
SynchroGreen was already tried out

17.What were your major criteria for choosing the ASCT for the selected corridor?

Adaptability of the system and differences in the Deland Cornidaccommodate changes
in speed from 50 to 35 and changes in lanes from 6 to 2)

18.What is the life expectancy of your ASCT system? (Consider both hardware and
software.)

5-7 years depending on the components (cameras need replacement sooner than the
rest).

19.What type of traffic controller is currently in use after the ASCT implementation?

a. Same as before the ASCT implementation

b. New, please specify type: NEMA-BS

C. Other, specify:
20.How many and what type of detectors are used after the ASCT implementatiam on a
intersection level? Please note any updates that the previous detection system needed so
as to work with your ASCT.

Camera detection in place (W Beresford Avenue and US17/92 intersection as well as New
Hampshire and US17/92 will be only operating witideo detection); easier to fix
OF YSNI & a &2dz R2y Qi KI@S (2 Odzi 2LISNY GA2Ya

21.Was there a need to update your previous software operating system at your
Transportation Management Center in order to get your current ASCT software working?

a. Yes b. No

21. How often do you plan to perform physical maintenance or updates on your new
ASCT in terms of the following components?

a. Detection:Yearly

b. ASCT HardwareChecked yearly

C. Software:As updates are made
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22.

a. Yes, Num. of employees trainetl Hours of training per employe20 (2

weeks) b.No
23. Was there any change on the number of staff required to operate/maintain the
effective signal ASCT operations? (Comparison of staff needed before and after the
deployment.)

Was there a need for training your personnel in order to operate the new ASCT?

No
24. 2 KSNBE RAR SELISNIAAS O02YS FTNRY TF2NJ &2dzNJ
installah 2y > 2LISN}I GA2Y YR GKS aeadaSyYQaFroMl AyaSyl
marilo
In-House Vendor Contractor
Employee Training Yes
ASCT Installation Yes
ASCT Operation Yes Initially
ASCT Maintenance Yes

25. How many crashes of each category were reported after ASCT was
implemented?
K A B C @)
(Killed) (Disabling (Evident (Possible | (No Apparent
Injury) Injury) Injury) Injury)

SECTION 4: COST CONIENTS

29. What is the overall capital cost of purchasing the ASCT (in terms of the software
and licenses of the ASCT) for the corridor? If the purchase includes any service of
implementation, personnel training or maintenance, please also specify here.

InSync offes complete package; Fusion $30,000/intersection plus $2,000 for installation,
cables etc. extension of warranty is available in $900 per intersection (from 2 to 3 years)
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30. What is the implementation cost (considering the installation on site, any
updates insoftware and hardware, design needs and contract hours) for the ASCT
corridor? Please specify if this cost is partially or totally included in previous cost items.

included in package

31. What was total cost for training your personnel to operate and marhg new
ASCT? Please specify if this cost is partially or totally included in previous cost items.

Included in package

32. What is the expected maintenance cost (in terms of hardware, software and
personnel) for the ASCT corridor on a yearly basis? Plpasdysif this cost is partially or
totally included in previous cost items.

Included in package

33. Can you specify the costs for the following ASCT components?
a. Firmware $ b. Software $
c. Equipment d. Maintenance of Traffic Cost000
e. Design Needs $ f. Contract Help/Agency Hours0dust $

SECTION 5: INSTITANAL ISSUES

34. Were there any institutional issues that you had to overcome while
implementing and operating the ASCT paifePlease categorize and explain those issues
below.

a. Organization and Management Institutional Issues:

Local agency raised concerns on maintenance components of the new system
(considering funding for maintenance of cameras etc.)

b. Regulatory and Legaidtitutional Issues:
C. Human and Facility Resources Institutional Issues:
d. Financial Institutional Issues:
35. Which component (e.g. detection, communication, hardware, software, licensing

or other) of your ASCT deployment is the most challenging to maiatelrwhy?

Cameras (due to ethernet extensions and noise issues); however if camera stops
detecting historical data are used instead in order to proceed with the adaptive control)
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36. What happens to your ASCT operations when some of your detectors fail on the
corridor level?

d. ASCT triggers an alarm and notifies operators

e. '{/ ¢ aoAiOKIHy SkE2 YI2yR Sa 20T AOrDay BavisSy it Ay 3 ¢AYS

f. ~ Combination of the above. dh@&t(please describe): Nothing

29.How is your ASCT performance evaluated?
e. In-house:

f. By an independent evaluator, please describe:

g. Not applicable there is no evaluation
h.

Combination:

30.If the corridor on which théASCT operates experiences over saturation, how would you rate
the operation of the ASCT in response to these traffic conditions?

f.  ASCT prevents or eliminates oversaturation

g. ASCT eliminates or reduces the extent of the periods of oversaturation

h. ASCT adversely affects the traffic conditions during periods of oversaturation

. hiKSNYXY 52SayQi LINSOSYyd 2N StAYAYLlFGS o6 dzi

j.  Oversaturation is very rare on the corridors operated by our ASCT

31.Based on your opinion and theo-date operation, when are ASCT operations proven to
be the most effective?

a. Peak periods

b. Off-peak periods
c. Shoulders of peak periods
d. Other, please specify:

32.Has the level of performance of ASCT been sustained since its installation?

a. Yes b. No; why not?

35.What was the public reaction to the ASCT operation? Have you received any complaints

about long delays and queues?
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Complaints while installinggameras because people thought that those were red light
cameras) no complaints on operation

36.How satisfied are you, in general, with your ASCT deployment?

a.Very satisfied b. Somewhat satisfied
c. Neutral d. Somevhat dissatisfied

e. Not satisfied at all

8. Are there any other costs or benefits related to ASCT deployment that you would like to
report?

a. BenefitsAdditional benefits if radar technology is to be implemented
b. Costs:

9. Would you consider expanding the ASCT program to any other corridors? Why or why
not? If yes, would you use the same technology/firmware or have any suggestions for
other systems? If so, why?

2 projects: 1) in State Rd 46: 10 signals and 2) in US92igh2ls

SECTION 6: SAFEBUES

37. Do you have any anecdotal / qualitative data on safety benefits / disbenefits of the signal
improvement along this corridor?

38. Has there been other changes along this corridor over the analysis period that could affect
the safety of this corridor either positively or negatively?
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39. Are you aware of any changes to the crash data reporting procedures over the analysis
period? If yes, what are the changes?

40. What are your overall reactions to the trends presented in the report?

41. Is there another comparable corridor in which signal improvements have not been made to
which the results of this corridor can be compared to?

42. Other thoughts / comments for us?

Thank you for your help irompleting this survey. Your responses will help us with evaluating
the deployment and benefits of your current ASCT.

If you have any questions regarding the survey, please contact Ria Kontou, email:

ekontou@ufl.edwr Liteng Zha, emaiitengzha@ufl.edwvho work under the direct
supervision of the faculty advisor Dr. Yafeng Yin.
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B.SBENEFIT COST ANAKYSI

Table B7.1 Monetized Saving

Monetized Saving

Time saving

Fuel Consumption saving
Air Pollution Saving

Safety Saving

Total Saving without Safety

Total Saving

$3,454,869.3(
$489,110.08
$91,940.32
-$2,565,558.7§
$4,035,919.7C

$1,470,360.91

Total Cost

$150,000.00

B/C Ratio without safety

B/C Ratio

26.90613132

9.802406096

Table B7.2 Monetized Saving with No Emissions

Monetized Saving

Time saving

Fuel Consumption saving
Safety Saving

Total Saving without Safety

Total Saving

$3,454,869.3(

$489,110.08
-$2,565,558.7§
$3,943,979.38

$1,378,420.59

TotalCost

$150,000.00

B/C Ratio without safety

B/C Ratio

26.29319585

9.189470627
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C.1EXECUTIVE SUMMARY

The objective of this research is to evaluate the implementation of proposed Ad&igvel

Control Technologies (ASCT) traffic operations at several arterial corridors in Florida, before and
after the installation of specific ASCT, document the advantages and disadvantages of different
approaches and implementations, and provide recomnegiahs for statewide

implementation of ASCT. This Appendix summarizes the before and after field data collected
along the Panama City Beach Parkway corridor frofiste Woodlawn Dr., and provides

some observations and initial conclusions.

The InSync adinced signal control system was implemented along this corridor in January
2015. Floating car runs were conducted with the UFTI instrumented vehicle to collect vehicle
travel times before and after the implementation of InSync, during three time peridkls (

Peak, OfiPeak, and PM Peak). In addition, turning movement counts and queue lengths were
collected at two critical intersections (Richard Jackson Blvd. aif®SBased on these, five
performance measures were obtained for the before study periok/Rioute Travel Time,

Delay at Intersections, Queue Length (at critical intersections), Queue to Lane Storage Ratio (at
critical intersections), and Passenger Car Equivalent (PCE) flows (at critical intersections. For
each performance measure, a comparismiween the before and after data is conducted and
presented in this appendix.

The following were concluded:

w The travel time along Panama City Beach Pkwy, EB direction, decreased by an
average of 0.59 min (5.7%), with the highest decrease in the PM P&8knin, or
12.7%).

W The travel time along Panama City Beach Pkwy in the WB decreased overall by an
average of 1.85 min (13.7%). It decreased in the PM Peak by an average of 3.28 min
(26.5%), while it increased in the AM Peak by an average of 0.75rh#)( The
decrease in PM peak travel time is consistent with a decrease observed in queues on
both the Richard Jackson Blvd. and7/SRntersections during the same time period.

() Apart from the Richard Jackson Blvd. and Powell Adams intersections,eall oth
show a decrease in average delay for the EB. Apart from the Richard Jackson and
Pier Park intersections, all others show a decrease in average delay for the WB.

() For the PCB Pkwy and Richard Jackson Blvd. intersection, the average queue length
decreasé by an average of 0.7, 0.8 and 0.6 vehicles each in the AM, Off Peak and
PM respectively.

W For the PCB Pkwy and-B8Rintersection, the average queue length decreased by an
average of 0.3, 0.5, and 1.4 vehicles each in the AM, Off Peak and PM respectively.
W The total traffic volume at both critical intersections increased during all three time

periods by 135 (1.26% at Richard Jackson Blvd.) and 527 (5.99%3t\@Ricles.
This can be due to an increase in throughput or demand or both.

W The SK9 and Pier R& intersections were coordinated separately before the In
Sync implementation. After the implementation, they are coordinated together with
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the rest of the corridor. Hence some of the improvements observed may be due to
this change.

An interview with BayCounty officials indicated that the traffic volume (demand) was heavier
this year which made a oAm®-one comparison with the previous system in the oversaturated
cases less straightforward. Despite this increase, Bay County staff reported that public
perception about the new system is positive, which is consistent with our overall quantitative
operational assessment.

C.2CORRIDOR INFORMATION

Panama City Beach is a city in Bay County, Florida. Although it has a small population of about
12,018 as per 201€ensus, the traffic in the city is higher during the tourist season. Itis a

popular destination during spring break and summer seasons. The Panama City Beach Parkway
corridor runs parallel to the beach and carries most of this traffic. There are cominercia
establishments on either side of the corridor between the Pier Park and Richard Jackson
intersections. Traffic demands on both the eastbound and westbound directions were observed
to be high and nearly equal. The data collection for this project wasumied during the low

tourism season.

Figure C1 provides a schematic of the Panama City Beach Pkwy Coffradue. CL lists the
intersections along the corridor. Two intersections (Richard Jackson Blvd. &%) B&e

selected as the critical interse@ohs along the corridor and detailed turning movement and

gueue counts were collected at thedeigure @ provides the lane configuration of these two
critical intersections. For the EB direction travel time was measured as our instrumented
vehicle travded using the flyover, whereas for the WB direction the vehicle travelled through
the intersections at Woodlawn Dr. and Thomas Dr. Data collection was conducted during three
time periods: 79 am, 11 ang 1 pm, and 4 6 pm.

Figure €l Schematic of the Panama City Beach Pkwy Corridor
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Table Cl Intersections along the PCB Pkwy Corridor

Intersection Comments | No. of Unsignalized Intersection| Distance
1 SR79 - -
2 Pier Park Dr 10 1.1 miles
3 Powell Adams Rd 1 0.4 miles
4 Nautilus St 4 1.2 miles
5 Clara Ave T-Intersection 10 0.9 mile
6 Alf Coleman Rd 8 1 mile
7 | Richard Jackson Blv 4 0.6 mile
8 Moylan Rd T-Intersection 5 1.2 miles
9 Thomas Dr Off-ramp 7 1.9 miles
10 Woodlawn Dr Fly-over 0 0.2 miles
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(a) SRr9. (b) Richard Jackson

Figure &€ Schematic and Overview of Critical Intersections

C.3PERFORMANCE MEASURES

Five performance measures were evaluated: Link/Route Tiiared, Delay at Intersections,

Queue Length (critical intersections), QuewneLane Storage Ratio (critical intersections), and

PCE Flows (critical intersections). For each performance measure, a comparison between the

before and after data is conducted addK S NB adzf §a 2F (KKAaBSEFEZERBYOS
RFEGFé0 INB LINBaSyiSRo

C.31 ROUTE TRAVEL TIME

The average travel time (min) along the route was measured using a floating car. The travel
times recorded are reported in the tables below. During Biéd peak of the day of data
collection it was raining. Hence, additional data were obtained from District 3 from Bluetooth
devices available to FDOT, and these were used to obtain the PM travel time (data were
obtained for Sep 29, 2015). For comparison,tia@el time during rain has been included in
parentheses.
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Before Study (Oct.22 & Oct.23, 2014)

Table €1.1 Route Travel Time (min)
Route TT (min) AM  Off Peak PM  Average

Panama City Beach Pkwy E 11.207 10.107 11.537 10.95

Panama City Beach Pkwy V 13.317 17.003 15.672 15.331

After Study (Feb. 3 & Feb. 4, 2015)
Table €1.2 Route Travel Time (min)
Route TT (min) AM  Off Peak PM Average

Panama City Beach Pkwy E 10.273 10.572 10.234 (Rain 11.5 10.360

Panama City Beach Pkwy V 14.026 14.018 12.391 (Rain 15.5 13.478

Comparisons of Before and After Travel Times
Table 1.3 Change in Travel time in Min and as a Percentage (ABafore)
Route TT (min) AM Off Peak PM Average

Panama City Beach Pkwy E -0.934 (9.1%) 0.465 (4.4%) -1.303 (12.7%) -0.590 ¢5.7%)

Panama City Beach Pkwy W 0.709 (5.1%) -2.985 (21.3%) -3.281 (26.5%) -1.852 (13.7%)
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Figure €L.1 Travel Times Along Panama City Beach Pkwy

C.31.4. Discussion

The following can be concluded from the comparison of travel times:

w

The travel time along Panama City Beach Pkwy in the EB decreased by an average of
0.59 min (5.7%). The highest decrease occurred during the PM Peak with a decrease
of 1.30 min (12.7%).

The travel time along Panama City Beach Pkwy in the WB decreased! byean

average of 1.85 min (13.7%). It decreased in the PM Peak by an average of 3.28 min
(26.5%).

WB travel times are higher than those in the EB for both the before and after data
collection. One of the reasons for this is that the EB directioludes the flyover

above Thomas Drive, while the WB direction incurs additional delay as it goes
through the signalized intersection at Thomas Dr.

As expected, travel times during rainy conditions are higher (by 12% to 19%) than
during fair weather condions.

Bluetooth travel times were compared with travel times from the vehicle for the AM
Peak (data were obtained on different days), and Bluetooth travel times were lower
than those measured by our instrumented vehicle by 0.3 min and 1.7 min for the EB
and WB directions respectively.

The travel times during rainy conditions were measured using the instrumented
vehicle, while the PM Peak travel times for the after conditions were obtained
through Bluetooth devices. Given that Bluetooth provided lowerdtawvne

estimate for the data analyzed, the differences due to rain may not be as

pronounced when comparing travel times obtained with the same data collection
method.
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C.32DELAY

Delay (sec) at each intersection along the corridor was also obtained te floating car
measurements. As indicated earlier, the after PM peak data collection was undertaken during
rainy conditions. However, the Bluetooth data cannot provide delay by intersection. Therefore,
the delays reported here for the PM Peak (aftiata) represent rainy conditions.

Before Study (Oct. 22 & Oct.23, 2014)
Table .1 Delay (sec) for each Intersection Through Movement Along the EB Direction
Delay by Intersection (sec AM Off Peak PM

SR79 16 47 50
Pier Park 17 21 34
Powell Adams 5 3 2
Nautilus St 11 0 6
Clara Ave 4 0 1

Alf Coleman 31 19 24

Richard Jackson 32 13 17

Moylan 0 1 0

OAM @3 Off peak @PM

o

Delay (sec)
w A O
o

o

10 { m 21| —
0 H Al T B O N 1 O 511 —_—

SR79 Pier Park  Powell Nautilus St Clara Ave Alf Coleman Richard  Moylan
Adams Jackson

Location
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Figure .1 Delay (sec) for each Intersection Through Movement Along the EB Direction

Table .2 Delay (sec) for each Intersection Through Movement Along the WB Direction

Woodlawn 6
Thomas Dr 60
Moylan 0
Richard Jackson 8
Alf Coleman 2
Clara Ave 0
Nautilus St 1
Powell Adams 1
Pier Park 1
SR79 25

8

29

3

21

13

24

48

Delay by Intersection (sec AM Off Peak PM

5

72

4

26

28

2

22

18

1

52

OAM B Off peak @mPM

o
\

)
[

Delay (sec)
w b O
o

20 n —" |
10 ] i H -
O |_|-—|I-|T| : —Tn —1 ] : : R ey :
Q& N < X S X &
\'b$ ‘90 \al Ry 'b@ Q’b& (;2:\
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@Oo ;\‘(\o (}'b é’bo $¢>\ X
<
Location

Figure €.2 Delay (sec) for each Intersection Through Movement Along the WB Direction
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After Study (Feb. 3 & Feb. 4, 2015)
Table .3 Delay (sec) for each Intersection Through Movement Along the EB Direction

Delay at Intersections (sec AM Peak Off Peak PM Peak (Rain

SR79 40 19 19

Pier Park 5 2 8
Powell Adams 4 15 17
Nautilus St 0 13 1
Clara Ave 1 4 0
Alf Coleman 4 11 12
Richard Jackson 22 22 70
Moylan 0 1 5

OAM DOOff peak mPM (Rain)

o

Delay (sec)
w b~ O
o

S
|

20 + =
10 7] 3%
0 11| M B 57 |11 AN 5 WS v IR o 1 |1 I 5 |11 I 11 I
SR79  Pier Park Powell Nautilus St Clara AveAlf Coleman Richard  Moylan
Adams Jackson
Location

Figure €.3 Delay (sec) for each Intersection Through Movement Along the EB Direction
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Table € 4 Delay (sec) for each Intersection Through Movement Along the WB Direction

Delay at Intersections (sec AM Peak Off Peak PM Peak (Rain

Woodlawn 4 5 12
Thomas Dr 23 35 17
Moylan 0 0 0
Richard Jackson 63 29 16
Alf Coleman 36 1 7
Clara Ave 0 4 0
Nautilus St 2 1 8
Powell Adams 0 8 9
Pier Park 1 38 1
SR79 11 17 17
OAM @QOff Peak mPM (Rain)
80
70
__ 60 ]
8 50
3 40 - -
2 30 g -
20 ]
0 W g B
g # m = —J0 Bl L
O T T T T T T T
N Q N Q& & 58 S & o
® @50 @é\% ,bac? \‘2'@% @ & v&@ ‘087;\ s
&00 «\(\0 ,bkb\ {\(’0 C\’b é’bo \‘\Q}\ QS
oM v Q°
&
Location

Figure € .4 Delay (sec) for each Intersection Through Movement Along the WB Direction
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Comparisons of Before and After Intersection Delay Times

The differences in delay between the before and after study periods are shovabie €2.5
andTable €.6. The tables are colmoded as follows: green shows significant improvement,
yellow shows modest change, and red shows significant deterioratidelay.

Table @ 5 Difference in Delay (sec) for each Intersection Through Movement Along the EB Direction
Delay (sec) AM Peak Off Peak PM Peak Average

SR79 24.0 -28.0 -31.0 -11.0

Pier Park -12.0 -19.0 -26.0 -19.0
PowellAdams -2.0 12.0 15.0 8.0
Nautilus St -10.0 12.0 -5.0 -1.0
Clara Ave -3.0 4.0 -1.0 0.0

Alf Coleman -28.0 -9.0 -12.0 -16.0
Richard Jackso -10.0 9.0 53.0 17.0
Moylan 0.0 0.0 5.0 2.0
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Table .6 Difference in Delay (sec) for each Intersection Through Movement Along the WB Direction
AM Peak Off Peak PM Peak Average

Delay (sec)
Woodlawn -3.0 -3.0 7.0 0.0
Thomas Dr -37.0 6.0 -55.0 -29.0
Moylan 0.0 -3.0 -4.0 -2.0
Richard Jackso| = 56.0 7.0 -10.0 18.0

Alf Coleman 34.0 -12.0 -20.0 1.0

Clara Ave 0.0 3.0 -2.0 1.0

Nautilus St 1.0 -2.0 -14.0 -5.0
Powell Adams  -1.0 -15.0 -9.0 -8.0
Pier Park 1.0 36.0 1.0 12.0
SR79 -14.0 -32.0 -35.0 -27.0

OAM OIP @PM

M L e o
555H e B ||| -

Delay (sec)

SR79 Pier Park  Powell Nautilus St Clara Ave Alf Coleman Richard  Moylan
Jackson

Adams
Location

212



Figure € .5 Difference in Delay (sec) for each Intersection Through Movement Along the EB Direction
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Figure .6 Difference in Delay (sec) for each Intersection Through Movement Along the WB Direction

Discussion
The following can beoncluded from the comparison of delays:

w

Apart from the Richard Jackson Blvd. and Powell Adams, all the other intersections
show a decrease in average delay for the EB direction. Delay increased at the
Richard Jackson intersection by 53 s for the EB directThis is likely due to the rain
on the day of data collection. While travel time for the corridor under good weather
conditions was obtained from Bluetooth data, it was not possible to obtain
intersection delays.

Apart from the Richard Jackson Blvdd&ier Park Dr, all the other intersections

show a decrease in average delay for the WB direction.
During the before data collection, SR 79 and Pier Park were coordinated separately,

while during the after data collection they were coordinated as pathefentire
corridor. This modification alone may have improved overall travel time.
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C.33QUEUE LENGTH

Queue length (number of vehicles/lane) is presented by movement and by time period. This
measure is used to evaluate oversaturated conditions at the critical intersections along the
study corridors. Note that the queue length reported here is the obseraaximum number

of vehicles queued during each cycle, and does not represent the total number of vehicles that
may have stopped during the cycle. During some time periods, because of cycle failure,
vehicles need to stop multiple times before passing tigio the intersection.

Figure G3.1 presents the schematic of the lane configurations at the two critical intersections.
Queue length is reported for each of these lanes.

alsls]|7 T” slal7]z IN
]G Y JIJL b=
— 11 3 _f 1 16
.t § L 10—+ ? iz
—— ——
i 4ir - qllre
112B 112|314
(a) SRr9. (b) Richard Jackson

Figure €3.1 Lane Configuration of Critical Intersections
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Before Study (Oct. 22 & Oct.23, 2014)
Table €3.1 Average Queue Length by Lane (#vehs/lane) at PCB Pkwy and Richard Jackson

NB SB EB WB
Time Period
Left Through | Right | Left | Through | Right | Left Through Right | Left Through Right
Lane Number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
1 32| 34 9.8 32 | 158 | 68| 4 1.3 6.8 7 | 75| 13| 18 8 18 | 184 | 9.6 | 6.2
2 54| 6.2 3.6 2.4 46 | 38| 1 1 2 78| 64| 06| 12 5 20 20 | 78| 0.2
AM
3 56 | 6.4 2.6 2 48 | 23| 1 1.8 3.3 7 | 55| 08| 08 4.6 14 | 146 | 42| 1.8
Peak
4 46 | 3.2 4 2 4 251 08| 05 28 1 98|83 2 0 128 | 128 | 128 | 6.8 | 2.2
Average | 4.7 | 4.8 5 2.4 73 | 38| 17| 11 37179169 12| 09 76 | 16.2 | 165 | 7.1 | 26
1 3 | 36 3.4 1 116 | 6.2 | 44| 1.2 44 | 76| 48| 08| 04 46 | 10.8 9 48 | 0.8
2 58 | 6.8 4.6 14 8.8 5 | 28| 14 4 56 | 44| 0.8 1 48 | 134 | 112 | 72| 2.2
Off
3 6 | 6.8 5.6 1.2 58 | 42| 16| 04 26 | 68| 66| 16| 16 4.8 15 | 122 | 6 1
Peak
4 44| 5 4.2 1.8 58 | 38|28 | 1.3 4 9 | 98| 05| 05 58 | 156 | 128 | 74 | 1.2
Average | 4.8 | 5.6 4.5 14 8 48 | 29 1.1 38 | 73] 6.4 | 09 0.9 5 13.7| 11.3 | 6.4 1.3
PM 1 55| 6.3 5 2 6 48 | 1.3 | 1.3 83 |53|73|13]| 08 58 | 12.3 | 105 | 3.8 1
Peak 2 55| 6.8 4.5 3.3 75 | 48| 23| 0.8 65| 75(83| 1 0.8 7 16 | 125| 65| 05
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NB SB EB WB
Time Period
Left Through | Right | Left | Through | Right | Left Through Right | Left Through Right
3 48 | 5.8 6 1.8 8 18| 1.8 1.5 35143 45| 05 0.3 103 | 165 | 16 3.3 1
4 33| 28 25 3.3 45 | 38| 2 0.5 351 85|65]| 15 0.5 6 133 | 128 | 43| 05
Average | 4.8 | 5.4 4.5 2.6 6.5 | 38| 1.8 1 54 | 64|66 |11 0.6 7.3 | 145|129 | 44 0.8
Table 3.2 Average Queue Length (#vehs/lane) at PCB Pkwy and Richard Jackson
Time NB SB EB WB
Period Left Through Right | Left Through Right | Left Through Right | Left Through Right
AM Peak | 4.8 5 2.4 7.3 2.8 1.1 3.7 5.3 0.9 7.6 13.3 2.6
Off Peak 5.2 4.5 1.4 8 3.8 1.1 3.8 4.9 0.9 5 10.5 13
PMPeak | 5.1 4.5 2.6 6.5 2.8 1 54 4.7 0.6 7.3 10.6 0.8
Table €3.3 Average Queue Length by Lane (#vehs/lane) at PCB Pkwy-&8d SR
NB SB EB WwB
Time Period
Left | Through | Right Left Through | Right | Left Through Right | Left Through Right
Lane Number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
AM peak 1 2.1 2 0.6 44 | 44 2 0.6 2 11.6 12 1 3.7 6.1 6.3 0
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NB SB EB WB
Time Period
Left | Through | Right Left Through | Right | Left Through Right | Left Through Right

2 1.7 1 0.2 48 | 48 1.4 0.6 3.2 9.8 104 1 2.5 85 8 0.3

3 2 15 1 34 | 38 1.2 0.2 34 8.8 104 0.2 29 | 119 | 10.3 1.6
4 25 1.5 0.7 4.2 4 1.3 0.3 42 | 105 | 10.2 1 26 | 11.3 | 11.7 0.1

Average | 2.1 1.5 0.6 42 | 4.3 15 0.4 3.2 | 10.2 | 10.7 0.8 2.9 9.4 9.1 0.5
1 3.6 0.6 0.7 14| 29 1.6 0.7 34 7.6 11.3 1 4.3 7.3 8 0.6
2 5 3 1.6 5.2 6 2 0.2 44 | 10.6 | 13.8 1 58 | 104 | 8.2 0.4
Off peak 3 2.6 1.2 1.4 2 3.6 3 1.4 34 8.2 10.8 1.2 5.6 6 8.4 0.2
4 4.5 1.7 0.3 23 | 38 1.8 0.3 42 | 10.7 15 1 6.2 10 11.3 0.5
Average | 3.9 1.6 1 27 | 41 2.1 0.7 3.8 9.3 12.7 11 55 8.4 9 0.4
1 4.3 4.8 1 48 | 5.8 1.8 0.3 6.5 | 13.8 | 18.3 0.8 7.8 | 11.3 | 11.3 0.8
2 2.3 2.7 0.7 4 54 24 0.2 6.8 | 123 | 13.7 0.8 7.3 | 125 | 12.3 0.7
PM Peak 3 3.2 4 1.4 6.8 | 6.8 0.5 0 7.5 15 16 0.8 6.4 | 13.6 14 1.8
4 2.8 1.2 0.3 23| 28 1.5 0.3 5.8 11 12.5 0.5 5 10.2 | 11.2 0.8

Average | 3.2 3.1 0.9 45 | 5.2 15 0.2 6.7 13 15.1 0.7 6.6 119 | 12.2 1
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Table €34 Average Queue Length (#vehs/lane) at PCB Pkwy aiifl SR

Time NB SB EB wB

Period Left Through Right | Left Through Right | Left Through Right | Left Through Right
AM Peak 2.1 15 0.6 4.3 15 0.4 3.2 104 0.8 2.9 9.3 0.5
Off Peak 3.9 1.6 1 34 21 0.7 3.8 11 11 55 8.7 0.4
PM Peak | 3.2 3.1 0.9 4.8 15 0.2 6.7 14.1 0.7 6.6 121 1
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After Study (Feb. 3 & Feb.4, 2015 for AM and OFF PEAK and Sep 29, 2015 for PM)

Table €3.5 Average Queue Length by Lane (#vehs/lane) at PCB Pkwy and Richard Jackson

NB SB EB WB
Time Period
Left Through | Right [ Left | Through | Right | Left Through Right | Left Through Right

Lane Number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
AM 1 16| 3.0 12.6 1.8 1161 48| 20| 1.2 8.8 | 4.8 58 (08| 0.0 48 | 10.0| 10.2| 7.6 2.0
Peak 2 24| 44 4.6 24 110.8| 50| 30| 24 321541 132 36| 0.0 84| 84 9.2 9.2 1.0
3 46 ] 5.8 3.8 0.8 38 32]30] 06 30| 52 48 | 14] 0.0 98 | 16.0( 148 | 16.2| 0.0
4 4.0 1] 4.0 4.6 0.8 40 | 22] 22| 0.6 28 | 6.2 66 [ 1.8 0.0 40| 70 | 48 | 4.6 0.4
Average | 3.2 | 4.3 6.4 1.5 76 [ 38|26 1.2 45| 79 76 [ 1.9 0.0 6.8 | 104 | 9.8 9.4 0.9
Off 1 44158 5.0 2.6 44 | 56]18]| 1.0 36| 7.0 64 [ 06| 0.0 30| 94 7.8 2.0 1.0
Peak 2 46| 6.8 7.2 0.0 54 (38|16 1.0 34| 64 74 (1.0 0.0 52 | 8.2 6.4 | 2.8 1.6
3 6.8 8.2 6.0 2.2 56 [ 52|26 1.0 36| 7.2 58 [ 26| 0.0 46 | 7.8 6.4 1.8 0.4
4 46 ] 5.8 6.0 1.8 50 [ 5.0 28| 3.0 40 | 44 | 42 | 42| 00 66 | 88 | 10.2| 24 0.8
Average | 5.1 | 6.7 6.1 1.7 51 (49| 2.2 15 3.7 6.3 6.0 [ 21| 0.0 49 | 86 7.7 2.3 1.0
PM 1 38|44 3.0 1.8 68 (2424 1.2 24 | 9.8 96 [ 26| 0.0 521110 10.0| 4.0 0.2
Peak 2 32|42 3.8 3.8 6.0 [ 38|24 1.0 08| 7.8 6.6 [ 3.0 0.0 521 8.0 8.6 3.2 0.0
3 46| 44 3.0 5.0 74 (40| 26| 20 38| 82 84 (20| 0.0 46 | 9.2 88 | 4.8 0.0
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NB SB EB WB
Time Period
Left Through | Right [ Left | Through | Right | Left Through Right | Left Through Right
4 40| 4.6 24 1.8 6.8 [ 3.2 1.2 2.0 16 116|114 (34| 0.0 56 | 7.6 84 | 46 0.0
Average | 3.9 44 3.1 3.1 6.8 |34 22 1.6 22| 94 9.0 28| 00 521 9.0 9.0 4.2 0.1
Table €3.6 Average Queue Length (#vehs/lane) at PCB Pkwy and Richard Jackson
Time NB SB EB WB
Period Left Through Right | Left Through Right | Left Through Right | Left Through Right
AM Peak | 3.8 6.4 15 7.6 3.2 1.2 4.5 5.8 0.0 6.8 9.9 0.9
Off Peak | 5.9 6.1 1.7 5.1 3.6 15 3.7 4.8 0.0 4.9 6.2 1.0
PM Peak | 4.2 3.1 3.1 6.8 2.8 1.6 2.2 7.1 0.0 5.2 7.4 0.7
Table 3.7 Average Queue Length by Lane (#vehs/lane) at PCB Pkwy-@&8d SR
NB SB EB WB
Time Period
Left | Through | Right Left Through | Right | Left Through Right | Left | Through | Right
Lane Number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 24 3.2 0.4 6.2 | 5.6 2.2 0.4 3.0 126 | 124 0.0 30 [ 60| 6.6 0.0
AM peak
2 2.6 1.6 0.4 7.2 1 5.6 2.8 0.0 2.8 9.4 9.6 0.4 36 | 28| 3.8 0.0
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NB SB EB WB
Time Period
Left | Through | Right Left Through | Right | Left Through Right | Left | Through | Right
Lane Number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
3 4.2 2.2 0.8 40 | 44 1.8 0.0 40 | 104 | 10.0 0.2 38 | 42| 48 0.0
4 3.2 1.2 0.8 48 | 44 2.0 0.0 34 9.0 8.8 0.4 40 | 6.6 | 6.8 0.0
Average 3.1 21 0.6 56 | 5.0 2.2 0.1 3.3 | 104 | 10.2 0.3 36 | 49| 55 0.0
1 2.2 2.0 0.0 20| 36 1.4 0.0 26 | 114 | 15.2 0.8 60 | 44| 54 0.0
2 3.8 2.6 0.0 38| 4.2 1.4 0.0 34 | 106 | 11.8 1.0 40 | 40| 5.2 0.0
Off peak 3 0.0 0.8 6.0 40 | 44 1.8 0.0 36 | 11.8 | 154 0.6 7.2 | 40| 54 0.0
4 0.0 14 4.8 26| 3.6 0.8 0.0 3.0 | 106 | 124 2.2 6.0 | 40| 44 0.0
Average 15 1.7 2.7 311 40 1.4 0.0 3.2 | 11.1 | 13.7 1.2 58 | 41| 51 0.0
1 2.6 3.0 0.6 6.2 | 54 0.2 0.0 5.6 9.0 9.2 0.6 56 | 52| 7.8 0.0
2 4.2 2.6 0.8 42 |1 5.0 3.6 0.0 48 | 15.0 | 14.0 1.6 64 | 36 | 44 0.0
PM Peak 3 3.2 2.8 0.4 321 46 1.6 0.0 56 | 11.0 9.6 0.4 6.8 | 3.8 | 4.0 0.0
4 2.2 3.8 0.0 24| 34 1.2 0.0 2.8 9.6 26.6 0.0 6.4 | 5.8 5.8 0.0
Average 31 3.1 0.5 40 | 4.6 1.7 0.0 47 | 11.2 | 14.9 0.7 6.3 | 46 | 55 0.0
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Table €3.8 Average Queue Length (#vehs/lane) at PCB Pkwy aiff.SR

Time NB SB EB WB

Period Left Through Right | Left Through Right | Left Through Right | Left Through Right

AM Peak | 3.1 2.1 0.6 5.3 2.2 0.1 3.3 10.3 0.3 3.6 5.3 0.0
Off Peak 15 1.7 2.7 3.6 14 0.0 3.2 12.4 1.2 5.8 4.6 0.0
PMPeak [ 3.1 3.1 0.5 4.3 1.7 0.0 4.7 13.1 0.7 6.3 5.0 0.0
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Comparisons of Before and After Queue Lengths for Critical Intersections

The differences in queue length between the before and after measurements are shdwhle 3.9 toTable €.12. The tables
are colorcoded as follows: green shows significant improvement, yellow shows modest change, and red shows significant increase
in queue length.

Table €3.9 Difference in Average Quellength by Lane (#vehs/lane) at PCB Pkwy and Richard Jackson

Time NB SB EB (Main) WB (Main)
Average
Period Left Through | Right | Left Through | Right | Left Through Right | Left Through Right
Lane Number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
AM -1.6 | -0.5 14 -1.0 | 0.3 | 0.0 | 0.9 0.1 08| 000708 09 |-09]-59|-67| 23| -1.8 -0.7
Off Peak 03] 1.1 1.6 03 |-29|01]-07| 04 |-01|-10|-04|22| 09 |-02]|52|-36[|-41| -04 -0.8
PM -09 1] -1.0 -1.5 0.5 03] -04] 03 0.6 331 30| 24 |17| 06 | -21| 56|-40(-03]| -07 -0.6

Table €3.10 Difference in Average Queue Length (#vehs/lane) at PCB Pkwy and Richard Jackson
Time NB SB EB (Main) WB (Main)

Period | Left | Through| Right | Left | Through| Right | Left | Through | Right | Left [ Through | Right

AM -1.0 1.4 -0.9 | 0.3 0.4 0.1 | 0.8 0.5 -0.9 | -0.8 -3.4 -1.7

Off Peak| 0.7 1.6 03 |-29 -0.2 04 |-0.1 -0.1 -0.9 | -0.1 -4.3 -0.3

PM -0.9 -1.4 05 | 03 0.0 06 |-3.2 2.4 -0.6 |-2.1 -3.2 -0.1
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Table €3.11 Difference in Average Queue Length by Lane (#vehs/lane) at PCB Pkwy7hd SR

Time NB SB EB (Main) WB (Main)
Period Left Through | Right Left Through| Right | Left [ Through | Right| Left| Through | Right Average
Nt;nbeer 1 2 3 5 6 7 | 8|9 10|11 |12|13 14| 15
AM 1.0 0.6 00 (14|08 0.7 03(01]|02|-05|-06|07]|-45|-36| -05 -0.3
Off Peak 2.4 0.1 1.7 | 04]-0.1 -0.8 -0.7 (07118 10( 0.1 | 03]|-43|-39| 04 -0.5
PM -0.1 -0.1 -04 | -0.5]|-0.6 0.1 -0.2 (-20]-19(|-0.3( -0.1 |-03|-73]|-6.7| -1.0 -1.4
Table €3.12 Difference in Average Queue Length (#vehs/lane) at PCB Pkwy -a1®d SR
Time NB SB EB (Main) WB (Main)
Period | Left Through Right| Left Through Right| Left Through Right|Left Through Right
AM 1.0 0.6 0.0 | 1.0 0.7 -0.3 1 0.1 -0.1 -0.5 | 0.7 -4.0 -0.5
Off Peak| -2.4 0.1 1.7 | 0.2 -0.7 -0.7 | -0.6 1.4 0.1 ]0.3 4.1 -0.4
PM -0.1 0.0 -0.4 |-0.5 0.2 -0.2 |-2.0 -1.0 0.0 [-0.3 -7.1 -1.0
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Discussion
The following can be concluded from the comparisbigueue length:

W For the PCB Pkwy and Richard Jackson Blvd. intersection, the average queue length
decreased by an average of 0.7, 0.8 and 0.6 vehicles each in the AM, Off Peak and
PM respectively.

() For the PCB Pkwy and-3Rintersection, the averaggueue length decreased by an
average of 0.3, 0.5, and 1.4 vehicles each in the AM, Off Peak and PM respectively.
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C.34 QUEUE TO LANE STGEARATIO

In addition to queue length, it is important to assess any impact to adjacent lanes or to
upstreamfacilities. The queue to link/lane ratio is used to establish the likelihood of spillback,
which is presented in this section by movement and by time period.

The following assumptions are used:

() The storage capacity is estimated as the maximum numberlothes in the lane.

() The queue to link/lane storage ratio is estimated as 1 if the observer reported
GaLAttolrO1é YR A noy AF NBLR2NISR & (K
distance.

() Queue to lane storage ratios over 80% are highlighted in yefidive tables of this
section, as they represent conditions with a high probability for spillback.

Note: For Richard Jackson PM Peak, data collection was not possible because of the rain.
Instead data from a different day was collected through video rdiog.
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Figure &.1 Lane Configuration of Critical Intersections
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Before Study (Oct. 22 & Oct.23, 2014)

Table &1.1 Average Queue Storage Ratio by Lane and by Period at PCB Pkwy and Richard Jackson

Time Time NB SB EB WB
Period | Segment Left Through | Right | Left | Through | Right | Left Through Right | Left Through Right
Lane Number 1 2 3 4 5 6 7 8 9 10 | 11 | 12 13 14 | 15 | 16 | 17 18
1 0.3 ] 0.3 0.8 0.5 08 | 07| 04| 02 05|104]04|03]| 04 04| 08| 08|09]| 05
2 05| 0.6 0.3 0.3 02| 04]01]| 02 01|05, 04|02]| 03 03| 09| 09| 0.7 0
AM
3 0.6 | 0.6 0.2 0.3 02| 02]01| 03 02 |104]03|02]| 0.2 02| 06]07|04]| 02
Peak
4 051 0.3 0.3 0.3 02| 03]01| 01 02 | 06| 05|05 0 06 | 06| 06| 06| 0.2
Average | 0.5 | 0.5 0.4 0.3 04 | 04]02]| 02 02| 05|04|03]| 0.2 04| 07]07)]|06]| 02
1 03] 04 0.3 0.1 06 | 06| 05| 02 03|05]03|02] 01 02| 05]04|04]| 01
2 0.6 | 0.7 0.4 0.2 04 | 05| 03| 02 03|04]03|02]| 03 02| 06|05|07]| 02
Off
3 0.6 | 0.7 0.5 0.2 03 |04]02]| 01 021 04],04|04]| 04 02| 07]06|05| 01
Peak
4 04| 05 0.4 0.3 03| 04| 03| 02 03|06]06|01] 01 03| 07]06|07]| 01
Average | 0.5 | 0.6 0.4 0.2 04 | 05| 03| 0.2 03|05|04|02]| 02 03 |06|05|06]| 01
1 0.6 | 0.6 0.4 0.3 03 |05]01]| 02 06 | 03]04|03]| 0.2 03|06|05|03]| 01
PM
2 0.6 | 0.7 0.4 0.5 04 | 05| 03| 01 04 | 05|05|03]| 0.2 04 | 07| 06| 0.6 0
Peak
3 05| 0.6 0.5 0.3 04 | 02| 02| 03 02 103]03|01] 01 05|108]07|03]| 01
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Time Time NB SB EB WB
Period | Segment Left Through | Right | Left | Through | Right | Left Through Right | Left Through Right
4 03] 0.3 0.2 0.5 0.2 | 04 0.2 0.1 02 | 05| 04|04 0.1 03| 06| 06|04 0
Average | 0.5 | 0.5 04 0.4 0.3 | 04| 0.2 0.2 04 | 04|04 03 0.1 04 | 07| 06|04 0.1
Table &.2 Average Queue Storage Ratio by Lane and by Period at PCB Pkwy7&nd SR
Time Time NB SB EB WB
Period Segment | Left | Through | Right Left Through | Right | Left Through Right | Left Through Right
Lane Number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 0.3 0.3 0.1 04 | 05 0.5 0.2 0.2 0.6 | 0.5 0.3 0.3 0.3 | 0.3 0
2 0.2 0.1 0 05 | 05 04 0.2 0.3 05| 04 0.3 0.2 04 | 04 0.1
AM Peak 3 0.3 0.2 0.3 03] 04 0.3 0.1 0.3 05| 04 0.1 0.2 05 | 05 0.4
4 0.3 0.2 0.2 04 | 04 0.3 0.1 04 | 06 | 04 0.3 0.2 05 | 05 0
Average 0.3 0.2 0.2 04 | 05 0.4 0.1 03 | 05| 04 0.2 0.2 04 | 04 0.1
1 0.5 0.1 0.2 01| 03 04 0.2 0.3 04 | 05 0.3 04 { 03| 04 0.1
2 0.6 0.4 0.4 05 | 0.7 0.5 0.1 04 | 06 | 0.6 0.3 0.5 05| 04 0.1
Off Peak
3 0.3 0.2 0.4 02| 04 0.8 0.5 0.3 04 | 04 0.3 0.5 03] 04 0.1
4 0.6 0.2 0.1 02| 04 0.5 0.1 04 | 06 | 0.6 0.3 0.5 04 | 05 0.1
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Time Time NB SB EB WB
Period Segment | Left | Through | Right Left Through | Right | Left Through Right | Left Through Right
Average | 0.5 0.2 0.3 0.3 | 05 0.5 0.2 03 | 05| 05 0.3 05 | 04 | 04 0.1
1 0.5 0.7 0.3 05 | 0.6 04 0.1 0.5 0.7 | 0.7 0.2 0.7 05 | 05 0.2
2 0.3 0.4 0.2 04 | 0.6 0.6 0.1 0.6 0.7 | 0.6 0.2 0.6 05 | 0.6 0.2
PM Peak 3 0.4 0.6 0.4 0.7 | 0.8 0.1 0 0.6 | 0.8 | 0.6 0.2 05 | 06 | 0.6 0.5
4 0.4 0.2 0.1 0.2 | 03 04 0.1 0.5 0.6 | 0.5 0.1 04 | 04| 05 0.2
Average 0.4 0.5 0.2 05 | 0.6 0.4 0.1 0.6 | 0.7 | 0.6 0.2 0.6 05 | 0.6 0.3
After Study (Feb. 3 & Feb.4, 2015 for AM and OFF PEAK and Sep 29, 2015 for PM)
Table &.3 Average Queue Storage Ratio by Lane and by Period at PCB Pkwy and Richard Jackson
Time Time NB SB EB WB
Period | Segment Left Through | Right | Left | Through | Right | Left Through Right | Left Through Right
Lane Number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
AM 1 0.2 ] 0.3 0.8 04 0.6 |1 04103 0.2 06 102(02(01 0.0 04 105]05]0.3 04
Peak 2 0.2]04 0.3 0.5 0.6 | 05] 05 0.5 0.2 106([05(05 0.0 0.7 104]05]0.3 0.2
3 0.5] 05 0.3 0.2 0.2 103]05 0.1 02 ]102(02]|02 0.0 0.8 108]0.7] 0.6 0.0
4 04104 0.3 0.2 02]102]04 0.1 0.2 103(03](03 0.0 03]104]02]0.2 0.1
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Time Time NB SB EB WB

Period | Segment Left Through | Right | Left | Through | Right | Left Through Right | Left Through Right

Average | 0.3 | 0.4 0.4 03 | 04)|04|04| 02 | 03]03]03|]03]|] 00 [06]05]05]03] 0.2

Off 1 041 05 0.3 0.5 0.2 105]03 0.2 03]03[03(01 0.0 03]105]04]01 0.2

Peak 2 05] 0.6 0.5 00 | 03|04|03| 02 | 02]03|]03]01] 00 (04]04]03]|01]| 03

3 0.7 0.8 0.4 0.4 0.3 105]04 0.2 03]103[02(04 0.0 04 104]03]0.1 0.1

4 051 05 0.4 0.4 0.3 105]05 0.6 03 ]102(02]|0.6 0.0 0.6 104]05]0.1 0.2

Average | 0.5 | 0.6 0.4 0.3 03]105]04 0.3 03]103(02](03 0.0 04 104]04]0.1 0.2

PM 1 04]04 0.2 0.2 04 102)04 0.2 02 104(04(04 0.0 04 106]05]0.1 0.0

Peak 2 03] 04 0.3 04 03]103]04 0.2 01]103[03(04 0.0 04 104]04]0.1 0.0

3 05] 04 0.2 0.6 04 104)04 0.4 03]103[03(0.3 0.0 04 105]04]0.2 0.0

4 04] 04 0.2 0.2 04 103]0.2 04 01 ]05[05(05 0.0 05104]04]0.2 0.0

Average | 04| 04 0.2 0.3 04 103]04 0.3 02 ]104(04(|04 0.0 04 104]04]0.1 0.0
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Table & .4 Average Queue Storage Ratio by Lane by Period at PCB Pkwy#hd SR

NB SB EB WB
Time Period | Time Segment
Left | Through | Right Left Through | Right | Left | Through | Right | Left | Through | Right
Lane Number 1 2 3 4 5 6 7 8 9 10 11 12 | 13| 14 15
1 0.3 0.5 0.1 | 06|07 0.3 02 | 03(07|07| 00 [03(|04|05]| 00
2 0.3 0.2 01 [(07]07 0.4 00 | 03|(05|05| 01 [04(02]|03]| 00
AM 3 0.5 0.3 0.1 | 04|06 0.3 00 | 04(06|05| 00 [04(|03]|03]| 00
Peak 4 0.4 0.2 0.1 |05(0.6 0.3 00 | 04(05|05| 01 [04(|05|05]| 0.0
Average 0.4 0.3 0.1 | 06| 0.6 0.3 01 | 04|06]|05| 00 |04(|04]04| 0.0
1 0.3 0.3 0.0 | 02|05 0.2 00 | 03|(06|08| 01 [06(|03]|04]| 00
2 0.5 0.4 0.0 | 04|05 0.2 00 | 04(06|06| 01 [04(|03]|04]| 00
Off 3 0.0 0.1 0.8 | 04|06 0.3 00 | 04(|07|08| 01 [07]03]|04( 0.0
Peak 4 0.0 0.2 06 | 03|05 0.1 00 | 03|(06|07| 03 [06(|03]|03]| 00
Average 0.2 0.2 03 | 03|05 0.2 00 | 04|06]|07| 02 | 06[03]04| 0.0
1 0.3 0.4 0.1 (06|07 0.0 00 | 06 |(05|05| 01 [06|04|06]| 00
2 0.5 0.4 0.1 [04]06 0.5 00 | 05(08|07| 02 [06|03]|03]| 00
PM 3 0.4 0.4 0.1 | 03|06 0.2 00 |06 |(06|05| 01 [07(|03]03]| 00
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NB SB EB WB
Time Period | Time Segment
Left [ Through | Right Left Through | Right | Left | Through | Right | Left | Through | Right
Lane Number 1 2 3 4 5 6 7 8 9 [ 10 11 12 | 13| 14 15
Peak 4 0.3 0.5 00 | 02|04 0.2 00 | 030505 00 (06 ]|04|04( 0.0
Average 0.4 0.4 01 [(04]06 0.2 00 | 05|06|(05| 01 [06]|03|04| 0.0
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Comparisons of Before and After Queue Storage Ratios

The differences in Queue Storage Ratio between before and after measurements are shown ilGRabl@sdG4.6. The tables are
color-coded as follows: green shows significant improvement, yellow shows modest change, and red shows significant deterioration
in queue storage ratios or spillback potential.

Table 4.5 Difference inAverage Queue Storage Ratios at PCB Pkwy and Richard Jackson

Time NB SB EB wB
Period Left Through | Right | Left | Through | Right | Left Through Right | Left Through Right Average
LaneNumber 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
AM Peak -0.2 | -0.1 0.0 01 |01|00}02( 01 |01 |-02|-01|00| 02 | 02| -02|-03|-03| 0.0 0.0
Off Peak 0.0 | 0.0 0.0 0.1 -0.1 | 0.0 | 0.0 0.1 00| -02|-01]01| 02 02 | -0.2 | -0.1 | -0.5 0.1 -0.1
PM Peak -0.1 | -0.1 -0.2 0.0 0.1 | -01 | 0.2 0.1 -02| 00| 00 | 01| -01 01| -02|-01|-03]| -01 -0.1

Table &6 Difference inAverage Queue Storage Ratio at PCB Pkwy aii® SR
Time NB SB EB WB

Segment| Left | Through| Right| Left | Through| Right| Left| Through | Right| Left | Through | Right

Lane 1 2 3 4 | 5 6 7 8 9 | 10| 11 | 12 | 13 | 14 | 15

AM Peak| 0.1 0.1 -0.1 {0102, -0.1 -01/01,00]01| 02|01|-0100]| -02

Off Peak [ -0.3 0.0 0.1 |0.0/0.0f -0.3 -02/00/01/02| -01]01|-0.1| 00| -0.1

PM Peak| 0.0 0.0 -0.2 ({0.0/0.0| -0.1 -0100,-01/-02f 0.1 |01|-0.2|-0.2]| -0.3
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Discussion
The following were concluded regarding queue storage ratios:

W Queue storage ratios were fairly high for major street movements for the Richard
Jackson Blvd. intersection in the before study, and these were substantially
improved with the new system.

() There was no change in the overall average queue storage ratRislzrd Jackson
(due to increase in queues on side street), whereas the ratio decreased by 0.1 for
SR79.
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C.35 EQUIVALENT PCE FL®OW

Traffic flows were counted manually and converted to equivalent PCE flows (pce/hour) by considering the preseagg of
vehicles. It was assumed that the PCE for trucks is 2

Truck Percentage Observations

Table €5.1 Truck Percentages &CB Pkwy and Richard Jackson

SB wB NB EB
Period Interval
Left Thru Right Left Thru Right Left Thru Right Left Thru Right
1 0.00% | 11.76% | 5.56% | 16.00% | 1.57% | 16.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.61% | 0.00%
2 5.26% | 1.56% | 4.26% | 0.00% | 2.04% | 0.00% | 0.00% | 0.00% | 0.00% | 12.90% | 3.12% | 0.75%
:e'\:k 3 2.17% | 0.00% | 0.00% | 0.00% | 1.69% | 0.00% | 0.00% | 3.85% | 11.11% | 1.85% | 2.85% | 1.89%
4 2.04% | 0.00% | 5.00% | 0.00% | 3.27% | 0.00% | 3.23% | 0.00% | 0.00% | 5.26% | 3.97% | 2.63%
Average | 2.58% | 3.40% | 3.39% | 2.96% | 2.14% | 2.96% | 0.49% | 0.88% | 1.19% 5.22% | 2.88% | 1.04%
1 4.17% | 0.00% | 0.00% | 0.00% | 5.68% | 0.00% | 4.00% | 0.00% | 0.00% | 3.57% | 3.98% | 0.00%
2 0.00% | 4.17% | 0.00% | 6.45% | 3.69% | 0.00% | 0.00% | 2.78% | 0.00% | 0.00% | 1.72% | 0.00%
POeZk 3 0.00% | 0.00% | 0.00% | 0.00% | 4.10% | 0.00% | 0.00% | 0.00% | 0.00% | 3.70% | 3.50% | 0.00%
4 0.00% | 0.00% | 0.00% | 0.00% | 2.99% | 0.00% | 0.00% | 2.94% | 0.00% | 3.70% | 6.02% | 0.00%
Average | 0.70% | 1.23% | 0.00% | 1.52% | 4.07% | 0.00% | 0.84% | 1.38% | 0.00% 291% | 3.84% | 0.00%
PM 1 2.27% | 10.53% | 6.67% | 0.00% | 3.33% | 0.00% | 0.00% | 4.11% | 0.00% | 0.00% | 1.42% | 0.00%
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SB WB NB EB
Period Interval
Left Thru Right Left Thru Right Left Thru Right Left Thru Right
Peak 2 0.00% | 0.00% | 0.00% | 2.56% | 0.00% | 0.00% | 0.00% | 3.16% | 0.00% 0.00% | 1.12% | 0.00%
3 0.00% | 7.69% | 0.00% | 0.00% | 6.06% | 0.00% | 3.85% | 2.49% | 3.92% 0.00% | 2.75% | 0.00%
4 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 2.85% | 1.89% 0.00% | 1.67% | 0.00%
Average | 0.54% | 4.55% | 1.32% | 0.61% | 2.54% | 0.00% | 1.27% | 3.13% | 1.37% 0.00% | 1.75% | 0.00%
Table &5.2 Truck Percentages at PCB Pkwy an@BR
SB WB NB EB
Period Interval
Left Thru Right Left Thru Right Left Thru Right Left Thru Right
1 2.82% 0.00% | 15.56% | 5.26% | 6.01% | 11.76% | 0.00% | 3.51% | 0.00% | 9.09% | 3.30% | 12.50%
2 9.72% 0.00% 9.62% | 0.00% | 5.36% | 22.86% | 0.00% | 0.00% | 0.00% | 6.67% | 3.41% | 0.00%
AM
‘ 3 8.00% 0.00% | 15.38% | 0.00% | 2.87% | 12.82% | 0.00% | 0.00% | 0.00% | 4.00% | 2.69% | 5.56%
Pea
4 8.20% 9.09% | 20.00% | 4.55% | 9.45% | 10.00% | 0.00% | 0.00% | 0.00% | 2.86% | 1.16% | 0.00%
Average | 7.17% 1.85% | 14.56% | 2.30% | 6.01% | 14.49% | 0.00% | 1.96% | 0.00% | 4.65% | 2.79% | 2.60%
1 15.22% | 10.00% | 15.38% | 3.77% | 3.98% | 20.00% | 2.86% | 16.67% | 0.00% | 25.00% | 2.46% | 0.00%
Off
. 2 11.76% | 6.67% | 15.00% | 0.00% | 5.00% | 13.33% | 0.00% | 7.69% | 0.00% | 0.00% | 4.10% | 4.17%
Pea
3 11.36% | 0.00% | 24.00% | 2.38% | 3.30% | 5.41% | 3.70% | 20.83% | 0.00% | 0.00% | 2.16% | 2.38%
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SB WB NB EB
Period Interval
Left Thru Right Left Thru Right Left Thru Right Left Thru Right
4 14.81% | 16.67% | 15.38% | 3.03% | 4.33% | 13.33% | 2.44% | 7.69% | 2.38% | 13.64% | 2.12% | 0.00%
Average | 13.21% | 6.82% | 18.31% | 2.52% | 4.15% | 11.97% | 2.67% | 14.52% | 0.55% | 11.67% | 2.76% | 1.85%
1 4.41% 0.00% 0.00% | 0.00% | 2.45% | 3.90% | 0.00% | 0.00% | 0.00% | 2.56% | 2.41% | 0.00%
2 1.54% 0.00% 0.00% | 0.00% | 2.39% | 4.62% | 3.03% | 7.14% | 0.00% | 2.56% | 2.80% | 2.94%
PM
3 0.00% 0.00% | 25.00% | 0.00% | 0.00% | 2.60% | 0.00% | 5.00% | 2.86% | 11.54% | 3.40% | 0.00%
Peak
4 0.00% 0.00% 0.00% | 0.00% | 0.45% | 0.00% | 0.00% | 0.00% | 0.00% | 17.65% | 3.87% | 0.00%
Average | 1.77% 0.00% 2.63% | 0.00% | 1.35% | 3.15% | 0.92% | 2.20% | 0.61% | 7.97% | 3.05% | 0.81%
Before Study (Oct. 22 & Oct.23, 2014)
Table &.3 Traffic Volume (pce/15 min) and Traffic Flow (pce/hour) at PCB Pkwy and Richard Jackson
NB SB EB WB
TimePeriod

Left Through Right | Left Through Right | Left Through Right | Left Through Right

1 25 90 77 65 68 26 97 265 10 21 314 113

AM 2 50 43 17 65 49 42 58 308 44 40 344 42

Peak 3 50 28 23 32 38 6 34 310 61 33 321 29

4 19 37 47 24 26 12 32 192 32 18 148 31
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NB SB EB WB
TimePeriod
Left Through Right | Left | Through | Right | Left Through Right | Left Through Right
Flow Rate | 144 198 164 186 181 86 221 1075 147 112 1127 215
1 58 29 22 24 23 11 18 213 36 19 236 32
2 54 47 22 52 17 10 26 193 33 30 188 36
Off
3 51 20 28 34 19 7 20 247 41 27 283 29
Peak
4 45 34 17 29 26 5 33 240 41 14 248 23
Flow Rate | 208 130 89 139 85 33 97 893 151 90 955 120
1 43 44 31 29 40 8 21 289 39 31 321 18
2 69 38 51 48 42 20 24 294 42 33 402 24
PM
3 71 35 38 55 40 17 27 309 57 30 340 13
Peak
4 34 21 18 46 31 13 21 284 23 27 312 18
Flow Rate 217 138 138 178 153 58 93 1176 161 121 1375 73
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Table &4 Traffic Volume (pce/15 min) and Traffic Flow (pce/hour) at PCB Pkwy affl SR
NB SB EB WB
Time Period
Left Through Right | Left | Through | Right | Left Through Right | Left Through Right
1 26 13 13 92 15 37 16 217 12 12 211 35
2 21 20 20 60 15 43 24 165 14 37 204 32
AM
3 27 10 16 65 9 29 30 182 19 20 277 33
Peak
4 23 26 14 37 14 16 25 183 15 14 145 34
Flow Rate 97 69 63 254 53 125 95 747 60 83 837 134
1 24 6 17 52 11 27 33 240 22 28 199 22
2 21 17 22 71 15 60 49 204 35 24 195 29
Off
3 24 26 28 61 13 47 57 243 45 25 212 29
Peak
4 31 21 30 34 16 34 31 241 33 32 222 31
Flow Rate 100 70 97 218 55 168 170 928 135 109 828 111
1 19 18 33 62 22 48 60 264 45 38 189 54
2 27 25 17 72 20 32 51 279 43 31 197 43
PM
3 27 18 31 59 22 35 61 295 39 38 187 50
Peak
4 30 13 35 57 17 29 45 232 34 32 201 49
Flow Rate 103 74 116 250 81 144 217 1070 161 139 774 196
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After Study (Feb 3 and Feb 4, 2015)
Table & .5 Traffic Volume (pce/15 min) and Traffic Flow (pce/hour) at PCB Pkwy and Richard Jackson

NB SB EB WB
Time Period
Left | Through | Right | Left Through | Right | Left Through | Right | Left Through Right
1 36 6 9 22 38 19 11 165 64 29 258 14
2 103 62 46 40 65 49 35 331 134 70 350 13
AM Peak 3 33 27 10 47 24 33 55 325 54 18 301 40
4 32 20 20 50 25 21 40 288 39 22 284 49
Flow Rate 204 115 85 159 152 122 141 1109 291 139 1193 116
1 52 30 30 25 28 11 29 235 44 32 242 25
2 55 37 24 37 50 21 21 236 39 33 225 29
Off Peak 3 59 45 29 35 34 11 28 266 34 36 279 27
4 74 35 20 47 53 19 28 264 50 33 276 22
Flow Rate 240 147 103 144 165 62 106 1001 167 134 1022 103
1 45 21 32 43 31 21 18 304 65 26 286 19
2 41 25 38 40 30 21 14 261 50 32 272 33
PM Peak
3 50 28 55 44 35 26 27 329 53 44 299 23
4 51 18 29 37 25 17 21 325 54 30 305 21
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NB SB EB WB
Time Period
Left | Through | Right | Left Through | Right | Left Through | Right | Left Through Right
Flow Rate 187 92 154 164 121 85 80 1219 222 132 1162 96
Table 5.6 Traffic Volume (pce/15 min) and Traffic Flow (pce/hour) at PCB Pkwy arffdl SR
NB SB EB WwB
Time Period
Left [ Through| Right | Left [ Through| Right | Left | Through| Right | Left | Through| Right
1 11 59 24 | 73 6 52 12 282 9 20 194 38
2 13 23 24 | 79 22 57 16 273 16 | 25 236 43
AM Peak 3 14 11 17 | 81 15 30 | 26 191 19 | 21 179 44
4 29 11 32 | 66 12 42 | 36 174 35 | 23 220 33
Flow Rate| 67 104 97 | 299 55 181 | 90 920 79 | 89 829 158
1 36 14 48 | 53 11 15 | 20 208 23 | 55 183 24
2 20 14 50 | 76 16 23 8 254 50 | 31 210 34
Off Peak 3 56 29 43 | 49 13 31 14 189 43 | 43 219 39
4 42 14 43 62 7 15 25 241 49 34 217 34
Flow Rate| 154 71 184 | 240 47 84 67 892 165 | 163 829 131
PM Peak 1 23 17 49 | 71 13 13 | 40 298 35 | 38 251 80




NB SB EB WB
Time Period
Left | Through| Right | Left [ Through| Right [ Left | Through| Right | Left | Through| Right
2 34 15 38 66 13 17 40 294 35 35 257 68
3 20 21 36 50 18 5 29 335 33 | 45 243 79
4 33 40 43 | 43 8 4 40 188 21 32 222 35
Flow Rate| 110 93 166 | 230 52 39 [ 149 1115 124 | 150 973 262

Comparisons of Before and After Flows

The differences in traffic flow between the before and after measurements are shoWabie 5.7 andTable €5.8. The tables are
color-coded as follows: green shows significant decrease, yellow shows modest change, and red shows significant increase in flow.

Table &5.7 Difference in Traffic Flow Rate (pce/hr) at PCB Pkwy and Richard Jackson

Time NB SB EB WB

Period Left Through Right Left Through Right Left Through Right Left Through Right
AM Peak 60 -83 -79 -27 -29 36 -80 34 144 27 66 -99
Off Peak 32 17 14 5 80 29 9 108 16 44 67 -17
PM Peak -30 -46 16 -14 -32 27 -13 43 61 11 -213 23
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Table &5.8 Difference in Traffic Flow Rate (pce/hr) at PCB Pkwy a1T® SR

Time NB SB EB WB

Period Left Through Right Left Through Right Left Through Right Left Through Right

AM Peak -30 35 34 45 2 56 -5 173 19 6 -8 24

Off Peak 54 1 87 22 -8 -84 -103 -36 30 54 1 20

PM Peak 7 19 50 -20 -29 -105 -68 45 -37 11 199 66
Discussion

It can beconcluded that the traffic volume at both critical intersections increased during all three time periods by 135 (1.3%) and

527 (5.9%) vehicles at Richard Jackson art9SHRd respectively. Despite this moderate increase, delays and queues decreased
with the installation of the new system.
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C.36 CONSIDERATION ORAFRIC FLOWS JOINWIYH QUEUE LENGTH

¢tKS RAFTFSNBYOSa Ay G@¢NIFFAO Cft206¢ YR avdzSdzS Thble gl andtabl® S s SSy
G6.3. Thetablesarecokd2 RSR a F2fft2¢ay IAINBSY AYRAOFGSa GKIFG avdzSdzS¢é RS
GvdzSdzS¢ AYONBIFaSa YR a¢NIFFAO Cf2pgé RSONBlIasSaz b2 /&ft2N AYyR

time. Generally, green indicates improvement despite an increase in flow.

Table @.1 Differences in Traffic Flow (TF) and Queue Length (Q) at PCB Pkwy and Richard Jackson.
Northbound (Side) Southbound (Side) Eastbound (Main) Westbound (Main)

Time

Period Left Thru Right Left Thru Right Left Thru Right Left Thru Right

TF TF| Q

Q| TF

1.8

OFF
oeax | 32|07 |17 16|14
PMPeakl 51 | 09| 50| 15| 14
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Table @.2 Differences (%) in Traffic Flow (TF) and Queue Length (Q) at PCB Pkwy and Richard Jackson.

Northbound (Side)

Southbound (Side)

Eastbound (Main)

Westbound (Main)
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F;I;r:c?d Left Thru Right Left Thru Right Left Thru Right Left Thru Right
TF| Q | TF| Q [ TF| Q TF| Q TF| Q TF| Q
AM 40 46 | 67
% % | %
OFF | 15 | 13 [ 13 | 36 | 16 | 22 ) §
PEAK [ % % % % % % a2
% | %
PM 14 | 18 | 36 | 32 10/0 20/1 3/2 93
%w |l w|w|w| | " | %
Table @.3 Differences in Traffic Flow and Queue Length at PCB Pkwy affl SR
Northbound (Side) Southbound (Side) Eastbound (Main) Westbound (Main)
Time . . . .

Period Left Thru Right Left Thru Right Left Thru Right Left Thru Right
TF| Q | TF] Q | TF| Q | TF| Q TF Q Q | TF| Q

2| 0.

0.0 14(45108] 2 [0.2] 5 | 0.1

410

- - 2| 0.

Blo7| B o7 ofo

“lool - - 6 | O.

20 06| 29 105 | 2.0 6|0




Table @ 4 Differences (%) in Traffic Flow and Queue Length at PCB Pkwy-@fd SR

Time
Period

Northbound (Side)

Southbound (Side)

Eastbound (Main)

Westbound (Main)

Left Thru Right Left Thru Right Left Thru Right Left Thru Right
TF | Q TF | Q Q
1% | 14 45 3% ;

% %
%

§ § _ § 0
15 | 68 | 50 | 18 %
% | % | % | % 0

) ) ) ) 0
36 | 46 | 73 | 30 y
% | % | % | % °

Discussion

The following can be concluded from the comparison of traffic flows jointly with queue length:

w

There does not seem to be a high correlation between increasing traffic and increasing quéhessaat critical
intersections.

Generally, traffic conditions at both intersections have improved. This is particularly true with the WB traffic.
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BEFORE AND AFTIERPLEMENTATION STUDIES OF
ADVANCED SIGNAL CONTROL TECHNOLOGIES IN FLORIDA

Themain objective of this project is to evaluate the implementation of proposed adaptive

signal control technology (ASCT) traffic operations at several arterial corridors in Florida, before
and after the installation of the ASCT, document the advantagestendisadvantages of

different approaches and implementations, and provide recommendations for statewide
implementation of ASCT.

This questionnaire will allow us to access the appropriateness and effectiveness of the ASCT
implementation at each subject cedor by: conducting benefit cost analyses, comparing

staffing requirements before and after the deployment, comparing the resource needs in terms
of hardware, software and personnel, pinpointing any institutional issues and generally
evaluating the ASCinplementation and maintenance requirements by incorporating the
3Syo0eQa LISNRLISOGAGSO®

C.4QUESTIONNAIRE

SECTION1: RESPONDEN LbChwa! ¢Lhb
Name Marc R. Mackey
Organization Bay County Public Works
Position Traffic Operations Engineer
Address
Phone

Fax

Email mmackey@baycountyfl.gov

SECTION 2: PREVIOBAFFIC CONTROL NELOGY

1. Please specify the typa traffic control used before Adaptive Signal Control Technology
(ASCT) was installed for your site. (Please check all that apply.)

a. Fixed time coordinated control b. Actuated coordinated control

c. Fixeetime isolated control d. Actuated isolate@ontrol
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e. Other, please specify:
2.

What type of traffic controller was used before ASCT was implemented?

a. NEMA TS b. NEMA T

c. 170
e. Other, please specify:
3.

R A

d. 2070

How many detectors were used before ASCT was implemented for a typical intersection
(e.g.Newberry Rd & NW 75S1)? Please also specify the location where the detectors
were typically placed for each specific detectoraywideo detection, inductive loops,
radars, etc.).

Two advance detectors at each main through movement. Left turning detectors for all
approaches; Stop bar detector for sieldreets.

What was the frequency of retiming the signal timing plan for the corrisefore ASCT
was implemented?

2-3 years

How often were maintenance and updates performed to your previous control system
in terms of the following components?

Detection: Regular quarterly check usually accompanied by an annual check
Control Hardware:
Software:

What was the annual maintenance cost in terms of hardware, software and personnel
of the previous control system for the whole corridor where the ASCT is now deployed?

What was the life expectancy of your traffic control before the deployne#tSCT?
(Please refer to the hardware and software.)

It went well (for 6 years) before being replaced. The old system is quite simple and
durable.

9.

How many crashes of each category were reported during the past 4 years before the
ASCT implementation? (20-2014)
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O

K A B C o
(Killed) I(ri)ji;s:/t))ling I(rl::j\L/Jir(ignt I(:jaf;)ible Apparent
Injury)
2011
2012
2013
2014

SECTION 3: ADAPTIRAFFIC CONTROLEMSASCT)

10. Which Adaptive Traffic Control System (AS{0€p your agency deploy?

a. InSyn¢Version:Fusion

b. Synchro Green; Version:

c. Other; please specify:

11.Did you consider any other ASCT before you selected this one for installation? Why did
you reject the otherg) in favor of this one?

No, state picked the software
12.What were your major criteria for choosing the ASCT for the selected corridor?

N/A

13.What is the life expectancy of your ASCT system? (Consider both hardware and
software.)

5 years warranty purchased.
14.What type of traffic controller is currently in use after the ASCT implementation?

a. Same as before the ASCT implementation
b. New, please specify type:

c. Same, but the following updates were needed:
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15.How many and what type of detemts are used after the ASCT implementation on an
intersection level (e.gNewberry Rd & NW ¥559)? Please note any updates that the
previous detection system needed so as to work with your ASCT.

4 cameras (one each approach); All kefirn detectors; Si@ street stop bar detectors.
Fusion provides additional baclp data counts. However, the operation of the system
depends on the video detection

16.Was there a need to update your previous software operating system at your
Transportation Management Centerander to get your current ASCT software
working?

a. Yes b. No

17.How often do you plan to perform physical maintenance or updates on your new ASCT
in terms of the following components?

a. Detection:
b. ASCT Hardware:

c. Software:

18.Was there a need fdraining your personnel in order to operate the new ASCT?

a. Yes, Num. of employees trained4 , extensive training that covers intro, software,
hardware and system setting, implementation.

b. No

19.Was there any change on the number of staff required to ofg#raaintain the
effective signal ASCT operations? (Comparison of staff needed before and after the
deployment.)

No
202 KSNB RAR SELISNIAAZS O02YS FTNRY TF2NJ &2dzNJ LISN.
2LISNF A2y yR (KS adeaidsSyQa YIFIAYyGSylFyOSK tf

In-House Vendor Contractor
Employee Training Yes
ASCT Installation Yes
ASCT Operation Yes
ASCT Maintenance Yes
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21.How many crashes of each category were reported after ASCT was implemented?

K A B C O
(Killed) (Disabling (Evident (Possible (No Apparent
Injury) Injury) Injury) Injury)

SECTION 4: COST CONIENTS

22.What is the overall capital cost of purchasing the ASCT (in terms of the software and
licenses of the ASCT) for the corridor? If the purchase includes any service of
implementation, personnel training or maintenance, please also specify here.

$45,000 peiintersection

23.What is the implementation cost (considering the installation on site, any updates in
software and hardware, design needs and contract hours) for the ASCT corridor? Please
specify if this cost is partially or totally included in previoug dems.

24.What was total cost for training your personnel to operate and manage the new ASCT?
Please specify if this cost is partially or totally included in previous cost items.

25.What is the expected maintenance cost (in terms of hardware, software arsbpeel)
for the ASCT corridor on a yearly basis? Please specify if this cost is partially or totally
included in previous cost items.

26.Can you specify the costs for the following ASCT components analytically?

. Firmware $ b. Software $
Equipment $ d. Maintenance of Traffic Cost $
Design Needs $ f. Contract Help/Agency Hours Cost $

SECTION 5: INSTITNAL ISSUES
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27.Were there any institutional issues that you had to overcominle implementing and
operating the ASCT project? Please categorize and explain those issues below.

a. Organization and Management Institutional Issues:

N/A

b. Regulatory and Legal Institutional Issues:

c. Human and Facility Resources Institutional Issues:

d. Financial Institutional Issues:

28.Which compnent (e.g. detection, communication, hardware, software, licensing or
other) of your ASCT deployment is the most challenging to maintain and why?

Camera; can get damaged in lightning

29.What happens to your ASCT operations when some of your detectors fiieo
corridor level?

a. ASCT triggers an alarm and notifies operators
0D ! {/ ¢ apArAddySE ¥2RISYy o@2 OEDaJpBNsSY iAy 3 ¢AYS
c. Combination of the above.

d. Other (please describe): Run off line data in the most recent twaeeks

30.How is your ASCT performance evaluated?

a. Inrhouse
1. from the preliminary analysis:
There is some benefits in the reduction of the remd crashes;

2. Majority of the benefits are in the travel time saving. Generally 7% travel time
reduction isseen; in certain case, the reduction is even closer to 20% yet somewhat hurts
the sidestreet;

3. The benefits are mainly seen in the light or moderate traffic volumes. In the over
saturated case, the performance is "equally bad" to the previous system.

b. By an independent evaluator, please describe:

c. Not applicable there is no evaluation

31.If the corridor on which the ASCT operates experiences over saturation, how would you
rate the operation of the ASCT in response to thiea#fic conditions?
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a. ASCT prevents or eliminates oversaturation

b. ASCT eliminates or reduces the extent of the periods of oversaturation

c. ASCT adversely affects the traffic conditions during periods of oversaturation
d. Other:

e. Oversaturation is very rare on the corridors operated by our ASCT

32.Based on your opinion and the #p-date operation, when are ASCT operations proven
to be the most effective?

a. Peak period¢Comment: with no satuation) b. Offpeak periods

c. Shoulders of peak periods d. Other, please specify:

33.Has the level of performance of ASCT been sustained since its installation?

a. Yes b. No; why not?

34.What was the public reaction tilhe ASCT operation? Have you received any complaints
about long delays and queues?

The public generally are happy with the new system

35.How satisfied are you, in general, with your ASCT deployment?

a. Very satisfied b. Somewhat satisfied

c. Neutral d. Somewhat dissatisfied
e. Not satisfied at all
36.Are there any other costs or benefits related to ASCT deployment that you would like to
report?
a. Benefitssynchronizes and enriches the data from varying aspects. Can have straight access
to the databasewith evidence if things went wrong.

b. Costs

36. Would you consider expanding the ASCT program in any other of your other sites? Why or
why not? If yes, would you use the same technology/firmware or have any suggestions for
others? If so, why?

Yes, oneadditional corridor (Tyndall Parkway) will also deploy InSync

SECTION 6: SAFEBUES

37. Do you have any anecdotal / qualitative data on safety benefits / disbenefits of the signal
improvement along this corridor?
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38. Has there been other changes along this corridor over the analysis period that could affect
the safety of this corridor either positively oegatively?

39. Are you aware of any changes to the crash data reporting procedures over the analysis
period? If yes, what are the changes?

40. What are your overall reactions to the trends presented in the report?

41. Is there another comparable corridor in which signal improvements have not been made to
which the results of this corridor can be compared to?

42. Other thoughts / comments for us?

Thank you for your help in completing this survey. Your responses will help us with evaluating
the deployment and benefits of your current ASCT. If you have any questions regarding the
survey, please contact Ria Kontou, emaibntou@ufl.edwr Liteng Zha, email:
litengzha@ufl.edwho work under the direct supervision of the faculty advisor Dr. Yafeng Yin
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C.5BENEFIT COST ANABYSI

Table €7.1 Monetized Saving

Monetized Saving

Time saving $3,016,458.72
Fuel Consumption saving $358,577.82
Air Pollution Saving $74,905.53
Safety Saving -$8,014,851.23
Total Saving without Safety $3,449,942.07
Total Saving -$4,564,909.16
Total Cost $450,000.00
B/C Ratio without safety 7.666537932
B/C Ratio -10.14424257

Table €7.2 Monetized Saving with No Emissions

Monetized Saving

Time saving $3,016,458.72
Fuel Consumption saving $358,577.82
Safety Saving -$8,014,851.23
Total Saving without Safety $3,375,036.54
Total Saving -$4,639,814.69
Total Cost $450,000.00
B/C Ratio without safety 7.500081196
B/C Ratio -10.31069931
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D.1EXECUTIVE SUMMARY

The objective of this research is to evaluate the implementation of proposed Adaptive Signal
Control Technologies (ASCT) traffic operations at several arterial corridors in Florida, before and
after the installation of specific ASCT, document the advarstage disadvantages of different
approaches and implementations, and provide recommendations for stade

implementation of ASCT. This Appendix summarizes the before and after field data collected
along the University Parkway, Sarasota corridor frorp@kirCircle toLakewood Ranch Blvd

Two data collection methods were used to collect the desired information. Floating car runs
were conducted with the UFTI instrumented vehicle to collect vehicle travel times before the
implementation of InSync, durirthree time periods (AM Peak, Off Peak and PM Peak). In
addition, turning movement counts and queue lengths were collected at two critical
intersections (US 301 & North Cattleman/Cooper Creek). Based on these, five performance
measures were obtained for thaefore study periods: Link/Route Travel Time, Delay at
Intersections, Queue Length (at critical intersections), Queue to Lane Storage Ratio (at critical
intersections), and Passenger Car Equivalent (PCE) flows (at critical intersections). For each
performance measure, a comparison between the before and after data is conducted and
presented in this appendix.

Both data collection process were developed while there was a construction in the interstate
I75 (a diverging diamond interchange, DDI) affectingcireidor. Moreover, the after data
collection was carried out when also some mall upgrades were being done on the southwest
part of the North Cattleman intersection. Since, delays and volumes were affected on the
eastern part of the corridor, the analydias been carried out by dividing the corridor into two
stretches and the comparison is presented for the western part of the corridor as free from the
influence of the construction area).

The following were concluded:

() The average delay for the entire calor decreased for both directions of travel for
all the periods studied. Comparison of the before and after conditions shows that,
while the overall performance of the corridor has improved, operations for some
intersections (N. Cattleman for example) deteated.

() The average travel time in the EB direction had a slight decrease in the AM peak
(0.24 min or 4.77%), while it increased for both the Off Peak and PM peak (2.88 min
or 3.95%, and 5.77 min or 20.60% respectively). In the WB direction, the average
travel time had a minimal increase in the AM peak by 0.19 min (1.36%), while it
decreased for Off Peak and decreased significantly for PM peak (1.91 min or 10.25%,
and 15.02 min or 44.58%, respectively).

W The intersection through movement delay in the Eclion decreased for 14 out
of the 17 intersections by an average of 9.05 sec/intersection. The intersection
through movement delay in the WB direction decreased at 14 out of the 17
intersections by an average of 13.43 sec/intersection.
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W The average queuength for the University Parkway and US 301 intersection
decreased during the AM peak by 6.6 vehicles, with negligible variation for the other
periods. The average queue length for the University Parkway and North Cattlemen
Rd intersection increased dug all three periods as follows: 0.73 vehicles in the AM
peak, 3.27 vehicles in the Off Peak, and 2.57 vehicles in the PM peak. The delay at
this intersection is considered mainly due to the construction site.

W Generally, the percentage of trucks is low78% and 3.90% at University Pkwy &
North Cattlemen Rd and University Pkwy & US 301, respectively), however, the high
percentage observed along the EB at the University Pkwy & US 301 intersection
could have resulted in an increase in average travel timewes! for that direction
of travel.

() The overall reduction of traffic flow at both critical intersections is not high enough
to be the main reason for the observed performance improvement (reduction of less
than 78 pce/h for the University Pkwy & North Qahen Rd intersection, and 35
pce/h for the University Pkwy & US 301 intersection).

w While the results for the entire corridor had some issues due construction, the
evaluation parameters (i.e delay, queues etc.) showed improvement across the
board for wesern part (West of Medici Ct.) of the corridor.

D.2CORRIDOR INFORMATION

Figure D1 provides a schematic of the University Parkway, Sarasota corfidble D1 lists the
intersections along the corridor. Two intersections (North Cattlemen Rd and US &@1) w
selected as the critical intersections along the corridor and detailed turning movement and
gueue counts were collected at thedeigure B2 provides the lane configuration of these two
critical intersections.
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Figure B1 Schematic of the University Parkway, Sarasota Corridor.
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Table D1 Intersections along the University Parkway, Sarasota Corridor

Signalized Intersection Distance in Unsignalized Intersections in
Between Between

1 LakewoodRanch Blvd

2 Town Center Pkwy 0.27 miles 0

3 Market St 0.30 miles 1

4 I-75 NB 0.34 miles 0

5 I-75 SB 828 ft 0

6 North Cattlemen Rd. / Cooper 0.32 miles 0

Creek B.

7 Honore Ave 0.50 miles 4

8 Medici Ct 0.52 miles 3

9 Longwood Run 0.40 miles 0
10 Whitfield Ave 0.51 miles 1
11 Country Park Way 0.58 miles 0
12 Lockwood Ridg Rd 0.58 miles 1
13 Tuttle Ave 0.50 miles 1
14 US 301 1.09 miles 10
15 County Line Rd 0.33 miles 1
16 Desoto Road 0.61 miles 1
17 Bradenton Road 935 ft 0
18 Airport Cir 0.35 miles 1

Total 19 Intersections 7.8 miles
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Figure B2 Schematic and Overview of Critical Intersections

As mentioned above, due to the influence that the construction sites had on the eastern part of
the corridor, apart from the standard comparisons, additional analysis has been done
considering only the wesrn part of the corridor (West of Medici Ct.) not affected by the
construction sites {¥5 and mall at N Cattleman Rd). The following figure shows the stretch of
the corridor which has been separated for a better comparison.

259



-
=
&

2 Al
5 ire Of

Art=

Q I? Q‘j ;i\.-.‘\ 53;
ble - Desoto Ad Desolo Ag
= Elst 5

Morth Sarasota = 4Tth 5t
DesotoLakes

an

I UojUSpE)

= 2
T =
=
Sarasota-Bradenton
International Airport Q Q Q Q Q (;
University Pkwy o ¥ P

Figure B3 Schematic of the Western part of the University Parkway Corridor considered for delay

comparison. Sarasota

D.3PERFORMANCE MEASURES

Five performance measures were evaluated: Link/Route Travel Time, Delay at Intersections,
Queue Length (criticahtersections), Quewto-Lane Storage Ratio (critical intersections), and

PCE Flows (critical intersections).

D.31 ROUTE TRAVEL TIME

The average travel time (min) along the route was measured using a floating car. During the
before data collection 11 rusfor the AM peak, 12 for the OFF peak and 8 for the PM peak
were carried outTable B1.1 provides the route travel time for the before data.

Before Study (Mar.18 & Mar.19, 2015)
Table B1.1 Route Travel Time (min)

Route TT(min) AM Peak Off Peak PM Peak
University Parkway, El 16.57 17.92 23.01
University Parkway, WI 14.91 19.33 34.65

After Study (Mar.14 & Mar.15, 2017)
Table B1.2 Route Travel Time (min)

Route TT (min) AM Peak Off Peak PM Peak
University Parkway, EB 15.78 20.42 27.75
University Parkway, WB 14.30 16.73 18.67
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Comparisons of Before and After Travel Times
Table B1.3 Change in Percentage of Route Travel Time (4fBzfore)
Route TT (min) AM Peak Off Peak PM Peak Average

University Parkway, EB -0.24 (4.77%) 2.88 (13.95%) 5.77 (20.60%)  2.80 (11.22%)

University Parkway, WB  0.19 (1.36%) -1.91 ¢10.25%) -15.02(-44.58%) -5.57 (25.17%)

OBefore OAfter OBefore OAfter

S o

AM Mid-day PM AM Mid-day PM
University Parkway, EB

Travel Time (min)
=
(Wa]

Travel Time (min)
=
(Wa]

University Parkway, WB

(a) University Parkway, EB (b) University Parkway, WB

Figure B1.1 Travel Times Along University Parkway, Sarasota

Discussion
The following can be concluded from the comparison of travel times:

w The travel time along University Parkway in the EB decreased in the AM peak by 0.24
min (4.77%), while the EB direction carried the majority of the traffic during the AM
peak. Travel time increased during both the Off Peak and PM peak. The highest
increaseoccurred during the PM peak when the demand was relatively higher, with
an increase of 5.77 min (20.60%).

w The travel time along University Parkway in the WB increased in the AM peak by
0.19 min (1.36%), when the demand was relatively lower. Travel teneedsed
during both the Off Peak and PM peak. The highest decrease occurred during the
PM peak when the demand was relatively higher, with a decrease of 15.02 min
(44.58%).

W In the before data, the AM peak travel time along University Parkway in the EB
direction was higher than that of the WB direction. The reverse occurred during the
Off Peak and PM peaks, with WB the direction with the higher traffic and higher
travel time. However, in the after study, the heavily traveled WB direction had a
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lower traveltime. It appears that the system favored the peak direction while for the
opposing lowerdemand direction travel time increased by 2.80 min (11.22%).

W Three incidents occurred during the data collection, which may have slightly affected
travel times: 3/1447, AM Peak to early PM Peak, EB direction, Lockwood Ridge Rd.
to Country Park, one lane closure 200 ft downstream of the study site; 3/15/2017,
PM Peak (5:42 PM), EB, Accident after the Medici Ct. intersection (3 cars);
3/15/2017, PM Peak (5:31 PM), WHBrpart Circle accident, reagend, severity: 2
(possible injury). During these incidents, the research team did not experience
significant changes in delay.

D.32DELAY

Delay (sec) at each intersection along the corridor was also obtained usifigahieg car
measurements. As indicated earlier, the after study excluded the Lakewood Ranch Intersection.

Before Study (Mar.18 & Mar.19, 2015)

Table B2.1 Delay (sec) for each Intersection Through Movement Along the EB Direction
Delay at Intersections (sec AM Peak Off Peak PM Peak

Airport Cir 11.72 22.47 1.65
Bradenton Rd 11.44 20.93 1.65
Desoto Rd 1.32 5.3 19.8
County Line Rd 1.2 5.8 29.85
US 301 79.6 60.8 80.2
Tuttle Ave 58.07 55.91 52.31
Lockwood Ridge Rd 6.7 57.38 56.67
Country Park Way 2.19 7.69 3.79
Whitfield Ave 27.6 15.1 16.65
Longwood Run 17.62 14.82 20.17
Medici Ct 7.71 6.97 16.47
Honore Ave 55.6 58.06 11491
N Cattleman Rd 30.69 53.63  141.78
I-75 SB 33.6 69.3 144.3
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Delay (sec)

Delay at Intersections (sec AM Peak Off Peak PM Peak

[-75 NB 30.87 34.77 6.87
Market St 49.98 21.85 23.49
Town Center Pkwy 6.58 14.32 61.27

Lakewood Ranch Blvd 15.33 4.93 44.28

HAM Off Peak ®PM
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Figure B2.1 Delay (sec) for each Intersection Through Movement Along the EB Direction
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Table B2.2 Delay (sec) for each Intersection Through Movement Along the WB Direction
Delay at Intersections (sec AM Peak Off Peak PM Peak

LakewoodRanch Blvd
Town Center Pkwy
Market St
I-75 NB
I-75 SB
N Cattleman Rd
Honore Ave
Medici Ct
Longwood Run
Whitfield Ave
Country Park Way
Lockwood Ridge Rd
Tuttle Ave
US 301
County Line Rd
Desoto Rd
Bradenton Rd

Airport Cir

30.52

13.53

5.82

65.15

23.07

9.3

24.23

11.76

9.37

13.22

3.4

25.59

7.87

57.7

16.1

15

11

11.77
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23.82

30.03

28.52

85.24

24.27

31.4

41.13

12.46

44.67

28.82

10.7

55.89

45.77

42.8

32.1

11.6

4

36.3

40.22

6.03

83.01

161.75

18.12

48.15

50.13

4.81

10.34

4.72

12.3

34.54

31.17

68.55

22.15

0.9

17.55

55.6
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Figure B2.2 Delay (sec) for each Intersection Through Movement Along the WB Direction

After Study (Mar.14 & Mar.15, 2017)
Table B2.3 Delay (sec) for each Intersection Through Movement Along the EB Diregtitan

Delay at Intersections (sec AM Peak Off Peak PM Peak

Airport Cir 0.75 3.67 17.40
Bradenton Rd 1.88 2.67 3.00
Desoto Rd 1.75 0.00 0.00
County Line Rd 16.00 8.33 29.60
US 301 18.38 47.17 16.00
Tuttle Ave 0.50 15.00 59.60

Lockwood Ridge Rd 10.38 17.33 59.40

Country Park Way 0.00 0.00 0.00
Whitfield Ave 3.50 0.00 0.00
Longwood Run 19.88 17.50 1.40

Medici Ct 5.63 0.00 36.20
Honore Ave 17.88 40.00 161.40
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Delay (sec)

Delay at Intersections (sec AM Peak Off Peak PM Peak

N CattlemanRd 39.00 108.67 227.50
I-75 SB 58.13 82.43 48.00

I-75 NB 1.75 0.00 13.20
Market St 11.13 18.43 30.60
Town Center Pkwy 0.00 6.71 4.40

OAM Peak [ Off Peak MPM Peak
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Figure 2.3 Delay (sec) for each Intersection Through Movement Along the EB Direétitan
Table B2.4 Delay (sec) for each Intersection Through Movement Along the WB Dire&ftar
Delay at Intersections (sec AM Peak Off Peak PMPeak

Town Center Pkwy 17.63 9.67 0.40

Market St 10.50 16.33 29.40
I-75 NB 10.88 0.00 94.80
I-75 SB 0.00 0.00 0.00

N Cattleman Rd 23.38 29.17 27.00
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Delay at Intersections (sec AM Peak Off Peak PMPeak

Honore Ave 18.13 0.00 4.00
Medici Ct 4.38 15.50 0.00
Longwood Run 7.38 0.00 0.00
Whitfield Ave 7.13 17.67 3.60
Country Park Way 2.50 18.00 23.80

Lockwood Ridge Rd 15.50 47.00 32.00

Tuttle Ave 12.88 84.57 38.00
US 301 6.75 31.67 25.75
County Line Rd 0.00 3.17 0.00
Desoto Rd 9.71 75.50 20.60
Bradenton Rd 4.57 0.00 0.00
Airport Cir 1.86 5.80 4.40

OAM Peak B Off Peak MPM Peak
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Figure B2.4 Delay (sec) for each Intersection Through Movement Along the WB Dire&iter
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Comparisons of Before and After Intersection Delay Times

The differences in delay between the before and after study are showahieA-2.5 and Table
D-2.6. The tables are colaroded as follows: green shows significant improvement, yellow
shows modest change (either improvement or deterioration), and red shows significant
deterioration in delay. Several gradations of each color are used to represent different
variations within each classification.

Table B2.5 Difference in Delay (sec) for each Intersection Through Movement Along the EB Direction

Delay at Intersections (sec AM Peak Off Peak PM Peak Average

Airport Cir -10.97  -18.80 15.75 -4.67
Bradenton Rd -9.57  -18.26 1.35 -8.83
Desoto Rd 0.43 -5.30 -19.80 -8.22
County Line Rd 14.80 2.53 -0.25 5.69
US 301 -61.23 -13.63 -64.20 -46.35
Tuttle Ave -57.57 -40.91 7.29 -30.40
Lockwood Ridge Rd 3.68 -40.05 273 -11.21
Country Park Way -2.19 -7.69 -3.79 -4.56
Whitfield Ave -24.10 -15.10 -16.65 -18.62
Longwood Run 2.26 268 -18.77 -4.61
Medici Ct -2.09 -6.97 19.73 3.56
Honore Ave -37.73  -18.06 46.49 -3.10

N Cattleman Rd 8.31 55.04 85.72 49.69
I-75 SB 24.53 13.13  -96.30 -19.55

I-75 NB -23.12  -34.77 6.33 -17.19
Market St -38.86 -3.42 711  -11.72
Town Center Pkwy -6.58 -7.61 -56.87 -23.69
Average -12.94 -9.25 -4.95 -9.05
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Table B2.6 Difference in Delay (sec) for each Intersection Through Movement Along the WB Direction

Delay at Intersections (sec AM Peak Off Peak PM Peak Average

Town Center Pkwy 4.10 -20.36 -5.63 -7.30

Market St 4.68 -12.19 -53.61 -20.37

I-75 NB -54.28 -85.24 -66.95 -68.82

I-75 SB -23.07  -24.27 -18.12 -21.82

N Cattleman Rd 14.08 -2.23 -21.15 -3.10

Honore Ave -6.11 -41.13  -46.13 -31.12
Medici Ct -7.39 3.04 -4.81 -3.05

Longwood Run -2.00 -44.67 -10.34 -19.00
Whitfield Ave -6.10 -11.15 -1.12 -6.12
Country Park Way -0.90 7.30 11.50 5.97

Lockwood Ridge Rd -10.09 -8.89 -2.54 -7.17

Tuttle Ave 5.01 38.80 6.83 16.88
US 301 -50.95 -11.13 -42.80 -34.96
County Line Rd -16.10 -28.93 -22.15 -22.39
Desoto Rd 8.21 63.90 19.70  30.60
Bradenton Rd 3.47 -4.00 -17.55 -6.03
Airport Cir -0.91 -30.50 -51.20 -30.54
Average -8.67 -12.45  -19.18 -13.43
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Since the influence of construction on the eastern side of the corridor can veil the effectiveness
of the adaptive system, western si@é/est of Medici Ct.) of the corridor has been considered
separately. The differences in delay for the rest of intersections in the through movement of
the instrumented vehicle along both directions are represented in the following figures:

OAM Peak B Off Peak MPM Peak
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Figure B2.7 Difference in Delay (sec) for each Intersection on Western part of the corridor Along the EB
Direction
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Figure B2.8 Difference in Delay (sec) for each Intersection on Western part of the corridor Aleng th
WB Direction
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Discussion

The following can be concluded from the comparison of delays:

w

w

The average delay across the entire corridor decreased for both directions of travel
for all the periods studied.

The intersection delay in the EB directidecreased at 14 out of the 17 intersections
by an average of 9.05 sec/intersection. Despite the overall decrease of delay in the
EB direction, delay increased at a few intersections (N Cattleman Rd, Honore Ave,
and Medici Ct) at the western part of the cwolor, where the demand is higher in

both directions, especially during the PM peak. Moreover, during that period,
gueues in the EB through movement reached around 40 vehicles.

The intersection delay in the WB direction decreased at 14 out of the 17
intersections by an average of 13.43 sec/intersection.

The intersection with 175 SB in the WB direction, the fact that the delay is null is
considered due to the coordination with the previous intersection (175 NB).

Once the construction effects have been reradvrom the comparison and,

therefore, having only one critical intersection in the analysis of delay, it can be seen
that especially for the EB there is an overall improvement at all intersections. For the
WB, only Desoto Road and Tuttle Avenue intersedt both during the ofpeak

period, show an increase in delay of 69.9 and 38.8 sec, respectively.
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D.33 QUEUE LENGTH

Queue length (number of vehicles/lang)presented by movement and by time perio@his
measure is used to evaluate oversaturatmhditions at the critical intersections along the

study corridors. Note that the queue length reported here is the observed maximum number
of vehicles queued during each cycle, and does not represent the total number of vehicles that
may have stopped durg the cycle. During some time periods, because of cycle failure,
vehicles need to stop multiple times before passing through the intersection.

FigureD 3.1presents the schematic of the lane configurations at the two critical intersections.
Queue length is reported for each of these lanes.
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Figure B3.1 Lane Configuration of Critical Intersections
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Before Study (Mar.18 & Mar.19, 2015)
Table B3.1 Average Queue Length by Lane (#vehs/lane) at University Pkwy & US 301

. . EB NB WB SB
Time | Time
Perio | Segme . . . .
d nt Left Through Rig Left Through Rig Left Through Rig Left Through Rig
ht ht ht ht
Lane Number 1 2 3 4 5 6 7 8 9| 10| 11 12 13 14 | 15| 16 | 17 | 18 | 19| 20 | 21 | 22 23
8. 13. 13.
1 46 | 74| 84| 94 0 [ 38|44| 84 8 26| 0 | 168|154 | 142| 14 4 02 94| 9 | 136 5 12.2| 0.6
2 32 | 78| 84| 84 0 22132196 96 18| 0 |116|10.8| 12.2 120' 1;' 0O (7874|118 16?. 10.8| 0.4
AM 3 5 11 | 12 | 12 0 4 4 5 6 0 0 9.4 | 96 | 134 14. 14 0O |66|76| 94 10. 102 O
Peak 2 2
10. | 10.
4 6 10 | 11 | 12 0 5 5 10 | 10| 3 0 9.2 | 88 | 10.8 8 8 0 7 7 86 | 84| 9 0.2
Averag 47 9.0 99| 104 0 37|41|82]| 8 |18 0 11.7| 11.1| 126 | 12. | 12. | 0.0 27 7.7 | 10.8| 10. | 10.5 03
e ' 5 5 5 5 5 5 6 5 5 5 5 3 5 5 ' 5 5 6 5 ’
0.1 1.1 71178 6.3 | 5.6
1 7 6 9 10 7 2 4 | 10|11] 5 - 35 | 333 7.17 7 3 1.5 3 7 533| 6 6.5 | 25
10. | 11.
Off 2 1 5 5 7 16 | 5 6 5 5 1 0.8 6 5.4 | 10.6 4 8 08 |56|48| 56 | 62| 64 1
Peak
3 5 11 | 12| 12 | 06 | 4 4 5 6 0 28 | 6.8 | 6.4 | 104 12' 11 | 04 |56 | 54| 68 | 68| 64 | 0.6
4 6 10 | 11| 12 | 18 | 5 5 10 | 10| 3 3 7 6.2 | 11.2| 10 | 92| 06 | 76| 6 68 | 82| 6.6 | 04
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Time | Time EB NB wB SB
Perio | Segme . . . .
Rig Rig Rig Rig
d nt Left Through ht Left Through ht Left Through ht Left Through ht
Lane Number | 1 2 | 3 4 5|6 (7|8 |9|10| 11| 12 | 13 | 14 |15 | 16| 17 | 18 | 19| 20 | 21 | 22 | 23
Averag 9.2]10.2]| 1.0 47 221 19 949908 |62]|54 1.1
. 475 | 8 | °¢ 5 A | 4| 5 | 758 |5 |, | 58533984 " T | 7| S| 613]68|648( )
10. 12.
1 7 6 | 9| 10 |02| 2| 4 |10|11| 5 |28| 54| 64| 7 4 | 8| 14] 9 94102 7 102] 02
2 1 5|5 7 08| 5|6 |5 |5|1|08| 4 |56|88]|11 1(?' 38| 9 1(?‘ 9.6 12' 9 | 12
PM 3 5 |11 12| 12 |14 4| 4|5 |6|0|56| 16| 4 |56|a6|02 |58/ 12111204
Peak 2 4 8
10. | 10.
4 6 |10 11| 12 | 0 | 5| 5 | 10|10]| 3 2 | 18 | 54 | 62|38, , | 28|84 86|68| 82| 68
Averag 9.2 | 10.2 4.7 2.2 10.8 7.4 7.1 | 6.6 10.
. 4751 8 | 5 | 06| 4 | 758|728 715369 | |95 | 7197|101 " 965 44
Table B3.2 Average Queue Length (#vehs/lane) at University Pkwy & US 301
EB(Main) NB WB(Main) SB
Time Period
Left | Through| Right| Left | Through| Right| Left | Through| Right| Left | Through| Right
AM Peak | 4.7 9.82 0 7.9 6.23 0 |11.45| 1248 | 0.05|7.73| 10.67 | 0.3
Off Peak | 4.75| 9.17 1.04 | 8.75| 5.92 1.94 | 5.58 9.75 0.83 | 5.88| 6.47 1.13
PM Peak | 4.75| 9.17 0.6 |8.75| 5.92 28 | 8.1 7.95 7.1518.18| 9.95 4.4

275




Table B3.3 Average Queue Length by Lane (#vehs/lane) at University Pkwy & North Cattlemen Rd. / Cooper Creek B.

Time | Time EB NB WB SB
Period Segm Left Through Rig Left Through Right Left Through Right Left Throu | Rig
ent ht gh ht
Lane Number | 1 2 3 4 5 6 7 8 9 |10| 11 | 12 | 13 | 14 | 15 | 16 17 18 19 | 20 21 22
1.3 0.1 0.3 23| 13| 53| 48 | 10. | 10. | 10. 53 | 4.6 2.3
1 2 3 9 9 12.5 . 15| 05 3 0 3 3 3 3 5 83 5 0.83 3 7 25 3
2.3 11.1 11 06|01| 23| 28| 5.1 8.1 53 | 46 2.1
2 3 3 10 8.5 . 0 - 0.5 7 7 3 3 - 5 7 7.5 6 1.33 3 7 2 -
AM 33|26 28 | 16 | 46 | 3.8 | 11. | 11. | 11. 5.6 | 5.8 0.1
Peak 3 3 7 5.67 | 383 | 75 0 |[15|15] 1 |05 3 7 7 3 5 83 | &7 0 7 3 2 7
24|22 0.2 0.8 0.8 1.7 | 24 10. 6.1 | 53
4 3 9 5.29 | 5.14 | 7.57 9 1 6 6 1 1 3 35 3 11 | 11 67 0.5 - 3 15 0.5
Avera | 26 | 2.1 01(12](08(07|04 20| 46 | 41 | 10. | 10. | 9.7 56 | 5.1 1.2
ge 9 5 7491 6.62 1 9.68 1 9 4 1 2 2:3 7 7 7 29 | 29 1 0.67 3 3 2 9
76| 6.8 13.8 | 15.8 71| 46|53]| 43 13. | 12. | 13. | 12. 81| 7.6 3.1
1 7 3 135 3 3 251 4 7 7 3 3 5 17 | 17 | 33 | 83 13 | 467 7 7 8.83 7
9.2 | 8.8 27 (51|97 |42|55]| 85 15. | 15. | 18. | 17. | 17. 13. | 12. 4.1
2 9 6 18 18 18 1 4 1 9 7 7 o 83 | 33 | 17 | 83 17 9.5 67 5 115 7
Off 7.1 36|68|43|6.1 73| 15. | 15. | 15. | 15. | 14. 16. | 12. 5.1
Peak 3 8.5 7 18 18 18 3 7 3 3 7 ! 3 67 5 83 5 33 55 67 5 11.17 7
15.3 153 | 2.1 71|51 83| 81| 7.6 | 13. | 13. | 11. 98 | 9.1 4.1
4 8 |75 3 145 3 7 5 7 7 6 7.5 3 7 7 83 67 83 4.67 3 7 10.67 7
Avera | 83| 75| 16.2 | 16.0 | 16.7 26 44|77 |46|57)| 68| 74 | 13. | 12. | 15. | 14. | 14. 6.08 12. | 10. 10.54 4.1
ge 6 9 1 8 9 ’ 5 2 1 7 5 2 21 | 67 | 29 | 96 | 08 ' 08 | 46 ' 7
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Time | Time EB NB WB SB

Period S:r?tm Left Through lt?tg Left Through Right Left Through Right Left TZr: u ?tg
Lane Number 1 2 3 4 5 6 7 8 9 10 | 11 12 13 14 15 16 17 18 19 20 21 22
1 4%1 83.3 205*.0 205*.0 2510 Oé8 47.6 77.6 45 43.3 1:. t(; 10l 10! 131 13 182 55 | 12 é&; 6.67 3:

2 78| 8.8 205*'0 205*'0 2;;0 14| 4 | 74|34 8 12' 1;' 8é3 7.5 ]é?é ]é?é ]f; 3.83 ]é]% 1:' 6.17 3

pPe’\;k 3 45| 6 205*.0 205*.0 2;;0 05 8:.33 65 5:.33 4:.33 ]éé 9 87.1 8 11. Jé(; 1;). 333 | 12 :I:.;:i3 8.83 27.6
4 4é8 57.5 2;;0 2;;0 2;0 15 | 45 57.1 43.8 55| 10 | 95 97.1 97.1 ;13 ;13 1117 517 Sé8 87.6 6.17 2;;,3

A\g/;ra 5é3 7él o5 o5 o5 1é0 5é3 6é6 42.5 54.{5 15]é . ]é(g)) . 82.9 87.6 :;2 :I:.LZ3 ]é:; | 446 :I:.L 13 . 12?_ . 6.96 2:.38

Note: * indicates cycle failure

Table B3.4 Average Queue Length (#vehs/lane) at University Pkwy & North Cattlemen Rd. / Cooper Creek B.

EB(Main) NB WB(Main) SB
Time Period
Left | Through| Right| Left | Through| Right| Left | Through| Right| Left | Through| Right
AM Peak | 2.42 7.93 0.11 | 1.07 0.57 2.18 | 4.42 10.1 0.67 | 5.38 2 1.29
Off Peak |7.98| 16.36 | 2.6 [6.09| 5.19 7.13 | 12.94| 1478 | 6.08 | 11.27| 10.54 | 4.17
PM Peak | 6.25 25 1.06 | 6.03| 5.03 |11.13| 8.79 | 12.11 | 4.46 | 13.17| 6.96 2.83

277




After Study (Mar. 14 & Mar. 15, 2017)
Table B3.5 Average Queue Length by Lane (#vehs/lane) at University Pkwy & d@\864 Study

T(lem Time EB (Main) NB WB (Main) SB

.| Segm : : . .
Peri | "t | Left Through Rig Left Through Rig Left Through Rig Left Through Rig
od ht ht ht ht

Lane Number| 1 2 3 4 5 6 7 8 9 10 11 (12 | 13| 14| 15| 16 | 17 18 19 20 21 22 | 23

25| 48| 46| 36| 00|30 30| 40|30 10)00]72]62|26|20|16| 00| 50| 50| 74| 80| 80] 0.0

L 0 3 7 7]lolo] o o] o olo|lololo|lo|lo]of| o] o o] o o] o

5 35| 37| 45| 45| 00|21 24| 68| 47|38|00|86|75]|26|33|26|00]|43|47]82]090]90]00

7 1 7 7 10| 4] 3 6 1 6 |l ol 7|lo|l7|3|7] 0] 3 1 9 | o o] o

AM 3 35| 33| 48| 40| 00|28| 45| 48|60 34]|00|68]|75[22|28|22|00|45|47|77]|82]|82]00
Peak 0 8 8 ol ol|e]| 7 6 0 3 |lole|7l9l6]|9]| o]l 7 1 1 9 9 | o
4 33|31|36|40|00]|36|31|61]|61|30]|00|73[70]13|30[20| 00| 93|88/ 13|13 ] 13|00

Avera | 0.3 | 05| 03| 02|00|0O6)]06)|10(|211|(09(|(00|05(04(04]04]03]00] 17]15)]20])] 18| 17| 0.0
ge 6 3 9 6 0 7 4 4 1 1 0 8 7 4 0 4 0 6 1 8 4 8 0

58| 71| 66| 81| 00|42| 66| 15. | 12. 1 62| 00]52)|48|30|42|44| 00| 68| 71| 48| 73| 6.8] 0.0

1 3 7 7 7 0 0 0 20 20 0 0 0 0 0 0 0 0 3 7 3 3 3 0

2 46| 48| 78| 811 00|53|43| 63|70 26)]00(|41|50]|36|50|26]00| 58| 60]63|85]| 75|00

Off 0 3 3 7 0 3 3 3 0 0 0 7 0 7 0 7 0 3 0 3 0 0 0
Peak 3 3155|711 65]00|24| 32| 15 | 14.| 78| 00|46]|53|28|48]|50[00| 58] 56| 86| 94| 88]0.0
7 0 7 0 0 0 0 40 60 0 0 7 3 3 3 0 0 0 0 0 0 0 0

4 58| 70| 70| 62)]00|50| 66| 16.| 13. |1 86| 00|56]|61|18|36|41(00| 60| 65| 75| 78] 75]0.0
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Tlem Time EB (Main) NB WB (Main) SB

.| Segm ; ; ; ;
Peri Rig Rig Rig Rig
od ent Left Through ht Left Through ht Left Through ht Left Through ht
Lane Number| 1 2 3 4 5 6 7 8 9 10 ( 11 (12| 13| 14| 15| 16| 17 | 18 | 19 | 20 | 21 | 22 | 23
Avera | 48 |1 61| 71| 72|00(|42] 51| 13. | 11.( 63| 00|49(53(28|44]40]00)|6.1]|63)]68]82]|76]|0.0

ge 5 3 7 6 0 3 8 28 | 75 0 0 3 3 3 3 6 0 2 2 2 7 6 0
1 618178 71|l]00|85|83] 16.| 17.| 10. 1003348 13|26|21|00| 10.| 11.| 81| 83| 7.0] 0.0

7 7 3 7 0 0 3 00 | 67 | 80 0 3 3 3 7 7 0 00 | 00 7 3 0 0

5 68| 10. [ 11. | 86 | 00| 28| 51| 14. | 11. 1| 98] 00| 35|46 05|36|51| 00| 66| 85| 91| 95| 85 ] 0.0

3 67 | 33 7 0 3 7 00 | 50 3 0 0 7 0 7 7 0 7 0 7 0 0 0

PM 3 10. | 16. | 17. | 19. (00| 65| 6.0 | 33. | 33.| 18. | 00| 26| 33| 06|28|41| 00| 12. | 14. | 98| 10. | 9.8 | 0.0
Peak 00 | 50 | 50 | 00 0 0 0 00 | 00 | 00 0 7 3 7 3 7 0 83 | 83 3 17 3 0
4 53| 66| 78| 71|00]|72f11. | 17. ) 15.| 12. { 00| 33(41]08|41)45|(00] 10.| 12. | 7.3 | 88| 73| 0.0

3 7 3 7 0 0 00 | 60 | 40 | 00 0 3 7 3 7 0 0 67 | 50 3 3 3 0

Avera | 70 | 10. | 11. | 10. | 00| 62| 76 | 20. | 19. | 12. | 00| 32| 42| 08| 33|40 00| 10. | 211. | 86| 9.2 | 81 | 0.0

ge 8 50 | 13 | 50 0 6 3 15 | 39 | 66 0 1 5 3 3 0 0 04 | 46 3 1 7 0
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Table B3.6 Average Queue Length (#vehs/lane) at University Pkwy & U&A8fdr Study

EB(Main) NB WB(Main) SB
Time Period
Left | Through| Right| Left | Through| Right| Left | Through| Right| Left | Through| Right
AM Peak | 0.36| 0.39 | 0.00|0.65| 1.02 | 0.00(0.52] 0.39 [ 0.00| 1.64 1.90 | 0.00
Off Peak [4.85| 6.85 | 0.00|4.71| 10.44 | 0.00 [5.13| 3.77 | 0.00| 6.22 7.58 | 0.00
PM Peak | 7.08| 10.71 | 0.00|6.94| 17.40 | 0.00 | 3.73| 2.72 | 0.00]|10.75| 8.67 | 0.00
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Table B3.7 Average Queue Length by Lane (#vehs/lane) at University Pkwy & North Cattlemen Rd. / Cooper, GfesrkIBudy

T('em Time EB (Main) NB WB (Main) SB
Peri | Segm Rig . Rig Throu | Rig
od ant Left Through ht Left Through Right Left Through ht Left gh ht
Lane Number| 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
1 05| 2561|481 95|01|[04|05]02]|00]|00]| 00 243 18| 52| 45| 42| 00| 31| 35 220 0.0
0 0 7 3 0 7 3 7 9 0 0 0 ' 6 9 7 9 0 7 0 ’ 0
5 021 24| 12.( 16. ] 21. | 00| 02| 12] 12| 07| 08] 05 3.43 501 82| 70| 71 00| 6.1]|55 3.43 0.0
9 3 57 | 00 | 14 0 9 9 9 1 6 7 ' 0 9 0 4 0 4 7 ’ 0
AM 3 08| 23] 20.]20.|23.|00[08|218]08]| 02| 10| 05 271 32| 10.| 85| 87| 00| 6.1 48 243 0.0
Peak 3 3 83 | 83 | 00 0 6 6 6 9 0 7 ' 9 14 7 1 0 4 6 ’ 0
4 301 42| 28. 28.]131.100(08|11)10( 07| 02] 01 4.43 51197197 (92] 00| 381 4.3 283 0.0
0 0 33 | 33 | 67 0 6 4 0 1 9 4 ' 4 1 1 9 0 3 3 ' 0
Avera | 11| 28| 16. | 17. | 21. | 00 ) 06 ] 1.2 | 0.8 | 04 ] 05| 0.3 3.05 381 83|74 73)|00| 48| 45 279 0.0
ge 5 7 98 | 50 | 33 4 1 1 6 3 4 2 ' 2 6 6 6 0 2 7 ’ 0
1 63| 88| 31.(31.)]31.100|86 (| 10.) 11. | 11. | 73| 73 | 241 24. | 20. | 20. | 20. | 0.0 | 10. | 9.8 9.00 0.0
3 3 67 67 67 0 7 67 33 50 3 3 7 17 00 00 00 0 67 3 ’ 0
5 53| 11. | 30. [ 30. | 30. | 00| 66| 90| 9.2 | 9.2 | 10. | 10. | 23.0] 23. | 18. ] 18. | 18. | 0.0 | 10. | 10. 10.00 0.0
off 3 00 00 00 00 0 0 0 0 0 00 00 0 00 00 00 00 0 00 00 ' 0
Peak
3 40 76 ] 30.] 30.]1 30. 100 86 11.] 13. | 13. | 96| 86 | 166 | 17. | 16. | 16. | 16. | 0.0 | 10. | 10. 10.00 0.0
0 7 00 00 00 0 0 40 40 40 0 0 0 00 00 00 00 0 00 00 ' 0
4 24| 48 | 24. | 24. | 28. | 00| 12. | 13. | 13. | 12. | 11. | 11.| 23.0] 23. | 18. ] 18. | 17. | 0.0 | 10. | 10. 10.00 0.0
0 0 00 | 00 | 0O 0 00 | 80 | OO | 60 | OO | OO 0 00 [ 00O | OO0 | 50 0 00 | 00 ' 0
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Tim

o Time EB (Main) NB WB (Main) SB

Peri | Segm Rig . Rig Throu | Rig
od ant Left Through ht Left Through Right Left Through ht Left gh ht
Avera | 45| 80| 28. | 28. 1 29. | 00| 89| 11. | 21. | 11. | 94| 92 | 216| 21. | 18. | 18. | 17. | 0.0 | 10. | 9.9 9.75 0.0

ge 2 8 92 | 92 | 92 0 7 22 | 73 | 68 8 3 9 79 | 00 | OO | 88 0 17 6 ’ 0
1 24| 26| 30.| 30.| 30. | 00| 24. | 15. | 15. | 15. | 11. | 11. | 24.0| 24. | 20. | 20. | 20. | 0.0 | 10. | 10. 10.00 0.0

0 0 00 | 00 | 00 0 00 | OO | 0O [ OO [ OO | OO 0 00 | 00 | OO [ OO 0 00 | 00 ' 0

5 16) 32| 30. | 30.| 30.| 00| 14. | 15. | 15. | 15. [ 15. | 15. | 25.0 | 25. | 20. | 20. | 20. | 0.0 | 10. | 10. 10.00 0.0

0 5 00 | 00 | 00 0 00 | OO | 0O [ OO [ OO | OO 0 00 | 00 | OO [ OO 0 00 | 00 ' 0

PM 3 16) 28| 30.|30.|30.|00| 98] 11.| 64| 66 | 23. | 13. | 186 | 18. | 15. | 15. | 15. | 0.0 | 10. | 10. 10.00 0.0
Peak 0 0 00 | 00 | 0O 0 0 20 0 0 20 | 80 0 60 | 60 | 00 [ OO 0 00 | 00 ' 0
4 15| 42| 30.|1]30.]30.]|00|92|12.|60]| 78| 78| 7.6 760 80| 15. | 14. | 14. | 00| 84 | 7.4 8.40 0.0

0 5 00 | 00 | 0O 0 0 20 0 0 0 0 ' 0 00 | 40 | 40 0 0 0 ' 0

Avera | 1.7 3.2 | 30. | 30. | 30. | 0.0 | 112. ( 13. | 10. | 21. | 11. | 11. | 18.8 18. | 17. | 17. | 17. | 0.0 | 9.6 | 9.3 9.60 0.0

ge 8 3 00 | 00 | 00 0 75| 3 (60| 10 | 75 | 85 0 90 | 65 | 35 | 35 0 0 5 ’ 0

Note: * indicates cycle failure
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Table B3.8 Average Queue Length (#vehs/lane) at University Pkwy & North Cattlemen Rd. / Cooper CAdtk Btudy

EB(Main) NB WB(Main) SB
Time Period
Left | Through| Right| Left | Through| Right| Left | Through| Right| Left | Through| Right
AMPeak [2.01| 18.60 | 0.04| 091 | 064 | 043|354 | 773 |000]| 469 | 272 | 0.00
Off Peak | 6.30( 29.25 | 0.00 | 10.09| 11.70 | 9.36 | 21.74| 17.96 | 0.00|10.06| 9.75 | 0.00
PM Peak | 2.50( 30.00 | 0.00|12.55| 10.85 |11.80|18.85( 17.45 | 0.00| 9.48 | 9.60 | 0.00
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Comparisons of Before and Aft€pueue Lengths for Critical Intersections

The differences in queue length between the before and after measurements are shown in F:8eto D-3.12. The tables are
color-coded as follows: green shows significant improvement, yellow shows modest change (either improvement or deterioration),
and red shows significant deterioration in delay. Several gradations of each color are used to repfésemt diariations within

each classification.

Table B3.9 Difference in Average Queue Length by Lane (#vehs/lane) at University Pkwy & US 301

Time EB (Main) NB WB (Main) SB
Perio | Lef Rig Rig Rig Rig
d i Through ht Left Through ht Left Through ht Left Through ht
Av
e
Lane
wm | Tl 2] 3 4 56| 7| 8 9 | 10|12 | 12| 13| 14| 15| 16 | 17| 18| 19| 20| 21| 22| 23
ber
AM X _ i | 00| .= i X ) “| 00 - : ~ . - X X X i i i |
43| 85| 95| 101| " [ 30| 35| 72| 74 09| " (111 106|122 11.9| 12.1| 00| 59| 62| 87| 87| 87| 0.3 (6.6
Peak | 4| 2| &6 9 g8| 1 1 9 4 7 8 1 0 6| 5| 4| 4| 8| 6| 7| of o
Ooff | o1 . = ) - “| 02| 04| 57| 37| 40| . - - - - . | 08| 06| 14| 12 )
| 18| 20 10| : : ' | 1.9 0.00 08| 01| ™ ' : ~| 11]05
peak | O| gl Tgl 29| 4| 3| 3 8 5 5[ 7, | 0.90 701( 502|590 " | "ol 5| of 7 8| 7,
PM | 23| 25| 18 22| 28] 22.| 12.| 12 - - - - - 33| 17 ) ) o4
' : 1 o062| 06| = : : : ‘| 28 71| > | 14| 08| 14| 24| ™
peak | 3| O] 8 ol 6| 8| 65| 39f 16| | 7.64| 110| 6.07| 412|550 "2 of 6| “of "o ol T | 6

284



Table B3.10 Difference in Average Queue Length (#vehs/lane) at University Pkwy & US 301

EB(Main) NB WB(Main) SB
Time Period
Left | Through | Right [ Left | Through | Right | Left | Through | Right| Left | Through | Right
AM Peak | -4.34| -9.43 0.00 | -7.25( -5.21 0.00 | -10.93| -12.09 | -0.05| -6.09| -8.77 -0.30
Off Peak 0.10 -2.32 -1.04 | -4.04 4.52 -1.94 | -0.46 -5.98 -0.83 | 0.34 1.11 -1.13
PM Peak | 2.33 1.66 -0.60| -1.81| 12.06 | -2.80 | -4.37 -5.23 -7.15 | 2.57 -1.28 -4.40

Table B3.11 Difference in Average Queue Length by Lane (#vehs/lane) at University Pkwy & North Cattlemen Rd. / Cooper Creek B
Time EB (Main) NB WB (Main) SB
Period Left Through Rig Left Through Right Left Through Rig Left Throu | Rig
ht ht gh ht
Avera
Lane ge
1 2 3 4 5 6 7|89 |10f212]12] 13| 14| 15| 16| 27 | 18 | 19 | 20 21 22
Numb
er
F,Ae'\gk 1.5 02'7 9.49 1?3'8 1;6 0.0 | 0.6 07'3 051 oio 17| 1.7 | 1.4 0’35 19| 28] 23| 06| 08| 05| 072 | 1.2 | 0.73
4 7 8 6 5 2 ' 3 3 5 7 1 6 9
Off | 04|127|128|131| . | 45|35|71|59]| 26| 18| 84 27|30 | 38| . : : :
3.8 2.6 9.12 6.0 19| 05| 079 | 41 [ 3.27
Peak | = 9 1 4 3 0 2 o 2|1] 3 1 8 1 4 0 0 Q 0 7
PM 1 35| 39 |500|500]|500]| 10|%3|68(60[55]| 01| 1198110215352 54| ,,1 15|58 264 | 28| 257
Peak | ¢ 5 5 77| 8|6 ]| 9 6 8 3 6 2 3 5 5 5 :
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TableD-3.12 Difference in Average Queue Length (#vehs/lane) at University Pkwy & North Cattlemen Rd. / Cooper Creek B
EB(Main) NB WB(Main) SB

Time Period
Left | Through | Right | Left [ Through | Right | Left | Through | Right | Left | Through | Right

AM Peak [ -0.41 10.67 -0.07 | -0.16 0.07 -1.75 | -0.88 -2.37 -0.67 | -0.69 0.72 -1.29

Off Peak | -1.68 | 12.89 [ -2.60 | 4.00 6.51 2.23 | 8.80 3.18 -6.08 | -1.21 -0.79 -4.17

PM Peak | -3.75 5.00 -1.06 | 6.52 5.82 0.67 | 10.06 5.34 -4.46 | -3.70 2.64 -2.83

Discussion
Thefollowing can be concluded from the comparison of queue length:

w For the University Parkway and US 301 intersection, the average queue length decreased by 6.6 vehicles in the AM peak.
The average queue length decreased slightly (0.54 vehicles) duringftRe& and increased slightly (0.46 vehicles)
during the PM peak.

W For the University Parkway and North Cattlemen Rd intersection, the average queue length increased by an average of
0.73 vehicles in the AM peak, 3.27 vehicles in the Off Peak, and 2.57 vehicles in the PM peak. This increase in queue
length could be maigldue to the construction area where some lanes were narrowed. Specially, queues in the EB
direction reached around 40 vehicles, during some cycles in the Off Peak and almost the PM peak period.

() US 301 is the critical intersection on the west part of the corridor, except for PM peak NBT (side street) movement,
majority of the movements show decrease in queue levels at all times of the day.
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w

D.34 QUEUE TO LANE STGEARATIO

In addition to queue length, it is important to assess any impaetdjacent lanes or to
upstream facilities. The queue to link/lane ratio is used to establish the likelihood of spillback,
whichis presented in this section by movement and by time period.

The following assumptions are used:

1 The storage capacity istemated as the maximum number of vehicles in the lane.

1 The queue to link/lane storage ratio is estimated as 1 if the observer reported
GaLAttolrO1é YR a nody AF NBLRZNISR Fa (KS
distance.

1 Queue to lane storage ratias/er 80% are highlighted in yellow, as they represent
conditions with a high probability for spillback.
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23222120 19 18 A 22 21 20 19
17
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B

@) awy & US 30 (b) University Pkwy & N. Cattlemen Rd.
a) University P U 1
/Cooper Creek B.

Figure BD4.1 Lane Configuration of Critical Intersections
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Before Study (Mar.18 & Mar.19, 2015)
Table 4.1 Average Queue Storage Ratio by Lane and by Period at University Pkwy & US 301

. . EB (Main) NB WB (Main) SB
Time Time
Perio | Segme . . . .
d nt Ltef Through R![gh Left Through R![gh Left Through thgh Left Through thgh
Lane Number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 | 20 | 21 | 22 23
020404 04 03]03(02|02|01 09| 09| 07| 06| 0.6 0.4 0.7 | 0.7
! 7 4 7 9 0 8 7 4 5 4 0 3 6 5 4 4 0.02 9 0508 8 2 0.05
01| 04| 04|04 02] 02| 02|02 06| 06| 06| 04| 05 04| 04| 06| 06| 0.6
2 9 6 7 4 0 2 7 7 7 0.1 0 4 8 4 6 6 0 1 1 9 2 4 0.03
AM 02| 06| 06| 0.6 03] 01|01 0.5 07| 06| 0.6 03| 04| 05
Peak 3 9 5 7 3 0 0.4 3 4 7 0 0 2 0.6 1 5 7 0 5 2 5 0.6 06 0
03| 05| 06| 0.6 041] 02| 02|01 05| 05| 05| 04| 05 03| 03|05|04]| 05
4 5 9 1 3 0 0.5 2 9 9 7 0 1 5 7 9 1 0 7 9 1 9 3 0.02
Averag| 0.2 | 0.5 | 05| 0.5 03] 03|02]|02 0.6 0.6 | 05 04| 04| 06| 06|06
e 8 3 5 5 0 8 5 4 5 0.1 0 5 0.7 7 6 0.6 001 1 3 4 2 2 0.03
04| 0.3 0.5 03] 02| 03] 0.2 0.1 02| 03| 03] 0.3 03] 03| 03| 03] 0.3
1 1 5 0.5 3 0.02 | 0.2 3 9 1 8 0.12 9 1 8 3 7 0.15 3 1 1 5 8 0.21
00| 02| 02| 0.3 01| 01| 00 03| 03|05|04]| 05 02|02|03|03]|03
o 2 6 9 8 7 0.23| 05| 05 4 4 6 0.08 3 4 6 7 6 0.08 9 7 3 6 8 0.08
Peak 02| 06| 06|06 03]01]01 0.3 05| 04|05 0.2 0.3
3 9 5 7 3 0.09| 04 3 4 7 0 0.28 8 0.4 5 6 5 0.04 9 03| 04| 04 8 0.05
03| 05| 06| 0.6 04 02| 02|01 03|/ 03|05|04]| 04 0.3 04| 0.3
4 5 9 1 3 0.26 | 0.5 2 9 9 - 0.3 9 9 9 5 4 0.06 | 0.4 3 0.4 8 9 0.03
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Time | Time EB (Main) NB WB (Main) SB
PZFiO Sengtme Ltef Through Ri[gh Left Through Ri[gh Left Through Ritgh Left Through Ritgh
Avirag Oé2 07.4 Oi5 04.15 015! 04 | 04 012 03.2 03.1 0.19 02.3 OéS 02.5 Oé4 07.4 0.08 03.3 03 063 04 08.3 0.09
1| % % os | % o0 02| %) %2 %31 0% loas | 0s | 0a| %P % 0% 1 oaa| O %05 0s| %7 | 06 | 002
2 0(.30 052 08.2 07.3 011! 05| 05 0(.11 01.11 OéO 0.08 02.2 05.3 06.4 051 05 | 038 07.4 0§5 065 06 OéS 01
PPel\gk 3 09.2 05.6 07.6 0:.36 02 | 0a 03.3 0(.11 07.1 o | os6 02.2 05.3 0212 02.4 056 058 05.5 07.6 046 066 05.5 0.25
4 05.3 055 Oi6 056 0 05 02.4 052 Oé2 07.1 02 | 03 OéS 02 064 09.34 0.28 OA.f4 08.4 04 08.4 04| 015
Avirag Oé2 07.4 Oi5 045 009! 04| 04 0i2 03.)2 03.)1 0.28 06.2 07.3 02.3 Oé4 05 | 035 0é4 065 05.5 02.6 02.5 013
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Table B4.2 Number of Cycles with Spillback at University Pkwy & US 301.

Tim Time #Cycl EB (Main) NB WB (Main) SB
e Segm esin
Peri 15 Lef Rig Rig Rig Rig
od ent min i Through ht Left Through ht Left Through ht Left Through ht
Lane Number 1 2 3 4 5 6 |7]| 8 9 |10 11 | 12 | 13| 14 é 16 | 17 é 19 20| 21 23
1 5 0|0 0 0 0 0 |0] O 0 0 0 1 5 5100 0|0 O 0 3 2
2 5 0 1 1 1 0 0 |0| O 0 0 0 1 0 11| 0 1 /0|0 0 1 0
AM 3 5 0|0 0 0 0 0 |0] O 0 0 0 1 0 1 (1|1 1 10| 0 0 1 1
Peak
4 5 0|0 0 0 0 0 |0] O 0 0 0 1 0 0|0 O 0|0 O 0 0 0
020202 12]17|0.|0.2 1.2 0.7
Average 0 5 5 5 0 0 |0l O 0 0 0 1 5 5 |5 5 0570 0 0 5 5
1 6 0|0 0 0 0 0 |0] O 0 0 0 2 0 00| O 0|0 O 0 0 0
2 5 0| O 0 1 0 0 |0] O 0 0 0 1 0 00| O 0|0 O 0 0 0
Off 3 5 0|0 0 0 0 0 |0] O 0 0 1 1 0 00| O 0|0 O 0 0 0
Peak
4 5 0|0 0 0 1 0 |0] O 0 0 1 1 0 00| O 0|0 O 0 0 0
Average 0| O 0 052 05;2 0 |0] O 0 0 | 05 152 0 00| O 0|0 O 0 0 0
PM 1 6 3 1 1 0 0 11| 0 0 2 0 1 0 0|0 O 0|0 O 1 1 0
Peak| 5 lo|l1|1|1|lo0o|1|2lolo|lo|o|1|o0|o0|o|lo|lo|1]0]1]o0O 0
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Tim Time #Cycl EB (Main) NB WB (Main) SB
e Segm esin
Peri 15 Lef Rig Rig Rig Rig
od ent min i Through ht Left Through ht Left Through h Left Through ht
1 1 2

Lane Number 1 2 3 4 5 6 |7| 8 9 | 10| 11 | 12 | 13| 14 5 16 | 17 8 19| 20 | 21 5 23

3 5 2 3 2 2 0 2 131 1 3 2 1 0 0|0 O 1 1] 1 1 1 (1] 1

4 5 0O 0 0 0 1120 0 0 0 1 0 0|0 O 0 |0]| O 0 00| O
12]12 0.7 1.2 02]02]|12 0.2]0.|]02]|0.7 0.2

Average 5 5 1 5 0 5 2 5 5 5 05| 1 0 0|0 O 5 | 5| 5 5 051 5

Table 4.3 Average Queue Storage Ratio by Lane and by Period at University Pkwy & North Cattlemen Rd. /Creek Cooper

Time | Time EB (Main) NB WB (Main) SB
Perio | Segme . . .
d nt Left Through FI:Itg Left Through Right Left Through F;',[g Left T:r ngh
Lane Number | 1 2 3 4 5 6 7 8 9 |10 | 11|12 |13 | 14| 15| 16| 17| 18 | 19 | 20 | 21 | 22
0.1|00|03|03|05 01/00(00|00]|01|00|03|02|05|06]|05 02| 02|02
1 5 8 6 6 0 0.03 1 4 4 0 4 7 0 7 3 0 8 0.04 7 3 1 0.12
02|01 03|04 00/00(00|{00]01|01|02|02|04]|04]|03 020201
AM 2 3 4 0.4 4 5 0.00 8 4 8 1 4 6 9 8 1 2 3 0.07 7 3 7 011
Peak
3 02|01|02|01|03 0.00 01/01(01{00]|01|00|02|02|05|06]|0.6 0.00 02]02|01 001
6 6 3 5 0 ' 1 1 3 4 7 9 6 1 8 6 5 ' 8 9 7 '
01(01|02|02]|03 00/00|01|00]01|01|02|01|05|]06]|05 03]02]01
4 9 3 1 1 0 0.06 7 6 1 8 0 3 9 7 5 1 9 0.03 1 7 3 0.03
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Time | Time EB (Main) NB WB (Main) SB
P?jrio Sen%me Left Through I?]Itg Left Through Right Left Through Fr?tg Left T:r Righ
Lane Number | 1 2 3 4 5 6 7 8 9 10| 11 |12 | 13 | 14| 15|16 | 17 | 18 | 19 | 20 | 21 | 22
AV(Z rag 0i2 03.1 03 062 Oé3 0.02 OéO OéO OéO 0:.30 041 Oil Oé2 0é2 Oi5 07.5 045 0.03 0{.32 062 07.1 0.06
1 O§5 04 045 055 O?.)B 050 09.2 Oi5 0é5 Oi4 052 oéz Oé7 0é6 07.6 0i7 02.7 0.23 0i4 OéS 047 0.16
5 0i7 02.5 02.7 0; 02.7 054 07.3 Oé6 0(.15 0é4 0(.)5 0(.)5 Oé8 058 Oi9 0§9 05;9 0.48 0é6 03.’6 Oé9 0.21
P(Zf; ) 3 056 02.4 02.7 0; 02.7 0.6 oéz O§4 045 07.4 0i4 Oi4 07.8 0(.38 O; 0(.38 08 | 0.28 0:.)’8 03.6 03.9 0.26
4 0é6 044 Oi6 0é5 0i6 0.43 OéS 0i5 056 064 OA.f4 0é4 05.4 0:.34 Oé6 06.37 0é6 023 Oé4 Oé4 05.38 021
Avi rag OA.fG 05.4 05.6 OA.fG 07.6 0.52 02.3 055 OéS 044 0(.)4 0i4 03.7 0(.)7 0é7 058 0é7 0.30 0(.)6 02.5 OE.38 0.21
1 0é3 Oé4 1(.)0 1(.)0 1(.)0 017 O:.g3 05.5 Oé5 0?.)3 O§7 05.95 065 065 05.6 02.7 Oi7 0.28 0(.)6 02.9 065 017
PZl\gk 5 0(.)6 02.5 1(.)0 1(.)0 1(.)0 0.28 OéZ 0é5 03.4 02.6 0i6 06.7 06.4 02.4 07.6 04.17 03.7 0.19 0{.35 Oé7 OiS 0.15
3 053 053 1(.)0 1(.)0 1(.)0 010! 0.6 0(.54 0%6 0é3 03.7 O(.)S 05;4 01.14 OéS 0(.)6 OéS 017 0(.)6 02.9 04.17 0.13
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Time | Time EB (Main) NB WB (Main) SB
Perio | Segme

d nt Left Through I?]Itg Left Through Right Left Through Fr?tg Left T:r Righ
Lane Number | 1 2 3 4 5 6 7 8 9 10| 11 |12 | 13 | 14| 15|16 | 17 | 18 | 19 | 20 | 21 | 22
4 0%3 03.3 1(.)0 1(.)0 1(.)0 0.30 02.3 07.3 06 02.4 0é5 055 Oi5 0i5 07.5 0é6 02.6 0.26 OA.r4 03.4 Oi5 012

Avgrag Oi4 02.4 1(.)0 1(.)0 1(.)0 021 0é3 0é4 065 03.)4 OéG 05.95 065 Oé4 Oi6 07.6 066 022 065 067 0{35 014
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Table 4.4 Number of Cycles with Spillback at University Pkwy & North Cattlemen Rd. /Creek Cooper

. # EB (Main) NB WB (Main) SB
Time .
Perio Time cycles
S t | in15 i . i i
d egmen Izwin Left Through thgh Left Through Right Left Through Rl[gh Left T:r thgh
Lane Number 12| 3 4 5 6 7 8 9| 10| 11| 12 | 13| 14 | 15 | 16 | 17 18 19 g 21 22
1 6 0/0| O 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 1 2
2 6 00| O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
AM 3 6 00| O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Peak
4 6 00| O 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0
Average 0/0| O 0 0 0 0 0 0 0 0 0 g 0 0 05'2 052 025| 0 0 0 0.25
1 6 o|{0| O 0 0 0 0 0 2 0 0 0 1 1 0 0 0 1 0 0 0 0
2 6 210 O 0 0 1 0 2 0 0 0 0 5 5 4 4 4 3 1 1 3 0
Off 3 6 10| O 0 0 1 0 0 0 0 0 0 5 5 2 3 1 0 3 0 3 0
Peak
4 6 10| O 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0
0. 0. | 0.7 27 | 27 1.7 0.2
Average oj1( O 0 0 0 5 0 5 5 0 0 0 5 5 15 5 125| 1 1 5 1.75
1 6 o|1]| 6* 6* | 6* 0 0 0 0 0 3 0 0 0 0 0 0 1 0 5 0 0
PM
2 5 0|0| 5 | 5* | 5* 0 0 0 0 1 0 2 0 0 0 0 0 0 0 1 0 0
Peak
3 6 0|0| 6* 6* | 6* 0 1 0 2 0 2 0 0 0 0 0 0 0 0 1 0 0
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. # EB (Main) NB WB (Main) SB
Time .
Perio Time cycles
Segment | in15 i . i i
d 9 Imin Left Through thgh Left Through Right Left Through Rl[gh Left T:r thgh
Lane Number 112 3 4 5 6 7 8 9 10 11 12 | 13| 14 | 15 16 17 18 19 g 21 22
4 6 0|0| 6 | 6% | 6* 0 0 0 0 0 0 0 0 0 0 0 0 0 0 |1 0 0
02| 57| 57 0.2 02| 12] 0. 0.2
Average 0|0 5 5 5 575| 0 5 0| 05 5 5 5 0 0 0 0 0 5 0 2 0
Note: * indicates cycle failure
After Study (Nov. 19 & Nov. 20, 2014)
Table 4.5 Average Queue Storage Ratio by Lane by Period at University Pkwy & {JAfRDIStudy
EB (Main) NB WB (Main) SB
Time Period Lef Righ Riah Righ
te Through Itg Left Through ![g Left Through Itg Left Through Right
Lane Number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 | 22 22 23
01(02] 02|01 03] 02(01]00]O00 04103|01]00]00 021 02| 04| 04] 04
1 5 8 6 9 0.00 0 5 1 9 6 0.00 0 9 4 9 8 0.00 6 8 4 7 7 0.00
02| 02] 02|02 02]102(02]01] 0.2 04]104(01]101]01 021 02]04|05] 05
2 1 2 5 4 0.00 1 0 0 3 1 0.00 8 7 4 5 3 0.00 3 6 9 3 3 0.00
AM
Peak 02| 02] 02|02 01]03[01]01]01 03]104(01]101]01 021 02]04|04] 04
3 1 0 7 1 0.00 9 8 4 7 9 0.00 8 7 2 3 1 0.00 4 6 5 9 9 0.00
021 01| 02| 0.2 03(02)01]01|01 04| 04)00]01] 012 041] 04| 07| 07] 07
4 0 9 0 1 0.00 7 6 8 8 7 0.00 1 4 7 4 0 0.00 9 9 8 8 7 0.00
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EB (Main) NB WB (Main) SB
Time Period Lef Riah Riah Riah
te Through |tg Left Through Lg Left Through Itg Left Through Right
Lane Number 1 2 3 4 5 6 7 8 9 10 11 12 | 13 | 14 | 15 | 16 17 18 | 19 | 20 | 21 | 22 23
Averag| 0.0 | 0.0 | 0.0 | 0.0 00| 00(|o00|O00]O00 00| 00| 00| 00]O00 00[00|01f01]01
e 2 3 2 1 0.00 7 5 3 3 5 0.00 3 3 2 2 2 0.00 9 8 2 1 0 0.00
03| 04| 03] 04 04| 05(04]|03]03 02|03(01]|01]|02 03] 04(02|04]| 04
1 4 2 7 3 0.00 2 5 3 5 4 0.00 9 0 6 9 1 0.00 6 0 8 3 0 0.00
02 (02| 04] 04 05]103|01|02]f01 02]103|01|02]01 03[ 03|03|05]|04
2 7 8 4 3 0.00 3 6 8 0 4 0.00 3 1 9 3 3 0.00 1 3 7 0 4 0.00
Off 0.1]03]04] 03 02| 02| 04]104] 04 02| 03(01]|02]|02 03[ 03|05|05] 05
Peak 3 9 2 0 4 0.00 4 7 4 2 3 0.00 6 3 5 2 4 0.00 1 1 1 5 2 0.00
03 (04| 03] 03 05| 05| 04| 03|04 03|03(01]|01]|02 03] 03(04| 04|04
4 4 1 9 3 0.00 0 5 6 8 8 0.00 1 9 0 7 0 0.00 2 6 4 6 4 0.00
Averag| 0.2 1 0.3 | 04 | 0.3 04|04(03|03]03 0203|01|02]01 03[03|04(|04] 04
e 9 6 0 8 0.00 2 3 8 4 5 0.00 7 3 5 0 9 0.00 2 5 0 9 5 0.00
03 (04| 04] 03 08| 06| 04| 05| 06 01|03(00| 01|01 05]|]06|04| 04|04
1 6 8 4 8 0.00 5 9 6 0 0 0.00 9 0 7 2 0 0.00 3 1 8 9 1 0.00
04| 06| 06| 04 0210404 03|05 01]02|00|01]02 03| 04| 05| 05] 05
2 0 3 3 6 0.00 8 3 0 3 5 0.00 9 9 3 7 5 0.00 5 7 4 6 0 0.00
PM
Peak 05| 09| 09] 10 06 05]109| 09| 10 01]02|00|01]02 06| 08| 05| 06] 05
8 9 7 7 0 0.00 5 0 4 4 0 0.00 5 1 4 3 0 0.00 8 2 8 0 8 0.00
03 (03] 04] 03 071 09| 05| 04| 06 01|02(00| 01|02 05]|]06|04| 05|04
4 1 9 4 8 0.00 2 2 0 4 7 0.00 9 6 4 9 1 0.00 6 4 3 2 3 0.00
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EB (Main) NB WB (Main) SB
Time Period Lef Riah Riah Riah
te Through |tg Left Through Lg Left Through Itg Left Through Right
Lane Number 1 2 3 4 5 6 7 8 9 10 11 12 | 13 | 14 | 15 | 16 17 18 | 19 | 20 | 21 | 22 23
Averag| 0.4 )1 06 | 0.6 | 0.5 06| 06| 05| 05] 07 01f(02|00|01]01 05|06 |05|05] 04
e 2 2 2 5 0.00 3 4 8 5 0 0.00 8 7 4 5 9 0.00 3 4 1 4 8 0.00
Table B4.6 Number of Cycles with Spillback at University Pkwy & US 3fter Study
# EB (Main) NB WB (Main) SB
Time Time Cy_cle
Period | Se9Men| S Righ Righ Righ
t 15 ; Through tg Left Through tg Left Through tg Left Through Right
mins
Lane Number 1 ]12| 3 4 5 6|7 8 9 10 11 i e e 17 18 | 19| 20 21 2 23
213|415 2
1 5 0 |[0] O 0 0 ojof 1 0 0 0 ofojJo]|oO 0 0 0 0 0 0 0
2 6 0 |[0] O 0 0 0|0 O 0 0 0 ofojJo]|oO 0 0 0 0 0 0 0
AM Peak 3 7 0o |0] O 0 0 0|0 O 1 0 0 ofo]JoO0]|oO 0 0 0 0 0 0 0
4 6 0o |0] O 0 0 0|0 O 0 0 0 ofo]JO0]|oO 0 0 0 4 5 4 0
Average 0 |[0] O 0 0 0|0 05'2 05'2 0 0 ofojJo]|oO 0 0 0 1 15;2 1 0
1 5 0 |0] O 0 0 0|0 5 4 0 0 ofo]JO0]oO 0 0 0 0 0 0 0
2 6 0 |0] O 0 0 0|0 O 0 0 0 ofo]JO0]oO 0 0 0 0 0 0 0
Off Peak 3 6 0 |0] O 0 0 o|0]| 4 3 1 0 ofo]JoO0]|oO 0 0 0 1 1 0 0
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# EB (Main) NB WB (Main) SB
Time Time CyF:Ie
Period | SPIMeN| SN 1 Righ Righ Righ
t 15 i Through tg Left Through tg Left Through tg Left Through Right
mins
1]1111(1]1 2
Lane Number 1|2 3| 4 5 |6|7]| 8 9o |10 1 (ool alsle| 718292021 23
4 6 0O [0f O 0 0 0o|o0 5 4 0 0 olojJojoy|o 0 0 0 0 0 0 0
Average 0 |]O| O 0 0 00| 35 2.7 02 0 ofojJo]JO0O|oO 0 0 0 0.2 102 0 0
5 5 5 5
1 6 0 11 0 0 0 0|0 5 6* 0 0 olojojoy|o 0 1 1 0 0 0 0
2 6 0 ]12| 1 0 0 010 2 2 0 0 ofojJo]JoO0|oO 0 0 0 0 0 0 0
PM Peak 3 6 0 |1] 1 1 0 010 3 4 3 0 ofojJo]JoO0|oO 0 3 4 0 0 0 0
4 6 0O [0f O 0 0 0|0 0 0 0 0 olojojoy|o 0 1 1 0 0 0 0
0 0.2 0.7 1.2 | 1.
Average 0 1 5 5 0 0|0 25 3 5 0 olojojoy|o 0 5 5 0 0 0 0
Note: * indicates cycle failure
Table 4.7 Average Queue Storage Ratio by Lane by Period at University Pkwy & North Cattlemen Rd. /CreekAtmoigtiudy
EB (Main) NB WB (Main) SB
Time . . .
Left Through Rig Left Through Right Left Through Rig Left Throu | Righ
ht ht gh t
Lane Number 1 2 3 4 5 6 7 8 9 (101112 | 13| 14|15 )16 | 17| 18 [ 19| 20 21 22
AM 00]01|01]01f03 oofoo0j00O0f00]0O0O|00]01]00|02]02](0.2 0.2 0.1
1 . . A .
Peak 4 5 9 5 0 0.03 3 4 2 0 0 0 0 7 6 3 1 0.00 9 8 0.16 1 0.00
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EB (Main) NB WB (Main) SB

e Left Through Rig Left Through Right Left Through Rig Left Throu | Righ

ht ht gh t

Lane Number 1 2 3 4 5 6 7 8 9 10| 12 (12| 13| 14 | 15 | 16 | 17 18 19 | 20 21 22
5 02.0 01.11 O§3 0(.)5 OéG 0.00 oéo 09.)0 oéo 05.0 OéO O:.%O 04.11 O(.)Z 01.4 053 Oé3 0.00 065 oéz 024 | 000
3 OéO 01.11 05.6 056 02.7 0.00 060 02.1 060 02.0 07.0 0;3,0 01.1 Oé,l 01.5 Oé,4 04.14 0.00 065 01.12 017 | 0.00
4 03.2 05.2 Oés 058 Oég 0.00 0{30 0{30 0%0 OF.JO 02.0 OiO Oél Oiz O§4 O§4 Oé4 0.00 053 02.2 020 | 0.00
A\éz ra Oéo 0%1 03.5 05.5 07.6 001 0‘.10 0{30 0{30 03.0 040 Oéo O?.,l Oél 02.4 0%3 07.3 0.00 044 0?.,2 019 | 000
1 0§4 0é5 Oé9 0§9 Oég 0.00 0;3 01.7 067 07.7 0§4 0i4 07.9 0%9 1(.)0 l(.)O 1(.)0 0.00 0%9 09.4 064 | 000
5 01.4 056 049 01.19 049 0.00 0%4 066 0i6 01.6 07.6 065 02.9 Oé9 069 069 069 0.00 Oi9 065 071 | 0.00
P(Zf;l y 3 01.3 05.’4 049 049 049 0.00 Oi6 Oé7 058 058 046 0{.34 066 0{.36 068 0(.)8 068 0.00 0i9 0(.)5 071 | 0.00
4 Oél oéz 05.7 05.’7 OéB 0.00 0é8 02.9 0%8 048 03.7 0i6 02.9 0é9 069 0(.)9 Oé8 0.00 0i9 0(.)5 071 | 0.00
AZ; ra 05.3 0é4 0(.)9 0(.)9 Oé,g 0.00 0‘.16 057 Oé7 0é7 03.6 0i5 07.8 0%8 0(.)9 069 0{.38 0.00 Oé9 065 070 | 0.00
I:)Pel\;k 1 Oél 05.1 049 01.19 049 0.00 1(.)0 1(.)0 1(.)0 1(.)0 03.7 0i6 069 059 1(.)0 1(.)0 1(.)0 0.00 Oi9 065 071 | 0.00
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EB (Main) NB WB (Main) SB
Time . . .
Left Through Rig Left Through Right Left Through Rig Left Throu | Righ
ht ht gh t
Lane Number 1 2 3 4 5 6 7 8 9 10| 12 (12| 13| 14 | 15 | 16 | 17 18 19 | 20 21 22
01/01]09]|09] 0.9 10|10(10|20|10|(08]210(f10]|210|120]|10 09| 05
2 2 9 4 4 4 0.00 0 0 0 0 0 3 0 0 0 0 0 0.00 1 0 0.71 | 0.00
01101]109]09]09 071071041041 08]07]07]07]07]|0.7]{0.7 091 05
3 2 6 4 4 4 0.00 0 5 3 4 8 7 4 4 8 5 5 0.00 1 0 0.71 | 0.00
01(02]09]09|0.9 06]08)04(05|05]04]103|03|0.7]0.7]0.7 0.7 1 0.3
4 2 5 4 4 4 0.00 6 1 0 2 2 2 0 2 5 2 2 0.00 6 7 0.60 | 0.00
Avera | 0.1]1 011 09| 09] 0.9 08)08|07|07]07]06]07|07]|08]08]0.8 0.8] 04
ge 4 9 4 4 4 0.00 4 9 1 4 8 6 5 6 8 7 7 0.00 7 7 0.69 | 0.00
Table 4.8 Number of Cycles with Spillback at University Pkwy & North Cattlemen Rd. /Creek €édieerStudy
# EB (Main) NB WB (Main) SB
. Time cycle
Time .
Period | Scdmen| sin Righ Righ Thr
t 15 Left Through 9 Left Through Right Left Through 9 Left Right
mins t u
Lane Number 1] 2 3 4 5 6 7 8 9 10| 11 12 13 14 | 15| 16 | 17 18 ; (2) 21 22
AM 1 7 0| 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0|0 0 0
2 7 0| O 4 5 6 0 0 0 0 0 0 0 0 0 0 0 0 0|0 0 0
Peak 3 7 o 0| 7* | T 0 0 0 0 0 0 0 0 0 0 0 0 0|0 0 0
4 7 o 0| 7* | T 0 0 0 0 0 0 0 0 0 0 0 0 0|0 0 0
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# EB (Main) NB WB (Main) SB
. Time cycle
Time .
Period | Sedmen| sin Righ Righ Thr
t 15 Left Through tg Left Through Right Left Through tg Left Right
mins u
Average 0| 0 Aé 457 Z 0 0 0 0o|oO 0 0 0 0 o|l0| O 0 0|0 0 0
1 6 0O 1 | 6* 6* 6* 0 0 0 2 2 0 0 6* 6* 6* | 6* | 6* 0 0] 0 0 0
2 5 Of 1 |5 | 5 | 5* 0 0 0 o|oO 0 0 5* 5* | 5% | 5% | 5* 0 0|0 0 0
* * * * * * * *
Off Peak 3 6 0| 0 |6 6 6 0 0 0 3|3 1 1 5 5 6* | 6% | 6 0 0|0 0 0
4 5 0O 0 | 5| 5 | 5* 0 0 3 3|3 0 0 5* 5* | 5% | 5% | 5* 0 0|0 0 0
0. |5 5 0.7 02|02 |52|52|5 |5 |5
Average 0 5 5 55 5 0 0 5 2 2 5 5 5 5 5 5 5 0 0|0 0 0
PM 1 5 0| 0 | 5* 5* 5* 0 5* 5* | 5% | b* 2 2 5* 5% | 5% | 5% | 5* 0 0] 0 0 0
2 5 0| 0 | 5* 5* 5* 0 5* 5* | 5% | b* 5* 5* 5* 5% | 5% | 5% | 5* 0 0] 0 0 0
Peak 3 5 0| 0 | 5* 5* 5* 0 0 1 0 0 1 1 5* 5% | 5% | 5% | 5* 0 0] 0 0 0
4 5 0O 0 | 5| 5 | 5* 0 0 1 o|oO 0 0 0 0 | 5% | 5 | 5* 0 0|oO0 0 0
2. 2. | 2. 3.7 | 3.7
Average 0| O 5 5 5 0 5 3 5 5 2 2 5 5 5 5 5 0 0] 0 0 0

Note: * indicates cycle failure

Comparisons of Before and After Queue Storage Ratios

The differences in Queue Storage Ratio between before and after measurements are shi@btei®4.9 toTable D4.12. The
tables are colocoded as follows: green shows significant improvement, yellow shows modest change (either improvement or
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deterioration), and red shows significant deterioration in delay. Several gradations of each color are used to repifesent di
variations within each classification.

Table 4.9 Difference inAverage Queue Storage Ratios at University Pkwy & US 301.

Time EB (Main) NB WB (Main) SB
Perio i ; i i
d Lef Through Rig Left Through Rig Left Through Rig Left Through Rig
t ht ht ht ht | avera
ge
Lane
nomb| 21 21 3| 45| 6| 7| 8|9 |20|11|12|13[14|15|16|27|28[190]|20]21]22]23
er
AM _ 0.0 X . . “| oo ~ : i . . - X
02| 05| 05| 05 " | 03] 03| 02f 02|00 " /| 06[06| 0605/ 05 00|030305/05[05|00| 036
Peak | | o| 3| 4 1| o] 1| 2| s 2| 7| s| 4| 8| 1| 2| 5| 2| 1| 2| 3
Off - - - - - - -
O'f 01| 01] 01] 01 o.g 0'2 0'; Oi 0'5 01| 0.0 0'8 03| 02| 02| 00| 00 O'S 0'2 0'8 0'3 00| -0.04
Peak 1| 1| 6 5 9| 5 7|1 3| 8| 8| 1 9
PM - - - - - - - -
O'i 0'; O'i 0 f 0.0 0'§ O'i 0'3 O;’ 0'5’ 02| 00| 01] 02| 03| 03| 03 0'2 o.;) 00| 00| 00| 01| o0.01
Peak 9 gl 8| 1| 7| 1| 1| s 4|l 8| 4| 3
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Table B4.10 Difference in Percent of Cycles with Spillback at University Pkwy & US 301.

Time EB (Main) NB WB (Main) SB
Period | Left Through F:lltg Left Through F:][[g Left Through Right Ltef Through ?tg
Avera
e
Lane 9
Numb 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 | 16 | 17 181 19 | 20 21 22 23
er
AM - ' ' ' -] S 17 -
0% 5% | -5% | 0% | 0% | 0% | 4% | 4% | 0% | 0% | 20 25 35 10 10 | 0% | 0% -4% | -3% -5%
Peak 5% 5% % 15%
% % % % %
Off 61 | 48 - )
0% | 0% | 0% | -5% | -5% | 0% | 0% 4% 24 | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 4% | 4% | 0% | 0% 3%
Peak % | % 10% %
PM 24 | _ 11 | 10 | 0% | 24 | 38 37145 11 i 19 | 0% | 0% | 0% | 0% | -5% 1120 14 | 10 | 19 | 5% | -4%
Peak 7% % % 10% % %
% % % % % % % % % %
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Table BD4.11 Difference inAverage Queue Storage Ratio at University Pkwy & North Cattlemen Rd. /Creek Cooper.

EB (Main) NB WB (Main) SB
Time
Period i i i
! Left Through Rig Left Through Right Left Through Rig Left Throu | Rig Avera
ht ht gh ht
ge
Lane
1 2 3 4 5 6 7 8 9 10 | 11 12 13 14 15 16 17 18 | 19 | 20 21 22
Number
AM Peak | 0.1 OL.lO 03'2 Oéz 08'2 0.0 | 0.0 02'0 0.0 0(')0 01]00(012)00(f00]02|01]0.0 Oél 0.0 | 0.02 | 0.0 | -0.01
2 1 5 3 0 9 3 8 9 0 7 3 3 6
" (ooflo2|o02f|02| . .]l03|02[02[03[02[01f[01|01|[02|00|02]| .03, -
Off Peak | 0.2 3 5 6 6 0.5 5 0 0 4 3 0 4 - 4 . 1 0.3 ) 0.0 | -0.18 | 0.2 | 0.07
9 2 0 2 1
PMPeak| 0.2 | 0.2 0.0 | 0.0 | 0.0 | 0.2 0é4 0i4 Oél Ois 0(')1 07'0 05'2 Oéz 07'2 062 Oiz 0.2 o]'_3 0.2 0.11 0.1 0.07
7 3 6 6 6 1 2 9 4
Table 4.12 Difference inPercent of Cycles with Spillback at University Pkwy & North Cattlemen Rd. /Creek Cooper.
Time EB (Main) NB WB (Main) SB
Period Left Through Rig Left Through Right Left Through Rig Left Throu | Rig
ht ht gh ht
Avera
Lane e
1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13 | 14 15 16 17 18 19 20 21 22
Numbe
r
AM 0% | 0% | 64% | 68% | 79%| 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | -4%| -4%| -4%| 0%| 0%| 0% -4% ’ 8%
Peak 8% 13%
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Time EB (Main) NB WB (Main) SB
Period Left Through Rig Left Through Right Left Through Rig Left Throu | Rig
ht ht gh ht
Avera
Lane ge
112 3 4 5 6 | 7| 8| 9|1w0|11|12|13|14] 15| 16| 17| 18| 19| 20| 21 | 22
Numbe
r
Off : 100 | 100 | 100 24| 36 50| 50 - _
0, -80, 0, 0, 0, 0, 0, 0, 0, 40, - 0, 0, 0,
Peak 10/70 9% [ "ol opl e B%| 0% 5% o | o | 5%| 5%| o | o, | 75%| 71%]| 79%| -, 10/70 4% | 29%| 0%| 28%
PM - 46| 60| 41| 46| 18| 31| 75| 75| 100| 100| 100 _
0, 0, 0, 0, 0, 40, 0, 0, 0, 0,
peak | 0% 406l 0%| 0% | 0% | 0% | ol ol ol ol ool ol ol ol ol el o] 4%| 0% 3;2 0% | 0%| 29%
Discussion
The following are concluded from the comparison of queue storage ratios:
() Queue storage ratios show higher variation than other variables. On average, the levels of improvement were higher than

the deterioration reached at both critical intersections. A higher percentage of movements improved was observed in the
WB at the Univesity Parkway & US 301 intersection where the traffic flows decreased; at the same time, the EB and SB
directions are slightly improved.

W At the University Parkway & US 301 intersection, the average queue storage ratios improved in the AM peak and slightly
improved in the Off Peak, while deteriorated in the PM peak. However, on average, this variable is improved for all three
study periods, while the Off Peak shows a slight deterioration in the percent of cycles with spillback (3%).

W Average queue storagetras deteriorated somewhat during Off Peak and PM peak periods at the University Parkway &

North Cattlemen Rd intersection. The percent of cycles with spillback were higher in this intersection and during all three
time periods.
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D.35 EQUIVALENT PCE FL®OW
Traffic flows were counted manually and converted to equivalent PCE flows (pce/hour) by considering the percentage of heavy
vehicles. It was assumed that the PCE for trucks is 2.

Truck Percentage Observations
Table B5.1 Truck Percentages at University Pkwy & US 301.

EB NB WB SB
Period | Interval Ave
Left Thru Right Left Thru Right Left Thru Right Left Thru Right

1 0.00% | 1.71% | 33.33% | 10.53% | 10.13% | 14.81%| 5.69% | 3.72% 3.39% 9.68%| 2.50% | 0.00% | 5.47%

2 6.67% | 0.65% | 0.00% | 10.77% | 9.55% | 3.03% | 6.41% | 2.93% 7.46% 2.38%| 2.01% | 0.00% | 5.12%

F’Ae'\gk 3 3.57% | 2.15% | 0.00% | 8.06% | 4.23% | 0.00% | 2.41% | 3.75% 6.98% 9.43%| 4.05% | 0.00% | 4.27%
4 6.67% | 0.70% | 0.00% | 4.44% | 2.87% | 4.08% | 4.23% | 3.24% 4.05% 1.67%| 10.27% | 0.00% | 4.03%

Average | 4.27% | 1.37% | 33.33% | 8.17% | 6.76% | 5.34% | 4.60% | 3.39% 5.22% 5.38%| 4.33% | 0.00% | 4.71%

1 5.56% | 4.11% | 8.57% | 6.15% | 5.13% | 0.00% | 0.86% | 1.41% 3.33% | 1.67%| 9.29% | 10.77% | 4.62%

2 2.86% | 4.90% | 12.07%| 1.63% | 4.93% | 4.35% | 7.30% | 3.03% 9.46% | 2.00%| 8.11% | 5.32% | 5.19%

P(Z:k 3 0.00% | 2.02% | 11.11% | 7.44% | 1.40% | 0.00% | 11.00% | 1.18% 3.28% 5.26%| 3.93% | 5.15% | 3.90%
4 2.38% | 2.33% | 10.64% | 3.70% | 3.43% | 0.00% | 5.77% | 1.80% 8.16% 3.77%| 4.43% | 2.90% | 3.55%

Average | 2.84% | 3.16% | 10.84% | 4.62% | 3.89% | 0.93% | 6.09% | 1.91% 6.15% 3.18%| 6.45% | 5.85% | 4.31%

1 2.78% | 0.43% | 7.50% | 2.63% | 4.02% | 0.00% | 4.35% | 3.88% 12.82% | 4.76%| 3.07% | 3.19% | 3.56%
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EB NB WB SB
Period | Interval Ave
Left Thru Right Left Thru Right Left Thru Right Left Thru Right
2 1.82% | 1.79% | 2.27% 1.44% 3.41% 5.88% 1.67% | 2.65% 6.50% 4.29%| 2.61% 4.39% | 3.01%
PM 3 2.27% | 0.00% | 0.00% 3.65% 2.36% 2.00% 3.17% | 4.29% 4.12% 3.53%| 2.79% 2.50% | 2.49%
Peak 4 0.00% | 1.24% | 0.00% 1.72% 1.04% 0.00% 1.54% | 1.08% 4.21% 1.79%| 1.32% 1.28% | 1.35%
Average | 1.60% | 0.82% | 1.95% 2.37% 2.68% 1.74% 2.72% | 3.06% 6.62% 3.33%| 2.34% 2.69% | 2.54%
Table B5.2 Truck Percentages at University Pkwy & North Cattlemen Rd. /Creek Cooper
EB SB WB NB
Period | Interval Ave
Left Thru Right Left Thru Right Left Thru Right Left Thru Right
1 0.00% | 1.83% | 5.56% | 1.25% | 0.00% | 0.00% | 0.00% | 3.28% | 0.00% 0.00% 0.00% | 0.00% | 2.17%
2 8.33% | 3.05% | 8.00% | 1.16% | 0.00% | 11.11% | 0.00% | 5.17% | 2.30% | 16.67% | 0.00% | 3.33% | 3.75%
I;Ae'\gk 3 417% | 4.43% | 6.90% | 2.17% | 0.00% | 0.00% 5.00% 3.68% 1.54% 0.00% 0.00% 0.00% | 3.71%
4 0.00% | 5.36% | 6.06% | 1.39% | 0.00% | 0.00% | 0.83% | 2.24% | 4.60% 6.25% 0.00% | 2.86% | 3.27%
Average | 2.52% | 3.63% | 6.67% | 1.52% | 0.00% | 3.23% | 1.50% | 3.66% | 2.50% 6.98% 0.00% | 1.87% | 3.26%
1 1.03% | 3.02% | 2.38% | 0.79% | 0.00% | 0.00% 4.47% 3.86% 3.42% 1.52% 0.00% 0.97% | 2.68%
P?af;k 2 0.00% | 3.66% | 2.70% | 1.34% | 0.00% | 0.00% | 1.30% | 0.98% | 1.97% 0.00% 0.00% | 1.15% | 1.36%
3 2.06% | 3.37% | 1.41% | 1.61% | 0.00% | 0.00% 2.75% 4.22% 2.76% 1.00% 0.00% 2.97% | 2.70%
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EB SB WB NB
Period | Interval Ave
Left Thru Right Left Thru Right Left Thru Right Left Thru Right

4 0.00% | 2.97% | 2.17% | 0.68% | 0.00% | 0.00% | 0.46% | 3.43% | 1.27% 1.20% 0.00% | 0.80% | 1.86%

Average | 0.78% | 3.23% | 2.04% | 1.15% | 0.00% | 0.00% | 2.10% | 3.15% | 2.36% 0.83% 0.00% | 1.44% | 2.16%

1 1.47% | 2.76% | 2.00% | 0.62% | 0.00% | 0.00% | 0.00% | 1.62% | 1.06% 0.97% 0.00% | 0.00% | 1.36%

2 0.00% | 2.38% | 3.70% | 1.12% | 0.00% | 0.00% | 0.80% | 2.16% | 0.00% 0.99% 0.00% | 0.51% | 1.40%

Ppel\gk 3 0.00% | 3.18% | 4.35% | 0.00% | 0.00% | 0.00% | 0.00% | 1.76% | 0.00% | 1.69% | 0.00% | 0.49% | 1.39%
4 0.00% | 1.56% | 0.00% | 0.60% | 0.00% | 0.00% | 0.66% | 1.58% | 0.00% 2.20% 1.54% | 0.98% | 1.10%

Average | 0.48% | 2.45% | 2.26% | 0.58% | 0.00% | 0.00% | 0.36% | 1.77% | 0.19% 1.45% 0.42% | 0.51% | 1.31%
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Before Study (Mar.18 & Mar.19, 2015)
Table B5.3 Traffic Volume (pce/15 min) and Traffic Flow (pce/hour) at University Pkwy & US 301

EB NB WB SB
Time Period
Left | Thru | Right | Left | Thru | Right | Left | Thru | Right | Left | Thru | Right
1 29 | 178 4 84 | 261 | 31 | 130| 195 | 122 | 34 | 205 0
2 32 | 156 0 144 | 218 | 34 | 166 | 246 | 72 43 | 203 0
AM Peak 3 29 | 190 0 134 | 222 | 22 | 170 | 249 | 92 58 | 154 0
4 32 | 143 0 141 | 215 | 51 | 148| 287 | 77 61 | 161 0

Flow Rate| 122 | 667 4 503 | 916 | 138 | 614 | 977 | 363 | 196 | 723 0

1 38 | 152 | 38 69 | 205 | 37 | 117 | 216 62 61 | 200 72
2 36 | 214 | 65 |125| 213 | 24 | 147 | 306 81 51 | 160 99
Off Peak 3 28 | 253 | 70 |130| 145 | 32 | 111| 258 63 60 | 185 | 102
4 43 | 263 | 52 84 | 211 16 | 165| 339 53 55 | 165 71

Flow Rate| 145 | 882 | 225 | 408 | 774 | 109 | 540 | 1119 | 259 | 227 | 710 | 344

1 37 | 234 | 43 | 117| 181 | 41 72 | 214 88 66 | 235 97
2 56 | 228 | 45 | 141| 212 | 36 61 | 155 | 131 | 73 | 354 | 119
PM Peak 3 45 | 279 62 | 142 | 217 51 65 | 219 | 101 | 88 | 295 | 123
4 53 | 245 | 59 | 118 195 | 47 66 | 187 99 | 114 | 385 | 158

Flow Rate| 191 | 986 | 209 | 518 | 805 | 175 | 264 | 775 | 419 | 341 | 1269 | 497
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Table B5.4 Traffic Volume (pce/15 min) and Traffic Flow (pce/hour) at University Pkwy & North
Cattlemen Rd. /Creek Cooper

EB NB WB SB
Time Period
Left | Thru | Right | Left | Thru | Right | Left | Thru | Right | Left | Thru | Right
1 20 | 445 19 81 | 12 5 27 | 409 41 3 6 17
2 26 | 473 27 87 | 15 10 59 | 407 89 14 7 31
AM Peak 3 25 | 495 31 94 8 8 63 | 479 66 12 7 25
4 51 | 413 35 73 | 20 9 122 | 320 91 17 | 13 36

Flow Rate| 122 | 1826 | 112 | 335| 55 32 | 271|1615| 287 | 46 | 33 109

1 98 | 341 43 | 127 | 48 53 | 187 | 431 | 151 | 67 37 104
2 108 | 283 38 | 151 | 54 86 | 234 | 412 | 155 | 113 | 66 88
Off Peak 3 99 | 521 72 | 189 | 78 74 | 187 | 445 | 186 | 101 | 37 104
4 84 | 451 47 | 148 | 61 53 | 220| 483 | 159 | 84 | 52 126

Flow Rate| 389 | 1596 | 200 | 615 | 241 | 266 | 828 | 1771 | 651 | 365 | 192 | 422

1 69 | 484 51 | 162 | 44 57 | 132 | 439 95 | 104 | 46 176
2 48 | 473 28 | 181 | 40 34 | 126| 378 | 149 | 102 | 54 198
PM Peak 3 40 | 486 24 1183 | 50 38 | 151 | 463 | 141 | 120 | 73 206
4 52 | 520 33 | 169 | 47 49 | 152 | 386 | 150 | 93 | 66 207

Flow Rate| 209 | 1963 | 136 | 695| 181 | 178 | 561 | 1666 | 535 | 419 | 239 | 787
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After Study (Mar.14 & Mar.15, 2017)
Table B5.5 Traffic Volume (pce/15 min) and Traffic Flow (pce/hour) at University Pkwy & USASG@L

Study
NB SB EB (Main) WB (Main)
Time Period

Left [ Thru | Right | Left | Thru | Right | Left | Thru [ Right | Left | Thru | Right

1 42 | 148 | 34 69 | 246 | 26 28 | 166 | 48 92 | 143 | 110

2 39 | 179 | 40 60 | 213 | 17 13 | 141 | 76 | 114| 151 | 84

AM Peak 3 47 | 227 | 52 66 | 168 | 25 16 | 184 | 57 73 | 183 | 72

4 41 | 143 | 58 | 108| 240 | 39 19 | 168 | 63 | 130| 233 | 83

Flow Rate| 169 [ 697 | 184 | 303 | 867 | 107 | 76 | 659 | 244 | 409 | 710 | 349

1

2 41 | 163 71 66 | 192 17 27 | 162 | 40 | 111 214 | 96
Off Peak 3 81 | 216 48 93 | 211 24 30 | 198 | 39 | 118| 184 | 97

4 56 | 271 81 [ 101 | 214 9 20 | 218 | 50 | 105| 201 | 96

Flow Rate| 237 [ 867 | 267 | 347 | 823 67 | 103 771 | 172 | 445| 799 | 385

1 91 | 262 78 | 130 | 192 10 43 | 262 | 44 87 | 216 | 86
2 101 | 312 | 112 | 107 | 222 14 42 | 243 | 55 74 | 198 | 77
PM Peak 3 93 | 329 74 88 | 234 19 36 | 261 | 45 89 | 219| 71
4 105 | 343 71 | 100 | 180 18 39 | 208 | 38 89 | 246 | 54

Flow Rate| 390 | 1246 | 335 | 425 828 | 61 | 160| 974 | 182 | 339 | 879 | 288
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Table B5.6 Traffic Volume (pce/15 min) and Traffic Flow (pce/hour) at University Pkwy & North
Cattlemen Rd. /Creek CoopeAfter Study

NB SB EB (Main) WB (Main)
Time Period
Left | Thru | Right | Left | Thru | Right | Left | Thru | Right | Left | Thru | Right
1 9 1 1 28 4 3 15 | 190 6 32 | 197 25
2 12 4 26 81 | 10 6 18 | 427 10 60 | 458 61
AM Peak 3 16 | 28 37 74 | 18 5 9 270 16 89 | 437 67
4 112 523 | 90 63 | 14 15 35 | 372 17 15 11 14

Flow Rate| 149 | 556 | 154 | 246 | 46 29 77 | 1259 49 | 196 1103| 167

1 67 | 57 53 | 118 61 42 76 | 406 42 | 220] 355 | 136
2 78 | 57 151 [ 197 | 70 60 65 | 363 28 | 186 401 | 123
Off Peak 3 86 | 72 163 | 160 | 78 45 46 | 324 42 | 137 ] 338 | 105
4 79 | 70 167 [ 140| 71 40 61 | 396 47 |1 143 ] 394 | 121

Flow Rate| 310 | 256 | 534 | 615 280 | 187 | 248 | 1489 159 | 686 | 1488 | 485

1 80 | 66 110 | 139 | 63 38 42 | 318 36 [ 101 ] 356 81
2 65 | 44 164 | 110 | 51 29 34 | 302 17 | 143 | 419 93
PM Peak 3 78 | 68 188 | 146 | 48 27 29 | 469 16 | 226 385 84
4 82 | 74 186 | 122 | 46 25 44 | 478 32 | 115( 414 | 102

Flow Rate| 305 | 252 | 648 [ 517 | 208 [ 119 | 149 | 1567 101 | 585 | 1574 360

312



Comparisons of Before and After Flows

The differences in traffic flow between the before and after measurements are showabie

D-5.7 andTable B5.8. The tables are col@moded as follows: green shows significant decrease,

yellow shows modest change (either improvement or deteriorationyl Bed shows significant
deterioration in delay. Several gradations of each color are used to represent different

variations within each classification.

Table B5.7 Difference in Traffic Flow Rate (pce/hr) at University Pkwy & US 301

EB (Main) NB WB (Main) SB
Period
Left | Thru [ Right| Left | Thru| Right| Left [ Thru | Right| Left | Thru | Right
AM Peak| -46 | -8 | 240 | -27 | -26 | 184 | -205| -267| -14 | -200| -49 | -31
Off Peak| -42 | -111| -53 | 10 | 157 | -77 | -95 | -320| 126 | -61 | 49 | -42
PMPeak| -31| -12 | -27 | 49 | -23 | -162 | 75 | 104 | -131 | -93 | 23 | -114

Table B5.8 Difference in Traffic Flow Rate (pce/hr) at University Pkwy & North Cattlemen Rd. /Creek

Cooper
EB (Main) NB WB (Main) SB

Period

Left | Thru | Right| Left | Thru| Right| Left | Thru | Right | Left | Thru| Right
AM Peak| -45 | -567 | 63 | 103 | 523 | 45 | -75 [ -512| -120 | -89 | -9 -3
Off Peak | -141 | -107 | -41 -55 64 112 | -142| -283 | -166 0 39 -79
PM Peak| -60 | -396| -35 |-114| 13 | -139 | 24 | -92 | -175 | -178| 27 -59
Discussion

The following can be concluded regarding traffic volumes at this corridor:

w

The traffic volume at both critical intersections (University Pkwy & US 301 and

University Pkwy & North Cattlemen Rd. /Creek Cooper) decreased during all three

time periads by an average of 7.3% and 14.3% respectively.
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D.36 CONSIDERATION ORAFRIC FLOWS JOINWIYH QUEUE LENGTH

¢tKS RAFTFSNBYOSa Ay G@¢NIFFAO Cft206¢ | yR avdzSdzS Table paliakdEable S s SSy
D6.3. Thetablesarecok®d2 RSR | & F2ff2ga4Y 3INBSY AYRAOIGSEA GKFG aGvdzSdzS¢eé RS
GvdzSdzS¢ AYONBIFaSa YR a¢NIFFAO Cf2pgé RSONBlIasSaz b2 /&ft2N AYyR

time. Generally, green indicates improvement despite an increase in flow.

Table B6.1 Differences in Traffic Flow (TF) and Queue Length (Q) at University Pkwy & US 301

Time EB (Main) NB WB (Main) SB

Period Left Thru Right Left Thru Right Left Thru Right Left Thru Right

TF| Q TF| Q | TF| Q | TF| Q | TF| Q TF| Q TF Q TF Q TF | Q TF| Q | TF| Q TF Q

AM | - | S “l2afloo]| - - - oo | - | .~ | - |.2 -
Peak | 46 41'13 8 9: o| o |27 752 26 | 520 ¥ 0 | 205 12'9 267 13‘0 14 05'0 200 65';0 49 87'7 311 030

1.0 110 | 4.0 452 77| 19| -95|-046|__ |-5.98|126| 0.8 | -61 49 ) -42

p 2 |7 P 320 . 4 1 1.13
0-6 49 1-8 i 2-8 75 | -4.37 | 104 | 5.23| . 7_1 93| 25| 23 1_2 i )
0 1 162 | ° : : 131 7 g | 114 4.40
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Table B6.2 Differences (%) in Traffic Flow (TF) and Queue Length (Q) at University Pkwy & US 301

Time EB(Main) NB WB (Main) SB
Period Left Thru Right Left Thru Right Left Thru Right Left Thru Right
TFlo|TF| Q| TF| o |TF|l o |TF|l Q0| TF| @ | TFl Q| TF| Q| TF| o | TF| o |TF| @ | TF| @
PAe'\gk 38 | 92 | -1% | 96 6(3/00 NA | 14 | 92 4'0/ 84 '\/i/ 0% | 33| 95| 27| 97 | 4% | 100 | 40 | 79 | 5 | 82 | 22 | 100
% | % % 0 % | % °l % % | % | % | % % | % | % |%w| %| %| %
24%| 100 | 5% | 46 5/2 70/6 22 | 100 | 18 | -8%| 29 | 61 ‘:/9 100 | 15 | 6% S %/7 39 | 100
% % | | | w| % | % % | % | 2| % | % 1 % | %
-13% | 100 ;4 100 20/8 54 10/3 66 | 31 | 100 | 18 f/l ; 13 | 65 | 100
% 0 % Lol 2l w| | v | w| " %] »| »

Table B6.3 Differences in Traffic Flow and Queue Length at University Pkwy & North Cattlemen Rd. /Creek Cooper
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EB (Main) NB WB (Main) SB
Time Left Thru Right Left Thru Right Left Thru Right Left Thru Right
Period
TF TF Q TF| Q TF Q TF|] Q TF Q TF Q TF Q TF Q TF Q l Q TF Q
AM Peak | -45 o_o 103 0-1 521 001 45 1_7 75| i 2-3 ’ 0-6 -89 o-e 3.
7' 6 3 7 5 0.88 | 512 7 120 7 9 1.29




EB (Main) NB WB (Main) SB
Time Left Thru Right Left Thru Right Left Thru Right Left Thru Right
Period
TF TF| Q | TF Q | TF| Q l Q | TF| Q
Off Peak | 6-0 0 1-2 3 0-7 ) )
141 : “ 19| o | 79| 417
8 1 9
i - 2] 26] - -
PM Peak | -60 441 el 371 21 4 | 5ol 283
6 0
Table B6.4 Differences (%) in Traffic Flow and Queue Length at University Pkwy & North Cattlemen Rd. /Creek Cooper
Time EB (Main) NB WB (Main) SB
Period Left Thru Right Left Thru Right Left Thru Right Left Thru Right
TF Q|T7| Q| TF| Q| TF|Q|TF| Q| TF| Q| TF| Q | TF TF| Q
PAe"gk 37 eéfy 2054 15 13/85 %/3 ‘:/1 0%| 28 | 20 | 32 | 24 | 42 | 100 | 27 9'0 y 10'0(y
% 17w ° L2 |l w| %l w|w| % | % ° °
off y ) e | - | -
36 100 | 0% | 11 30
0, 0, 0,
Peak | % o | 2| 70| G, | 100%
Ppe'\;k 29 100 | 26 | 28 %/5 ‘Z’f 33 | 500
% w | % | w| | "] % 0
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Discussion
The following can be concluded from the comparison of traffic flows jointly with queue length:

W From the colored cells one could distinguish the significant differences in performance between US 301 and N.Cattleman
Rd.

() Significant number of white or green colored cells in US 301, indicate the improvement or neutral condition on the
western part of he corridor, whereas for N. Cattleman road, a significant number of red cells are due to large queues
despite the reduction in traffic flows. This indicates overall deterioration performance on the eastern part of the corridor.
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D.4QUESTIONNAIR
SECTION 1: RESPONDEN LbChwa! ¢Lhb

Name

Organization

Position

Address

Phone

Fax

Emalil

SECTION 2: PREVIORAFFIC CONTROL NEXLOGY
1. Please specify the type of traffic control used before Adaptive Signal Control
Technology (ASCT) was installed for your site. (Please check all that apply.)

a. Fixed time coordinated control b. Actuated coordinated control

c. Fixeetime isolated control d. Actuated isolated control

e. Other, please gzify:

2. What type of traffic controller was used before ASCT was implemented?
a. NEMA T& b. NEMA TS
c. 170 d. 2070

e. Other, please specify:

8. How many detectors were used before ASCT was implemented for a typical intersection
(e.g.Newberry Rd & NW 7551)? Please also specify the location where the detectors were
typically placed for each specific detector type (video detection, inductive loops, radars,
etc.).

Video detection in each movement

9. What was the frequency of retiming the signal timing planthe corridor before ASCT
was implemented?
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Last retiming for Honore Ave. through75 was October 2014. Fine tuning and controller
updates for Airport Cir. through Honore Ave. was 6 months ago

10.How often were maintenance and updates performed to yourvpras control system
in terms of the following components?

a. Detection:Annual Maintenance Schedule as needed
b. Control HardwareAnnual Maintenance Schedule as needed
c. Sofware:Annual Maintenance Schedule as needed

11.What was the annual maintenance cost in terms of hardware, software and personnel
of the previous control system for the whole corridor where the ASCT is now deployed?

12.What was the life expectancy of your traffic control before the deployment of ASCT?
(Please refer to the hardware and software.)

CNI FFAO O2y(NRBEf SNE KI g8y Qiaveidn viddedl Rothe ASCT & v O

13.How many crashes of each category were reported during the past 4 years before the
ASCT implementation? (202D14)

K A B C O
(Killed) (Disabling (Evident (Possible | (No Apparent
Injury) Injury) Injury) Injury)
2011
2012
2013
2014

SECTION 3: ADAPTIRRAFFIC CONTROLEMSASCT)
9. Which Adaptive Traffic Control System (ASCT) does your agency deploy?

g. InSync; Version: latest InTraffic

h. Synchro Green; Version:
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i.  Other; please specify:
22.Did you consider any other ASCT before you selected this one for installation? Why did
you reject the other(s) in favor of this one?

No. There were not mangptions and there was the interest to try thisut
23.What were your major criteria for choosing the ASCT for the selected corridor?

To see how InSync reacts to the varying traffic conditions. The mobility needs of the corridor

24.What is the life expectarycof your ASCT system? (Consider both hardware and
software.)

3-5 years
25.What type of traffic controller is currently in use after the ASCT implementation?

a. Same as before the ASCT implementation
b. New, please specify type:
C. Same, but the following updates were needed: 980 controllers
26.How many and what type of detectors are used after the ASCT implementation on an
intersection level? Please note any updates that the previous detection system needed so
as to wok with your ASCT.

Replaced old cameras with InSync cameras
27.Was there a need to update your previous software operating system at your
Transportation Management Center in order to get your current ASCT software working?

a. Yes b. No

26. How often do you plan to perform physical maintenance or updates on your new

ASCT in terms of the following components?
a. Detection:Yearly, and as needed. Maintenance needs increases with detection
cameras
b. ASCT Hardwar&early, and as needed
C. Software:Yearly, and as needed

27. Was there a need for training your personnel in order to operate the new ASCT?
a. Yes,Num. of employees trainetl0, Hours of training per employe®16 b. No

28. Was there any change on the number of staff required to opéragééntain the

effective signal ASCT operations? (Comparison of staff needed before and after the
deployment.)

No

29. 2 KSNBE RAR SELSNIAAS 2YS FTNRY TFT2NJ & 2dzNJ
AyalalttlrdAzys 2L SNIGAZ2Y YR OGk#Bappg adSYQa YI |
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In-House Vendor Contractor
Employee Training yes
ASCT Installation yes yes
ASCT Operation yes
ASCT Maintenance yes

30. How many crashes of each category were reported after ASCT was
implemented?
K A B C @)
(Killed) (Disabling (Evident (Possible | (No Apparent
Injury) Injury) Injury) Injury)

SECTION 4: COST CONIENTS

37. What is the overall capital cost of purchasing the ASCT (in terms of the software
and licenses of the ASCT) for the corridor? If the purchase includes any service of
implementation, personnel training or maintenance, please also specify here.

Total costinSync (Manatee): $129,650, total cost InSync (Sarasota): $496,700, total cost
BlueTOAD (Manatee); $30,690, total cost BlueTOAD (Sarasota): $16,410

38. What is the implementation cost (considering the installation on site, any
updates in software and hardware, design needs and contract hours) for the ASCT
corridor? Please specify if this cost is partially or totally included in previous cost items.

39. What was total cost for training your personnel to operate and manage the new
ASCT? Please specify if this ¢@gartially or totally included in previous cost items.
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40. What is the expected maintenance cost (in terofidhardware, software and
personnel) for the ASCT corridor on a yearly basis? Please specify if this cost is partially or
totally included in previous cost items.

41. Can you specify the costs for the following ASCT components?
a. Firmware $ b. Software $
c. Equipment $ d. Maintenance of Traffic Cost $
e. Design Needs $ f. Contract Help/Agency Hours Cost $

SECTION 5: INSTITNAL ISSUES

42. Were there any institutional issues that you had to overcome while
implementing and operating the ASCT project? Please categorize and éRpkerissues
below.

a. Organization and Management Institutional Issues:

Issues with using two different contractors
b. Regulatory and Legal Institutional Issues:

C. Human and Facility Resources Institutional Issues:

Installation: Employees were pulled away from their regular day-day schedule to help
complete the installation as they were pressed with time. Hidfinding it difficult to adjust

to new system
d. Financial Institutional Issues:

Additional Ethernets had to installed at some intersections, extra maintenance cost,
expensive camera

43. Which component (e.g. detection, communication, hardware, software, licensing
or other) of your ASCT deployment is the most challenging to maintain and why?

i.  Detection: expensive cameras to maintain and camera failing to work
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ii. Communication
iii. Hardware/Software

44, What happens to your ASCT operations when some of your detectors fail on the
corridor level?

g. ASCT triggers an alarm and notifies operators

h. ' {/ ¢ AgA0O0OKSH Sk2 V2yR Sa 20T AOFDIy BavisSfgri Ay 3 ¢ AYS
detection cameras)

i.  Combination of tle above. d. Other (please describe):
29.How is your ASCT performance evaluated?
i.  In-house

J. By an independent evaluator, please describe:

k. Not applicable there is no evaluation

30.If the corridor orwhich the ASCT operates experiences over saturation, how would you rate
the operation of the ASCT in response to these traffic conditions?

k. ASCT prevents or eliminates oversaturation

I.  ASCEliminates orreduces the extent of the periods of oversaturation

ASCT adversely affects the traffic conditions during periods of oversaturation
Other:

© = 3

Oversaturation is very rare on the corridors operated by our ASCT

31.Based on your opinion and the #p-date operation, when are ASCT operations proven to
be the most effective?

a. Peak periods b. Off-peak periods

c. Shoulders of peak periods d. Other, please specify:

32.Heas the level of performance of ASCT been sustained since its installation?
a. Yes b. No; why not?

37.What was the public reaction to the ASCT operation? Have you received any complaints
about long delaysrad queues?

+A2f 1 GSR RNAGSNARQ SELISOGIGA2Y D /2YLX I Aya KI @S

38.How satisfied are you, in general, with your ASCT deployment?

a. Very satisfied b. Somewhat satisfied
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c. Neutral d. Somewhat dissatisfied

e. Notsatisfied at all

37.Are there any other costs or benefits related to ASCT deployment that you would like to
report?

a. Benefitsvery responsive

b. Costsmaintenance cost of camera

38.Would you consider expanding the ASCT program to any other corridors? Why or why
not? If yes, would you use the same technology/firmware or have any suggestions for other
systems? If so, why?

ASCT in general : Yes
InSync: Maybe not, May rather want to g#oy Synchro Green

SECTION 6: SAFEBYED

37. Do you have any anecdotal / qualitative data on safety benefits / disbenefits of the signal
improvement along this corridor?

38. Has there been other changes along this corridor over the analysis period that could affect
the safety of this corridor either positively or negatively?

39. Are you aware of any changes to the crash data reporting procedures over the analysis
period? If yes, what are the changes?
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40. What are your overall reactions to the trends presented in the report?

41. Is there another comparable corridor in which signal improvements have not been made to
which the results of this corridor can be compared to?

42. Other thoughts / comments for us?

Thank you for your help in completing this survey. Your responses will help us with evaluating
the deployment and benefits of your current ASCT.

If you have any questions regarding the survey, please contact Marian Ankomah, email:
moankomah@ufeduor Tyler Valila, emaitvalila67 @ufl.eduwho work under the direct
supervision of the faculty advisor Dr. Lily Elefteriadou.
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D.5SBENEFIT COST ANAEYSI
Table B7.1 Monetized Saving

Monetized Saving

Time saving

Fuel Consumption saving
Air Pollution Saving
Safety Saving

Total Saving without Safety

$4,373,801.65
$473,638.96
$30,469.40
$4,880,524.32

$4,877,910.02

Total Saving $9,758,434.34
Total Cost $657,000.00
B/C Ratio without safety 7.424520574
B/CRatio 14.8530203

Table B7.2 Monetized Saving with No Emissions

Monetized Saving

Time saving

Fuel Consumption saving
Safety Saving

Total Saving without Safety

TotalSaving

$4,373,801.65

$473,638.96
$4,880,524.32
$4,847,440.61

$9,727,964.94

Total Cost

$657,000.00

B/C Ratio without safety

B/C Ratio

7.378144009

14.80664374
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E.1IEXECUTIVE SUMMARY

The objective of this research is to evaluate the implementation of proposed Adaptive Signal
Control Technologies (ASCT) traffic operations at several arterial corridors in Florida, before and
after the installation of specific ASCT, document the advarstage disadvantages of different
approaches and implementations, and provide recommendations for stade

implementation of ASCT. This Appendix summarizes the before and after field data collected
along the 23rd Street, Panama City corridor from Liselmy/to SR 77, and provides some
observations and initial conclusions.

Floating car runs were conducted with the UFTI instrumented vehicle to collect vehicle travel
times before the implementation of InSync, during three time periods (AM Peak, Off Pe@ak an

PM Peak). In addition, turning movement counts and queue lengths were collected at two

critical intersections (Jenks Ave & SR 77). Based on these, five performance measures were
obtained for the before study periods: Link/Route Travel Time, Delayexskttions, Queue

Length (at critical intersections), Queue to Lane Storage Ratio (at critical intersections), and
Passenger Car Equivalent (PCE) flows (at critical intersections). For each performance measure,
a comparison between the before and after das conducted and presented in this appendix.

The following were concluded:

w The travel time in the EB direction decreased during all study time periods (AM Peak,
Off Peak and PM Peak) by an average of 0.51 min (7.57%). The travel time in the WB
directiondecreased during all study time periods (AM Peak, Off Peak and PM Peak)
by an average of 0.9 min (13.07%).

() The intersection through movement delay in the EB direction decreased at 5 out of
the 9 intersections along the corridor by an average of 1.07 seciaction (4.46%).

The intersection through movement delay in the WB direction decreased at 6 out of
9 intersections by an average of 5.78 sec/intersection (21.77%).

W The average queue length for the Jenks Ave. & 23rd Street intersection increased by
an average of 0.11 vehicles (11.96%) during the AM peak and Off Peak analysis
periods. The average queue length for the SR 77 & 23rd Street intersection
increased by an average of 0.89 vehicles (143.30%) during the Off Peak and PM peak
analysis periods.

() The taffic volume for the Jenks Ave. & 23rd Street intersection increased during Off
Peak and PM peak analysis periods by an average of 88 pce/h/In (2.03%); for the SR
77 & 23rd Street intersection it increased during all analysis periods by an average of
259 e/h/In (6.98%).

An interview with Bay County Public Works was conducted regarding both Parkway corridor
and 23rd St. corridor, certain comments of the interview apply to both corridors. The interview
indicated that InSync operates most effectively whenditions are undersaturated. The traffic
operations engineer of Bay County Public Works also reported an average of 7% reduction on
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the travel time after the implementation of the InSync system (in certain cases, the reduction
was even close to 20%, howaythe side streets suffered significant delay).

E.2CORRIDOR INFORMATION

Panama City Beach is a city in Bay County, Florida. Although it has a small population of about
12,018 as per 2010 census, the traffic in the city is higher during the touristredagoa

popular destination during spring break and summer seasons. The 23rd Street, Panama City
corridor, passing by the Panama City Mall as well as many supermarkets and restaurants on
both sides of the street, attracting large amount of traffic evéay. Traffic demand on both

the eastbound and westbound directions were observed to be high, and eastbound demand
was observed to be higher than westbound demand. The Off Peak and PM Peak were observed
to have the heavier traffic for both the eastbounddawestbound directionsrigure EL

provides a schematic of the 23rd Street, Panama City corfiddole EL lists the intersections

along the corridor. Two intersections (Jenks Ave and SR 77) were selected as the critical
intersections along the corridoma detailed turning movement and queue counts were

collected at theseFigure E2 provides the lane configuration of these two critical intersections.
The data collection for this project was conducted during the low tourism season.
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Table El Intersections along the 28Street, Panama City Corridor

Signalized Intersection Distance in Between Unsignalized Intersections in Betwee
1 LisenbyAve
2 Airport Rd 0.27 miles 1
3 Stanford Ave 0.19 miles 1
4 23 Street Plaza 0.28 miles 2
5 State Ave 0.25 miles 4
6 Jenks Ave 0.25 miles 2
7 Harrison Ave 0.25 miles 2
8 Wilson Ave 0.25 miles 1
9 SR 77 0.25 miles 0
S 1y 1 D
s S
= ) ws e ws

—_— 2

oW e

4 r

A
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(a) Jenks Ave. & ?Btreet (0) SR 77 & 25Street

Figure E2 Schematic and Overview of Critical Intersections

E.SPERFORMANCE MEASURES

Five performance measures were evaluated: Link/Route Travel Time, Delay at Intersections,
Queue Length (critical intersections), QuewneLane Storage Ratio (critical intersections), and
PCE Flows (critical intersections). For each performance measure, a comparison between the
before and after data is conducted and the results of the differénced & | T §ENS$ R2 NiB €
RFGFé0 INB LINBSaSYyiSRo

E.31 ROUTE TRAVEL TIME

The average travel time (min) along the route was measured using a floating car. During the AM
peak of the after data collection there was an incident nearby, around 0.2 mile from the studied
corridor, which could affect the traffic flow of the Lisenby Aaed 23rd St. intersectiofrigure

E1.1 provides a schematic of the incident location. According to the traffic engineer there who
informed us about this incident, the incident may reduce the traffic flow through the corridor.
The research team collectatiita during that time, also, Bluetooth data collected on 9/22/2015
was obtained as the travel time for AM peak without incident. In the following tables we report
separately any data collected when the incident was active. A total of 41 runs for EB and 40
runs for WB were conducted during the before study, and a total of 42 runs for EB and 41 runs
for WB were conducted during the after study.
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&)

1700 St Andrews Blvd,
Panama City, FL 32405

[

W 23rd St W 23rd St

Figure EL.1 Schematic Incident Location

Before Study (Jan. 27 & Jan.28, 2015)
Table EL.1 Route Travel Time (min)

Route TT (min) AM Off PM
234 Street EB 6.14 7.62 6.71
234 Street WB 5.99 7.92 6.9

After Study (Sep. 22 & Sep. 23, 2015)
Table EL.2 Route Travel Time (min)

Route TT AM AM
Off PM
(min) (Incident)  (No Incident)
234 Street EB 5.35 5.37 7.01 6.40
239 Street WB 4.75 4.54 6.74 6.70
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6.77

6.89
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Comparisons of Before and After Travel Times
Table EL.3 Change in Percentage of Route Travel Time (4AfBafore)

Route TT AM AM
Off PM Average
(min) (Incident) (No Incident)
-0.79 -0.77 -0.61 -0.31 -0.51

234 Street EB
(-12.83%) (-12.59%) (-8.02%) (-4.69%) (-7.57%)

-1.25 -1.46 -1.18 -0.20 -0.90
234 Street WB

(-20.84)  (-24.32%) (-14.90%) (-2.95%) (-13.07%)

4.00 4.00

2.00 2.00
0.00 0.00 e L : :
AM Incident AM Off Peak PM Peak AM Incident AM Off Peak PM Peak
Nolncident Nolncident
OBefore QOAfter OBefore OAfter
(a) 23¢ Street. EB (b) 239 Street WB
Figure EL.2 Travel Times Along 2&treet., Panama City
Discussion

The following can beoncluded from the comparison of travel times:

w The travel time along 28Street in the EB decreased by an average of 0.51 min
(7.57%). The EB direction carries the majority of the traffic during the PM peak. The
highest decrease occurred during the AM RPednen the demand is relatively lower,
with a decrease of 0.79 min (12.83%) with incident and 0.77 min (12.59%) without
incident. The incident does not seem to affect the EB travel time.

W The travel time along 28Street in the WB decreased by an averafi6.90 min
(13.07%). The WB direction carries the majority of the traffic in the AM peak, which
has significant decrease of travel time, the highest decrease occurred during the AM
Peak with a decrease of 1.25 min (20.84%) with incident and 1.46 mir2¢2%.3
without incident.
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W For both directions, the AM Peak and Off Peak have the most decrease in travel
time, while the PM peak, which has the heaviest traffic, shows relatively small
improvement.

Overall, travel time along the main street decreased afterinstallation of the system.

E.32 DELAY

Delay (sec) at each intersection along the corridor was also obtained using the floating car
measurements. For the AM peak during the after study, we use the delay obtained while the
nearby incident was activejnce the Bluetooth data obtained (data without an incident) for the
AM peak do not provide the intersection delay.

Before Study (Jan. 27 & Jan.28, 2015)

Table E2.1 Delay (sec) for each Intersection Through Movement AlondeBi®irection
Delay at Intersections (sec AM Peak Off Peak PM Peak

Lisenby Ave 11.74 10 28.34
Airport Ave 32.44 30.05 10.52
Stanford Ave 16.16 10.75 10.18
23rd Street Plaza 5.95 39.5 20.57
State Ave 13.34 52.25 12.17
Jenks Ave 38.48 29 42.42
Harrison Ave 9.64 23.15 24.21
Wilson Ave 10.09 26.05 13.29
SR 77 44.28 43.15 48.17
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Delay(sec)

100.00
90.00
80.00
70.00
60.00
50.00
40.00
30.00
20.00
10.00

0.00

OAM Peak 0O Off Peak OPM Peak

Lisenby Airport Rd Stanford 23rd Street State Ave lenksAve Harrison Wilson Ave SR 77
Ave Ave Plaza Ave

Location

Figure E2.1 Delay (sec) for each Intersection Through Movement Along the EB Direction

Table E2.2 Delay (sec) for each Intersection Through Movement Along the WB Direction
Delay at Intersections (sec AM Peak Off Peak PM Peak

Lisenby Ave 93.4 95.33 53.36
Airport Ave 12.32 18.83 26.14
Stanford Ave 5.08 8.83 15.93
23rd Street Plaza 27.49 71.88 19.93
State Ave 16.56 15.88 49.47
Jenks Ave 3.97 25.55 24.3
Harrison Ave 4.81 22.42 31.5

Wilson Ave 2.49 29.34 6.8
SR 77 7.88 28.61 3.75
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100.00
90.00
80.00
70.00
60.00
50.00
40.00
30.00

< ANl e

Delay(sec)

[ OAM Peak

0O Off Peak mPM Peak

nml 0L

SR77  Wilson Ave Harrison lenksAve State Ave 23rd Street Stanford Airport Rd Lisenby Ave

Ave

Plaza Ave

Location

Figure E2.2 Delay (sec) for each Intersection Through Movement Along the WB Direction

After Study (Sep. 22 & Sep. 23, 2015)

Table E2.3 Delay (sec) for each Intersection Through Movement Along the EB Direction

Delay by Intersection

(sec)
Lisenby Ave
Airport Ave
Stanford Ave

23rd Street Plaza
State Ave
Jenks Ave
Harrison Ave
Wilson Ave

SR 77

AM Peak
Off Peak PM Peak
(Incident)
13.47 17.34 26.14

14.11 41.25 24.96
12.41 8.19 9.04
9.31 22.06 19.69
15.70 17.64 10.44
17.80 51.89 60.24
10.63 16.89 8.05
4.88 39.34 25.71

60.45 38.53 31.09
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Delay(sec)

100.00
90.00
80.00
70.00
60.00 7] B

50.00

40.00
HHITI mls

30.00
20.00

Lisenby Airport  Stanford 23rd Street State Ave Jenks Ave Harrison Wilson Ave SR 77
Ave Ave Ave Plaza Ave

OAM Peak OOff Peak MPM Peak

= tll all v AW 11

0.00

Location

Figure E2.3 Delay (sec) for each Intersection Through Movement Along the EB Direction

Table E2.4 Delay (sec) for each Intersection Through Movement Along the WB Direction

AM Peak
Delay at Intersections (sec Off Peak PM Peak
(Incident)
SR 77 44.70 50.33 40.25
Wilson Ave 4.51 6.45 6.13
Harrison Ave 13.88 23.05 27.07
Jenks Ave 16.36 41.03 34.39
State Ave 5.60 61.77 19.00
23rd Street Plaza 4.51 15.93 32.72
Stanford Ave 6.52 26.91 39.60
Airport Ave 2.72 4.86 21.20
Lisenby Ave 5.47 9.27 15.12
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Delay(sec)

100.00
90.00
80.00
70.00
60.00
50.00
40.00
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I_Ii |—|?”| |—||_| M- .—.m”“ r||5_:||ﬂ|
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Plaza Ave Ave

Location

Figure E2.4 Delay (sec) for each Intersection Through Movement Along the WB Direction
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Comparisons of Before and After Intersection Delay Times

The differences in delay between the before and after study are showahie E2.5 andTable
E2.6. The tables are colmoded as follows: green shows significant improvement, yellow
shows modest change, and red shows significant deterioration in delay.

Table E2.5 Difference in Delay (sec) for each Intersection Through Movement Along the EB Direction

AM Peak
Delay (sec) Off Peak PM Peak Average
(Incident)
Lisenby Ave 1.73 7.34 -2.20 2.07
Airport Rd -18.33 11.20 14.44 1.37
Stanford Ave -3.75 -2.56 -1.14 -2.62

239 Street Plaze  3.35 -17.44 -0.88 -3.94
State Ave 2.37 -34.60 -1.73 -9.68

Jenks Ave -20.67 22.89 17.83 4.54

Harrison Ave 0.99 -6.26 -16.16 -6.66
Wilson Ave -5.20 13.29 12.42 6.22
SR 77 16.17 -4.62 -17.08 -0.87
Average -2.59 -1.20 0.61 -1.07
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Table E2.6 Difference in Delay (sec) for each Intersection Through Movement Along the WB Direction

AM Peak
Delay (sec) Off Peak PM Peak Average
(Incident)
SR 77 -48.69 -45.00 -13.12 -37.87
Wilson Ave -7.81 -12.37  -20.01 -12.77

Harrison Ave 8.80 14.22 11.15 11.39
Jenks Ave -11.13 -30.85 14.46 -11.62
State Ave -10.96 4589  -30.48 1.60

239 Street Plaze  0.53 -9.62 8.42 -0.40

Stanford Ave 1.71 4.50 8.10 4.43
Airport Rd 0.23 -24.48 14.40 -3.14

Lisenby Ave -2.41 -19.35 11.37 -3.63

Average -7.75 -8.56 0.48 -5.78

OAM Peak DO Off Peak MPM Peak
60.00

40.00

P T ||
| i U | m! Il

Delay(sec)

-20.00
-40.00

-60.00
Lisenby Airport Rd Stanford 23rd Street State Ave JenksAve Harrison Wilson Ave SR 77
Ave Ave Plaza Ave

Location(23rd Street EB)

339



Figure E2.5 Difference in Delay (sec) for each Intersection Through Movement Along the EB Direction
OAM Peak O Off Peak MPM Peak

60.00

40.00

20.00

mo—m M m

TRIE] akll '—'H”ﬂ '—'JJ ’ U 1

0.00

Delay(sec)

-20.00

-40.00

-60.00
SR77 Wilson Ave Harrison JenksAve State Ave 23rd Street Stanford Airport Rd Lisenby
Ave Plaza Ave Ave

Location(23rd Street WB)

Figure E2.6 Difference in Delay (sec) for each Intersection Through Movement Along the WB Direction

Discussion
The following can be concluded from the comparison of delays:

w The intersection delay in the EB direction decreased at 5 out of the 9 intersections
by an aveage of 1.07 sec/intersection (4.46%). Delay decreased for the AM Peak
and Off Peak, but increased during the PM Peak, when traffic is heaviest in the EB.

W The intersection delay in the WB direction decreased at 6 out of the 9 intersections
by an averagefdb.78 sec/intersection (21.77%). Delay decreased for the AM and Off
Peak, but increased during the PM Peak, despite the fact that the WB has lower
demand than the EB during this time.

w Even though the PM peak delay increased, with the high decrease of foelthe
AM peak and Off Peak, the average delay decreased overall for both directions.
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E.33QUEUE LENGTH

Queue length (number of vehicles/lane) is presented by movement and by time period. This
measure is used to evaluate oversaturated conditianthe critical intersections along the

study corridors. Note that the queue length reported here is the observed maximum number of
vehicles queued during each cycle, and does not represent the total number of vehicles that
may have stopped during the cgclDuring some time periods, because of cycle failure, vehicles
need to stop multiple times before passing through the intersection. For the AM peak after
study, the research team collected the SR 77 and 23rd St. intersection traffic counts on
9/22/2015w Sy (G KS AYyOARSyYy(d ¢l a OGA@PSET a GKS a! a f
length collected from video during a weekday (9/29/2015, Tuesday) for the SR 77 and 23rd St.
AYGSNESOGUAZ2Y a GKS ala tSIF{ b2 LYOARSy(¢®
FigureE3.1presents the schematic of éhlane configurations at the two critical intersections.
Queue length is reported for each of these lanes.

8 58
1@ 13 12 1 18 1514 13

B X WE :2
| L‘EH; | —| j? I F
(a) Jenks Ave. & P?Btreet (b) SR 77 & ZStreet

Figure E3.1 Lane Configuration of Critical Intersections
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Before Study (Jan. 27 & Jan.28, 2045)
Table E3.1 Average Queue Length by Lane (#vehs/lane) at Jenk Ave & 23rd Street

EB (Main) NB WB (Main) SB

Time Period Left | Thru | Thru/Right| Left Thru Right | Left | Thru | Thru/Right | Left Thru Right

1 2 3 4 5 6 7 8 9 10 11 12 13 14

1 3.71| 6.43 4.86 3.86 4.14 1 071 | 15 5.17 4.5 2 6.67 | 4.33 | 2.67

2 5.78 | 8.33 7.44 1.56 3.67 | 1.33| 0.67 | 2.33 | 6.89 7.44 4.11 | 6.89 | 522 | 2.33

AM Peak 3 343 | 543 6.71 1 514 1.14 | 1.14 | 1.13 2.75 3.75 1.13 | 438 | 3.63 | 2.63
4 2.63 | 5.63 6.75 1.63 3.88 15 | 075 | 1.63 | 4.38 5.13 3 3.25| 3.13 | 2.63

Average | 3.89 | 6.45 6.44 2.01 421 | 124 | 082 | 165 | 4.8 5.2 256 | 53 | 408 | 2.56

1 4 443 6.57 4.43 4 129 | 257 | 157 13 15.43 6.57 | 3.43 | 257 | 357

2 429 | 8.86 10 7.86 5 2.14 3 2.57 9 10.86 4.86 4 3.43 | 2.57

Off Peak 3 4.29 9 9.71 1243 | 7.14 | 229 | 257 | 157 9.86 12.71 9.57 5 257 | 4.86

4 543 | 10.43 12.14 3.71 5.43 129 | 243 | 3.14 | 8.86 14.43 271 | 5.14 | 3.57 3

Average | 4.5 8.18 9.61 7.11 539 | 1.75| 2.64 | 2.21 | 10.18 13.36 593 | 439 | 3.04 | 35

1 5.33 | 10.83 8.33 417 | 1267 | 45 | 317 | 15 10 11.17 2.83 | 3.83 | 233 | 3.83

PM Peak 2 6.67 | 10.5 9.33 4 125 | 483 | 3.83 | 2.67 8 11.5 8.5 6 2.83 | 3.67
3 4.67 | 9.67 8.83 4.17 7.83 | 35 2 0.67 | 5.67 7.83 5 417 | 3.17 | 2.67

342



EB (Main) NB WB (Main) SB
Time Period Left | Thru | Thru/Right| Left Thru Right | Left | Thru | Thru/Right | Left Thru Right
1 2 3 4 5 6 7 8 9 10 11 12 13 14
4 3.67 | 6.83 7.17 5 4.5 1.17 1 167 | 7.33 8.5 25 3 2.33 25
Average | 5.08 | 9.46 8.42 4.33 9.38 35 25 163 | 7.75 9.75 471 | 425 | 2.67 | 3.17
Table E3.2 Average Queue Length (#vehs/lane) at Jenk Ave & 23rd Street
EB (Main) NB WB (Main) SB
Time Period
Left | Thru Thru/Right Left | Thru | Right Left Thru Thru/Right Left | Thru Right
AM Peak 3.80 | 6.45 6.44 201 | 2.73 0.82 1.65 4.8 5.2 256 | 4.69 2.56
Off-Peak 4.5 8.18 9.61 711 | 357 2.64 2.21 | 10.18 13.36 5093 | 3.71 3.5
PM Peak 5.08 | 9.46 8.42 433 | 6.44 2.5 1.63 7.75 9.75 471 | 3.46 3.17
Table E3.3 Average Queue Length by Lane (#vehs/lane) at SR77 & 23rd Street.
Eastbound Northbound Westbound Southbound
Time Period Left Thru Right Left Thru Right | Left | Thru | Thru/Right | Left Thru Right
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1 2.71| 4.86 3 257 | 3.71| 443 | 843 | 9.14 | 0.14 | 0.83| 8.5 11 1.57 | 6.57 6 1.14
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Eastbound Northbound Westbound Southbound
Time Period Left Thru Right Left Thru Right | Left | Thru | Thru/Right | Left Thru Right
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
2 3.43 4 229| 143 | 457| 6.14 | 814 | 871 | 043 1 12.29 13.14 1.71 | 8.14 | 6.29 1.14
AM 3 5 443 | 2.14 3 357 | 457 | 6.86 8 0.14 | 1.43| 7.43 7.14 1.14 | 443 | 4.43 1.57
Peak 4 514 | 414 | 3.57| 1.29 | 414 | 457 | 4.71 6 0 143 | 7.29 7 0.71 | 2.86 | 3.57 1
Average | 4.07 | 4.36 | 2.75 | 2.07 4 493 | 704 | 796 | 0.18 | 1.17| 8.88 9.57 129 | 55 | 5.07 1.21
1 471| 9.86 | 7.86 | 571 | 429 | 6.86 | 5.86 | 6.86 | 0.14 | 1.86| 6.71 8.71 257 | 314 | 3.71 1.43
2 6.71 9 943 | 7.14 | 471 | 7.86 9 9 0.14 | 2.14 | 5.29 7.43 3.57 | 3.86 5 2.29
P(-;faflk 3 9.14 | 11.43| 9.86 6 6.14 | 10.14 8 9 0.71 | 3.29 | 9.14 14.29 429 | 3.86 | 4.71 | 257
4 757 | 9.43 | 8.14| 571 | 5.71 8 6.57 | 571 | 014 | 1.71 | 6.86 7.86 443 | 457 | 5.86 | 2.43
Average | 7.04 | 993 | 882 | 6.14 | 521 | 821 | 7.36 | 7.64 | 0.29 | 2.25 7 9.57 3.71| 3.86 | 4.82 | 2.18
1 729 | 914 | 6.29| 2.29 | 5.14| 957 | 12.14| 10.14 0 1.14| 7.86 9.29 414 | 5.29 | 5.43 2
2 8.5 7.5 4 183 | 45 | 6.33 | 11.83| 9.33 | 0.67 | 1.83 | 6.33 9.83 6.33 | 4.33 | 5.17 1.83
PPe'\e/llk 3 6 8.86 | 5.86 3 3.14 | 557 | 16.43| 14.43| 0.29 | 25 | 7.83 9.67 533 | 3.17 | 4.33 1.5
4 343 | 814 | 6.71| 3.43 | 3.86| 543 | 4.86 5 0.29 | 1.67| 55 9.17 217 | 3.33 | 3.33 2
Average | 6.3 | 841 | 571 | 264 | 416 | 6.73 | 11.32| 9.73 | 0.31 | 1.79 | 6.88 9.49 449 | 403 | 4.57 1.83
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Table E3.4 Average Queue Length (#vehs/lane) at SR77 & 23rd Street.

EB (Main) NB WB (Main) SB
Time Period
Left | Thru | Right| Left | Thru | Right| Left | Thru | Thru/Right | Left | Thru | Right
AM Peak | 4.07| 3.55| 2.07|4.46| 7.5 | 0.18|1.17| 8.88 9.57 1.29| 5.29| 1.21
Off Peak | 7.04| 9.38| 6.14 |6.71| 75 | 0.29 |2.25| 7 9.57 3.71| 4.34| 2.18
PMPeak | 6.3 | 7.06| 2.64 | 5.44| 10.52| 0.31|1.79| 6.88 9.49 449| 43 | 1.83
After Study (Sep. 22 & Sep. 23, 2015)
Table E3.5 Average Queue Length by Lane (#vehs/lane) at Jenks Avé Sir2@t
Eastbound Northbound Westbound Southbound
Thru+ Thru+
Time Period Left Thru Left Thru Right | Left Thru Left Thru Right
Right Right
1 2 3 4 5 6 7 8 9 10 11 12 13 14
1 0.71 2.57 1.43 1.71 | 2.86 | 1.29 0.43 1.86 9.29 10.14 | 2.33 7.00 5.83 2.83
2 4.43 2.57 4.14 3.71 | 1.86 | 4.43 1.29 0.71 9.14 10.29 2.57 8.71 8.43 3.00
AM Peak 3 1.71 2.14 2.43 1.29 | 486 | 0.29 1.29 1.71 7.29 9.00 2.57 4.43 4.00 1.57
4 2.00 2.57 3.29 229 | 429 | 1.86 0.71 1.71 8.57 9.57 3.00 6.43 471 2.14
Average | 2.21 2.46 2.82 225 | 3.46 | 1.96 0.93 1.50 8.57 9.75 2.62 6.64 5.74 2.39
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Eastbound Northbound Westbound Southbound
Thru+ Thru+
Time Period Left Thru Left Thru Right | Left Thru Left Thru Right
Right Right
1 2 3 4 5 6 7 8 9 10 11 12 13 14
1 3.83 4.67 4,50 3.33 | 3.83 | 4.33 450 2.50 7.50 11.17 | 4.83 2.83 2.00 5.67
2 4.00 9.67 7.83 250 | 3.00 | 4.83 4.67 1.83 5.83 8.33 3.67 4.00 2.83 5.50
Off
3 6.83 | 11.67 12.17 | 3.50 | 3.00 | 7.00 8.00 3.17 | 13.67 15.17 | 9.67 4.33 4.17 4.83
Peak
4 6.67 11.83 12.17 4.17 2.67 7.00 4.83 5.33 16.00 16.00 517 4.83 4.00 4.17
Average | 5.33 9.46 9.17 3.38 | 3.13 | 5.79 5.50 3.21 | 10.75 12.67 5.83 4.00 3.25 5.04
1 4.33 8.33 7.67 3.83 | 9.67 | 5.33 4.17 2.00 6.83 8.83 5.83 | 1550 | 2.50 4.50
2 3.17 7.83 5.33 4,00 | 8.00 | 2.67 2.83 2.17 8.50 10.50 | 3.67 3.83 3.17 3.33
PM Peak 3 5.83 | 13.67 11.33 | 433 | 8.33 | 6.33 2.83 2.00 7.50 11.50 | 5.67 4.50 2.83 3.50
4 1.83 5.67 4.83 3.50 | 7.17 | 2.00 1.33 0.83 5.00 7.00 2.83 3.33 3.00 1.17
Average | 3.79 8.88 7.29 3.92 | 8.29 | 4.08 2.79 1.75 6.96 9.46 4.50 6.79 2.88 3.13
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Table E3.6 Average Queue Length (#vehs/lane) at Jenks Ave'&aeet

EB(Main) NB(Side) WB(Main) SB(Side)
Time Period
Left Thru Thru+Right Left Thru Right Left Thru Thru+Right Left Thru Right
AM Peak 2.21 2.46 2.82 2.25 2.71 0.93 1.50 8.57 9.75 2.62 6.19 2.39
Off Peak 5.33 9.46 9.17 3.38 4.46 5.50 3.21 10.75 12.67 5.83 3.63 5.04
PM Peak 3.79 8.88 7.29 3.92 6.19 2.79 1.75 6.96 9.46 4.50 4.83 3.13
Table E3.7 Average Queue Length by Lane (#vehs/lane) at SR77 &t&3et
Eastbound Northbound Westbound Southbound
Time Period Left Thru Right Left Thru Right | Left | Thru | Thru+Right | Left Thru Right
1 2 4 5 6 7 8 9 10 11 12 13 14 15 16
1 583 | 567 | 417| 167 | 2.33| 3.33| 6.67 733 | 0.33 ] 0.86| 9.29 8.57 257 | 1029 9.14 | 4.00
2 7.17 | 6.00 | 2.67| 2,50 | 2.00| 4.00| 3.00 417 | 033 | 143] 7.71 8.00 2.14 | 10.29 | 10.00| 3.57
AM Peak
3 514 | 571 | 357| 171 | 400| 3.14| 6.14 6.43 | 0.14 | 1.00| 7.43 6.14 1.86| 6.14 | 6.29 | 2.14
(Incident)
4 933 | 7.00 | 550 | 1.33 | 3.83| 5.00| 4.67 6.00 | 0.00 | 0.71| 7.57 7.29 3.00| 829 | 7.00 | 257
Average | 6.87 | 6.10 | 3.98| 1.80 | 3.04 | 3.87 | 5.12 598 | 0.20 | 1.00| 8.00 7.50 239 875 | 8.11 | 3.07
1 429 | 414 | 257 071 | 3.33| 450 4.33 450 | 017 | 1.00]| 6.86 6.57 1.71| 11.29| 9.00 | 4.29
AM Peak 2 571 | 6.43 | 229 100 | 529 | 6.71| 4.43 571 | 0.00 | 1.14 | 12.71 13.14 1.86 | 10.43| 9.71 | 4.43
(No Incident) 3 557 | 314 | 257| 014 | 271 | 3.43| 457 | 520 | 0.00 | 0.71| 5.43 5.86 1.71| 671 | 6.86 | 243
4 500 | 371 | 2.43| 0.43 | 214 | 357 | 4.29 557 | 0.00 | 1.00| 571 7.00 171 671 | 671 | 2.29
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Eastbound Northbound Westbound Southbound
Time Period Left Thru Right Left Thru Right | Left | Thru | Thru+Right | Left Thru Right
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Average | 5.14 436 | 246 | 0.57 | 3.37 | 4.55 4.40 5.27 0.04 | 0.96 | 7.68 8.14 1.75] 8.79 8.07 3.36
1 11.43| 6.86 | 457 | 1.71 | 6.86 | 6.57 7.71 6.14 143 | 143 | 10.71 11.00 357 | 7.43 8.29 2.86
2 13.17| 7.17 | 5.17 | 1.17 | 4.67 | 7.33 7.33 8.67 1.33 | 3.33 | 12.17 12.33 457 ] 8.14 8.86 4.29
Off Peak 3 1250| 7.83 | 6.50| 0.83 | 4.33| 6.50 | 9.83 10.67 | 0.67 | 2.33 | 12.00 15.00 8.00 | 11.50 | 8.50 2.17
4 1050 | 4.67 | 3.67| 2.17 | 6.00 | 6.67 7.33 8.67 1.17 | 2.67 | 9.50 11.17 5.83 | 10.17 | 10.00 | 6.83
Average | 11.90 | 6.63 | 498 | 1.47 | 546 | 6.77 8.05 8.54 115 | 2.44 | 11.10 12.38 549 9.31 8.91 4.04
1 14.67 | 12.83 | 467 | 1.17 | 4.00| 7.00 | 13.33 1250 | 1.00 | 3.83 | 10.17 10.83 7.83 | 9.17 9.50 4.17
2 12.00| 7.83 | 3.50| 0.67 | 480 | 7.80| 16.60 | 16.40 | 1.00 | 2.50 | 7.00 13.33 533| 750 | 7.33 5.50
PM Peak 3 15.60| 9.60 | 3.80 | 2.00 | 3.40 | 6.00 | 20.00* | 20.00* | 1.00 | 3.67 | 8.33 10.67 6.33 | 9.67 | 8.83 6.33
4 983 | 6.17 [ 3.50| 1.33 | 440 | 560 | 5.80 6.40 1.60 | 2.50 | 8.50 11.33 533 | 6.83 | 6.33 | 3.67
Average | 13.03 | 9.11 | 3.87| 1.29 | 4.15| 6.60 | 13.93 | 13.83 | 1.15 | 3.13 | 8.50 11.54 6.21| 829 | 8.00 | 4.92

Note: * indicates cycle failure.
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Table E3.8 Average Queue Length (#vehs/lane) at SR77"€Xet

EB (Main) NB (Side) WB (Main) SB (Side)
Time Period
Left Thru Right Left Thru Right Left Thru Thru+Right Left Thru Right
AM Peak
5.14 3.41 0.57 3.96 4.84 0.04 0.96 7.68 8.14 1.75 8.43 3.36
(Incident)
AM Peak
6.87 5.04 1.80 3.46 5.55 0.20 1.00 8.00 7.50 2.39 8.43 3.07
(No Incident)
Off Peak 11.90 5.80 1.47 6.12 8.29 1.15 2.44 11.10 12.38 5.49 9.11 4.04
PM Peak 13.03 6.49 1.29 5.38 16.75 1.15 3.13 8.50 11.54 6.21 8.15 492

Comparisons of Before and After Queue Lengths for Ciritical Intersections

The differences in queue length between the before and after measurements are shdwablaE3.9 toTable E3.12. The tables
are colorcoded as follows: green shows significant improvement, yellow shows modest change, and red shows significant increase
in queue length.
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Table E3.9 Difference in Average Queue Length by Lane (#vehs/lane) at Jenks AVeS&es

Lane
Time Period Average
1 2 4 6 7 8 9 10 11 12 13 14
AM Peak | -1.67 | -3.99| -3.62| 0.24 | -0.74| 0.72| 0.11| -0.15| 3.78 | 455 | 0.06 | 1.35 | 1.67 | -0.18 0.15
Off Peak | 0.83 | 1.28 | -0.44 | -3.73 | -2.27 [ 4.04| 2.86| 0.99 | 0.57 | -0.69| -0.10| -0.39( 0.21| 1.54 | 0.34
PM Peak | -1.29( -0.58| -1.13| -0.42| -1.08 | 0.58| 0.29| 0.13 | -0.79( -0.29 | -0.21| 2.54 | 0.21 | -0.04| -0.15
Table E3.10 Difference in Average Queue Length (#vehs/lane) at Jenks Avé Ktzet
EB (Main) NB (Side) WB (Main) SB (Side)
Time Period
Left | Thru | Thru+Right| Left | Thru | Right| Left | Thru | Thru+Right| Left | Thru | Right
AM Peak -1.67 | -3.99 -3.62 024 | 001 | 0.11 | -0.15 | 3.78 4.55 0.06 | 1.51 | -0.18
Off Peak 0.83 | 1.28 -0.44 -3.73 | 089 | 286 | 0.99 | 0.57 -0.69 -0.10 | -0.09 | 1.54
PM Peak -1.29 | -0.58 -1.13 -042 | -0.25 | 0.29 | 0.13 | -0.79 -0.29 -0.21 | 1.38 | -0.04
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Table E3.11 Difference in Average Queue Length by Lane (#vehs/lane) at SRT7Streat

Lane

Time Period Average

1 2 3 4 7 8 9 10 11 12 13 | 14 | 15 | 16
AM Peak

2.80 1.74 | 1.23 | -0.27| -0.96 | -1.06 | -1.92| -1.98| 0.02 | -0.17| -0.88| -2.07 [ 1.11 | 3.25| 3.04| 1.86| 0.36
(Incident)
AM Peak

1.07 0.00 | -0.29| -1.50( -0.63| -0.38| -2.63 | -2.70 | -0.14 | -0.21| -1.20| -1.43( 0.46| 3.29| 3.00 | 2.14| -0.07
(No Incident)

Off Peak 4.86 -3.30 | -3.85| -4.67| 0.25 | -1.45( 0.70 | 0.89 | 0.86 | 0.19 [ 4.10 | 2.80 | 1.78| 5.45| 4.09( 1.86| 0.91
PM Peak 6.72 0.70 | -1.85| -1.35( -0.01| -0.13| 2.62 | 4.10 | 0.84 | 1.34 | 1.62 | 205 1.71| 4.26| 3.43| 3.08| 1.82
Table BE3.12 Difference in Average Queue Length (#vehs/lane) at SR77 Stiz@t

EB (Main) NB (Side) WB (Main) SB (Side)
Time Period Thru
Left [ Thru | Right | Left Thru | Right | Left Thru Left | Thru [ Right
+Right
AM Peak
2.80 ( 1.48 | -0.27 | -1.01 | -1.95 | 0.02 | -0.17 | -0.88 | -2.07 | 1.11 | 3.14 | 1.86
(Incident)
AM Peak
1.07 | -0.14 | -1.50 | -0.50 | -2.66 | -0.14 | -0.21 | -1.20 | -1.43 | 0.46 | 3.14 | 2.14
(NoIncident)
Off Peak 486 | -3.57 | -467 | -0.60 | 0.79 | 0.86 | 0.19 | 4.10 280 | 1.78| 477 | 1.86
PM Peak 6.72 | -058 | -1.35 | -0.07 | 3.36 | 0.84 | 1.34 | 1.62 205 | 1.71| 3.85 | 3.08
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Discussion

For the Jenks Ave. & P&treet intersection, the average queue length decreased by an

average of 0.15 vehicles in the PM Peak, but increased by 0.15 and 0.34 vehicles in the AM and
Off Peak, respectively. The highest increase was observed in the WB through and right turn
gueue,which increased during the AM Peak by 4.55 vehs/lane (it is the predominant direction

of travel at that time).

For the SR 77 & 2Street intersection, for AM peak no incident, the average queue length
decreased by an average of 0.07 vehicles, for AM péidkincident, the average queue length
increased by an average of 0.36 vehicles. From the queue length data, the influence of incident
on gueue length at SR77 &"2S3treet intersection is not significant. The Off peak and PM peak
increased by 0.91 and82 vehicles, respectively. The highest increase was observed in the EB
left turn queue (main line movements), which increased during all time periods by 1.07 (2.80),
4.86 and 6.72 vehicles, respectively (it is the predominant direction of travel atitha}.tAlso,

for all turn movements of the SB (the side street movements), queue length increased.
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E.34 QUEUE TO LANE STGRARATIO

In addition to queue length, it is important to assess any impact to adjacent lanes or to
upstreamfacilities. The queue to link/lane ratio is used to establish the likelihood of spillback,

which is presented in this section by movement and by time period. For the AM peak after

study, the research team collected the SR 77 and 23rd St. intersectifio tafints on

MDKHHKHAMP 6KSYy (GKS AYyOARSYy(d ¢l a OGA@GSsE | a GK
length collected from video during a weekday (9/29/2015, Tuesday) for the SR 77 and 23rd St.
AYGSNESOGAZ2Y a GKS ala tSIF{ b2 LYOARSy(¢®

The following assuptions are used:

() The storage capacity is estimated as the maximum number of vehicles in the lane.

W The queue to link/lane storage ratio is estimated as 1 if the observer reported
GALATEEOlIO1€Z YR Fa noy AF NBLRZ2NOMSR | a (K
distance.

() Queue to lane storage ratios over 80% are highlighted in yellow, as they represent
conditions with a high probability for spillback.

SB sB
14 13 12 11

10 ‘_T— 16 15 14 13 12 ‘;
: li 10 17 I
(a) Jenks Ave. & ?Btreet (b) SR 77 & ZStreet

Figure E4.1 Lane Configuration of Critical Intersections

353



Before Study (Jan. 27 & Jan.28, 2015)

Table E4.1 Average Queue Storage Ratio by Lane and by Period at Jenks Ave. & 23rd Street

EB (Main) NB WB (Main) SB

Time Period Left | Thru | Thru/Right | Left Left Thru | Thru/Right | Left | Left | Thru | Thru/Right | Left

1 2 3 4 5 6 7 8 9 10 11 12 13 14
1 0.46 | 0.23 0.17 0.43 | 0.14 | 0.03 | 0.07 0.19 0.2 0.17 | 0.18 | 0.24 | 0.15 | 0.24
2 0.72 0.3 0.27 0.17 | 0.12 | 0.04 | 0.07 0.29 026 | 0.29 | 037 | 0.25 | 0.19 | 0.21
AM Peak 3 0.43 | 0.19 0.24 0.11 | 0.17 | 0.04 | 0.11 0.14 0.11 | 0.14 0.1 0.16 | 0.13 | 0.24
4 0.33 0.2 0.24 0.18 | 0.13 | 0.05 | 0.08 0.2 0.17 | 0.2 0.27 | 0.12 | 0.11 | 0.24
Average | 0.49 | 0.23 0.23 0.22 | 0.14 | 0.04 | 0.08 0.21 0.18 | 0.2 0.23 | 0.19 | 0.15 | 0.23
1 0.5 0.16 0.23 0.49 | 0.13 | 0.04 | 0.26 0.2 0.5 0.59 0.6 0.12 | 0.09 | 0.32
2 0.54 | 0.32 0.36 0.87 | 0.17 | 0.07 0.3 0.32 035 | 042 | 044 | 0.14 | 0.12 | 0.23
Off peak 3 0.54 | 0.32 0.35 1.00 | 0.24 | 0.08 | 0.26 0.2 038 | 049 | 087 | 0.18 | 0.09 | 0.44
4 0.68 | 0.37 0.43 0.41 | 0.18 | 0.04 | 0.24 0.39 0.34 | 055 | 0.25 | 0.18 | 0.13 | 0.27
Average | 0.56 | 0.29 0.34 0.79 | 0.18 | 0.06 | 0.26 0.28 039 | 051 | 054 | 0.16 | 0.11 | 0.32
1 0.67 | 0.39 0.3 0.46 | 0.42 | 0.15 | 0.32 0.19 0.38 | 043 | 0.26 | 0.14 | 0.08 | 0.35
PM Peak 2 0.83 | 0.38 0.33 0.44 | 042 | 0.16 | 0.38 0.33 031 | 044 | 077 | 0.21 | 01 0.33
3 0.58 | 0.35 0.32 0.46 | 0.26 | 0.12 0.2 0.08 0.22 | 03 0.45 | 0.15 | 0.11 | 0.24

354




EB (Main) NB WB (Main) SB
Time Period Left | Thru | Thru/Right | Left Left Thru | Thru/Right | Left | Left | Thru | Thru/Right | Left
1 2 3 4 5 6 7 8 9 10 11 12 13 14
4 0.46 | 0.24 0.26 0.56 | 0.15 | 0.04 0.1 0.21 028 | 0.33 | 0.23 | 0.11 | 0.08 | 0.23
Average | 0.64 | 0.34 0.3 0.48 | 0.31 | 0.12 | 0.25 0.2 0.3 038 | 043 | 0.15 | 0.1 | 0.29
Table E4.2 Average Queue Storage Ratio by Lane and by Period at SR 77 & 23rd Street
EB NB WB SB
Time Period Left Thru Right Left Thru Right | Left | Thru | Thru/Right | Left Thru Right
1 2 3 4 5 6 8 9 10 11 12 13 14 15 16
1 0.12| 0.17 | 0.11 | 0.12 | 0.25| 0.3 0.3 | 0.33| 0.01 | 0.12 | 0.39 0.5 0.1 | 0.27 | 0.25 | 0.05
2 0.16 | 0.14 | 0.08 | 006 | 0.3 | 0.41| 0.29| 0.31 | 0.03 | 0.14 | 0.56 0.6 0.11 | 0.34 | 0.26 | 0.05
AM Peak 3 023 0.16 | 0.08 | 0.14 | 0.24| 03 | 024|029 | 001 | 0.2 | 0.34 0.32 0.07 | 0.18 | 0.18 | 0.07
4 0.23 | 0.15| 0.13 | 0.06 | 0.28 | 0.3 | 0.17 | 0.21 0 0.2 | 0.33 0.32 0.04 | 0.12 | 0.15 | 0.04
Average | 0.19 | 0.16 | 0.1 0.09 | 0.27 | 033 | 025| 0.28| 0.01 | 0.17 | 04 0.44 0.08 | 0.23 | 0.21 | 0.05
1 021 035| 0.28| 026 | 0.29 | 046 | 0.21| 0.24 | 0.01 | 0.27 | 0.31 0.4 0.16 | 0.13 | 0.15 | 0.06
Off Peak
2 031]032|034| 032 | 031 | 052|032| 032| 001 |0.31| 024 0.34 0.22 | 0.16 | 0.21 0.1
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EB NB WB SB
Time Period Left Thru Right Left Thru Right | Left | Thru | Thru/Right | Left Thru Right
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
3 042 | 041 | 035| 0.27 | 041 | 0.68 | 0.29 | 0.32 | 0.05 | 0.47 | 0.42 0.65 0.27 | 0.16 | 0.2 0.11
4 034|034 029 | 0.26 | 0.38 | 0.53 | 0.23 | 0.2 0.01 | 0.24 | 0.31 0.36 028 019 024 | 0.1
Average| 0.32 | 0.35| 0.32 | 0.28 | 0.35| 0.55| 0.26 | 0.27 | 0.02 | 0.32 | 0.32 0.44 0.23| 0.16 | 0.2 | 0.09
1 033 033|022| 01 | 034]|064| 0.43| 0.36 0 0.16 | 0.36 0.42 0.26 | 0.22 | 0.23 | 0.08
2 039 | 0.27 | 0.14| 008 | 0.3 | 0.42| 042 | 0.33 | 0.04 | 0.26 | 0.29 0.45 04 | 0.18 | 0.22 | 0.08
PM Peak 3 0.27 | 032 | 021 | 0.14 | 0.21 | 0.37 | 0.59 | 0.52 | 0.02 | 0.36 | 0.36 0.44 0.33 | 0.13 | 0.18 | 0.06
4 0.16 | 0.29 | 0.24 | 0.16 | 0.26 | 0.36 | 0.17 | 0.18 | 0.02 | 0.24 | 0.25 0.42 0.14 | 0.14 | 0.14 | 0.08
Average | 0.29 | 0.3 0.2 0.12 | 0.28 | 045 | 04 | 0.35| 0.02 | 0.26 | 0.31 0.43 0.28 | 0.17 | 0.19 | 0.08
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After Study (Sep. 22 & Sep. 23, 2015)

Table F4.3 Average Queue Storage Ratio by Lane by Period at Jenks Aveé S&réxs

Eastbound Northbound Westbound Southbound
Thru+ Thru+
Time Period Left | Thru Left Thru Right Left Thru Left Thru Right
Right Right
1 2 3 4 5 6 7 8 9 10 11 12 13 14
1 0.09 [ 0.09 0.05 0.19 | 0.10 | 0.04 | 0.04 | 0.23 | 0.36 0.39 021 | 0.25 | 0.21 | 0.26
2 0.55 0.09 0.15 0.41 | 0.06 | 0.15 0.13 0.09 0.35 0.40 0.23 | 0.31 | 0.30 0.27
AM Peak 3 0.21 0.08 0.09 0.14 | 0.16 | 0.01 0.13 0.21 0.28 0.35 0.23 | 0.16 | 0.14 0.14
4 0.25 0.09 0.12 0.25 | 0.14 | 0.06 0.07 0.21 0.33 0.37 0.27 | 0.23 | 0.17 0.19
Average | 0.28 0.09 0.10 0.25 | 0.12 | 0.07 0.09 0.19 0.33 0.38 0.24 | 0.24 | 0.21 0.22
1 0.48 0.17 0.16 0.37 | 0.13 | 0.14 0.45 0.31 0.29 0.43 0.44 | 0.10 | 0.07 0.52
2 0.50 0.35 0.28 0.28 | 0.10 | 0.16 0.47 0.23 0.22 0.32 0.33 | 0.14 | 0.10 0.50
Off Peak 3 0.85 [ 0.42 0.43 0.39 | 010 | 0.23 | 0.80 | 0.40 | 0.53 0.58 0.88 | 015 | 0.15 | 0.44
4 0.83 0.42 0.43 0.46 | 0.09 | 0.23 0.48 0.67 0.62 0.62 0.47 | 0.17 | 0.14 0.38
Average | 0.67 0.34 0.33 0.38 | 0.10 | 0.19 0.55 0.40 0.41 0.49 053 | 0.14 | 0.12 0.46
1 0.54 | 0.30 0.27 0.43 | 0.32 | 0.18 0.42 0.25 0.26 0.34 0.53 | 0.55 | 0.09 0.41
PM Peak
2 0.40 0.28 0.19 0.44 | 0.27 | 0.09 0.28 0.27 0.33 0.40 0.33 | 0.14 | 0.11 0.30
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Eastbound Northbound Westbound Southbound
Thru+ Thru+
Time Period Left | Thru Left Thru Right Left Thru Left Thru Right
Right Right
1 2 3 5 6 7 8 9 10 11 12 13 14
3 0.73 | 0.49 0.40 0.48 | 0.28 | 0.21 0.28 0.25 | 0.29 0.44 0.52 | 0.16 | 0.10 0.32
4 0.23 | 0.20 0.17 0.39 | 0.24 | 0.07 0.13 0.10 | 0.19 0.27 0.26 | 0.12 | 0.11 0.11
Average | 0.47 | 0.32 0.26 0.44 | 0.28 | 0.14 0.28 0.22 | 0.27 0.36 041 | 0.24 | 0.10 0.28
Table 4.4 Average Queue Storage Ratio by Lane by Period at SR 77krgat
Eastbound Northbound Westbound Southbound
Thru+
Time Period Left Thru Right Left Thru Right | Left | Thru Left Thru Right
Right
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1 0.27 1 0.20| 0.15| 0.08 | 0.16 | 0.22| 0.24 | 0.26 | 0.02 | 0.12| 042 | 0.39 | 0.16 | 0.43| 0.38 | 0.17
2 033(021(0.10f 0.11 | 0.23| 0.27 | 0.11| 0.15| 0.02 | 0.20| 0.35 | 0.36 | 0.13 | 0.43 | 0.42 | 0.15
AM Peak
3 0.23] 0.20| 0.13| 0.08 [ 0.27 | 0.21| 0.22 | 0.23| 0.01 [ 0.14| 0.34 | 0.28 | 0.12]| 0.26 | 0.26 | 0.09
(Incident)
4 0.42] 0.25| 0.20| 0.06 | 0.26 | 0.33| 0.17 | 0.21| 0.00 | 0.10| 0.34 | 0.33 [ 0.19] 0.35| 0.29 | 0.11
Average | 0.31] 0.22 ] 0.14| 0.08 [ 0.20| 0.26 | 0.18| 0.21| 0.01 [ 0.14| 0.36 | 0.34 | 0.15( 0.36 | 0.34 | 0.13
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Eastbound Northbound Westbound Southbound
Thru+
Time Period Left Thru Right Left Thru Right [ Left | Thru Left Thru Right
Right
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

1 0.19] 0.15| 0.09| 0.03 ( 0.22| 0.30| 0.15( 0.16 | 0.01 | 0.24] 0.31 | 0.30 | 0.11| 0.47| 0.38 | 0.18
2 0.26 ( 0.23 | 0.08 | 0.05 | 0.35| 0.45| 0.16 | 0.20| 0.00 | 0.16 | 0.58 | 0.60 | 0.12 | 0.43 | 0.40 | 0.18

AM Peak
3 025011009 001 | 0.128| 0.23]| 0.16| 0.19| 0.00 | 0.10| 0.25 | 0.27 | 0.11 | 0.28 | 0.29 | 0.10

(No Incident)

4 023 0.13| 009 002 | 0.14| 0.24| 0.15]| 0.20| 0.00 | 0.14| 0.26 | 0.32 | 0.11 | 0.28 | 0.28 | 0.10
Average | 0.23 ] 0.16 | 0.09 | 0.03 [ 0.22| 0.30| 0.16 | 0.19| 0.00 | 0.14( 0.35| 0.37 | 0.11 | 0.37 | 0.34 | 0.14
1 052|024 0.16 | 0.08 | 0.46| 0.44| 0.28| 0.22| 0.10 | 0.20| 049 | 050 | 0.22] 0.31] 0.35]| 0.12
2 060 026 0.18| 0.05 | 0.31 ]| 0.49| 0.26 | 0.31| 0.09 | 0.48| 055 0.56 | 0.29 | 0.34| 0.37| 0.18
Off Peak 3 057|028 023 004 | 029 043 0.35]| 0.38| 0.04 | 0.33| 055 0.68 | 0.50 | 0.48 | 0.35| 0.09
4 048 0.17 | 0.13| 0.10 | 0.40| 0.44| 0.26 | 0.31| 0.08 | 0.38| 043 | 051 | 0.36 | 0.42| 0.42| 0.28
Average | 0.54 | 0.24 ] 0.18 | 0.07 [ 0.36 | 0.45| 0.29| 0.30| 0.08 [ 0.35| 0.50 | 0.56 | 0.34( 0.39 | 0.37 | 0.17
1 0.67 | 0.46 | 0.17 | 0.05 | 0.27 | 0.47 | 0.48 | 0.45| 0.07 | 0.55| 0.46 | 0.49 | 049 | 0.38| 0.40 | 0.17
PM Peak 2 055|028 0.13| 003|032 052 059| 059| 007 |036| 032 0.61 | 0.33] 0.31] 0.31] 0.23
3 071034 0.14| 009 | 0.23]| 0.40| 0.71] 0.71| 0.07 | 0.52| 0.38 | 0.48 | 0.40| 0.40| 0.37 | 0.26
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Eastbound Northbound Westbound Southbound

+
Time Period Left Thru Right Left Thru Right [ Left | Thru o Left Thru Right
Right
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
4 045|022 0.13| 0.06 | 029 0.37| 0.21| 0.23| 0.11 | 0.36| 0.39 | 052 | 0.33| 0.28 | 0.26 | 0.15
Average | 0.59 | 0.33 | 0.14 | 0.06 | 0.28 | 0.44 | 0.50 | 0.49 | 0.08 | 0.45] 0.39 | 052 | 0.39( 0.35| 0.33| 0.20

Comparisons of Before and After Queue Storage Ratios

The differences in Queue Storage Ratio between before and after measurements are sfi@bieii4.5 toTable E4.8. The tables

are colorcoded as follows: green shows significant improvement, yellow shows modest change, and red shows significant
deterioration in queue storage ratios or spillback potential.

Table 4.5 Difference inAverage Queue Storage Ratios at Jenks Ave!%5a@et

Lane

Time Period Eastbound Northbound Westbound Southbound Average

1 2 3 4 5 6 7 8 9 10 11 12 13 14

AM Peak | -0.21|-0.14| -0.13| 0.03 | -0.02| 0.02| 0.01 | -0.02 | 0.15 | 0.17 | 0.01 | 0.05 | 0.06 | -0.02| 0.00

OffPeak | 0.10 [ 0.05 | -0.02|-0.41| -0.08 | 0.13| 0.29| 0.12 | 0.02 | -0.03 | -0.01| -0.01| 0.01 | 0.14 0.02

PM Peak | -0.16( -0.02 | -0.04| -0.05( -0.04 | 0.02 | 0.03| 0.02 | -0.03 | -0.01| -0.02| 0.09 | 0.01| 0.00 [ -0.01
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Table 4.6 Difference in Percent of Average Queue Storage Ratios at Jenks AvéS&es

Lane
Tme Eastbound Northbound Westbound Southbound Averag
Period e
1 2 3 4 5 6 7 8 9 10 11 12 13
' : ' 11.97 i - 78.75 | 87.32 25.45 | 40.91
0, 0, 0, 0,
AM Peak | 43.02 61.82 56.20 % 17.65 | 57.89%| 13.45% 8.86% % % 2.35% % % 6.85% 8.84%
% % % %
18.52 | 15.65 - ' 230.95 | 108.11 | 44.89 - - - 44.05
- 0, 0, 0, 0,
Off Peak % % 4.58% 52())051 42%05 % % % 5.61% 517% | 1.61%| 8.94% 7.06% 25.71%
PM Peak 25-.41 -6.17% 13-.37 -9.62% 11-.56 16.67%| 11.67%]| 7.69% 10-.22 k X L 7.81% 1.33%
2.99% | 4.42% % 1.32%
% % % %
Table F4.7 Difference inAverage Queue Storage Ratio at SR 77'8St8eet
Lane Average
Time Period Eastbound Northbound Westbound Southbound
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
AM Peak
0.13| 0.06 | 0.04 | -0.01 | -0.06 | -0.07 | -0.07 | -0.07 | 0.00 | -0.02| -0.04| -0.09 | 0.07 | 0.14| 0.13 | 0.08 0.01
(Incident)
AM Peak
0.05| 0.00 | -0.01| -0.07 | -0.04 | -0.03| -0.09 | -0.10| -0.01| -0.03| -0.05| -0.06 | 0.03| 0.14| 0.13 | 0.09 0.00
(No Incident)
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Lane Average
Time Period Eastbound Northbound Westbound Southbound
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Off Peak 0.22| -0.12| -0.14| -0.21 | 0.02 | -0.10| 0.02 | 0.03 | 0.06 | 0.03 | 0.19 | 0.13 | 0.11 ] 0.23| 0.17 | 0.08 0.04
PM Peak 0.31| 0.02 | -0.07] -0.06 | 0.00 | -0.01| 009 | 0.15 | 0.06 | 0.19 | 0.07 | 0.09 | 0.11] 0.28| 0.14 | 0.13 0.09
Table F4.8 Difference inPercent of Average Queue Storage Ratio at SR 7T &t28et
Lane
Time Ave
Eastbound Northbound Westbound Southbound
Period
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
AM Peak 68.71 | 39.89 | 44.59 : : : i ) 13.33 : ) 86.11 | 59.09 | 59.86 | 152.94| 22.99
0/' 0/ 0/ 12.93 | 23.96 | 21.50 | 27.24 | 24.89 0/ 1472 | o oo, | 2164 0/ 0/ 0/ 0/' 0/
(Incident) ° 0 ° % % % % % ° % R B 0 ° ° 0 °
AM Peak
N 2?)/'32 0.00%| 1039 | 7241 | 15.77 | e‘; 106 | 37:39 | 33.86 | 76.67 | 17.77 | 1348 | 14.93 3?,)11 5?)/'74 5?))15 173'47 3.59%
(No 0 % % % il I % % % % % ° ° ° °
Incident)
Off Peak 6?).12 2221 A D 1 oo | 1761 | 0470 | 1268 302.08 8.479| 5850 | 29.29 | 47.92 141.36| 84.81| 85.25 | 42.64
% % % % % % % % % %
% % % %
106.63 ) ) = - 23.14 | 42.14 | 271.54| 75.00 | 23.53 | 21.64 | 38.15| 105.76 | 75.23 | 168.18| 54.61
0,
PMPeak| g, | 8-29% 320/'33 5%)02 0.26%| 1.88%| % | % | % % | % | % | % | % | % | % | %
(0] (0]
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Discussion

() For the Jenks Ave. intersection, during the before study there were three queue
storage ratios that were high. Two of them (NB left during the Off peak and EB left
during the PM peak) were significantly reducedha after data. However, the
storage ratios for the EB left movement increased during the Off peak period.
Generally, queue storage ratios increased for the AM Peak and Off Peak, and they
decreased for the PM Peak.

W For the SR 77 intersection there arecrdical queue storage ratios for either of the
two analysis periods. However, queue storage ratios increased for all time periods.
W The highest increase of queue storage ratio for Jenks Ave'&@8et intersection

was observed for the NB Off Peak ( 0.29), and the highest increase of queue storage
ratio for SR 77 & 23Street intersection was observed for the EB PM Peak (0.31); in
terms of percentages, the highest increase was observed for B1®ffl Peak

(302.08% for Jenks Ave. &%8t., 230.95% for SR 77 &¥©St.).

w For both intersections, the highest increases of queue storage ratios were for the NB
and SB directions (side streets movements), while the EB queue storage ratios
generally dereased (main line movements). The new system seems to favor the
main street traffic.
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E.35 EQUIVALENT PCE FL®OW

Traffic flows were counted manually and converted to equivalent PCE flows (pce/hour) by considering the percentage of heavy
vehicles. It was assumed that the PCE for trucks is 2. For the AM peak after study, the research team collected the SR 77 and 23rd
{Gd AYOGSNBESOGAZ2Y GNIFFAO O2dzyia 2y MKHHKHAMp 6KSYy {HfléhS Ay OARS

A 2 s oA

colSOGSR FTNBY @OARS2 RdzNAYy3 || 6SS{TRIE OMPKHPKHAMPYE ¢dzSARF&0 F2NJ

Truck Percentage Observations
Table E5.1 Truck Percentages at Jenks Ave. & 23rd Street.

EB WB NB SB
Period | Interval Total
Left | Thru | Right | Left | Thru | Right Left | Thru | Right | Left | Thru | Right

1 0.00%| 1.84%| 0.00%/| 0.00%| 2.58% | 2.94% | 5.00%| 3.70%| 8.70%| 0.00%| 0.65%/| 0.00%| 1.94%

2 0.00%| 2.16%| 0.00%| 1.85% | 2.23%| 0.00% | 0.00%| 0.00%| 0.00%| 2.70%| 0.00%| 1.15%| 1.35%

F”A\e'\:lk 3 0.00%| 2.05%| 3.03%| 0.00%| 3.46% | 1.47% | 0.00%| 0.94%| 0.00%| 2.38%| 1.23%]| 0.00%| 1.87%
4 0.00%| 1.02%| 2.44%]| 0.00%| 3.49%/| 10.53%]| 0.00%| 2.20%| 2.17%| 2.17%| 1.75%| 1.14%| 2.29%

Average| 0.00%| 0.56%| 0.73%| 0.62%| 1.94%| 1.44% | 0.85%| 0.80%| 0.68% | 1.94%| 0.31%| 0.00%| 1.03%

1 3.45%]| 1.00%| 0.00%| 3.57%| 1.46%| 13.33%]| 0.00%| 0.00%| 0.00%| 0.00%| 0.93%| 1.32%| 1.40%

2 3.77%| 1.77%| 0.00%| 2.56%| 1.07%| 5.13% | 2.27%| 1.63%| 0.00%| 0.00%| 0.00%| 2.75%| 1.48%

P(Zf;k 3 0.00%| 0.94%/| 0.00%| 2.94% | 0.55%| 3.85% | 0.00%| 4.00%| 0.00%/| 0.00%| 0.73%/| 0.00%/| 0.86%

4 0.82%]| 1.74%| 1.47%]| 0.00%| 0.59%| 2.50% | 0.00%| 2.44%| 0.00%| 4.23%| 0.70%| 0.00%| 1.20%

Average| 1.13%| 0.96% | 0.53%| 2.38%| 1.26%| 6.43% | 1.05%| 1.94%| 0.00%| 0.97%| 0.61%| 0.60%| 1.18%
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EB WB NB SB
Period | Interval Total
Left | Thru | Right | Left | Thru | Right Left | Thru | Right | Left | Thru | Right
0.00%| 0.74%| 0.00%| 0.00%| 1.41%| 4.76% | 1.72%| 2.03%| 0.00%| 1.41%| 1.36%| 1.18%| 1.18%
1.32%| 0.71%| 2.27%/| 0.00%| 1.00%/| 0.00% | 1.67%/| 0.53%| 0.00%/| 0.00% | 0.00%/| 1.08% | 0.75%
PPeI\:\k 2.33%| 0.87%| 0.00%| 4.35%| 0.60%| 2.33% | 0.00%| 1.00%| 0.00%| 0.00%/| 0.00%| 0.00%| 0.73%
0.00%| 0.81%| 0.00%| 0.00%| 1.31%| 4.76% | 1.96%| 0.00%| 2.33%| 3.39%/| 0.00%| 0.00%| 0.96%
Average| 0.98%| 0.78% | 0.65%| 0.93%| 1.07%| 2.96% | 1.32% | 0.88%| 0.41%| 1.06%| 0.38%| 0.59% | 0.90%
TableE-5.2 Truck Percentages at SR 77 & 23rd Street
EB WB NB SB
Period Interval Ave
Left Thru Right Left Thru Right Left Thru Right Left Thru Right
1 1.27% | 4.57% | 0.00% | 4.76% | 1.68% | 0.00% | 0.88% | 1.89% | 0.00% | 2.04% | 1.86% | 1.95% | 1.93%
2 2.86% | 3.38% | 2.78% | 1.89% | 1.83% | 0.91% | 3.43% | 3.90% | 0.00% | 2.44% | 0.82% | 1.37% | 2.18%
AM Peak 3 1.50% | 3.73% | 3.36% | 0.00% | 2.22% | 1.47% | 0.00% | 4.13% | 3.70% | 2.13% | 3.59% | 2.89% | 2.75%
4 0.71% | 7.88% | 0.00% | 0.00% | 2.05% | 8.00% | 1.70% | 3.70% | 0.00% | 8.47% | 3.61% | 0.00% | 3.23%
Average | 1.53% | 4.78% | 1.65% | 1.89% | 1.94% | 2.52% | 1.68% | 3.42% | 1.06% | 3.80% | 2.32% | 1.56% | 2.51%
1 0.79% | 1.18% | 1.72% | 0.00% | 2.02% | 3.03% | 0.68% | 2.64% | 3.45% | 0.00% | 2.55% | 1.82% | 1.67%
Off Peak
2 0.00% | 1.85% | 2.52% | 2.78% | 0.69% | 3.70% | 3.23% | 1.91% | 0.00% | 0.00% | 2.91% | 2.38% | 1.83%
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EB WB NB SB
Period Interval Ave
Left Thru Right Left Thru Right Left Thru Right Left Thru Right
3 0.59% | 2.63% | 0.71% | 0.00% | 2.18% | 2.38% | 1.22% | 3.51% | 0.00% | 1.19% | 3.31% | 1.23% | 2.07%
4 0.68% | 1.81% | 0.00% | 0.00% | 2.53% | 5.10% | 1.49% | 1.92% | 0.00% | 3.85% | 3.63% | 2.78% | 2.18%
Average | 0.16% | 0.89% | 0.35% | 0.00% | 0.90% | 1.83% | 0.62% | 1.11% | 0.00% | 0.29% | 1.51% | 1.22% | 0.86%
1 1.66% | 0.98% | 1.53% | 5.56% | 1.29% | 4.44% | 1.42% | 2.72% | 0.00% | 1.37% | 1.94% | 2.06% | 1.81%
2 0.53% | 0.64% | 0.70% | 0.00% | 1.01% | 2.17% | 0.68% | 1.82% | 0.00% | 3.70% | 1.48% | 2.68% | 1.20%
PM Peak 3 0.47% | 0.52% | 0.66% | 3.70% | 0.75% | 0.00% | 0.61% | 0.70% | 0.00% | 1.92% | 2.61% | 0.82% | 0.95%
4 1.51% | 0.00% | 1.35% | 0.00% | 0.38% | 5.00% | 0.00% | 0.26% | 3.23% | 0.00% | 1.09% | 0.00% | 0.60%
Average | 0.90% | 0.54% | 1.05% | 2.17% | 0.75% | 2.82% | 0.69% | 1.26% | 0.00% | 1.79% | 1.74% | 1.39% | 1.07%
Before Study (Jan. 27 & Jan.28, 2015)
Table E5.3 Traffic Volume (pce/15 min) and Traffic Flow (pce/hour) at Jenks Ave. & 23rd Street
EB WB NB SB
Period Interval
Left Thru Right Left Thru Right Left Thru Right Left Thru Right
16 104 7 18 212 22 13 18 15 15 87 34
29 151 26 22 270 42 14 67 15 19 96 57
AM Peak
34 143 17 22 187 34 22 53 24 16 95 47
16 155 28 20 227 22 23 41 16 21 64 55
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EB WB NB SB
Period Interval

Left Thru Right Left Thru Right Left Thru Right Left Thru Right

Flow Rate 95 553 78 82 896 120 72 179 70 71 342 193

1 30 217 26 16 251 29 42 42 34 46 53 40

2 28 234 21 20 244 16 48 63 31 42 52 51

Off Peak 3 22 271 24 16 274 12 47 66 33 34 63 59

4 49 295 42 19 251 20 40 68 27 38 67 37

Flow Rate 129 1017 113 71 1020 77 177 239 125 160 235 187

1 35 269 18 15 219 18 30 70 26 33 84 51

2 48 276 25 16 247 15 35 91 35 32 71 52

PM Peak 3 55 298 18 10 232 25 28 110 29 38 68 48

4 30 245 18 9 218 9 26 76 16 31 42 41

Flow Rate 168 1088 79 50 916 67 119 347 106 134 265 192
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Table E5.4 Traffic Volume (pce/15 min) and Traffic Flow (pce/hour) at SR 77 & 23rd Street

EB WB NB SB
Period Interval
Left Thru Right Left Thru Right Left Thru Right Left Thru Right
1 29 65 31 11 154 9 42 102 3 12 167 64
2 26 73 35 18 223 7 90 120 1 27 206 74
AM Peak 3 42 71 25 6 174 9 38 104 5 19 167 66
4 39 68 20 5 145 8 60 89 7 28 158 63
Flow Rate 136 277 111 40 696 33 230 415 16 86 698 267
1 57 125 67 15 117 13 65 108 12 57 92 94
2 53 128 88 16 147 20 76 136 12 39 111 98
Off Peak 3 74 143 78 15 138 19 78 183 13 42 129 75
4 68 169 68 30 152 19 93 112 13 54 173 95
Flow Rate 252 565 301 76 554 71 312 539 50 192 505 362
1 77 188 55 20 112 24 72 200 12 37 96 40
2 89 232 80 18 143 19 72 172 14 42 104 50
PM Peak 3 108 191 67 12 123 22 77 240 16 46 129 58
4 60 170 56 14 107 19 73 161 9 30 96 48
Flow Rate 334 781 258 64 485 84 294 773 51 155 425 196
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After Study (Sep. 22 & Sep. 23, 2015)
Table 5.5 Traffic Volume (pce/15 min) and Hourly Volume (pce/hour) at Jenk§&g@et

Eastbound Westbound Northbound Southbound
Period Interval

Left Thru Right Left Thru Right Left Thru Right Left Thru Right

1 22 117 11 18 185 13 8 38 10 15 69 35

2 21 133 19 33 281 26 13 56 17 19 121 31

AM Peak 3 23 155 17 17 202 35 15 54 21 27 70 31

4 26 142 14 13 188 20 10 52 31 26 52 34

Flow Rate 92 547 61 81 856 94 46 200 79 87 312 131

1 30 290 23 13 305 22 31 42 26 37 56 37

2 27 284 29 20 322 25 42 62 43 41 46 61

Off Peak 3 44 268 26 19 277 15 43 64 38 42 75 38

4 74 290 27 27 259 21 45 58 37 36 77 39

Flow Rate 175 1132 105 79 1163 83 161 226 144 156 254 175

1 40 272 20 15 286 26 29 81 24 39 65 35

2 29 288 20 13 260 14 26 99 40 39 68 42

PM Peak
3 33 282 21 14 273 19 30 92 44 45 74 48
4 38 255 16 16 245 13 26 67 28 30 51 26
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Eastbound Westbound Northbound Southbound
Period Interval
Left Thru Right Left Thru Right Left Thru Right Left Thru Right
Flow Rate 140 1097 77 58 1064 72 111 339 136 153 258 151
Table 5.6 Traffic Volume (pce/15 min) and Hourly Volume (pce/hour) at SR 77 &28et
Eastbound Westbound Northbound Southbound
Period Interval Total
Left | Thru | Right | Left | Thru | Right | Left [ Thru | Right | Left | Thru | Right

1 14 76 30 11 148 10 36 114 4 21 200 41 705
2 42 89 35 18 167 7 75 145 11 26 241 73 929
AM.Peak 3 32 90 46 14 133 8 96 103 8 12 179 46 767

(Incident)
4 57 76 33 15 118 13 68 115 8 13 138 55 709
Flow Rate 145 331 144 58 566 38 275 477 31 72 758 215 3110
1 37 88 42 22 122 11 36 108 8 17 127 52 670
2 40 83 41 18 202 7 76 135 15 31 169 75 892

AM Peak
3 61 89 52 8 218 11 57 121 15 17 144 66 858

(No Incident)

4 46 75 40 16 155 17 51 104 10 23 134 39 710
Flow Rate | 184 335 175 64 697 46 220 468 48 88 574 232 3130
Off Peak 1 71 133 51 10 136 21 82 125 18 48 109 74 878
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Eastbound Westbound Northbound Southbound
Period Interval Total
Left [ Thru | Right | Left | Thru | Right | Left | Thru | Right | Left | Thru | Right
2 98 147 75 21 145 36 84 131 23 33 101 74 968
3 97 208 64 18 143 24 88 112 24 43 121 89 1031
4 103 | 206 83 29 158 16 85 108 12 31 123 72 1026
Flow Rate | 369 694 273 78 582 97 339 476 77 155 454 309 3903
1 107 223 78 18 123 23 71 177 11 37 114 59 1041
2 100 242 63 23 158 28 75 163 10 42 102 65 1071
PM Peak 3 105 198 85 16 147 24 89 194 19 60 146 65 1148
4 142 230 94 20 160 23 58 226 23 48 90 53 1167
Flow Rate | 454 893 320 77 588 98 293 760 63 187 452 242 4427
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Comparisons of Before and After Flows

The differences in traffic flow between the before and after measurements are showatbie
E5.7 andTable E5.8. The tables are colmoded as follows: green shows significant decrease,
yellow shows modest change, and red shows significant increakmnin f

Table B5.7 Difference in Traffic Flow Rate (pce/hr) at Jenks Ave."€2et

Eastbound Westbound Northbound Southbound
Period
Left | Thru | Thru+Right| Left | Thru | Thru+Right| Left | Thru | Right | Left | Thru | Right
AM Peak| -3 | -6 -17 -1 | -40 -26 26 | 21 9 16 | -30 | -62
Off Peak| 46 | 115 -8 8 | 143 6 16 | -13 | 19 | 4 | 19 | -12
PM Peak| -28 9 -2 8 148 5 -8 -8 30 19 -7 -41
Table B5.8 Difference in Traffic Flow Rate (pce/hr) at SR 77 '& tBeet
Eastbound Westbound Northbound Southbound
Period
Left | Thru | Right| Left | Thru | Thru+Right| Left | Thru| Right| Left | Thru| Right
AM Peak
9 54 33 18 | -130 5 45 62 15 -14 60 -52
(Incident)
AM Peak
48 | 58 | 64 24 1 13 -10 | 53 | 32 2 | -124| -35
(No incident)
Off Peak 117 | 129 | -28 2 28 26 27 -63 27 -37 | -51 | -53
PM Peak | 120 | 112 | 62 13 | 103 14 -1 | 13| 12 32 | 27 | 46
Discussion
w The traffic volume for the SR 77 &28treet intersection increased during all three
time periods by an average of 6.98%
W For the Jenks Ave. & P%treet intersection volume increased for the Off Peak and

PM peak, while it decreased for the AM peak by 6.00%.

The increased queues may be at least partially due to the increase in flows between the before
and after data collection periods.
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E.36 CONSIDERATION ORAFRIC FLOWS JOINWIYH QUEUE LENGTH
¢tKS RAFTFSNBYOSa Ay G¢NIFFAO Cft206¢ | YR avdzSdzS Thble ¢ @addtabled S s SSy
E6.3. Thetablesarecokd2 RSR & F2tf26ay JBNBERBEONBRAGCIAG $ & RO K¢ NI FFde®dzCt 2 6 ¢
GvdzSdzS¢ AYONBIFaSa YR a¢NIFFAO Cf2pgé RSONBlIasSaz b2 /&ft2N AYyR
time. Generally, green indicates improvement despite an increase in Homthe AM peak after study, the research team collected
theSR77and 2 1 & AYGSNARSOGAZ2Y GNIFFAO O2dzyiia 2y MKHHKHAMP BHKSY (K¢
the flow and queue length collected from video during a week@ 89/2015, Tuesday) for the SR 77 and!ZR. intersection as the
G!'a tSF]{ b2 LYOARSyYyG¢®

Table B6.1 Differences in Traffic Flow (TF) and Queue Length (Q) at Jenks AVES&e3

EB(Main) NB(Side) WB(Main) SB(Side)

Period Left Thru Thru+Right Left Thru Right Left Thru Thru+Right Left Thru Right

TF Q TF Q TF Q TF Q TF Q TF| Q TF| Q

EEEEEEE [hEEE

Off Peak | 46 | 0.83 | 115| 1.28 | -8 | -0.44 | -16 | -3.73 | -13.00| -2.68 | 19| 2.86 | 8 | 0.99

PM Peak| -28 —1.29- -2 1-113| -8 | -042| -800 | -669| 30| 029] 8 | 0.13
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Table E6.2 Differences (%) in Traffic Flow (TF) and Queue Length (Q) at Jenks AV&Steeas

EB(Main) NB(Side) WB(Main) SB(Side)
Period Left Thru Thru+Right Left Thru Right Left Thru Thru+Right Left Thru Right
TF Q TF Q TF Q TF Q TF Q TF Q TF Q TF Q
AM - - - - 13
-30 -10 0, -19 -90,
Peak 3% 43% 1% 62% | 22% | 56% % 13% | -1% ) -9%
11 - - 15 108 11 45
0, 0, 0, -70, -00, -90, -50,
Off Peak| 36% | 19% % 16% | -7% 5% 9% 53% 5% 38% | % % % %
PM - - - - - 28 16
-30, -70, -20, 0, 0,
Peak 17% | 25% 3% 13% % 10% 2% 52% | % 12% % 8%
Table 6.3 Differences in Traffic Flow and Queue Length at SR 77 &t28et
EB(Main) NB(Side) WB(Main) SB(Side)
Period Left Thru Right Left Thru Right Left Thru Thru+Right Left Thru Right
TF Q
AM Peak
9 2.80
(Incident)
AM Peak
48 | 1.07
(No hcident)




EB(Main) NB(Side) WB(Main) SB(Side)

Period Left Thru Right Left Thru Right Left Thru Thru+Right Left Thru Right

TF Q TF Q TF Q TF TF Q TF| Q TF| Q TF Q TF| Q TF| Q TF Q TF| Q
Off Peak | 117 | 4.86 086 | 2] 019] 28 | 410 | 26 | 2.80
PM Peak | 120 | 6.72 084 | 13| 134|103 | 162 | 14| 2.05 | 32 | 1.71| 27 | 3.85| 46 | 3.08

Table E6.4 Differences (%) in Traffic Flow and Queue Length at SR 77 & Street
EB(Main) NB(Side) WB(Main) SB(Side)

Period Left Thru Right Left Thru Right Left Thru Thru+Right Left Thru Right

TF Q TF| Q TF Q TF Q TF Q TF Q TF Q TF | Q TF Q TF Q
AM Peak 19 | 4
. 7% | 69% %
(Incident)
AM Peak

35

0,

(No % 26%
Incident)

46

0,

Off Peak % 69%

36 | 107
PM Peak % %
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Discussion
The following can be concluded from the comparison of traffic flows jointly with queue length:

We cannot conclude that there is a high correlation between increasing traffic with increasing
gueue at these two criticahtersections. One of the reasons for this may be that generally the
changes in either of these measures are not significant. A second reason may be that improved
signalization patterns resulted in higher throughputs for certain movements, which also

showed shorter queues.

It is shown from the colored cells in the tables that the traffic conditions for the SR 779 & 23
Street intersection EB and WB (Main) have improved during several time periods after the
InSync installation. However, the traffic conditgofor the NB and SB (Side) have somewhat
deteriorated during several time periods.
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BEFORE AND AFTIERPLEMENTATION STUDIES OF
ADVANCED SIGNAL CONTROL TECHNOLOGIES IN FLORIDA

The main objective of this project is to evaluate the implementation of psegd adaptive

signal control technology (ASCT) traffic operations at several arterial corridors in Florida, before
and after the installation of the ASCT, document the advantages and the disadvantages of
different approaches and implementations, and pravigécommendations for statewide
implementation of ASCT.

This questionnaire will allow us to access the appropriateness and effectiveness of the ASCT
implementation at each subject corridor by: conducting benefit cost analyses, comparing
staffing requiremats before and after the deployment, comparing the resource needs in terms
of hardware, software and personnel, pinpointing any institutional issues and generally
evaluating the ASCT implementation and maintenance requirements by incorporating the

I 3 S ypesmdive.

E.4AQUESTIONNAIRE

SECTION1: RESPONDEN LbChwa! ¢Lhb
Name Marc R. Mackey
Organization Bay County Public Works
Position Traffic Operations Engineer
Address
Phone

Fax

Email mmackey@baycountyfl.gov

*NOTE: The interview in Appendix B and in this Appendix are the same interview. Both this
site and thesite in Appendix B are situated in Bay County, and only one interview was
conducted for the county.*

SECTION 2: PREVIOBAFFIC CONTROL NELOGY

37.Please specify the type of traffic control used before Adaptive Signal Control Technology
(ASCT) was indled for your site. (Please check all that apply.)

a. Fixed time coordinated control b. Actuated coordinated control
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Fixeetime isolated control d. Actuated isolated control

Other, please specify:

38.What type of traffic controller was used before ASCT was implemented?

NEMA T3 b. NEMA T
. 170 d. 2070

Other, please specify:

39.How many detectors were used before ASCT was implemented for a typical intersection
(e.g.Newberry Rd & NW 75S1)? Please also specify the location where the detectors
were typically placed for each specific detector type (video detection, inductive loops
radars, etc.).

Two advance detectors at each main through movement. Left turning detectors for all
approaches; Stop bar detector for sieldreets.

40.What was the frequency of retiming the signal timing plan for the corridor before ASCT
was implemented?

2-3years

41.How often were maintenance and updates performed to your previous control system
in terms of the following components?

c. Detection: Regular quarterly check usually accompanied by an annual check
d. Control Hardware:
42.Software:

43.What was the annual maintenance cost in terms of hardware, software and personnel
of the previous control system for the whole corridor where the ASCT is now deployed?

44.What was the life expectancy of your traffic control before the deployment of ASCT?
(Pkase refer to the hardware and software.)

It went well (for 6 years) before being replaced. The old system is quite simple and
durable.

45.How many crashes of each category were reported during the past 4 years before the
ASCT implementation? (20:2014)
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O

K A B C o
(Killed) I(ri)ji;s:/t))ling I(rl::j\L/Jir(ignt I(:jaf;)ible Apparent
Injury)
2011
2012
2013
2014

SECTION 3: ADAPTIRAFFIC CONTROLEMSASCT)

46.Which Adaptive Traffic Control System (ASCT) does your agepioy?

a. InSyn¢Version:Fusion

b. Synchro Green; Version:

c. Other; please specify:

47.Did you consider any other ASCT before you selected this one for installation? Why did
you reject the other(s) in favor of ihone?

No, state picked the software
48.What were your major criteria for choosing the ASCT for the selected corridor?

N/A

49.What is the life expectancy of your ASCT system? (Consider both hardware and
software.)

5 years warranty purchased.
50.What type of trafic controller is currently in use after the ASCT implementation?

d. Same as before the ASCT implementation
e. New, please specify type:

f. Same, but the following updates were needed:
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51.How many and what type of detectors are used attee ASCT implementation on an
intersection level (e.gNewberry Rd & NW ¥559)? Please note any updates that the
previous detection system needed so as to work with your ASCT.

4 cameras (one each approach); All kefirn detectors; Side street stop batetectors.
Fusion provides additional baclp data counts. However, the operation of the system
depends on the video detection

52.Was there a need to update your previous software operating system at your
Transportation Management Center in order to get yourrent ASCT software
working?
a. Yes b. No

53.How often do you plan to perform physical maintenance or updates on your new ASCT
in terms of the following components?

c. Detection:
d. ASCT Hardware:

c. Software:

54.Was there a need for training yopersonnel in order to operate the new ASCT?

c. Yes, Num. of employees trained4 , extensive training that covers intro, software,
hardware and system setting, implementation.

d. No

55.Was there any change on the number of staff required to operate/maintain the
effective signal ASCT operations? (Comparison of staff needed before and after the
deployment.)

No
56.2 KSNB RAR SELISNIAAS 02YS FTNRY F2NJ &2dzNJ LISN.
2LISNF A2y yR (KS adeaidsSyQa W AyiaSylFyoOSK tf

In-House Vendor Contractor
Employee Training Yes
ASCT Installation Yes
ASCT Operation Yes
ASCT Maintenance Yes
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57.How many crashes of each category were reported after ASCT was implemented?

K A B C O
(Killed) (Disabling (Evident (Possible (No Apparent
Injury) Injury) Injury) Injury)

SECTION 4: COST CONIENTS

58.What is the overall capital cost of purchasing the ASCT (in terms of the software and
licenses of the ASCT) for the corridor? If the purchase includes any service of
implementation, personnel training or maintenance, please also specify here.

$45,000 per intersection

59.What is the implementation cost (considering the installation on site, any updates in
software and hardware, design needs and contract hours) for the ASCT corridor? Please
specify if this cost is partially or totally includecpirevious cost items.

60. What was total cost for training your personnel to operate and manage the new ASCT?
Please specify if this cost is partially or totally included in previous cost items.

61.What is the expected maintenance cost (in terms of hardwarewsot and personnel)
for the ASCT corridor on a yearly basis? Please specify if this cost is partially or totally
included in previous cost items.

62.Can you specify the costs for the following ASCT components analytically?

. Firmware $ b. Softwae $
Equipment $ d. Maintenance of Traffic Cost $
Design Needs $ f. Contract Help/Agency Hours Cost $

SECTION 5: INSTITNAL ISSUES
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63.Were there any institutional issues that you hadovercome while implementing and
operating the ASCT project? Please categorize and explain those issues below.

e. Organization and Management Institutional Issues:

N/A

f. Regulatory and Legal Institutional Issues:

g. Human and Facility Resources Institutional Issues:

h. Financial Institutional Issues:

64.Which component (e.g. detection, communication, hardware, software, licensing or
other) of your ASCT deployment is the most challenging to maintain and why?

Camera; can get damaged lightning

65. What happens to your ASCT operations when some of your detectors fail on the
corridor level?

a. ASCT triggers an alarm and notifies operators
0D ! {/ ¢ apArAddySE ¥2RISYy o@2 OEDaJpBNsSY iAy 3 ¢AYS
c. Combination of the above.

d. Other (please describe): Run off line data in the most recent two weeks

66.How is your ASCT performance evaluated?

a. Inrhouse
1. from the preliminary analysis:
There is some benefits in the reduction of the remd crashes;

2. Majority of tre benefits are in the travel time saving. Generally 7% travel time
reduction is seen; in certain case, the reduction is even closer to 20% yet somewhat hurts
the sidestreet;

3. The benefits are mainly seen in the light or moderate traffic volumes. lavée
saturated case, the performance is "equally bad" to the previous system.

b. By an independent evaluator, please describe:

c. Not applicable there is no evaluation

67.1f the corridor on which the ASCT operates experiences saturation, how would you
rate the operation of the ASCT in response to these traffic conditions?
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a. ASCT prevents or eliminates oversaturation

b. ASCT eliminates or reduces the extent of the periods of oversaturation

c. ASCT adversely affects ttraffic conditions during periods of oversaturation
d. Other:

e. Oversaturation is very rare on the corridors operated by our ASCT

68.Based on your opinion and the #ip-date operation, when are A§S@perations proven
to be the most effective?

a. Peak period¢Comment: with no saturation) b. Offpeak periods

c. Shoulders of peak periods d. Other, please specify:

69.Has the level of performance of ASCT been sustained since itsaitisied

a. Yes b. No; why not?

70.What was the public reaction to the ASCT operation? Have you received any complaints
about long delays and queues?

The public generally are happy with the new system

71.How satisfied are you, in general, wiyour ASCT deployment?

a. Very satisfied b. Somewhat satisfied

c. Neutral d. Somewhat dissatisfied
e. Not satisfied at all
72.Are there any other costs or benefits related to ASCT deployment that you would like to
report?
a. Benefitssynchronizes ad enriches the data from varying aspects. Can have straight access
to the database with evidence if things went wrong.

b. Costs

36. Would you consider expanding the ASCT program in any other of your other sites? Why or
why not? If yes, would you use tlsame technology/firmware or have any suggestions for
others? If so, why?

Yes, one additional corridor (Tyndall Parkway) will also deploy InSync

SECTION 6: SAFEBUES

37. Do you have any anecdotal / qualitative data on safety benefits / disbenefits of the signal
improvement along this corridor?
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38. Has there been other changes along this corridor over the analysis period that could affect
the safety of this corridor either positively or negatively?

39. Are you aware of any changes to the crash data reporting procedures over the analysis
period? If yes, what are the changes?

40. What are youoverall reactions to the trends presented in the report?

41. Is there another comparable corridor in whichrsll improvements have not been made to
which the results of this corridor can be compared to?

42. Other thoghts / comments for us?

Thank you for your help in completing this survey. Your responses will help us with evaluating
the deployment and benefits of your current ASCT. If you have any questions regarding the
survey, please contact Ria Kontou, emaibntou@ufl.edwr Liteng Zha, email:
litengzha@ufl.edwho work under the direct supervision of the faculty advisor Dr. Yafeng Yin
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E.SBENEFIT COST ANAEYSI

Table E7.1 Monetized Saving

Monetized Saving

Time saving

Fuel Consumption saving
Air Pollution Saving
Safety Saving

Total Saving without Safety

$1,588,364.71
$195,701.98
$39,451.13
-$189,008.41

$1,823,517.82

Total Saving $1,634,509.41
Total Cost $360,000.00
B/C Ratio without safety 5.065327264
B/C Ratio 4.540303914

Table E7.2 Monetized Saving with No Emissions

Monetized Saving

Time saving
Fuel Consumption saving
Safety Saving

Total Saving without Safety

$1,588,364.71
$195,701.98
-$189,008.41

$1,784,066.69

Total Saving $1,595,058.2¢
Total Cost $360,000.00
B/C Ratio without safety 4.955740795
B/C Ratio 4.430717445
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F.1EXECUTIVE SUMMARY

The objective of this research is to evaluate traffic operations at several arterial corridors in
Florida, before and after the implementation of proposed Adaptive Signal Control Technologies
(ASCT), document the advantages and disadvantages of diffes&it Approaches and
implementations, and provide recommendations for statgle implementation of ASCT.

This appendix summarizes the before and after field data collected along the 66th Street,
Pinellas County corridor from Ulmerton Road to 54th Aventhes gorridor has a different type

of configuration compared to the other arterial corridors analyzed in this project, since the
InSync adaptive signal control system has been implemented along a side street rather than
along the mainline arterial. The $gm has been implemented along 66th Street (which runs
North-South), while the mainline arterials are Ulmerton Road and Park Boulevard (which run
EastWest). These two arterials carry high levels of commuter traffic to Tamp&via and to
Clearwater vicBR19. The intersections of these arterials with the 66th Street are considered as
the two critical intersections in the analysis of this corridor. In total, the corridor spans 5 miles
in length with 40 unsignalized sections spread over either siddseotarridor.

The InSync adaptive signal control system was implemented along this corridor in April 24,
2017. Two data collection methods were used to collect the desired information. Floating car
runs were conducted with the UFTI instrumented vehicledtect vehicle travel times during
three time periods; AM Peak (®AM), Off Peak ¢B PM) and PM Peak-GPM.) In addition,
turning movement counts and queue lengths were collected at the two critical intersections
(Ulmerton Road and Park Boulevard). &hen these, five performance measures were
obtained for the before and after study period: Link/Route Travel Time, Delay at Intersections,
Queue Length (at critical intersections), Queue to Lane Storage Ratio (at critical intersections),
and Passenger Cauivalent (PCE) flows (at critical intersections). For each performance
measure, a comparison between the before and after data is conducted and presented in this
appendix.

The following were observed:

() The InSync resulted in an overall decrease in trawe in both directions (20.3% for
the SB, and 10.5% for the NB) and during all time periods studied. Conditions
improved more significantly for the SB direction. This corridor has the highest
percentage decrease in travel time among all the corridordistiliin this project so
far.

W During the before study, the intersection delay for the two critical intersectmons
Ulmerton Rd and Park Boulevardvere the highest compared to all other
intersections along the corridor, particularly for the SB. Afterltifgync installation
there was an overall decrease in delay in both directions, especially for the SB.

W The average queue length at Ulmerton Road decreased for all approaches and time
periods except for the WB through movements during PM peak and Off paak.
Park Boulevard intersection average queue length decreased for the NB and SB
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approaches, but the EB and WB approaches had longer queues during the Off and
PM peak periods.

W As expected, the traffic volumes at both the critical intersections are hifginghe
EB and WB directions during both before and after studies. The PM peak has higher
volumes than the AM and Off peak periods.

F.2CORRIDOR INFORMATION

Figure FL provides a schematic of the 66th Street, Pinellas County Corridor @Sorith).

TableF1 lists the intersections along the corridor. The adjacent land use is mostly industrial
and commercial with restaurants, hotels, gas stations, drug stores, automotive service shops
and banks. Commuting and recreational traffic coming mainly from Tdowards St. Pete

Beach is carried by275, toward the NE of this corridor. This traffic crosses the corridor
through two intersections (Ulmerton Rd and Park Blvd) which were selected by the County as
the critical intersections for this corridor. Theseawwadways are actually the mainline

arterials, while the study corridor (66th St) is a side street. Ulmerton Road mainly carries traffic
to and from Clearwater and Tampa, whereas Park Boulevard carries traffic mainly to and from
Tampa, feeding275. Foithe analysis of the two critical intersections detailed turning
movement and queue counts were collectédgure F2 provides the lane configuration of

these two critical intersections.

Figure FL Schematic of 66 Street, Pinellas County Corridor
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