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1.1 PURPOSE

This report summarizes thetailsand results of various studies which have been
performed as part of théonnecticut Department of Transportat’s (CTDOT)
planningprocesdor the Reconstruction of Interstate 84/CT Route 8 Interchange
Project {he 84 Mixmaster Reconstruction Projeitte Projec). TheProjecthas
been initiatedoy the CTDOTto enhance safety, improve structural conditions,
andcorrect operationadnd geometricleficiencies of thenterstate84(1-84)and
Route 8“Mixmaster” interchange and larger transportation netwdrk the
Waterbury area

The studieghat are summarized in this report consi$tdata collection efforts
and engineering analyses for transportation and context (or environmental)
featureswithin the Projectstudy areaThese studies have collectively been
performedto identify the existing(2017 transportation network’s deficienées

and to predict its future (204%)eficienciesn ahypothetical‘no build” scenario.

The content of thid\nalysis, Needs, and Deficiencies Ripprimarily intended

to guide the development of conceptual Project improvements. The future “no

build” scenario will be used as a benchmark condition for comparison and
evaluation of improvement concepts. This report purposefully does not discuss
or consider Project improvement concepts.

Thisreport will also serve as a source of informatitosievelopghe Projects Draft
Purpose and NedStatement as part of the Planning and Environmental Linkages
(PEL) process that the CTDOT is undertaking. The Draft Purpose and Need
Statement will also be used in the subsegiatibnal Environmental Policy Act
(NEPA) process thathe CTDOT will follow.

1.2 STUDY AREA S

The City of Waterbury is a major employment center in Connecticut and the
governmental, institutional, and cultural center of the Naugatuck River Valley.
Waterbury is aformerly renowned capital of general manctiaring and is
nicknamel “The Brass City” for its dominance of the U.S. brass industry during
the 20" century. In this century, he Cityis managing a chandem industrial
roots to a serviesector economylhe City ofWaterburytodayis home to about
65,000 jobs ands currentlyimplementinga comprehensivestrategic plan to
reclaim its position as a regional employment center and commercididfab

! From City of Waterbury Downtown Strategic Plan August 2015

to theCity of Waterbury Downtown Strategic Rlanilable on the City’s website,
for additional detail)

Within Connecticut, 184 serves as a critical easst transportation link
between New York and MassachuséttdVaterbury, 184 is located just south
of the City’s greater downtown area. Route 8 is a nortisouth state highwahat
follows the Naugatuck River andnnects Waterbury to thed5 corridor Nearly
29,000 people use these highways to commute into the City each day

Thegenerabtudy areas for this report are showirigurel-1that follows These
areas include thBroject Study Corridor; the Traffic Data Collection Area; and
the Key Area Boundary that was ustd identify key community resources
proximate to the interchangeEachareaboundaryis unique andvas deliberately
defined for the purposes of evaluating the deficiencies of the transportation
network and the needs afatural and human environments within tiRroject
vicinity. The Project Study Corridor was used to evaluate the deficiencies of the
transportation network and for evaluation of the natural environment. The Key
Area Boundary was used during analyses of the built human environment.
Resourcespeciic project study areassuch as for Environmental Justice
presented in Sectiohl, also were developed

The Project Study Corriddimits are roughlydefined bynumbered exits on the
-84 and Route 8 highway3n [-84, the corridor limits run from Exit 17 to 23
on Route 8 they extendst outsideExits 30 and 35.he Mixmaster interchange
is located where-84 and Route 8 cross. It is an elevated, full system, diamond
interchange that was designed and constructed ttowiihin challenging

topographical and site constraints. As a result, the interchange has four vertical
levels, contains two stacked structures, and has a large humberhainbid

entrance and exit ramps.

The study area includes more thamies of higpway, 65 studied intersections,

62 bridges (including culverts), and over 100,000 square feet of retaining walls.

Significant features within the study area include the Naugatuck and Mad Rivers,
several brooks and unnamed tributaries, ten neighborhoods,pirks, three
historic districts, many historic places/properties (including Riverside
Cemetery), the Metro North Railroad (MNR) Waterbury Branch Line, ten major
employers, and the proposed (future) Freight Street District.
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1.3 PRIOR REPORTS AND STUDIES construction. This data was then used in several subsequent engineering analyses 4 4 \\/ A. T E.R. Project

which are summarized in this report. How this aspect of the data collection was . . _ )
The CTDOT, City of Waterbury, and the former Naugatuck Valley Council of  accounted foduring the affected analyses is described in the respective report 'N¢ W-A-T.E.R. projectWaterbury Active Transportation and Economic

Governments havecontemplated a means to address the -iemm sections. Resurgengds a complete street project that is being funded through a TIGER VI
transportation needs dhel-84and RouteB corridors through Waterburgince Grant. This project intends improve transportation infrastructurgocal roads,
at least1995. Initializedas part of the CTDOT’s vision, the -84 Mixmaster : —— shared use paths, and gathering places) in the Waterbury downtombettty
ReconstructiorProjectis the most recent effort to addressstseansportation 1.4.2 CTDOT Route 8/l -84 Mixmaster Rehabilitation integrate areas of th€ity and to provide connectivity and recreation
needs Prior reports and studies which are pertinerthi® Project include: The ongoing CTDOT Route 884 Mixmaster Rehabilitation Project (State  opportunities.W.A.T.E.R Project components within the study area include:
Project Nos. 15B26/151312/151313) began construction in 3@ 2018. The
. CTDOT Needs and Deficiencies Analysis in t#8 ICorridor Waterbury to project involves rehabilitations to several major bridges (including the four T Waterbury Naugatuck River GreenwayaBe 1 Extension
Southington, 1995 stacked mainline bridges) that are located within the Project Study Corridor. The T Freight StreeReconstruction, aompletedmprovement tothe deteriorated
T Central Naugatuck Valley Regional Plan of Conservation and Development, purpose of the rehabilitation project is to preserve the bridges’ structural integrity main street which addean urban side path traibicycle and pedestrian
1998 and extend their service lives byyars. lanes
§ CTDOT I-84 West of Waterbury (WOW) Needs and Deficiencies Study, ' Meadow Street Bicycle and Pedestrian Improvements
2001 The rehabilitation project is a stayap measure that is distinct from th&4 § Jackson Street ReconstructiomdaExtension,a planned northsouth
{ CTDOT Waterbury Interchange Needs Study (WINS), 2010 Mixmaster Reconstruction Project. This rehabilitation project is necessary to connection between Brooklyn and the future Freight Street District.
 City of Waterbury Downtown Strategic Plan, 2015 maintain the safety of the traveling public foe tthuration of the-B4 Mixmaster § Library-StationRiverfront Connector,a planned pedestrian bridge to
f City of Waterbury Plan of Conservation and Development (POCD)-2015 Reconstruction Project’s design phase. How the ongoing rehabilitation project connect Library Park to the riverfront and train station.
2025 was considered during analyses of existing and future structural conditions is
 The POCD outlines policy priorities for the physical, economic, and social €XPlained in the respective sections of this report. 1.4.5 Waterbury POCD Projects
future of Waterbury and establishes goals for future land use, development, . The following initiatives and projects as described in the WaterlRian of
and natural resources. Elements from the POCD that are most pertinent to 1.4.3 Naugatuck Riv er Greenway (NRG) Conservation and DevelopmenPQCD) are part of thevision and the

the Project are discussedSectionl.40ngoingand Recent Projects

The Naugatuck River Greenway (NRG) is an ongoing greenway project to revitalization of theCity’s urban core which is located within the study area:
1 City of Waterbury Freight Street Redevelopment Strategy, 2018

construct a 44nile long multiuse trail which will connect eleven municipalities S o

along the Naugatuck River. Geographically, the City of Waterbury is located in T Wat.erbury Next .an ongoing initiative to .re\./ltallze downtown Waterbury
1.4 ONGOING AND RECENT PROJECTS themiddle of the proposed greenway, and 7.1 miles of the greenway is within the :h?:]m\(;\llu?eskf)undlgg for streetscapes, drainagiprovementsandupgrades
Onagoina and recent proiects that are pertinent to th&4 | Mixmaster City boundary. A 2010 study of potential greenway developments within o theVvaterbury treen. _ )

Regons%ruction Project gndJ discussion in thiz report are described in this sectionWaterbury anticipated the future Mixmaster reconstruction and understood that ! a?gjnt:g;t (?hagecv;/ii(r: F;iz::]eeis :;ﬁg: t(_)”?l;a;/ee quztzl\(l)vv;mtomz gsaetﬁlv;/a;/z
for general reference. SEigure 1-2 for the general location of City planning It would include connections@ig the greenway in addition to realignments of enr g oints into downtown Waterbur ' g Y0

projects. Additional details on previous and programmed bridge rehabilitation 02ds and highway ramps. As a result, the proposed NRG developments in yP Y

i i ; it - Waterbury include planned phases and interim connections through the study Planned bownfield developmenténclude a érmer industrial propey near
projects can be found Bection2.6Existing Structural Conditions ) : . the Mixmaster (thénamet site at 698 South Main Stjeehich has received
area to accommodate thé&4# Mixmaster Reconstruction Project.

funding fordemolition and renediation.

1.4.1CTDOT I-84 Waterbury Widening 1 The Mad River Greenwagxtension and construction iwWaterbury is
The completed-B4 Waterbury ProjectState Project No. 18473 involved envisioredto beafuture component to the City’s development strategy.
upgrades to a 2ile segment of 84 that is located between th&4 Mixmaster 1 Other downtown developmentsncluding renovations to the historic train

station, retrofitting singlaise budings into mixedused buildings,
developing vacant land and surface parking, and redawelaip of the
Freight Street District through a strategic master plan

Recontruction Project’s eastern study limit and Pierpont Road. Upgrades from

the -84 Waterbury Project included addition of a third travel lane and full width
shoulders (in each direction), safety improvements, and elimination of an
existing substandard “S” curve alignment, among others.

In the interest of time, a projetdvel decision was made to collect traffic data
during the 84 Waterbury Widening’s construction rather than waiting for its
eventual completion. Consequently, this collected data may retispty
represent transportation conditions in the study area- me postproject
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1.5 PROJECT GOALS

A Draft Purpose and Need Statement is being developed for the Project as part of
the PEL process. Presently, the Project haddlleving generalgoals and
considerations:

Replacsstructurally and operationally deficient bridges

Correct highway geometraeficiencies

Addresdeficiencies with traffic operatioasd improve access to highways
Improve safetyndreduce the high crash rate throughout the study area
Improve the local roadway network, encourage residents to use local roads
for traversing the Gy

Minimize construction impacts to the City and traveling public

Provide for multimodal opportunities in the study area

9 Support longterm economic opportunities by considering planned
developments

= =4 =4 =4 =4

=A =4

The Draft Purpose and Need Statement will dmvanced as the Project
progresses. The Project goals and objectives to address current and future needs
of the 84 and Route 8 corridors in Waterbury will be further defined in this
statement

=
| | 8450 HNTB
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21 DESCRIPTION OF
TRANSPORTATION NETWORK

Along the 184 corridor from the western study limit, the existing topography
slopes up to the eabtearHighland Avenue, there is a ridge line and the ground
descends very rapidtg the Naugatuck River valley. On the narrow west side of

the valley, Riverside Street is a local collector road; on the wider east side, are

former factory sites and a railyard. There are high embankments containing the
river on both banks.

-84 continueseasterly, descending to the south of the city center, reaching its

lowest point at the South EIm Street overpass near the Mad River crossing. Thelata was used to calibrate traffic simulation models that were developed for the
topography then begins to climb as it progresses to the east following the Madanalyses described 8ection2.3 Existing Traffic Operationsnd Section3.4

River valley, turning to theositheast around Holy Land before heading east at
the eastern study limit.

Route 8 is a nortsouth oriented limited access highway that parallels the
Naugatuck River on its west side through the study limits. SoutB4fRoute 8

is a stacked viaduct (rthbound over southbound) due to the narrow width
between the historic Riverside Cemetery and the Naugatuck River.

At the center of the study area is the Mixmaster, an elevated, full system
interchange. It is a full diamond configuration with four vertical levels. The

stacked 484 viaduct structure exists as the top two levels (Levels 3 and 4) and

crosses over Route 8, dyaid, local roads, and the Naugatuck River. Route 8 is

located at Level 2, and the local road network is defined as Level 1. The railroad
is located vertically between Levels 1 and 2, and the Naugatuck River is locateg

below Level 1.

The system interchaeghas four left
and four right exit ramps but has fiv
left-handed and three rigktanded

entrance ramps. The system ram
within the Mixmaster are-84 Exits 19
and 20 and Route 8 Exits 31 and :
The service ramps within the stud
area are-B4 Exits 1718, 21, 22 and 23
and Route 8 Exits 30, 32, 34 and 35.

System vs. Service Ramps

System ramps are roadways
that connect “limited access”
highway to another (e.g. Route
8 NB to -84 EB)

Service ramps are roadways
that connect the local roadway
network to a limited access

The City of Waterbury does not have an extensive roadway network near the corechange to lane configurations was ultimately reflected in the future 2045 “no
of the interchange, which limits options for detours for the mainlines. Starting build” modeling efforts.

north and moving south, Waterbury haeuf local street crossings of the

Naugatuck River. These local crossings are: West Main Street, Freight Streety 2 1 Highway Traffic Volumes

Bank Street, and Washington Avenue. The rail line that crosses each of thes|e_|_ h raff | dat btained in2adr 184 and Route 8 by blaci
roadways also restricts the vertical clearance, ranging frefitb312-2". \ghway traflic voiime datawas obtained in and routte S by placing

automated traffic recorders and-Béur video cameras at select highway ramp
There are two major local norsouth roadways through Waterbury on the west  and mainline locations within the Project Study Corridor. Raw data and detailed
side of the Naugatuck River: Riverside Street and Highland Avenue to the westdata collection locations are shownAppendix 2.2(refer toRawAutomated
Charles Street/South Leonard Street, Riverside Street, and Watertown Avenue ar€raffic Recorder ATR) Dataand Analysis Location Figurgs

the locéd streets that run along and under the Route 8 viaduct through the study
area.

The raw data from automatic traffic recorders anehddr video cameras was
summarized to determine that the peak hours for weekday highway traffic
analysis are 7:30 to 8:30 AM and 4:30 to 5:30 PM. In addition, it was determinec
2.2 EXISTING TRAFFIC DATA that Saturday analysis beten 12:00 and 1:00 PM would be warranted along |

Traffic data was collected to assess existing traffic conditions (or operations) tha34- Further information on these determinations can be fourtppendix 2.2
would eventually be used as a benchmark for future conditions. Tleeted (refer toPeak Hour Selection Mero

Figure2-1 shows the calibrated (or balanced) traffic volumes for each corridor
during the selected peak hours along and their corresponding 2017 average dail
traffic (ADT). Additional detailed volume maps can be foundppendix2.2

(refer toHighway Volume Maps

Future TrafficOperations

Data was gathered for segments-8#] Route 8, and the local street network to
develop a full understanding of traffic conditions in the Project Study Corridor.
Data collection was generally limited to the Traffic Data Collection Area shown
in theFigurel-1 Study Areas MafSeeAppendix 2.Zor detailed maps of data
collection locations; refer #nalysis Location FigurgsThe local street network
extents in the study area were chosen to include all nearby roads that are critical
to travel in the Waterbury downtown. Note, critical roads are referred to as
“arterials” throughout this report. The various types of data collected included:

Technical Information on Traffic Calibration

For calibration, all counts were factored to 2016 average weekday
equivalents using two CTDOT continuous count stations. Continuous
Count Station 54, located west of the Study Area in Middlebury
between Interchange 16 and 17 on 484, and Continuous Count Station
23 in Watertown, located at Interchange 37 on Route 8. Combined
with 24 -hour ramp counts taken every three years, these count

ctatinne nrrvzida a raliahlo mnvionziowar Afinmaal-davs tra  ffin nattarnc alnn~

1 Highway traffic wlumes for 184 between Exits 17 and 23 and Route 8

between Exits 30 and 35

Arterial traffic volumes at 65 intersections

Heavy vehicle volumes at continuous count stations al@4gand Route 8
Origin and destination data alongB#, Route 8, and throudhe study area
Travel speed data alon@4, Route 8, and major arterials

Traffic signal data

Mainline existing queue length observations f8dland Route 8

= =4 =4 -4 4

t should be noted that construction associated with t#&4 IWaterbury
Widening Project was on@gg at Project Study Corridor’s eastern limit
throughout the traffic data collection effortse¢ Section1.4 Ongoing and
Recent Projecjs The effects of this construction cannot be separated from the
data and are therefore inherently reflected in the volumes, origin and destinati
patterns, travel speeds, and queues that were recorded. However, the project’s
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Figure 2-1Mainline Peak Hour Traffic Volumes

Mainline Peak Hour Traffic Volumes
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-84 -84 Route 8 Route 8
Eastbound?  Westbound2 Northbound® Southbound
m ADT (2017) 33,490 33,837 15,001 15,591
m AM Volume 4,470 4,390 2,700 4,500
m PM Volume 4,540 5,480 4,930 3,310
m Saturday Volume 4,190 4,520

11-84 Eastbound between Exits 19 & 20

21-84 Westbound at various locations

3 Route 8 Northbound between Exits 34 & 35
Route 8 Southbound between Exits 35 & 34

Figure2-2throughFigure2-7 show the daily and weekly traffic volume variation
for I-84 and Route 8.

Figure 2-2 1-84 Daily Traffic Volume Variation
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Figure 2-3 1-84 Weekly Traffic Volume Variation
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Figure 2-4 1-84 Yearly Traffic Volume Variation
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Figure 2-5 Route 8 Daily Traffic Volume Variation Figure 2-7 Route 8 Yearly Traffic Volume Variation 2 2 2 Arterial a nd |nterseCti0n TrafﬁC VOIUmES

Arterial and intersection traffic volume data was obtained in 2017 for 65

Route 8 Daily Traffic Route 8 Yearly Traffic . . . . .
. . intersections (se€&igure 2-31) using manual turning movement counts that
Volume Variation (Weekdays) Volume Variation included conflicting pedestrians and vehicle classifications. These counts were
(2016 CTDOT Continuous Count Station Data) (2016 CTDOT Continuous Count Station Data) conducted on weekdays from 6:00 to 9:00 AM, from 3:00 to 6:00 PM, and from
10% 110% 12:00 to 4:00 PM on Saturday. Raw turning movement @aiatis provided in

% 9% £ 105% Appendix2.2

g 8% o

Y% F 100% Turning movement counts were supplemented by automatic traffic recorders

S &% E 95% placed for a period of seven days at 30 locations along the arterials. Raw automat

g 5% S 90% traffic recorder (ATR) data and collection locations are showAppendix 2.2

© . . .

g 4% S 85% (refer toRawATR DataandAnalysis Location Figurgs

< 3% l(T) 0,

% . . ,

T 2% 2 80% The raw data from turning movement counts and automatic traffic recorders was

= y— 0, . . .

§ 1% o 5% summarized to determine that the peak hours for weekday arterial and

= 0% < 70% : ; : ; : . . ) -

o o intersection traffic analysis are 7:30 to 8:30 AM and 4:30 to 5:30 Rttition,

* EEEEEEEEE R 5 S HF LS FE TG F S SS it was determined thatySaturda analysis between 12:00 and 1:00 PM would b
888888585583888888888888 2 Gt WV TS red the ay analysis between 12: 00 PM wo
NANOITOHO~NOS gy NOT0WOor®o g o < =09 warranted at thirteen intersections. Further information on these determinations

—o— Route 8 Northbound —m—Route 8 Southbound == Combined m Route 8 Northbound m Route 8 Southbound can be found in thPeak HourSelection Meman Appendix2.2
Table2-1 shows calibrated (or balanced) traffic volumes for a selection of high
Figure 2-6 Route 8 Weekly Traffic Volume Variation volume arterials on major corridors and their corresponding 2017 average daily
traffic (ADT). Bahanced traffic volumes were used for further intersection
Route 8 Weekly Traffic an.alyses and.for callbrgtlon and validation .of traffic model; MOn2.§
O Existing Traffic Operationsor more on traffic models). Additional detailed
Volume Variation volume maps can be found Appendix2.2(refer toArterial Volume Mas).
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SECTION 2.2 EXISTING TRAFFIC DATA

Figure 2-8 Arterial Peak Hour Traffic Volumes

Arterial Peak Hour Traffic Volumes
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Baldwin St. Bank St. Chase Pkwy. / Chase Pkwy./ East Main St. Grand / Highland Ave. Meadow St.  Riverside St.  Riverside St. South Main St. Washington St. /
Sunnyside Ave. West Main St. Union St. (Northbound)  (Southbound) Washington Ave.
m AM Volume m PM Volume m Saturday Volume
Table 2-1Arterial Peak Hour Traffic Volumes
ADT
Corridor Direction AM PM Saturday | (2017) Location
Baldwin St. Two-way 740 1,025 12,645 | Between McMahon an8covill / Mill St.
BankSt. Two-way 390 530 6,720 | Between Meadow and Jackson St.
. Between Chase Collegiate School Dr. aBd
Chase Pkwy. / Sunnyside Ave. Two-way 625 825 8,905 EB OnRamp (Exit 18)
Chase Pkwy. / West Main St. Two-way 1,215 1,100 17,900 | Between Riverside St. and Thomaston Ave.
East Main St. Two-way 565 805 11,010 | Between Maple and Baldwin St.
Grand / Union St. Two-way 625 795 685 10,020 | Between South Main and Bank St.
Highland Ave. Two-way 825 995 13,740 | Between Chadekwy. and Birchwood St.
Meadow St. Two-way 755 845 710 10,605 | Between Field and Grand St.
) ) Northbound 280 370 3,685 )
Riverside St. North of Sunnyside Ave.
Southbound 150 250 2,735
South Main St. Two-way 805 825 7,225 | Between Washington Ave. aMill St.
Washington St. / Washington Ave. | Two-way 505 705 470 7,885 | Between South Leonard and Lafayette St.
Watertown Ave. Two-way **No ATR along Watertown Ave.**
new g o " _
e HNTB INTERSTATE 84 / ROUTE MIXMASTER " INTERCHANGE | ANALYSIS, NEEDS AND DEFICIENCIES REPORT



2.2.3 Heavy Vehicle Volumes

Data was collected abntinuous count stations that are west of Exit 17-84 |

Table 2-3 Origin and Destination Summary (AM Peak Hour)

and south of Exit 30 on Route 8 to determine the weekday vehicle classifications

along the highway mainlines. Weekend vehicle classifications were taken from
the data collected in 2017 at Exit hn-@4. The percent heavy vehicles (vehicles

with six or more tires, three or more axles, and/or buses) in each peak hour ar
shown inTable2-2 below anl detailed information is provided yppendix 2.2
(refer toRaw CC Class Counts

Table 2-2 Mainline Percent Heavy Vehicles

2.2.4 Origins and Destinations

Study Area O/D Data

Origin and destination (O/D) traffic data was obtained in 2017-8% &nd Route

8 from timelapse aerial photographic (TLAP) surveys of highway traffic flows.
O/D points were identified at the study area boundaries and at all interchange on
and off rampghrough the study ared.able 2-3 and Table 2-4 show an O/D
summary for the weekday AM and PM peak hoEigure 2-9 through Figure
2-16that follow are graphical depictions of these O/D summaries. Detailed O/D
matrices and charts are shownAppendix 2.2

As discussed previously, the CTDO'B4 Waterbury Widening project was
ongoing duringcollection of this O/D data. As a result of construction related
congestion, certain travel pattern “irregularities” were reflected in the data. One
irregular travel pattern that was observed was a strong tendency for through
traffic to avoid congestion dn84 Eastbound by using a local road bypass from
Exit 23 to a temporary ramp at Hamilton Avenue. The O/D data showed that
about 24 percent of84 Eastbound through traffic used this bypass route in the
AM peak hour and 13 percent used it in the PM peak hBecause this pattern
was a temporary condition attributed to construction, data summaries and

1-84 -84 Route 8 | Route 8 Local

Corridor EB wB NB SB Streets
| 1-84 Eastbound 52% 16% 4% 28%
1-84 Westbound 39% 18% 12% 31%
Rt. 8Northbound 14% 11% 34% 41%
Rt. 8 Southbound 21% 20% 29% 30%
Local Roads 17% 14% 12% 22% 35%

Note:EB = Eastbound, WB = Westbound, NB = Northbound, SB = Southbound

Table 2-4 Origin and Destination Summary (PM Peak Hour)

1-84 -84 Route 8 | Route 8 Local

Corridor AM PM Saturday Corridor EB wWB NB SB Streets
1-84 Eastbound 9.7% 7.1% 5.5% 1-84 Eastbound 50% 21% 5% 24%
-84 Westbound 10.2% 11.2% 5.6% 1-84 Westbound 42% 25% 12% 21%
Rt. 8 Northbound 6.1% 4.0% Rt. 8 Northbound 12% 7% 53% 28%
Rt. 8 Southbound 5.0% 2.6% Rt. 8 Southbound 16% 14% 33% 37%
LocalRoads 17% 9% 16% 23% 35%

Note:EB = Eastbound, WB = Westbound, NB = Northbound, SB = Southbound

subsequent analyses that relied on the O/D data considered all bypass traffic as

“through traffic” (rather than traffic entering the local road network). Table2-3
andTable2-4 reflectthe adjusted O/D dat

Regional O/D Data

O/D traffic data at a regional level was developed based on INRIX trip records for
automobiles and trucks. INRIX operates the largestd-sourced data network

in the world, tapping into 30 million anonymous GPS and smartphone devices
worldwide. GPS pings from trucks, delivery vans, fleet vehicles, and everyday
smart phone users are gathered and processed by INRIX to generate distinc
vehicle trip records.

INRIX records were evaluated for two data sets: a 2017 full study area data s
(approximate 2&mile radius from the Mixmaster) and a 2014 reduced study area
data set (approximateaile radius from the Mixmaster). The 2014 data seat wa
reviewedto investigate potential differercdetween pre mid- and post
construction travel patterns for State Project No.-2832 which was completed

in 2018 and widened84 east of Waterbury from two to three laridse 2017

data sewas summarizefor TuesdayThursday between 7:00 to 9:00 AM and
4:00 to 6:00 PMnNd in included iPAppendix2.2along with fguresshowingboth

INRIX study areas (refer #onalysis Location Figurgs

Summary statistics for the INRIX 2017 full study area dafalkmw:

9 During the weekday AM peak hour 78,159 trips were observed with an
average trip length of 35 miles and average travel speed of 34 MPH

9 During the weekday PM peak hour 64,805 trips were observed with an
average trip length of 40 miles and averagetispeed of 33 MPH

The INRIX O/D data was summarized for use in the validation of network
modeling.
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2.2.5 Travel Speeds

Highways

Highway speed data was obtained through travel time runs conducted in 2017 on
the -84 and Route 8 mainlines. Traveh&i runs were performed for each origin
and destination pair on-84 and Route 8 using the “floating car” driving style.

Total travel time and delay data from these runs was used to compute an averag
travel speed which was then used for calibration andat&n of traffic models
(seeSectiom2.3Existing Traffic Operationgor more on traffic modelsFigure

2-17 through Figure 2-20 show average travel speed on #&land Route 8
mainline and systa ramps for the weekday AM and PM peak hours. Raw data
and additional summaries can be founddppendix2.2(refer toRaw Highway
Speed Run Daja

Arterials

Arterial speed data was obtained through travel time runs conducted in 2017 on
12 major arterial @rridors. A minimum of five runs were conducted for each
arterial using the “floating car” driving style. Total travel time and delay data from

these runs was used to compute an average travel speed which was then used
calibration and validation of tfic models (se&ection2.3 Existing Traffic
Operationsfor more on traffic modelsY.able2-5 shows the average travel speed
on each arterial corridor. Raw data and additionahsiaries can be found in
Appendix2.2(refer toRaw Arterial Speed Run Data

Table 2-5 Existing (2017) Average Speeds, Major Arterials

How to Float a Car with Style

Travel time runs are one of the oldest
methods of collecting traffic data or
information. The method relies on a
member from the data collection team (a
test driver) operating a test vehicle in
live traffic. One major benefit to travel
time runs over modern techniques is the
test driver's ability to control their
ariving behavior (or style) which allows
consistency of data collection.

The floating car style is the most
common driving Style employed by test
drivers during a travel time run. The
driver “floats” with the traffic by
traveling at the prevailling speed and

Speed
Corridor Direction | AM | PM | Saturday| Limit
) Northbound | 18.1| 16.6 25
Baldwin St Southbound | 23.3] 20.6 25
Northbound | 15.2| 19.7 25
Bank St Southbound | 12.7] 13.0 25
e ) ] Eastbound | 18.6| 19.2 2535
Chase Plwy. / Sunnyside AV~ e cround | 22.7] 21.3 2535
| Eastbound | 22.4] 16.7| 20.7 2535
Chase Plwy. [ West Main St ound | 26.4] 157 22.6 2535
. Eastbound | 18.9| 13.3 25
East Main St. Westbound | 22.4| 14.1 25
. Eastbound | 16.3| 15.8| 15.3 2535
Grand / Union St. Westbound | 20.2| 16.7]  17.0 2535
. Northbound | 29.8| 29.3 25
Highland Ave. Southbound| 22.8| 13.3 25
] Northbound | 11.4| 12.4| 15.3 25
Meadow St. Southbound| 12.4| 16.5 14.6 25
. . Northbound | 18.8| 16.4 2535
Riverside St Southbound| 25.5| 24.7 2535
. Northbound | 13.0| 11.4 25
South Main St. Southbound| 11.0] 13.5 25
Washington St. Washington| Eastbound | 16.9| 10.2 14.9 2535
Ave. Westbound | 22.0| 17.1 18.9 2535
Northbound | 30.0| 22.7 2535
Watertown Ave. Southbound| 24.4| 15.9 2535
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2.2.6 Traffic Signal Data

Traffic signal timing plans were obtained from the CTDOT and the City of
Waterbury for use in calibration and validation of traffic models $sstion2.3
Existing Traffic Operationgor more on traffic models). This data was field
verified using the turning movement count videzcordings described in the
previousSection2.2.2Arterial end Intersection Traffic Volumes'he compiled
data can be found iAppendix 2.2refer to Traffic Signal Timing Plans).

2.2.7 Queue Length Observations

Queue legth observations were made in 20
for the F84 and Route 8 mainlines fo
calibration and validation of traffic model For this report, queues
(seeSection2.3 Existing Traffic Operations| were characterized and
for more on traffic models). Thes| jaentified by stop-and-go
observations were made in -tbnute | conditions where vehicles
intervals for the weekday AM and PM peié were stopped (or at a

hours using aerial surveillance data. rolling stop) and there

Weekday AM peak hour queuing we WaS/essthan a carlength
observedat the lane drop between Exits 2 98P (25 feet) between
and 23 and east of Exit 23 at the tempor: Vehicles.

ramp to Hamilton Avenue. Peak queu
lengths were 4,830 feet and 1,040 f
respectively.

Queueing vs Congestion

Congestion was defined
as stop-and-qo conditions

Weekday PM peak hour queuing was observed at the lane drop between Exits 20
and 23, at ta lane drop between Exits 17 and 18, and at the Exit 19 gore area.
Peak queue lengths were 4,070 feet, 2,870 feet, and 1,420 feet respectively.
Detailed images for both AM and PM peak hour queues are provided in
Appendix2.2(refer toQueuing Aerials
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9 Traffic Simulation Model: Assists in representing the behavior of individual
vehicles in a network, simulating intetians of realworld traffic such as
weaving, lane use, and queuing using complex algorithms

2.3 EXISTING TRAFFIC OPERATIONS

The Interstate 84 {84) and Route 8 “Mixmaster” interchange and surrounding

Waterbury street network within the study area function as a highly complex
transportation system.-84 and Route 8 serve as the primary regional
trangoortation access means configured with weaving sections, right and lef
hand highway exits, as well as closely spaced service and system ramps. The Cﬂpalye and identify deficiencies in the transportation network’s conditions (or
of Waterbury street network is effectively split into quadrants due to the
Naugatuck River and Route &igned in the nortksouth direction and -B4

aligned in the eastest direction. Few roadways provide local access across thesé@nalysis results. The sectiotisat follow discuss the development and

The project’s models were developed, calibrated, and validated using traffic data

+ detailed in previous sections. Following validation, the models were used to

operations). Finally, the performance of freeway, ramps, weave sections an
intersections within the study area was measured and documented from theThehighway mainline segments were moddiegiond the study area limits as a

using complex algorithm3he movements ohdividually modeled vehicles are
tracked by the softwarend aggregatedo produce a record of vehicle
performance for the entire netwarkhe existing conditions model will become
the foundation of all subsequent simulation modeling analyses and will provide
a basetie for comparison with future“no build” and build concepts.
Additionally, the VISSIM model allows for 3D animations, assisting in visualizing
&raffic patterns and presenting planned infrastructure improvements.

conservative measure, to capture any potential spillback of vehicle queuing tha

major features which encourages intracity trip access84aand Route 8.

To most accurately understand trav
patterns and traffic operations within an
surrounding the complex study area a ser
of modeling tools and methodologies a
used to identify travel e@mands, poorly
operating intersections, safety and mobili
hot spots, and general deficiencies. Hav
an established baseline of existing traf
operations will be a catalyst fc
understanding future focus areas at
mitigation measures as design conse
advance.

The following sections describe th
development of the hierarchical traffi
models and traffic analysis tools.

Modeling tools and
methodologies refer to
nationally accepted
mathematical formulas
and software programs
that assist in representing
real-time conditions and
operational
characteristics.

These tools and
methodologies account
for existing condlitions
such as lane geometry,
travel speed, traffic

performance results from the project models. originates within the study area. Local service ramps within the study area were
modeled up to the offamp intersections. Termini and lodatersections were
not modeled in VISSIM. Operations analysis at termini and local intersections

are summarized in a subsequent section.

2.3.2 Travel Demand Model

Travel demand models are “big picture” models which focus on regional and

statewide travel patterns based on forecasted population, employment dnd lan Traffic data collected and summarized in the Existing Traffic Data section
use changes. The CTDOT statewide travel demand forecasting model wagprovide the basis for the vehicle input daltang with the calibrated demand and
provided to the project team who made refinements and reran the model to travel pattern data developed with the Hybrid Simulation Model. The Simulation
forecast trips within and outside of defined areas, truck trips, single occupant Model was calibrated using FHWA standard methodology. The results of the
vehicles, and high occupancyiaes. simulation model analysis are summarized in the next section.

This updated travel demand model replicates existing conditions and will serve ] _

as the technical foundation for evaluating likely changes in the future 2045 travel2-3-5 Traffic AnalyS|S Tools

patterns associated with new Mixmaster interchange concepts. Traffic Analysis Tools are designed to implement the procedures of the Highway
Capacity Manual (HCM) for analyzing the performance of isolated or minor
transportation facilities. Analysis tools estimate traffic operational performance
on a variety of transportation facilities but have limited ability to analyze network
or system characteristics.

2.3.3 Hybrid Simulation Model

A Hybrid Simulation Model was developed to further refine the understanding
of the traffic patterns for the study transportation network established within the

volumes, and land use Travel Demand Model.

This study uses Highway Capacity Software (HCS) 2010 to analyze highway
mainline, weave, merge and diverge segments and Synchro 9.0 software t

analyze ramp termini and local intersections within the study area.

2.3.1 Modeling Overview
9 Hybrid Simulation Models incorporate the simulation of individual vehicle

There are several modeling tools used in analyzing complex transportation moyement based on industry standard formulas to dynamically update travel
systems that assist in understanding travel behaviors, travel patterns, vehiclgq,ies based on delay and roadway capacity constraints. Specifically, the Hybrid
queue lengths, and future traffic conditions. Travel speeds, number of lanes,gimylation Model iteratively routes trips to develop balanced and optimized
facility types (e.g. liited access freeway), land use, household vehicle ownership, yaye| paths based onlume and delay and further optimizes routes and traffic
and employment characteristics are a few of the modeling elements taken intoyata by simulating vehicle behavior considering the impacts of traffic controls,
consideration. For this project, the following types of models were developed: queuing, merging and lane changing on traffic operations and travel times.

I Travel Demand Model: Evaluates traffiow as a wholetaking trip
generation, trip distribution, mode choice and travel assignment into 2.3.4 Traffic Simulation Model
consideration to forecast future population, employment and land use |n an effort to shulate and evaluate detailed traffic conditions within the study
changes over large regions area, a Simulation Model (using VISSIM software) was developed and calibrated
1 Hybrid Simulation Model: Simulates the movement of individuehicles to existing conditions (2017) for the Interstate 84/Route 8 Mixmaster
based on traffic flow equations to further refine forecasted travel patterns and jnterchange. The Simulation Model uses drivwehavior characteristics to
travel time compared to a travel demand model simulate individual vehicles interacting with other vehicles in the network. Real
world traffic interactions such as weaving, lane use, and queuing are modeled

HNTB 3




2.3.6 Freeway Operations Overview 2.3.7 Freeway Operation (Mainline, Weave, and Route 8

“Level of Service” (LOS) is an important metric to understand as it relates to Diverge Segments) A§ ghown below, according-to HCS analysis, there are no facilit.ies aloegBRout
operations and performance. LOS is a qualitative measure of driver satisfactio gperational analyses for the mainline, weave, merge and diverge segments, gniithin the study area operating at an unacceptable level of service.

that con;ists of several fgctors which are heavily influenc'ed. by the qegree of traffigystem ramps to/from one highway to another highway were performed USING ... 2.6 Route & Traffic Operations
congestion. The factors include speed, travel time, traffic interruption, freedom e vviSSIM model, defined previously in this section. As a check, operational

meaSIL_JEd using th_e letters A through F, with A being the best or optimal performed using methods outlined in the Transportation Research Board’s Segment A | B ‘ c | DA|\MEP‘E|;K Acceptable| Deficient | Total
condition and F being the worst. Highway Capacity Manual (HCM) 2010 and Highway Capacity Software (HCS) |-~ T2 n
Analyses to understand the performance of Interstate 84 and Route 8 mainline,2010- Weaves ol 214 6
merge/diverge and weave sections were conducted, focusing on LOS and thgaple2-7 and Table2-8 summarize the operations for84 and Route 8 based Merge/Diverge | 0 | 3 | 4 7
densty of sections (or passenger cars per mile perlaoémi/ln). The following on HCS analysis, respectively.
table defines general LOS criteria for each of these sections: Mainline 1|13 4 10
Interstate 84 Weaves 0(4]|0 6
Table 2-6 Freeway Level of Service Criteria Merge/Diverge ol 11l 2 7
Level of | Merge or Diverge Weave Mainline Table 2-71-84 Traffic Operations
Service | Density (pc/mi/ln) | Density (pc/mi/ln) Density (pc/mi/ln) Level of Seige
A <10 <10 <11 Segment |A[B|C|D|E|F| Acceptable| Deficient | Total What Level of Service is it?
B >10-20 >10-20 >11-18 AM PEAK
g :2322 :;g;g :;ggg \'\//Ivi'g\ll'gs 8 g i 1; 1 Level of Service A: Free flow. Low traffic volumes, high degree
S a5 >35 53545 Merge/Diverge | 0 | 0 | 3 9 of freedom to 'maneuverand select speed. '
- Demand Exceeds | Demand Exceeds | >45 orDemand Exceed 1 Level of Service B: Reasonably free flow. High degree of freedom
Capacity Capacity Capacity Mainline o117 12 to select speed with some influence from other users.
Weaves 0|0|6 12 1 Level of Service C: Stable flow. Moderately restricted
Merge/Diverge | 0 | 0 | 1 9 maneuverability char acterized by frequent interactions with
_ other users. Convenience declines but traffic conditions are not
\'\//'va'”"”e 8 i g 1; typically perceived as uncomfortable.
MS%V:/Eiverge ol ol3 5 1 Level of Service D: Approaching unstable flow. High traffic
density with severely restricted maneuverability. Com fort and
convenience have declined. LOS D js generally considered to be a
As shown above, according to HCS analysis, one mainline facility segment along marginally acceptable level of service.
[-84 operates at an unacceptable LOS during the AM and PM Peak Hours and i § Level of Service E: Unstable flow. Traffic volume is nearing
considered operationally deficient: network capacity. Low freedom to maneuver. Delays are frequent
. _ and driver comfort level is low. LOS E is generally considered to
1 1-84 Westbound between Exit 23 ®&mp and Exit 22 OfRamp. , g 4
be an unacceptable level of service.
HCS analysis also identified two merge/diverge areas as operationally deficient:| § Level of Service F: Forced or breakdown traffic flow. Traffic
P, during the AM and PM Peak H volumes are exceeding network capacity. Characterized by
T X!t y amp dur!ng the an " eak Hours frequent slowing, delays, low comfort and convenienc e, and
T Exit 17 OffRamp during the AM Peak Hour increased crash exposure. LOS F is considered an unacceptable
level of service.
//75@517{80,\\
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Both HCS and VISSIM analysis findings are reported as each has value in
interpreting the traffic operations along the study highways. The HCS estimated
traffic operaions reflect expected traffic operations at an isolated facility

without interaction from upstream or downstream conditions. VISSIM analysis
estimates traffic operations throughout the network including the impact of
congestion and complex geometric coufafions at upstream and downstream
facilities.

Figure2-21throughFigure2-30illustrate the VISSIM and HCS analysis results
for the mainline, weave, and merge and diverge segments.

Figure 2-21 and Figure 2-22 show that the VISSIM analysis estimates higher
vehicle density and worse levels of service along-8deEbstboundfacilities
relative to the HCS analysis and lower vehicle density and better levels of service
along the westbound84 facilities. This is likely due to the construction project
operations to the east of the study area. The construction operatinagain
eastbound 484 traffic flow through the study area as traffic slows but meter
westbound 184 flow, thereby reducing mainline density and simultaneously
improving the ability of vehicles in merge/diverge and weave areas to navigate
the facility.

Figure2-25andFigure2-26show that the VISSIMnd HCS operational analysis
findings for Route 8Northbound are very similar. VISSIM estimates only
marginally higher vehicle density along the corridor which indicates that the
interference of upstream or downstream traffic conditions is minimal along the
corridor. Figure2-27 andFigure2-28 show that the VISSIM analysis estimates
slightly higher vehicle dengiaind worse levels of service along southbound Route
8 facilities relative to the HCS analysis. This indicates that interference of
upstream or downstream traffic conditions has a greater effect on travel along
this corridor.
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I-84 EASTBOUND

North

VISSIM

v 7

ANZ 4

@ Key Observation

VISSIM shows:
Eastbound congestion due to ongoing construction work.
Congestion spills back to the Mixmaster inferchange.

HCS shows:

Available capacity at this location if there were no other
interference.

®

Direction
of Travel

Y\NNZZ

AN

Exit 21
On Ramp
64"63 EXIT 8 EXIT [l EXIT EXIT
18 A North 21 A 22 A 23 A
Chase Pkw ' ' E—
y Chase Pkwy Meadow St Baldwin St 69
Bank St
South Hamilton
Ave
LEGEND new |-84 Waterbury Mixmaster
S ANAN mix Reconstruction Project
Py : VISSIM ANALYSIS FOR |-84 EASTBOUND
[Mainiine Level of Service (LOS} HCS ANALYSIS FOR I-84 EASTBOUND Existing (2017) Level of Service Map
— I N HINTB | -84 EB Mainline AM Peak Hour
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Date:11/22/2019 | Figure No: 2-21




-84 EASTBOUND

South

@ Key Observation

VISSIM shows:
Eastbound congestion due fo ongoing construction work.
Congestion spills back to the Mixmaster interchange.

HCS shows:
Available capacity at this location if there were no other
inferference.

VISSIM Direction
HCS of Travel
% W24 S
Exit 21
On Ramp
64"63 EXIT EXIT 8 EXIT M EXIT | EXIT
18 A 19 A North 21 A 22 A 23 N
Chase Pkw — — L .
y Chase Pkwy Meadow St Baldwin St 69
8 Bank St
South Hamilton
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LEGEND new |-84 Waterbury Mixmaster
/// \\.\ mix Reconstruction Project
lMainIine Level of Service (LOS} VISSIM ANALYSIS FOR 1-84 EASTBOUND Existing (2017 Level of Service M
LOSA LOSB LOSC LOSD LOSE LOSF
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Figure 2-23 Existing (2017) Level of Service Map | -84 Westbound AM Peak Hour

SECTION 2.3 EXISTING TRAFFIC OPERATIONS
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