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Executive Summary

This report documents thstatewide Type lighway traffic noisenalysisand priority rating system

prepared for the Connecticut Department of Transportation (CTDOT) to idantifyprioritizeeligible

Type Il barrier areas for consideration in a Type Il noise program. The noise study was performed

LJdzNR dzk Y& G2 GKS CSRSNI f federalKaific oisd réyiatigh Acadifiedlati A 2 y Q a
¢CAGES Ho /2RS 2F CSRSNIft wS3AdzZ FdAz2ya tFINI TTH OHO
2022Highway Traffic Noise Abatement Policy for Projects Funded by the Federal Highway

Administration AsrefeB Y OSR A GKAY / ¢5h¢Qa LRfAOCET GKS {dFdS
Type Il program.In 1973, CTDOT had initiated a noise abatement program, which was subsequently
suspended in 1982, due to a lack of funding.1985, pirsuant to Special Act 8807, CTDOT fe

evaluated the program and created a priority list based on citizen complaints and population

density. That list was unfunded, is now outdated, and no longer acceptable as a basis for a Type Il

Program in accordanagith 23 CFR 772.7This eport represents the first in a series of steps to institute

a federally approved program in Connectic&bllowing federal approval of this report and

methodology, CTDOT will need to update its Noise Policy to reflect the Type Il Noise Program, and

funding sources would need to be identified before any Type Il projects could be initiied.

important to note that each site identified would still need to undergo a more rigorous noise analysis (to
determine if noise abatement meets the Noise Policiedd), along with design, until construction

could proceed. CTDOTurrently does not have funding or staffing resources to administer a program

for these Type Il projects.

In the interim, projects meeting the criteria of Type 1 will continue to bduatad in accordance with
the existing Noise Policyin addition, CTDOT has begun a program to replace existing noise barriers past
their design life.These actions, which replace existing noise barramesknown as Type Il projects.

The candidatestate roadwaysin this studyincluded all Interstate highways and principal expressways.
The study area included 38 Principal Arterial highwagsering approximately 645 miles of dveay
within eight counties (Litchfield, Tolland, Windham, New London, Mgk, Hartford, New Haven, and
FairfieldCounties) and foulCTDO istricts (Districts 1, 2, 3 and Hue to thestatewide scale and large
size of the study area,lmasica ¥ f I (i noiSe nmddeknhg approach was implemented, in liea of
detailed noise studyhat is typically conducted foFype Iprojects Thssimplified approach assumed flat
terrain and eliminated building rows and barrief® confirm the validity of this approachgise
measurements were conducted in eight barrier areas (two in each of the four COiBt@dts)andwere
used to validatesite-specificmodels for each areayhichwereR S @St 2 LISR dz&fficNdiseCl 2 | Q&
Modelversion 2.5 (TNM2.5)he noise models deiloped for validation included terrain lines, building
barriers, building rows, and other modeling featutkat reflectrealworld development characteristics
and arenecessary to ensuraccuracy o NM2.5predictednoise levels

Once validated, a set ofiodelingreceiverswvas added to eachalidatedmodel, and the same set of
receiverswas added to a basic model created for each of the eight afidesbasic model only included

! ConnecticutDepartment of Transportation Highway Traffic Noise Abatement Policy For Projects Funded By The
Federal Highway Administration. October 2022.
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study area roadwaysyith eachdirectionmodeled as a singi®adwaywith anassumedstandard width
of 12 feet per lane A comparison of average noise levels computed witinprehensivenodels and
basic noise models was performed, which showed good agree(nentwithin 2 decibels, on average)
and confirmed the validity of thebasic noise model approach to developing the Type Il noise barrier
program.

Noise impacts were predicted throughout the Type Il noise study area, and noise barriers were
evaluated in areas with sufficient density of development to meet CTDOT acoussigilfty and
reasonableness criteria for construction of noise barriers. A tota@Bafoise barriers were identified for
prioritization. The following Type Il priority equation was develofgethcorporate five factorspproved
by FHWAandrecommended within FHWA guidarice

Priority Index = (Number x Age x Impact x Benefit)/Cost

The number term accounts for the number of benefits, while the age term incorporates date of
development. The impact and benefit terms apply a weighting basederage noise levels and
average insertion loss, respectiveiyr all receiversbenefited by the proposed barrier. The cost term,
expressed in millionsf dollars accounts for the total cost of the barrier, assuming a unit cost off®60
square foot of lrrier surface aregper CTDOT policy.

Although this statewide Type Il Noise study has been completed, CTDOT does not currently have funding
identified for this program. Funding for the Type Il Noise program will be required for CTDOT to initiate
the progam. Please refer to the Connecticut Type Il Statewide Noise Study, introduction section for

more information.

The estimated cost of the noise barriers throughout this report are limited to the item cost of the noise

barrier. The item cost does not inclei@dther required project costs associated with design and

construction, such as: right of way acquisitions, survey, engineering, construction mobilization,

maintenance and protection of traffic, utility relocation, clearing and grubbing, drainage, pavament

well as contingencies and incidentals related to construction. Site specific conditions will govern the

G201t LINRP2SOG O02ad FyR I Y2NB RSGFAfSR SadAyYlLdasS ¢
Additionally, a detailed noise study wouié required prior to initiating the design of these barriers and

cost approximately $100,000 for each location.

Half of thenoise barriersi90f38) NB O2 YYSYRSR T2NJ Ay Of dzaAzy 2y [/ ¢5h
located within Fairfield County. Out of ti® barriers in Fairfield Countl2 barriers are located along |

95 within Stamford, Fairfield, Bridgeport, Greenwich, and Norwalk. The remaegbarriers in

Fairfield County are located on J$ Norwalk, SR in Shelton andridgeport, and-B4 in Danbury.

Svenof the 38total noise barriers are located within New Haven County alor§ @BRnsoniaDerby,
andNaugatuck,-B5 in West Haveand Milford, 84 in Waterburyand SRL5 in Milford Five total noise

OF NNASNAR NS NBO2YYSYRSR FT2NJ AyOfdzaAazy 2y [/ ¢5h¢Qa
along 184 (onein Manchester and one iWest Hartford, one along-B84in Marchester,one along91

2 FHWAHER10-025. Highway Traffic Noise: Analysis and Abatement Guidance. December 2011.
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in Windsor Locksand one along SE5 in WethersfieldFourtotal noise barriers are locateid

Middlesex Countglong 195, SR9, and SR.7 in Middletown and along SBin Cromwell. The remaining
three noise barriers are located Mew London Countglong 95 in Waterford, 4395 in Montville, and
SR2 in Colchester.

All priority areas identified as part of this study will require additionas@@inalyses that satisfy both
requirements of 23 CFR 772 as well as the National Environmental Policy Act (NEPA). Specifically, the
same level of documentation and analyses required for Type | projects are required for Type |l projects
that will use federhfunding?® Those analyses must determine whether the noise abatement meets
CTDOT criteria.

3 FHWAHER10-025. Highvay Traffic Noise: Analysis and Abatement Guidance. December 2011.
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Introduction

¢tKS CSRSNIf !'AR I A3JKgle& 110G 2F mdto | YH¢dRER GKS C
traffic noise regulations, codified at Title 23 Code of Federal Regulations P4&3/CER 772), to allow

for federal participation in noise abatement along existing highviaysese projects are defined by the

regulation as Type Il projecésd are also often referred to a@setrofité projects The decision to

develop and implement aype Il program is an optional decision made Isjaée highway agency

Pursuant to 23 CFR 772.7(elghway agencies choosing to participate in a Type Il program shall develop

a priority system to rank project areas in the program. The priority systerhishalbmitted and

approved by FHWA prior to use of diegleralt AR Fdzy Ra FT2NJ I LINR2SOG AyOf dzR
program.

In 1973 the Connecticut Department of TransportatioB TDOJYinitiated its first Retrofit Noise

Abatement ProgramtoprdvRS y2AaS ol GSYSyd F2NI NSBAARSYGALE N
expressway systenWith the passage of the Federal Surface Transportation Act in 1981, federal funding
became more limited, as it was allocated to road and bridge rehabilitation andygafgjects? As a

NBadzZ 4§ GKS {41 3S5SQa wSGNRTFALG b2AasS SumsdqieStly,®y i t NP3
1985, pursuant to Special Act86n 7> / ¢5h¢ Qa wWSONRFAG b2AasS '1o6FGSYSy
Mpc NBAARSY(GALf dxpiBadwayst IKIS2 & I RN a{ WISEN@®FAG b2AasS |
reopened in1987and suspended again I992due to lack of funding dzNE dz yi G2 / ¢5h¢Qa |
2022Highway Traffic Noise Abatement Policy for Projects Funded by the Federal Highway Adimmistra
(hereafter referredtoas ¢ 5h ¢ Qa | A IKG I & §),ehNBtaebf/ConndatRutd@ntiyt 2 f A O&

does not have an approved Type Il program.

hy O0SKFEEFT 2F /¢5h¢T | FNNAA aAfftSNIaAftftSNI g | Fyazy
collectively referred to hereafter as ti€onsultanffeamg conducted a Type |l statewide noise study

The purpose of the study was analyzeareas ajacent to Principal Arterial highwagsd expressways

in the State of Connectictid identify areas experiencing existing noiseelsthat exceed theFHWA) &

Noise Abatement Criteria (NA@)dare therebypotentially eligiblefor inclusion in a'ype linoise

program FHWA reviewed and approved this Final Type Il Noise Study Report on January 31, 2024, in
accordance with 23 CFR 772.7(e)

Project Location

CTDOT identified 38 Principal Arterial highwayd expresswaywithin eight countiegLitchfield,

Tolland, Windham, New London, Middlesex, Hartford, New Haven, and Fairfield cousmig$dur
Districts (Districts 1, 2, 3 and 49 be included within the Type Il noise barrier program study area. The
ConsultanfTeam performed a cursory review of theseeas and further refined the study area to

4 FHWAHEP10-025.Highway Traffic Noise: Analysis and Abatement Guidance. December 2011.

5 Report on the Reevaluation of The Connecticut Department of Transportation Retrofit Noise Abatem

Program. Prepared Pursuant to Special Acfi83. Office of Environmental Planning.

6 ConnecticubDepartment of Transportation Highway Traffic Noise Abatement Policy For Projects Funded By The
Federal Highway Administration. October 2022.
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exclude portions of roadwayhere construction of noise barriers would be precluded to maintain
access to local streets and drivewalgure lillustrates the Type Il statewide noise study area.
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Figurel: Type Il Noise Study Area
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Noise Measurements and Model Validation

To enable processing theindreds of noise study areas throughout the state to be evaluated and
prioritized for noise impacts and barrier feasibility and reasonableness, CTDOT and the Comsaittant
developeda simplifed approach that would make the process far more efficierrttevaluating each
study area witha detailed noise study.Theapproachassumel flat terrain everywhere anéhvolved
creangd  a A O & Wdffic nbiseSmodeISTRIE) to represent each study are@o confirm the

validity of this approach, th€onsutant Team chose eight noise barrier study areas within which
existing noise measurements were conducted anthprehensivenoise models were developetdihe
comprehensive models included terrain lines, building rows and barriers for shielding, ground zones,
and modeling of each individual traffic lane.

Selection ofComprehensiveNoise Barrier Study Areas

Initially, a total of four areas per CTDOT District were chésedetailed reviewior a total of 16 barrier
areas.Four areas per CTDOT District were ctelg to provide sufficiengeographidiversity, diversity of
highway class (interstate and freeway/expresswanyto ensurethe Consultant Team could narrow

the selection to eight solid, representative areas that met the criteria described below. Selecting an
equal number of areas per CTDOT District also avoided having too many areasSalamghle heavily
populated southwetscorner of the stateThe 16 areas were mainly comprised of sirfglaily

residences with sufficient density and in fairly close proximity to the highway, such that a noise barrier
could likely meet CTDOT critéfrfar construction. Two areas per Distrigere along an interstate

highway, and the other two areas were alongdather freeway or expresswayln addition, areas

selected were of moderate length, ranging from 1,500 to 3,000 feet. These 16 areas were subsequently
narrowed down to eight comprehmsive barrier areaf.e., two per Districfor fairness and geographic
diversity) based on lhe following criteria

a) Areas with undulating or complex terrain,

b) Areas where the highway is elevated on fill (not on structure), relative tactmmunity, for
the majority of its lengthand

c) Areas where the highway is in a cut section (depressed), relative to the community, for the
majority of its length.

Table 1summarizes the eightomprehensivéarrier areas selected for noise measurements amatiel
validationand describes the representative terrain in each area.

" A detdled noise study satisfying 23 CFR 772 must be performed for each Type Il.project
8 Refer to CTDOT policy for criteria used to determine whether a noise abatement measure can be constructed.
https://portal.ct.gov/-/media/DOT/documents/dpolicy/CTDENoisePolicy2022.pdf



Type Il FindNoiseAnalysiReport January 2024

Connecticut Type Il Statewide Noispalysis Pageb
Tablel: CompehensiveNoise Barrier Study Areas
Site ID | District | Road Type Terrain Area Location and Description
M1 5 Interstate Road slightlylepressed | South of 195, New London, Norwoo(
east end Ave area
Road at arade with North of StateRoute 15 Berlin
M4 1 Other hor%es Turnpike, Wethersfield,
Ridgecrest/Lille/Fairway area
M7 5 Other Road slightly depressed South ofStateRoutes 2 &1 VFW
7 ft Hwy, Colchester, Midland Dr area
M9 4 Interstate Road depressed 5 ft | South of 184, Waterbury, Ponham S
west, 13 ft east area
Road at grade in west, 4 North of 95, Fairfield, Henderson
M12 3 Interstate ft elev. in east Rd/Bradley St area
M15 3 Other At grade at enc_is, East ofStateRoute 7, Norwalk, Fair S
depressed 4 ft middle area
M16 4 Other Road elevated 1 to 3 ft East of State Route 8 General Jask
Hwy, Derby, Mohawk Ave area
M21 1 Interstate Flat West of 184, Plainville, Pickney
Ave/Pavano Dr area

Noise Measurements

A noise monitoring program was conducted throughout the noise study area, consistent with’ FHWA
and CTDOT procedufégo document existing noise levelstime eightcomprehensivebarrier areasand

to provide a means for validation of ti@| 2 !'TNNR.5noise prediction modelShortterm noise
monitoring provides a level of consistency between what is present inveddl situations and how

that is represented in the computer noise modeio8-term monitoring does not need to occur within
every Common Noise Environment (CNE) to validatetbgct-specific TNM2.5 noise mod&ather,
measurement locations should provide a good sample of the entire noise study area, covering the range
of different roadway andeceivergeometries. Ensuring the model accurately reflects the different types
of geometry throughout the study area provides a level of confidence in using the model to predict
noise levels in all other locations.

Shortterm (30 mindes in duration)hoise monitoring was conducted &iur to fivesitesin eachnoise
barrier studyarea, depending on the complexity of the site, on September 7, 2822tember 8, 2022
September 14, 2022ndSeptember 15, 2022Measurement sites were generally located in areas with
the highest noise exposures, adjacenfitgt-row properties with a few sites adjacent to secomow

‘w{Dx .2¢f0& g !aaz20AliSas LyO®dx ! ¢{ /2yadzZ dAy3aZ 9y DBANER
aSIFadaNBYSyid 1FyRo2212¢é CSRSNIt |-NEPKBHISAIUNE POYBafdilablg &1 G A 2y
https://www.fhwa.dot.gov/envronment/noise/measurement/index.cfm

10 Connecticut Department of Transportation Highway Traffic Noise Abatement Policy For Projects Funded By The

Federal Highway Administration. October 2022.
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properties Vehicular taffic classification countwere conductedand speed data was tected
concurrently with noise measurements the roadways nearest each measurement site. The short
term measurements characterized existing noise levels in the study area but were not necessarily
conducted during the loudest hour of the daiynce the primary pyroseof the noise measurement
programis for noise model validatioilso, the loudeshour conditions can be difficult to identify
during a field measurement survey. The noise measuremanbsded contributions from sources other
than traffic, such as airaft.

Shortterm noise measurements were conducted using an HMdWiedBruel & KjaeModel 2245

6! b{ L ¢&LIS Al SEtNSBIOAYZaA 2y2édey R £ S@St YSUSNX | aal Qa vy
calibrated annually at a certification laboratory, withlibrations traceable to the National Institute of

Standards and Technology. During the monitoring program, the sound level meters were calibrated in

the field using a handheld acoustic calibrator at the beginning and end of each measurement period.

The slort-term data collection procedure involved measurementlefecond equivalent sound levels
(Lege) OVer a period of 30 minute¥heleqis a souneknergy average of the fluctuating sound level (in A
weighted decibelsr dBA) measured over a specified jper of timeand is used by FHWA to define
highway traffic noise level&\ppendix Aprovides an overview of the noise metrics used in this report.
Continuous logging of events was conducted during the monitoring, so that intervals that included
events not epresentative of the ambient noise environment or not traffidated could be excluded

later. Foreach 3 A y dzii S LIS NA&& REA Y O teofdBidatey spuid level contributions
fromevery 38 SO2 Y R Ay (i S NIDhly Ly | oySRE O f daRtSNal Fitka2Gx S Ay G S NI £ &
events unrelated to roadway noise) were determined. By comparing the two totals, the significance of
non-traffic events (such as aircraft operations) to the overall noise level can be determined for the
measurement period.

Table 2summarizes the measured noise levels used to validate the eaghprehensivenoisebarrier

studyarea modelsMeasured Ad SA IKGSR y2AaS S@Sta I N LNPRASYRKRSR
& ¢ NJodlyfl.4 @s described abe. Figures 2athrough 2hillustrate the eighttomprehensivéarrier

areas along with noise measurement locations for model validation. Each measurement site is labeled

based on barrier area Site ID (M#) and measurement site number. Specifically, alteneasLsites

within barrier area M1 were labeled M1, M1-2, M1-3, etc.
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Table2: Summary of Noise Measurement Results

Measured Noise
Site ID Measurement LEVEE (dB(A))
(Location& Routd) Site No. Address Date Total | Traffic-
Leg only Leq
M1-1 Field west of 175 Norwood Av| 67 67
M1-2 147 Norwood side yard, cde- 69 69
M1 sac
(New London-95) M13 | 23 Whittlesley St 91122 5gq 59
M1-4 73-76 Fitch Ave 66 63
M1-5 32 Crest St 59 58
M4-1 144 Ridge Crest Cir 59 59
M4-2 123 Goodwin Ave 68 68
(Wetherg‘?el d Uss) M4-3 110 Brussels Ave 9/8/22 66 66
M4-4 37 Fairway Drive 68 68
M4-5 70 Brookside Cir 62 62
M7 M7-1 23 Midland Dr 59 59
M7-2 29 Midland Dr 63 63
(CO'CheStlelf)SRz &SR M7-3 103 Midland Dr 822 53 53
M7-4 112 Lynn Ln 62 62
M9-1 123 Ponham St 66 66
M9 M9-2 81 Ponham St 67 67
(Waterbury: 1-84) M9-3 29 Ponham St 9/14/22 68 67
M9-4 90 Elk St 59 59
M12-1 271 Henderson Rd 68 68
M12 M12-2 101 Henderson Ave 9/15/22 69 69
(Fairfield 1-95) M12-3 210 N Pine Creek Rd 70 70
M12-4 70 Bradley St 68 67
M15-1 25 Fair St 63 63
M15-2 53 Fair St 70 70
M15 M15-3 Catherine St ctdle-sac 9/14/22 67 67
(Norwalk US7) -
M15-4 A. Santaniello Park 72 69
M15-5 Forest St cutle-sac 67 67
M16-1 86 Mohawk Ave 68 68
M16 M16-2 15 Mountain St 0/14/22 68 68
(Derby SR8) M16-3 36 Cotter Ct 64 64
M16-4 9 Mohawk Ave 63 61
M21-1 127 Pickney Ave 71 71
M21-2 141 Pickney Ave 64 64
. M.Zl M21-3 166 Pavano Dr 9/14/22 72 72
(Plainville I-84)
M21-4 160 Pavano Dr 63 63
M21-5 1175 Shuttle Meadow Rd 71 71
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As shown imTable 2 the Total bqranged from a low 053 dBAat 103 Midland Drivén Colcheste(M7-
3), to a high off2 dBA atA. Santaniello Parkh Norwalk(M15-4) and166 Pavano Drive in Plainville
(M21-3). Values of the Traffionly Leq were very similar to the measured Tota} &t all measurement
sites, indicating that roadway traffic was the dominant source of noise despite the presencepf oth
sporadic and occasional noise events due to humedated activity.

Other sources of noise in the existing environment included but were not limited to biogenic sounds
(birds insectsand dogs), car horngains, aircraftlandscaping equipment, armther humanrelated
activity. AppendixB provides details of the data acquired during the noise measurement program,
includingsite photographsand equipment laboratory calibration certificates.
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Figure2a: Area M1 Noise Measurement Locations
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Figure 2. Area M4 Noise Measurement Locations
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Figure d: Area M7 Noise Measurement Locations
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Figure Z: Area M9 Noise Measurement Locations
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Figure 2: Area M12 Noise Measurement Locations
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Figure 2: Area M15 Noise Measurement Locations
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Figure 2: Area M16 Noise Measurement Locations
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Figure 2. Area M21 Noise Measurement Locations
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Noise Model Validation

Accordingto FHWA& FTSRSNI f GNI FF¥AO ahe @rdT pakidsizhe-adcaracyof | Y R
the noise prediction model must be verifigdproject level noise studie$he noise model validation
process compares existing noise levaksasuredn the field with predicted noise levels from the FHWA
TNM using the trafficonditions during the monitoring period as input to the model. The purpose of the
noise model validation is to evaluate the success of the model in representing the important acoustical
characteristics of the study area. This is determined by examinagwarall trend of the differences
between measured and predicted noise levels at each measurement site. Individtal-site

differences may vary significantly, depending on factors that may affect either the measured noise level
or the predicted noisdevel at a given site. Examples of factors tteutaffect measured noise levels

include:

9 Atmospheric conditions (upwind, neutradr downwind conditions)

1 Shielding by structures that are difficult to model

1 d2dzR¢ @S Kys@iri® thedneasuremerie.g., emergency vehicles with sirens, vehicles
with unmuffled exhausts, etc.)

Examples of factors that can affect predicted noise levels include:
91 Level ofdetail in modeling terrain featuresparse rows of buildingmd locatingeceivers

FHWA and CTDOT consider the noise model to be validated when measured noise levels are-®ithin +/
dBA of predicted noise levels for existing conditidns.

Cl 21 RAA&aO2 dzNY 3 S projeztSdedifisnoide madaLBiygadjustrifent Factors within the

noise model to match measured and predicted levels. FHWA recognizes that many factors are present
both in the measurement of noise and in the developmehaanodel that can lead to variability.
Differences between measured and predicted levels that are outside the accepted accuracy of the
model are likely due to unusual circumstances during the measurements, or to insufficient detail or
inaccurate assumptits in the model. Only after a thorough examination of the measurement

conditions and the modeling assumptions has been completed, should the highway noise analyst
consider the use of adjustment factors in the model. FHWA recognizes that in some casgsndtre
possible to identify a specific reason for not validating a specific measuremerfigitecases are to be
documented in the noise study report.

Table 3presents a sitdoy-site comparison of measured noise levels and the corresponding TNM
computed noise leveldNot all sites validated within the desired 3 decih&iswever, most of the sites in
each barrier area validated welll but eight siteswere within 3 decibelsSites that did not validate
preciselymainly include those with more complgeometry between the source and measurement
location as well as varying speeds during the measurement pértegbroject-wide average difference
between calculated noise levels anttasurednoise levels wa$.8 decibels which generally shows

1 FHWAHER10-025. Highway Traffic Noise: Analysis alldatement Guidance. December 2011.

3 dz
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good agreemant betweenmeasuredand modeled sound levend suggests confidence in the modeling
assumptions.

Table3: Model Validation Results

Measured FHWA M&?ﬁﬁ;ed
Site ID Measurement Trafficonly | TNM Llegn) :
. ; Address ) . Modeled Noise
(Location& Route Site No. Legin dB(A) | in dB(A) Levels dB
M1 | Celdwestof 1751 g4 5 68.1 1.4
Norwood Ave
147 Norwood
M1 M1-2 side yard, cutle- 68.7 68.4 -0.3
(New London|-95) sac
M1-3 23 Whittlesley St|  58.7 63.3 4.6
M1-4 7376 Fitch Ave 63.0 61.4 16
M1-5 32 Crest St 58.4 61.2 28
M4-1 é‘i‘f Ridge Crest|  gg g 61.7 2.9
M4 M4-2 Jf/‘z Goodwin 67.7 69.5 18
(Wethersfield US5) M4-3 110 Brussels Avd  66.3 68.6 23
M4-4 37 Fairway Drive 68.2 68.7 0.5
M4-5 70 Brookside Cir 61.7 61.7 0
M7-1 23 Midland Dr 59.2 59.9 0.7
M7 M7-2 29 Midland Dr 62.9 66.1 32
(Colchester M7-3 103 Midland D 53.1 53.7 06
SR2 & SRL1) - dfand Br : : :
M7-4 112 Lynn Ln 61.7 63.9 22
MO-1 123 Ponham St 65.9 69.4 35
M9 M9-2 81 Ponham St 67.0 70.6 3.6
(Waterbury -84) M9-3 29 Ponham St 67.3 67.9 0.6
M9-4 90 Elk St 58.6 60.1 15
M12-1 ézl Henderson | 475 73.7 6.2
M12 M12-2 101 Henderson 68.8 71.6 2.8
(Fairfield -95) Ave
M12-3 %0 N Pine Cree} 697 715 1.8
M124 | 70Bradley St 67.4 69.9 25
M151 | 25 Fair St 62.7 62.2 05
M152 | 53 Fair St 70.2 70.7 0.5
M15 Catherine St cul
(Norwalk US7) MIS3 | 2O 66.6 70.1 35
Mi54 | A Santaniello 69.1 69.3 0.2
Park
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Table3: Model Validation Results

Measured FHWA M&?ﬁﬁ;ed
Site ID Measurement Trafficonly | TNM Llegn) :
(Location& Route) Site No. Address || indB(A)| in dB(A) Mofs\l,i?;\é%se
M55 | ForestStcule 66.8 69.5 2.7
sac
M16-1 86 Mohawk Ave 67.8 68.6 0.8
M16 M16-2 15 Mountain St 67.7 66.5 -1.2
(Derby SR8) M16-3 36 Cotter Ct 64.2 67.7 35
M16-4 9 Mohawk Ave 61.3 62.5 1.2
M21-1 127 Pickney Ave 71.1 70.9 -0.2
M21-2 141 Pickney Ave 63.7 67.4 3.7
M21 M21-3 166 Pavano Dr 71.8 73.9 2.1
(Plainville I-84) M21-4 160 Pavano Dr 63.0 65.1 2.1
1175 Shuttle
M21-5 Meadow Rd 70.9 71.9 1
Average Difference 18
Standard Deviation of the Differences 17

Notes:

Trafficonly Leq = the Equivalent Noise Level, excluding measurement periods dominated Hyafifimsources
Leg(h) = Hourly dq

dB = Decibel

dB(A) = ANeighted Sound Level

Trafficcountsthat were used tovalidate the projecispecific TNM2.5 models in each of the eight
comprehensivéarrier areasare included withirAppendixC. The traffic counts were normalized to a
one-hour time period and used as input to the FHWA TNM for the purpose of model validation.

Identification and Categorization of Eligible Land Use

Parcelspecific land use information was obtained fraéine Connecticut Office of Policy and
Management (CT OPNbr each planning region and municipality within the Type Il noise study area.
The dataets received from OPM represented the most current statewide parcel data for the year 2022,
which was made publicly available in February 202 parcel informatioystored in the computer
assisted mass appraisal (CAMA) dataltabkes includedfieldsfor parcel address and ownership, land
use codes, and date of developmemhe CAMA database tables were each joined to respective GIS
polygon features of parcel boundaries to identify properties within the study approximately 10
percentof the datain the database tablewasunavailablein ausabledigital format Therefoe, the
ConsultanfTeam developed towsspecific routines thaextracted the data foeachproperty. Manual
processing was required for all other towns where daté&ractioncould not beautomated In total,

data for goproximately 75,000 parcels within th@ise study area were reviewed and processed.
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In accordance with CTDOT policy, the study area extended 508ffeet the edge of travel lanes along

each route A buffer of approximately 800 feet was generated frg@oreferenced roadway centerlines

provided by CTDO account for varying number of travel lanes on each roadway. Thédg@®uffer

ensured that the minimum 508 2 2 i &G dzReé | NBF FTNRY SR3IS 2FB GNI @St
would be capturedAll parcels within the Type Il noise sjudrea were then categorized based on their
appropriate FHWA activity category, which defines their NlBsBle4 provides the FHWA activity

categories and corresponding NAC.

Table4: FHWA Noise Abatement Criteria (HoudyWeighted Sound Leve] Decibels, dB(BA1

Activity | Activity Criterid | Evaluation
Category | Leg(h) | Lioth) | Location Activity Description

A 57 60 Exterior | Lands on which serenity and quiet are of extraordinary
significance and serve amportant public need and
where the preservation of those qualities is essential if
the area is to continue to serve its intended purpose.

67 70 Exterior | Residential.

QB

67 70 Exterior | Active sports areas, amphitheaters, auditoriums,
campgrounds, centeries, day care centers, hospitals,
libraries, medical facilities, parks, picnic areas, places (¢
worship, playgrounds, public meeting rooms, public or
nonprofit institutional structures, radio studios, recordin
studios, recreational areas, Section 4jtgs, schools,
television studios, trails and trail crossings.

D 52 55 Interior | Auditoriums, day care centers, hospitals, libraries, med
facilities, places of worship, public meeting rooms, pub
or nonprofit institutional structures, radistudios,
recording studios, schools and television studios.

B 72 75 Exterior | Hotels, motels, offices, restaurants/bars and other
developed lands, properties or activities not included in
D orF.

F | = | = | - Agriculture, airports, bus yards, emgency services,

industrial, logging, maintenance facilities, manufacturin
mining, rail yards, retail facilities, shipyards, utilities
(water resources, water treatment, electrical) and
warehousing.

G | - | | - Undeveloped lands that amot permitted.

Notes:

LEither loq(h) or lio(h) (but not both) may be used on a project.

2The leg(h) or Lo(h) Activity Criteria values are for impact determination only and are not design standards for noise abat
measuresCTDOT usesggth) to evaluate noise impact.

3Includes undeveloped lands permitted for this activity category.

12 Connecticut Department of Transportation Highway Traffic Noise Abatement Policy For Projects Funded By The
Federal Highway Administration. October 2022.

13 Connecticut Department of Transportation Highway Traffic Noksstédment Policy For Projects Funded By The
Federal Highway Administration. October 2022.
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Land use codes and descriptions available within the CAMA data were used to group parcels into more
general categories includirgingle famiy residential, multfamily residential, commercial, recreational,
public use, industrial and agricultural, and vaciamid Thelatestedition of the Connecticut Association

of Assessing Officers (CAX®pndbook was used to define the land use codebténCAMA dataables

To streamline parcel identification, those with available land use codes and descriptions were initially
assigned to the abovmentioned general land use categorie®wever, he quality of theCAMA data
varied by municipalityand tterefore, parcel categorization couldot be automated in many locations

The format of the CAMA data was not standardized aceast Council of Government
(COGQ/municipality. Municipalities had different names for the same fielaisd some fields were

missing or incomplete for certain municipalities. For each municipality, a standardized field name was
created and populated with available data, allowing datasets to be consistently and seamlessly joined
across the state. Differencedso existed in the land use classifications used by different
COGs/municipalities, so the land use data werelassified using a consistent land use classification
scheme for the study area.

In addition,for areas with insufficient or missing land us@rmation, manual classification was
necessary, which was conducted by referencing Google Street View, aerial imagery available from
Environmental Systems Research InstitlE&Rland Google Earth and reviewing publicly available
property recordsErras in parcel classification generated by the automated process also resulted from
outdated CAMA data, whereby the most common error occurred with receletiglopedparcels that

were automatically markedvacanté Whereparcelcategorization coulahot be automated, visual
inspectionvia aerial mappingnd Google Street Viell! was also required to identify exterior areas of
frequent human use. All residential development was generally assumed to include some exterior use
areas

Onceparcels were organizeidto the more general land use categorid®ey wereassignedo their
appropriateFHWA activity categorieShe study excludedagpcels inFHWAactivity category F or Gor
which there are no NAC, parcelsectly behind an existing noise barri&(i.e., within the limits of the
barrier termini) andthose with no outdoor use (e.g., restaurants with no outdoor seating,
hotels/motels with no outdoor amenitieslour shapefiles (one for each of the four CTD3fricts
included within the Type Il neé study areaand four spreadsheets with attribute tables exported from
GlSwere provided to CTDOT identifying the excluded parcels

Noise Model Development

The following sections detail the development of the basic npisélictionmodel for identifying
existing impacted areaand its inputsAlso,the validity of the basic model approachconfirmed
through comparison athe results from thecomprehensivenodels prepared for the eight validated
barrier areas tdhe results from thébasicpredictionmodelsdeveloped forthose same area3.he

% The Handbook for Connecticut Assess@snnecticut Association for Assessing Officers. Revised 2017.
15 A shapefile illustrating locations of existing noise bagrigas provided to the Consultaféam by CTDOT.
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following sections provide further detail on factors used to determine the validity of the basic model
approach.

Traffic Data Development

During the COVHD9 pandemic, staat-home orders significantly affected traffic volumes on interstates

and expressways wittnostcommuters working remotely; therefore, to identify representative traffic

noise impacts, CTDOT ane tBonsultanffeam agreed to us2019pre-pandemic traffic volume the

noise modelCTDOT provided 2019 traffic data for mainline roadways from their Highway Performance
Management System (HPMS). Tinear-referencel dataset included mile markers, AvgeaAnnual

Daily Traffic (AADT) volumes, peak hour factofa¢tor), posted speed limits, and medium and heavy

truck percentages. However, this data $stked sufficient travel directionality information, astudy

area routeswere very finelysegmentedwith multiple traffic changes where no changes in highway

access were identified. The 2019 HPMS data set was also incomplete for many roadway segments within
the noise study aredd S2 NEFSNBY OSR { NI T F AMbnitBringiStatiol W@v¥# wast 5 h ¢ Q &
the intended backup data source to populate any gaps in the 2019 HPMS data set. However, the data
FTNRY GKS [/ evbritatig StationNGeweF iia®only available in a pgpformat that could not

be easily applied to segmentstbie noise study area routes within GIS.

Therefore, the Consultarfieamusedhistorical CTDOT traffic monitoring data GlSshapefileformat'®

that included the traffic data necessary for modgbut on bidirectional centerlines along each roadway
in the noise study ared limited number of routes only included traffic volumes representative of both
travel directions; for those routes, the total traffic was split evenly,(b@percentappliedto each
direction).Year 2019 traffic volumes were available for approximately-thirel of study area roadways,
while year 2017 and 2018 volumes were available for the remaininghinds of the studyarea

roadways A growth factor of 0.fpercentper yea was applied to 2017 and 2018 volumes to yield 2019
volume estimates to achieve consistency on all modeled roadways throughout the Type Il noise study
area. Peak hour-factors below &ercentand above 1percentwere adjusted based on direction from
CTDDT®®

1 The CTDOT Traffic Monitoring Count Data: Volume and Classification Information website
(https://portal.ct.qov/DOT/PP_SysInfo/TraffMdonitoring) provides Continuous Count Station Volume Summaries
graphs for each traffic count station operated by CTDOT. In general, summary gihamha pronounced decrease

in traffic volumes beginning in March 2020 andhtiouing through the remainder of 2020, through 2021, 2022,

and the end of 2023, relative to 2019 traffic volume counts.

7 Traffic Monitoring Count Data: Volume and Classification inétion.

18 CTDOT Historical Traffic Monitoring Data | CTDOT Historical Traffic Monitoring Data | CTDOT Open Data
(arcgis.com)

19 The Consultanteam participated in a conference call with CTDOT traffic engineers on February 10, 2023. CTDOT
traffic engineers agreed to use of the historical traffic data set and instructed the Constatamtto apply a 0.5%
growth factor per year to 2017 and 2018 ffia volumes. CTDOT traffic engineers also advised the Consultant

Team that peak hourfactors on expressways and limited access highways generally range between 8% and 12%
and to adjust any lower or higherflctors up to 8% and down to 12%, respectively



https://portal.ct.gov/DOT/PP_SysInfo/Traffic-Monitoring
https://portal.ct.gov/DOT/PP_SysInfo/Traffic-Monitoring
https://linkprotect.cudasvc.com/url?a=https%3a%2f%2fconnecticut-ctdot.opendata.arcgis.com%2fdatasets%2fctdot-historical-traffic-monitoring-data%2fexplore%3flocation%3d41.519527%252C-72.757787%252C10.00&c=E,1,Xh-5IrBir08_n1lyPQ9JEM1PZJFelKVg3_Rvr2q3C3wZX3kLzKNtJItCYubghU9L8xKhIZT1ApUL-LbtqlCc2WXJBMEHQg5a-x8MJt8PpBuQ96eortPu&typo=1
https://linkprotect.cudasvc.com/url?a=https%3a%2f%2fconnecticut-ctdot.opendata.arcgis.com%2fdatasets%2fctdot-historical-traffic-monitoring-data%2fexplore%3flocation%3d41.519527%252C-72.757787%252C10.00&c=E,1,Xh-5IrBir08_n1lyPQ9JEM1PZJFelKVg3_Rvr2q3C3wZX3kLzKNtJItCYubghU9L8xKhIZT1ApUL-LbtqlCc2WXJBMEHQg5a-x8MJt8PpBuQ96eortPu&typo=1

Type Il FindNoiseAnalysiReport January 2024
Connecticut Type Il Statewide Noispalysis Page23

Roadways Development

¢tKS IS2NBFTSNBYOSR 0ARANBOGAZ2YIE OSYGSNI AafrSa | @l Af
traffic data set were used to develop a shapefiledthroadways ithe study area, which was populated

with peak hour autanobile and light truck volumes, medium trugtvo axles, six tiresjolumes and

heavy truckthree or more axlesyolumes The volumes weréderived from kfactors applied to AADT

volumesand single (medium truck) and combination (heavy truck) truck peagggK-factors were

only available for a limited number of segments and rourelsoth the historial data set and 2019

HPMS data set. Therefore, the Consultéeam manually assignedfictors to missing portions of study

area routes based on trends off&ctors prior to and after segments with missing vallssted speed

limits available within the 2019 HPMS data set were also assigned to each route segment.

The Consultanfeam used the roadway shapefile populated with traffic volumes and speeds, as
described above, to establish the noise model for impact determination. To develop the number of lanes
for each route, the Consultafdieam used a georeferenced HPMS datapil®vided by CTDOfhat

included the total combined number of lanes (both travel directions) on each study area route. For
simplicity, the number of lanes was divided in half, assigning an even number of lanes to both sides of
each roadway. A standard Z@ot lane width was assumed and multiplied by the total number of lanes

in each direction to populate roadway widths within the noise model.

Basic Noise ModeDevelopmentand Implementation

For noise impadtentification andvisualization, he ConsultanTeamchose to develomoise impact

contours utilizing the TNM2.5 module withBoundPLAN Gmbdtoustical modeling software. While

Cl21Qa ¢bhandp AYyOfdzRRSa | y2AaS 02yi2dz2NJ ISYSNI A2y
noise map feature in SountdRN, whicHacilitatesa seamles&xport of contours generated by user

defined intervals. Grid size can easily be varied for better accuracy, as well. It is important to note that

the noise contoursvere used solely to facilitate identification ¢dcations within the noise study area

that experience existing highway traffic noise impact and where a feasible and reasonable noise barrier

could potentially be constructed.his approach was approved by CTDOT and FHWA.

TheConsultanfTS I Y Q& 9 { wL nsa firBousIFLAN/aS usédikadrSport theoadways shapefile
created in GISNo other modeling features (e.g., terrain lines, building rows, barriers, ground zones,
etc.) were included within the basic noise mod€lalculation areas were developtproduce noise
contoursby generating a 2,00fbot buffer fromthe bidirectional centerlines in the roadway shapefile.
The selected buffer distance was considered sufficient to capture the extent of impacts for all activity
categoriesand define the ground type within the modélhe ground type within the buffer and outside
of modeled roadways was assigned as TNM |awe. single buffer was then divided into eight
individual county buffers following counboundariesavailable in GI1® TheConsultanflfeamwas
therefore able toexecute one model run per county, expedite results, and wigliwvidual countiego
identify potential necessary modeling edi@nce all countyspecific runs were completegsultant noise
contours wereeasily nerged within SoundPLAMto one data sefor the entire study area

20 hitps://ctdot.maps.arcgis.com/apps/webappviewer/index.html?id=a3590a7b074e41099cb5304e39dba314
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Using theConsultanfTS I YEBRI shapefile license ®oundPLANtatewide noise impaatontours

were exported to a GIS shapefileliiecibel intervals from 66 dBA to 72 dBA to coveeslerior FHWA

and CTDONAC.  aSR 2y | LI NOStQa AYyiSNERSOlUAZ2Y SAUGK y2Aa
automatically assigned as ampack in GIS. This impact status assignment was used later during

processing opotential noise barriers.

Toevaluate consistency of the SoundPLBNbHI SY SNl 6 SR y2A&aS 02y iG2dz2NB 6AGK
level prediction, halmile radius sections of each traffic routeere evaluatedvith a set ofreceivers

every 10 feet, beginning 10 feet from the edge of traared extendingo adistance of 500 feet from

edge of travel. Theeceivera Sia 6 SNB SESOdziSR Ay Cl 21 Q& ¢banodp | &
sound level runs, using the TNM2.5 modiNdeled sound levels in TNAVb at eachreceiverpoint

were comparedvith the single point sound levels from SoundPlmAddiel runsas well as contour

values. TheeceiverLl2 Ay i O2YLI NRAa2y o0S06SSy {2dzyRt[! b 6dzaAy3
TNM2.5showedgood agreement, with an average difference in sound levels of appedely 0.3

decibels Contours in general are less accurate than single point sound level prepiciisaver, spot

checks ofeceiversound levels with contours also shedigood agreement to validate use of

{2dzy Rt [ ! bQa ¢ b aH dnpactechtBudgerieratior NJ y 2 A 4 S

ComprehensiveNoise Model

To confirm the validity of the basic model approafitst a complete set ofeceiversvasadded tothe
comprehensivelNM models oéach of the eight barriers areas for which model validation was
performed. Traffiocvolumes were updated to reflect the volumes used in the basic noise mddeds,
the same set ofeceiverswvasadded tothe basic models in the eight barrier areas. Both models were
executed, and noise levels were compared.

Comparison of Basic andComprehensiveNoise Models

Table 5summarizes the noise level differences between the basiccantbrehensiveanodelsaveraged
over all receiverin each of the eighstudyareas.On average, theomprehensivanodels predicted
approximately2 decibelslower than the basic noise models due to the effects of terrain lines, building
rows and building barriers used for large structuirethe comprehensivanodel The sites with the
greatest differences are M9 and M16. The roadway in area M9 is in a deep dohseith steep rock
walls up to the residential development overlookirgdl. A portion of the roadway within area M16 is
also located in a cut section with a significant slope up to the residential neighborhood. All other barrier
areas do not exhibit sigficant terrainvariatiory therefore, the main differences in noise levels in those
areas between basic armbmprehensivanodels stem from building rows arodiildingbarriers(i.e.,

large buildings modeled as TNM batrriers for noise shielding)

FHWA require that detailed noise models should predict sound levels witdacibels of measured
values unless there are unusual site conditions that cannot be accounted for within the traffic noise
model. Since the basic noise model predicts sound levels thatitimg\8 decibels of modeled sound
levels for all but two locations, this suggests strong confidence in the basic noise lmeotghuite
representative. The two sites with greater thamlecibel differences have significant variation in the
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terrain and el@ation, which explains the greater differences. Further, the average difference among all
sites is also less th&hdecibels.

Table5: Comprehensivers. Basic Noise Model Comparison
Barrier Area A\I/Deer;g?lil;lmse Levels ¢, dBA) Difference (dB)
(Location & Route) Model Basic Model (Basicg Detailed)
M1
(New London:-95) 64 62 2
M4
(Wethersfield US5) 62 63 1
M7
(Colchester 56 58 2
SR2 & SR11)
M9
(Waterbury: 1-84) 60 64 4
M12
(Fairfield 1-95) 67 68 1
M15
(Norwalk US7) 59 61 2
M16
(Derby SR8) 60 66 6
M21
(Plainville -84) 66 65 -1
Average Difference 2

Noise Barrier Evaluation

After confirming the validity of the basic noise model approach to identifying existing impacts for the
Type Il noise study area, potential noise barrier areas wevrewed As previously discusse@,TDOT
provided the Consultanifeamwith a shapefile of existipnoisebarriers within the state¢hat was
referenced when identifying potential Type Il barrier ardagrsuant ta23 CFR 772.15(b)(3), FHWA will
not approve and provide funding for noise abatement measures on Type |l projects thhsee
measures were @viously determined to not be feasible and reasonable for a Type | project. CTDOT
reviewedbest availablénistorical recordsto eliminate anyformer Type | projecications where
abatement measures were previously found to be not feasible or reasondbise barriers were also
not evaluated in active Type | project areas with secured funaiéngf April 25, 2023A list of three

active projects was provided by CTD@ppendixDincludesa list of prior Type | project areas as well as
currentlyactive Type | projects with secured funding identified by CTB@&3duld funding for a Type |
project become available in any areas on the Type Il prioritytiese areas will be removed from the
priority list and evaluated for noise impacts and abatet@ursuant to requirements of 23 CFR 772 for
a Type | noise study.
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CTDOT primarily considdtgee types ofabatement measures that may be incorporatediiype I
projects to reduce traffic noise impaatwhich include:

1 Traffic management measures,
9 Alteration of horizontal and vertical alignmengs)d
1 Construction of noise barrieand/or earthen berms)

Traffic management measurasormally considered for noise abatement include reduced speeds and
truck restrictions. Reduced speeds would not be Hieative noise mitigation measure alone since a
substantial decrease in speed is nhecessary to provide a significant noise reduction. Typiedllgtian

in speedof 10 miles per hour (mphyill result in only a 2 to 3 dBA decrease in noise level, whinbt
considered a sufficient level of attenuation to be considered feasible. Further, a 2 to 3 dBA change in
noise level is not considered to be generally perceptible. Restricting truck usage stdyearea
roadwaysis not practical since one purpoeéthese facilities is to accommodate trucks.

A significanglteration of the horizontalor verticalalignmentof the study area roadwayss not a
practical abatement measure for a Type Il project. The intent of Type Il projects is to abate existing
highway traffic noise impacts on existing roadways that are not slated for a Type | improvement project.
In most cases, no roadway improvements are included in Type Il projects. Further, horizontal and
vertical alignment changes are costly measures, whichrednderight-of-way acquisitions and

structure relocations and would likely trigger a Type | project. Similailing or lowering the vertical
alignmentof existing roadways/ould result in significant environmental impacts to the surrounding
environmert and costly engineering challengasd would also likely trigger a Type | projddtirsuant

to 23 CFR 77Jype Il abatement benefithustoutweigh the overall adverse social, economic, and
environmental (SEE) effects and costs of the highway traffic noise abatement measures. Therefore,
alteration of the horizontal or vertical alignments of existing roadways is not a practical Type Il
abatement measure.

Theconstruction ofnon-structural barriers(i.e., earthen bermgis considered a more attractive
alternative to noise walls where there is sufficient land and fill available for thimwever,non-

structural barriergddo not appear to bdeasble formost ofthe study areabecauseof the cost and

footprint requiredfor their constructionGuidelines established for thderritt Parkway prohibit the use

of structural noise barriers along the Parkwfaiherefore, norstructural barriers were condered

along the Merritt Parkwayn all other areas, structural noise barriers were evaluated as the best, most
costeffective abatement measur®r existing highway traffic noise impacts

Cl2! |yR /¢5h¢ NBIdZANBE GKIG ¢yRBlASB2 6 NINB S NE2 0BS 0RE(
for construction.Feasibility includes acousticand engineering feasibility. Acoustldeasibility

evaluates the level of noise reduction achieved by the noiseawall®S @3 A y & Satliinpagted f 233 2
receptors Engineering feasibility addresses whether engineering constraints preclude construction of a

21 Merritt Parkway Guidelines for General Maintenance and Transportation Improvements. Prepared by the
Merritt Parkway Working Group. June 1994.
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noise abatement measure. Reasonablenemssiders viewpoints of thaffected property owners and
residentsthe costeffectiveness of the proposed abatent measureand ability of the abatement
measure to achieve a noise reduction design geadte DOTs have established individual feasibility and
reasonableness criteria within federally mandatedguirements/ ¢ 5 hféaSilility and reasonableness
criteria are summarizetielow:

Feasibility

a) Acoustial feasibility¢ The noisebarrier must reduce noise levels at noisensitive locations by
G t€tSFrad p RSOAO0St&as GKSNBoe& aoSySTahirdsyf3é GKS
the impactedreceptors receive 5 decibels or moreduction in noise levels with the proposed
abatement measure (i.e., insertion lo$s) it to be considered acousticallgasible.

b) Engineering feasibility It must be possibl¢éo design and construct the barrier. Engineeyi
feasibility of the noise abatement measure(s) shall consider adverse impacts created by or upon
property access, drainage, topography, utilities, safety, and maintenance requirements.

Reasonableness

a) Anyreceiverthat receives a minimum noise level redion of 5 dB(A) due to noise abatement
measures shall be considered a benefitedeptor.

b) A noise reduction design goal (NRDG) of 7 dB(A) must be met or exceeded for a minimum of
two-thirds of thebenefitedreceptors

c) Viewpoints of thebenefited property owners and residents shall be solicited. For the abatement
measure to be considered, twihirds of the returned solicited viewpoints must be in favor of
the abatement measure(s).

d) AcCostEffectivelndex (CEI) of $55,000 per benefiteteptor based on a unit cost of $60 per
square foot($60/SF¥or a noise barrier wall. In the case of an earthen berm, the cost will be
based upon the actual unit costs for the materials used.

The Consultanteamreviewed the noise impact contours for eacluoty and identified locations

wherenoise impact is occurring, ambise barriers could potentially me#te CTDOT criteridescribed

above Four heights were evaluated #foot increments from 10 feet to 25 feet. As a fitir
screening, the number@ Sy STA & NBIjdzZANBR (2 | OKAS@GS o02G4K / ¢5h¢
reasonableness requirements was identified for various barrier lengths and the four barrier hE€ights.
SEFYLX S o6F&aSR 2y / ¢5h ¢ Qateptorand unit dost bf BG8E,/m noise LISNJ 6 Sy S
barrier 1,000 feet in length and 10 feet in height, equating to 600,000 SF, requires at least 11 benefited
receptorsi 2 Y S S [/ I¢tBelCNEwithin 590 febt of the edge of travel did not include sufficient

density of noisesensitive lad use to meet CTDOT acouatieasibility and reasonableness criteria, a

noise barrier was eliminated from consideration.

For locations with sufficient density to potentially meet CTDOT criteria, noise barriers were evaluated at
each height using SouRt ANUse of SoundPLAN for this task was approved by CTDOT and FHWA.
Similar to the noise impact evaluation, a grid noise analysis was executed, and difference level contours
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were calculated to identify noise barrier insertion loss. Insertion loss conteers exported to a GIS
shapefile for visualizing noise level reductions at parcels within each CNE behind each noisd-barrier.
each countyparcels within a 50@ot CNE boundary were assigned to noise barreng values of 5+
(benefited)or 7+(meets NRDGIor each barrier heightvere assigned to parcels based on the insertion
loss contoursThe populated parcelt&ibute tables by countywhich also included the impact status of
each parcel, as described earlier in tigasic Noise Model Developnteand Implementatios section

of this report,were exported to a spreadsheet feurther processig.

All singlefamily residential parcels were counted as one dwelling unit. CAMAtdbkasfor multifamily
developments did not provide sufficient information to identify dwelling units; therefore, a combination
of methods was used for these properties. Specifically, where possible Google®G/aips Viewand

Google Street View were used touwrtd balconies, electrical and/or water meters, drivewapsljvidual
patios yards, etcReal estate and apartment rental websites were also used to identify total numbers of
dwelling units within some complexéln addition, a statewide residential zamg analysis conducted in
2013 provided the allowable number of dwelling urpes acre by town, in multifamily zoning

districts?® To approximate the number of dwelling units, the allowable number of units per acre was
divided by the multifamily parcel egage, calculated in GIS. The total number of dwelling units was then
evenly distributed among buildings within the multifamily developments to calculate impacts and
benefits for barrier evaluation.

For nonresidential parcels, CTDOT calculates equivalenber of dwelling units for Type | projects

based on persofioursperdayl ¢ 5h ¢ Qa ¢&LJS L | LIWINRBFOK (2 OFf Odz I
nonresidential parcels will be used in any forthcoming detailed analifegever, this method was

determined b be impractical for a Typegdtogramscreening. To streamline the process of identifying
equivalent dwelling units for nonresidential parcels, CTDOT approved the Conddtany Qa & dz33Sa G S
FHWAapproved lotbased calculation methotf.The method involve calculation of the impacted

square footage of land area and dividing that area by the average residential lot size to yield equivalent
number of dwelling units. Using GIS, the Consulfaaim calculated an average residential lot size for

the Type Il stdy area of 50,243 SF, which is based on available dangity residential lot sizes. To

determine if noise barriers would meet CTDOT acoustical feasibility and reasonableness criteria for
nonresidential parcels, the number of equivalent dwelling unithiviimpacted land area was

reviewed, and the same firdter screening approach described above for residential land use was
implemented.Except for one Activity Category C parcel, none of the other nonresidential parcels passed

the first-tier screening pproach because equivalent dwelling units were either too low for a noise

barrier to meet CTDOT feasibility and reasonableness criteria, or the impacted land area did not
NBLINSASY(G GKS LI NOSf Q& 2dzi R22NJ dza S esidddidl gabel ¢ KS 2 y f
was along-B5 southbound in North Stonington, New London County, for the Mystic KOA Holiday

c
>

22\Websites, including zillow.com and apartments.com were used for apartment complexes with limited visibility
on Google Street View and on aerial mapping.

23 https:/ffionnualadh.github.io/cfheresidentiatzoninganalysis/#exploresection Accessed June 17, 2023.

24 FHWAHEP17-056. Calculating and Placing NétesidentiaReceiverReceiversReceivéiiRRs). Methodology:

Lot Size.
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campsites. The common outdoor use areas were not prediiexkperiencampacts due to their

distance from495; however, the individual campsis were predictedo experiencampacts due to their
adjacency to-B5 travel lanes. While several barrier heights evaluated were determined to be

I O2dzadA Ol tfe FSIFaAoftS FyR YSSG /¢5heQa /9LT y2yS
design gal.

Table6 summarizes the noise barriers that were determined to meet CTDOT acoustical feasibility and
reasonableness criteria and were thereby advaticebarrier prioritization Appendix Eprovides a
summary table of all noise walls that passed fiist screening and were evaluated in SoundPLAN,
including any barriers that were determined rotbe feasible and/or reasonabl&he table includes the
highway yearon systeng as well as the percentage of development protected by the noise barrier that
predates and postdates the highway based on available information within the CAM#£atdkea This
information was determined in preparation for noise barrier prioritizationg #me process to identify

that information is described in the following sections.
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Table6: EvaluatedNoise Wall Summary Table
Acoustic Noise
- : : . Feasibility| Reduction Highway % %
2\1
Wall Name Description of Noise Wall Location Height (ft) | Length (ft) | Wall Area(ft?) Goal Design Goal Cost per Benefit Year Predate | Postiate
(AFG) (NRD@?
Development Mixed Before/After Highway
20 72,097 100% 67% $ 50,892
0, 0,
Cromwell_17 SR9 northbound between Evergreen Rd. and Coles o5 3,605 90,121 100% 66% $ 48.279 1969 1% 99%
Manchester_4 I-384 eastbound between Bidwell St. akkdeney St. 10 2,405 24,052 100% 78% $ 53,448 1971 88% 12%
10 15,311 69% 95% $ 41,758
WestHartford_7 I-84 westbound between Quaker Ln. and Trout Brook | 20 1,531 30,623 88% 7% $ 41,758 1965 95% 5%
25 38,278 91% 66% $ 43,334
10 27,001 100% 69% $ 50,627
Wethersfield_18 SR15 northbound between Goff Rd. and Ridge Rd. 15 2,700 40,502 100% 73% $ 44,183 1942 4% 96%
20 54,002 100% 84% $ 51,431
Milford_4 I-95 northbound between Milford Pkwy. And River St| 20 2,093 41,855 100% 85% $ 52,319 1957 67% 33%
WestHaven 9 1-95 northbound between Oleander St. and Stevens A\ 25 963 24,087 90% 69% $ 45,163 1957 73% 27%
. . 20 42806 97% 75% $ 42,104
Naugatuck 32 SR8 northboundbetweenCalvin St. and Smith St. o5 2,140 53507 97% 7% $ 52630 1960 85% 15%
. o 15 55,462 100% 91% $ 40,582
Ansonia_35 SR8 southbound between Hull St. and Division St. 0 3,697 73949 100% 92% $ 52821 1959 57% 43%
) 10 20,721 82% 68% $ 40,105
0,
Derby_37 SR8 southbound between IBff St. andHawkins St. o5 2,072 51802 95% 20% $ 42,001 1959 81% 19%
15 41,604 100% 67% $ 32,846
Norwalk_M15 US7 northbound betweerBelden Aveand SRL23 20 2,774 55,473 100% 73% $ 41,091 1970 95% 5%
25 69,341 100% 74% $ 42,454
Shelton_5 SR8 southbound betweegl\ljdrospect Ave. and Constituti o5 3,137 78419 94% 2204 $ 51,143 1972 82% 18%
15 73572 100% 81% $ 27,249
Bridgeport_6 SR8 southbound between Old Town Rd. and Sylvan A 20 4,905 98,096 100% 98% $ 36,109 1972 57% 43%
25 122,620 100% 98% $ 44,861
Bridgeport_7 SR8 southbound between Lindley St. and Parallel St 25 1,876 46,907 100% 69% $ 30,262 1972 94% 6%
15 39,459 92% 68% $ 24,407
Stamford_18 [-95 northbound between Myrtle Avand Maher St. 20 2,631 52,612 95% 79% $ 31,567 1958 85% 15%
25 65,764 99% 81% $ 38,309
Stamford_19 [-95 northbound between Blachley Rd. and Seaside A 20 1,284 25,683 100% 78% $ 48,155 1958 75% 25%
Norwalk_20 I-95 northbound between Scribner Ave. and Taylor Ay 25 1,963 49,074 86% 67% $ 53,535 1958 84% 16%
15 51,830 100% 80% $ 31,733
Fairfield_M12 [-95 southbound between Mill Plain Rd. and Bronson F 20 3,455 69,107 100% 96% $ 42,310 1958 8% 11%
25 86,384 100% 99% $ 52,888
- 15 48,390 100% 89% $ 34,564
- 0,
Fairfield_30 1-95 southbound between Ash Creek and Chambers ¢ 0 3,226 64520 100% 99% $ 45543 1958 86% 14%
Bridgeport_31 15 2,148 32,226 100% 85% $ 41,140 1958 80% 20%
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Table6: EvaluatedNoise Wall Summary Table
Acoustic Noise
- : : . Feasibility| Reduction Highway % %
2\1
Wall Name Description of Noise Wall Location Height (ft) | Length (ft) | Wall Area(ft?) Goal Design Goal Cost per Benefit Year Predate | Postiate
(AFG) (NRDG?
I-95 southbound between95 southboundon-ramp from 0 0
Seaview Ave. andds southboundon-ramp from SR.27 20 42,968 100% 94% $ 53711
Stratford_3233 1-95 northbound betweer-95 northbound offramp to 25 3,466 86,662 100% 71% $ 39,998 1959 | 67% 33%
Honeyspot Rd. and Stratford Ave.
15 47,262 85% 67% $ 32,594
Danbury_35 [-84 eastbound between Beckett St. and Kohanza St 20 3,151 63,016 86% 82% $ 41,549 1962 36% 64%
25 78,769 86% 87% $ 51,936
[-84 eastbound betweeSR37 and Germantown Rd. 15 80,306 97% 89% $ 36,781
D 4 1962 % %
anbury_36 20 535 107,074 98% 93% $ 47,588 % S0 S0
I-84 eastbound between84 eastbound oramp from 0 o 0
Waterbury M9 ChaseParkway and Highland Ave. 15 1,250 18,752 100% 72% $ 45,004 1966 86% 14%
Norwalk_2 US7 northbound between Butler Ln and Union Park 15 1,739 26,091 100% 91% $ 44,727 1970 80% 20%
15 27,193 100% 87% $ 26,748
Fairfield_28 [-95 northbound between Mill Plain Rd and Unquowa F 20 1,813 36,258 100% 89% $ 35,088 1958 67% 33%
25 45,322 100% 89% $ 42,490
: . . 20 125231 100% 68% $ 10,140
- 0, 0,
Middletown_19 I-95 northbound between Smith St. and Berlin Rd. o5 6,262 156539 100% 8% $ 11624 1965 40% 60%
20 28,316 100% 72% 43,563
Waterford_3 1-95 northbound between SB5 and Vauxhall St. o 1,416 35395 100(;; - 40/2 i 50561 1943 70% 30%
WindsorLocks 1 1-91 southbound between Belaire Park and Center Si 15 3,968 59,527 100% 94% $ 52,524 1958 74% 26%
. . 20 77,190 97% 80% 40,273
Greenwich_16€11-41 [-95 southbound between Hartford Ave. and Richard § 5 3,860 96488 970/2 960/2 i 49.481 1958 88% 12%
Greenwich_14 I-95 southbound betwee”R'Sd'a” Field Rd. tgamboat 15 5,701 85,519 99% 84% $ 43,856 1958 73% 27%
Greenwich_15 1-95 southbound between River Rd. and Sound Shore 15 4,454 66,815 100% 92% $ 43,575 1958 60% 40%
15 56,334 100% 83% $ 31,887
Greenwich_17 1-95 northbound between Peters Rd. and Laddins Rock 20 3,756 75,112 100% 99% $ 42,516 1958 83% 17%
25 93,890 100% 100% $ 53,145
Development Postdates Highway
, SR17 southbound between Wesleyan Hills Rd. and Brt 20 59,524 93% 78% $ 37,202 0 0
Middletown_14 Hill Rd. o5 2,976 74405 90% 90% $ 45004 1913 0% 100%
15 42,716 100% 92% $ 7,651
Manchester_15 1-84 eastbound between Slater St. and Buckland St. ra 20 2,848 56,954 100% 92% $ 10,201 1948 0% 100%
25 71,193 100% 92% $ 12,751
. [-395 souhbound between Trading Cove Brook and 20 31,910 100% 74% $ 25,873
Montville_10 ! 1,595 1958 0% 100%
ontvitie_ Leffingwell Rd. 25 ’ 39,887 100% 84% $ 32,341 ° °
Colchester_13 SR2 westbound between Chestnut Hill Rd. and Parum 10 1,498 14,981 95% 100% $ 49,937 1971 0% 100%
Middletown_10 Hwy 9 northbound between Eastern Dr. and Walnut S 25 840 21,000 100% 67% $ 16,154 1958 0% 100%
Milford_30 15 1,303 19550.96474 100% 80% $ 19,551 1937 0% 100%
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Table6: EvaluatedNoise Wall Summary Table
Acoustic Noise
- : : . Feasibility| Reduction Highway % %
2\1
Wall Name Description of Noise Wall Location Height (ft) | Length (ft) | Wall Area(ft?) Goal Design Goal Cost per Benefit Year Predate | Postiate
(AFG) (NRDG?
Milford Parkway (SR96) northbound from E Rutland R( 20 26067.95298 100% 67% $ 21,723
to SR15 interchange 25 32584.94123 100% 71% $ 23,275

Notes:
1¢Wall area is calculated based on wall length and height. For example, Cromwell_17 WalPpre2((fit x 3,605 ft = 72,10G.flNote that the lengths presented are rounded for presentation, so the exact calculated wall area equates to 72a38fdtvn in the table.
2¢ Acoustic Feasibility Goal (AFG): CTDOT requires that at least two(@@réi67%pf the impactedreceptorsreceive 5 decibels or more reduction in noise levels with the proposed abatement measure (i.e., insertion loss) focanidered acoustally feasible.

3 ¢Noise Reduction Design Goal (NRDG): CTDOT requires a 7 dB(A) reduction for a minimtthirdbt(66.667%) of the benefite@ceptors
4 ¢ Cost per benefit ($) = Total NW Cost ($) / No. of Benefits where,

Total NW Cost ($) = Wall AregZ)(f $60/f&
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Prioritization of Noise Barriers

This section details the development of the priority equatimtiuding a summary of factors considered

by CTDOT®BNndprovides therecommended priority equation angkiority listwith ranked noise barrier
areasAppendix A y Of dzRS&a RSGFAfa NBIFNRAYI Cl2! QF LINA2NRGE
¢ S| Y search&ther state Type Il policies.

Priority Rating SystenfFactors Considered by CTDOT

CTDOT considerestveral factorsn the development of the Type Il priority equatiomhich are

presented inTable7. Table7 also summarizes which factors are satered by FHWA and each state for

which Type Il noise policies were revieweefer toAppendix FF 2 NJ RSG At a 2F SIFOK adt
review).

Table7: Summary of PriorityRatingFactors Considered

CTDOT
1986 MTA/
Factor FHWA Type Il | D.C.DOT NHDO¥ TXDOT
Policy
Severity of Noise Impact \% \% \% \% \%
Number of Benefited Vv Vv Vv Vv Vv
Receptors

Date of Development \Y \Y \Y; \Y; \Y;
Abatement Cost \Y \Y \Y; V3 \Y;
Achievable Noise Reduction \% V V \%

Notes:

1. MTA/D.C.DONHDOT, and TxDOT consider date of development during barrier area screening (i.e., areas where
development does not predate highway are eliminated upfront; therefore, these states do not include a term for
development date in their priority equations).

2b15h¢Qa ¢S LL RSGSt2LIYSyd adGdzRe R2Sa y20G AyOf dzRS
consider in ranking the Type Il barrier areas presented in the report.

od bl 5h¢Qa GNITFFTAO y2A4aS LI dex(DH) ratbarhan alcestiedtiveSegsiantiex.yThefDEIS
based on an allowable square footage of barrier per benefited receptor.

A briefdiscussion on how each factlisted inTable7 has historically been implemented byesestates
in their Type Il policies as well as approaches that were suggested by the CorEedianand
considered by CTDOT are presented below

Severity of Noise Impaat CTDOExpressednterest in including a term in the priority ranking equation
thatisbase® y (G KS &aS@OSNRARGE 2F y2A&S A YLI-<risilive Mislude i A S (2
category. The degree of impact is a critical factor, as the premise of the Type Il program is to control

existing highway traffic noise impacts in areas where Typejécts are not planned or programmed,

and therefore, these areas may not otherwise experience relief from elevated traffic noise levels.

The FHWA NA€in part based on speech intelligibilitAreas in which traffic noise levels are at or just
above he applicable FHWA NAC are barely impacted, and individuals should be able to hold
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O2y @SNEIFGA2Yy & | LIWINRPEAYLFGSt@ a4 Fy F NYQdecibeSyIidK | LI
increase in noise levels, the communication distance is halved, dividinals need to speak with raised
voices.

Cl2!13 /¢5h¢Qa mMpyc ¢&LIS LL LRftAOE:E a¢! I 5&/ d®5h¢ X
asdiscussed hereinrhe Consultanteam provided asuggested approach to simplifying how severity of

noise impat is addressed relative to the FHWA NARe approach includesscaladevelopedbased on

the widely known concept that a idlecibel increase in noise level is generally heard as twice as loud by
average listeners. Based on this concept, areas with tiedsit noise levels would be prioritized by the

ranking equation, and a barrier area with impact noise levels averaging 10 decibels higher than another
would have a priority factor twice as high, all other things being equal.

Number of BenefitedReceptors; The number of receptors benefited by the proposed abatement

measure is another critical factor in the priority ranking equation, which is directly related to population
RSyairite a oSttt a aASOSNRGE 27F iof,MIA B.C.ROTLHHOGTP CI 2 |
and TxDOT all consider number of benefits within their respective Type Il priority ranking equations.

In all Type Il policies reviewed, residential recepteese counted as one dwelling unit, whereas

nonresidential receptorsvere given less weight, usually based on a usage fa¢tor.Consultanfteam
4dz33SaidSR I Y2NB aidNBI Y ApeSdrhourLiiaieased@pproacN®tiel G A S
current highway traffic noise policyo counting the number of benefits for nors&lential receptors for

Type Il screeningrhe suggested approagh & (2 dzaS CI 2! Q&®whighinvolvdsT S Y S K2
identifyingan average lot size f8F for the noise study are@he square footage of impacted land area is

then divided by the avege lot size to determine the total number of equivalent dwelling units for

nonresidential impacts and benefits.

Date of Development, FHWA will only provide federal funding for abatement protecting developments
that either predate the highway or substaaticonstruction predates the highway, or for developments
approved prior to November 28, 1995. Date of development is thereby an important factor.

Based on discussions with CTDOT, funding sources for Type Il abatement are unknown at this time;
therefore, barriers were evaluated for areas with mixed development dates and areas that either fully
predate the highway or fully postdate the highwdty other states, including Texas, Massachusetts, New
Hampshire, and Washington D.C., areas with developmentgithaot predate the highway were

removed from the barrier areas considered so that the priority equations in these states do not include
a development date factor.

/ ¢5h¢Qa mMdpyc ¢@8LIS LL LINA2NRGEe SljdzdAz2y AyOf dzRSa ¢
date. CTDOT expressed interest in prioritizing areas where 50 percent of the development predates the
highway.

25 Calculating and Placing N&tesidentiaReceptor§NRRs). Methodology: Lot Size. FHMER17-056.
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Abatement Cost; FHWA, MTA, D.C.DOT, and TXdDconsider abatement cost in their priority ranking
systems. NHDOT considers a dimensional effectiveness index, which is based on a square footage of
barrier per benefit rather than cost.

Cost of abatement has historically been considered by otheesta the denominator of the priority
ranking equation, such that the higher the total abatement cost, the lower the priority index assigned.

Achievable Noise Reduction/ ¢ 5h ¢ Q&3 mMdopyc ¢@LIJS LL LINA2NARGE& Sljdz GA2
noise redution, which is a critical factor in priority ranking. The goal of the Type Il program is to control

noise along existing highways, which is most important in areas severely affected by elevated noise

levels and those in which the greatest reduction in ad@vels can be realized. Most complaints

originate from these severely impacted areas. Achievable noise reduction is included within the priority

Sljdz GA2ya RS@St21L8SR FT2NJac¢! I 50/ d5h¢s ¢E5h¢ | yR A

One suggestd approachCTDOT considered adldressing the benefit factavasto use a sliding scale,
like that suggested for determining severity of impact. For example, areas receiviegribel
reductions are assigned twice as much weight as those areas onlyingcgdecibel reductions due to
the 10decibel difference.

RecommendedPriority Equation

At the heart of the priority rating system is the priority equatioan equation or algorithm that

balances several factors in the design of a noise ba@ieDOTdentified which factors to include in the
{GF0SQa ¢@LJS LL LINRAR2NRGE SqOTadTekpPeysedaziddirehtldgvélopy 3 y 2 A
priority equation that is fair for all communities and both easy to understand and explain. CTDOT also
requeskd that, due to unknown funding sources, developments that both predate and postdate the

highway be considered in the development of the Type Il priority list. CTDOT determined that the Date

of Development should be given the most weight, relative to ttleepterms in the equation. Based on

/ ¢5h¢Qa thekhndeBianiednievelopedthe following priority equation, which includes five

terms that are further explainetielow:

Priority Index = (Number x Age x Impact x Benefit)/Cost

Number¢ ThedNumbek term of the proposed equation requires tallying the total numbebehefits

achieved by the barrier and thereby incorporates éNumber of BenefittedReceiversfactor CTDOT
requested to include in the priority equation. This term also accounts for ¢imégm of the community
in which prioritization is desired, as opposed to the entire community within thef660CNE behind
the barrier.In other words, prioritization is desired fogceivershat benefit from a proposed barrier.

Table8 summarizes thenethodology for tallying benefits based on activity category.
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Table8Y a8(iK2R2f 238 FT2NJ LRSYGATEAYy3d Wbdzyo SND

Activity
Category Methodology
Category B Count each singlamily residential lot that iBenefitted as 1 benefit. Count each

benefitted dwelling unit within a multifamily structure as 1 benefit.

Category C & E

Calculate the average residential lot size (in square feet) in the CTDOT Type
study area. Identify the equivalent number of dwelling units represented by th
non-residential parcel by dividing the nemsidential lot size (in square feet) by
the average residential lot size. Generate a grid and tally only the points that
benefit from the barrier.

Category D

Utilize lotsize methodology applied to Category C and E parcels, or identify a
typical number of occupants in highw#gcing classrooms (itisitional land use)
and multiply by a usage fraction, relative to 24/7 usage.

Agec¢ ThedAge term applies a multiplier to théNumbek term to account for theDate of
Development factor that CTDOT requested to include. The information availakleet@onsultant
Teamwithin the parcel shapefile for each study area includes the percentage of homes thiatt@eand
postdate the highway datéon systemg Therefore, the Consultarfeamrecommends application of a
sliding scale coefficient to thdNumbele term based on the percentage of homes behind the barrier

that predatesthe highway. The objective of the sliding scale is to apply full weight (x1) to the number of

homes that predatehie highway and 1/3 weight (x0.33) to those that postdate the highway. This

F LILINB I OK A& O2yaraiaSyid 6A0GK /¢5heQa mpyc ¢e@LIS

transition between areas with more or less thangycentof homes predatig the highway, as

opposed to a sharp increase at pércent To calculate théAge coefficient, we recommend assigning

a coefficient of 1 to thé&Numbek term where 100percentof the development predates the highway
and a multiplier of 1/3 where Percent of the development predates the highway. Then, interpolate
between these two values to establish coefficients for intermediate percentages. Specifically, the
interpolation calculation would be as follows:

Table9 summaizes various coefficients interpolated for percentages of development that fall between
0 percentand 100percentpredating the highwayHowever, the equation above was used to calculate

Age = 1/3+(% Pdate)x(1:1/3)/100

the exact value of the age coefficient based on the percentage rdfiieed receiversthat predate the
highway date on system.

LL
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Table9: Age Coefficients by Percent of Development fi&ing Highway

Percent of Development that -
Predates HigFr)lway Y GO T

0 0.33

20 0.47

40 0.60

50 0.67

60 0.73

80 0.87
100 1.00

Impact¢ Thedmpact term of the proposed equation requires performing an arithmetic average of the
noise level at eachenefittedreceiverwithout the noise barrier. Once the average noise level is
calculated, the impact term can be identifiedsed on the welknown concept that a 10 dBA difference
in noise levels ighearc as twice as loud or quiet, based on hearing reseémeter to Appendix Afor
additional information) Receiversvith an average noise level that is equal to 66 dBA would yield an
impact term of 1. Foreceiverswith noise levels that are twice as loud, @ dBA, a weighting factor of

2 would be appliedThis term thereby accounts for thi&everity of Impaétfactor CTDOT requested to
include within the priority equation, assigning least weightdoeiverghat experience sound levels that
approach the Ativity Category B and C NA@nd more weight taeceivershat experience higher noise
levels.Table10 provides various impact factors based on average noise level, which can be calculated as
follows:

1 + (Avg Noise Leveé6)x 0.1

%/ ¢5h¢Qa hOG20SNI HAHH | ATKgl & ¢approbch asheirny vithdl 8ecibeddf G SYSy it
the applicabé NAC level.
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Tablel10: Impact Term Values for Various Average Noise Levels

Average Noise Level without Impact Factor
Noise Barrier (44 dBA)

66 1

67 1.1
68 1.2
69 1.3
70 1.4
71 15
72 1.6
73 1.7
74 1.8
75 1.9
76 2.0
77 2.1
78 2.2
79 2.3
80 2.4

Benefit¢ ThedBenefi€ term of the proposed equation requires performing an arithmetic average of the

insertion loss value achieved at edmmefittedreceiverwith the barrier.An average insertion loss that
is equal to 5 dBA would yield a benaéitm of 1, thereby giving least weight teceiverghat

experience the least amount of noise level reduction required to benefit from the barrier. On the other

hand, a stronger weighting factor is applied for higher levels of noise reduetizereby a rduction of
15 dBA would yield a factor of 2his term thereby accounts for thié\chievable Noise Reductiéfactor
CTDOT requested to include within the priority equatidable11 provides various benefit factors
based on average insertion loss, which && calculated as follows:

1 + (Avdnsertion Loss5) x 0.1
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Tablel1l: Benefit Term Values for Various Average Insertion Loss Values

Average Insertion Loss (dBA) Benefit Factor
5 1
6 1.1
7 1.2
8 1.3
9 1.4

10 15
11 1.6
12 1.7
13 1.8
14 1.9
15 2.0
16 2.1
17 2.2
18 2.3
19 2.4

Costc¢ ThedCost term in the proposed priority equation is based on the total calculated barrier cost,
FdadzyAy3d GKS &lYS dzyaAd O02ad 2F bpcnk{Cz Ia RSTAYSR
The total cost term accounts for tiidbatement Costfactor CTDOTequested to incorporate into the

priority equation. Barriers with higher total costs will lower the priority factor since this term is in the
denominator of the equation. Overall, the most cestective barriers will rise to the top of the priority

list. Since the cost term is in the denominator of the priority equation, expressing costs in millioss yield

more manageable priority index values. For example, itith@mbek term is equal to 15, théimpacg

term is equal to 1, théBenefi€ term is equalto 2, and the total abatement cost is $500,000, the

priority index would equad.00006. If cost is expressed in millions (i.e., $0.5 million), the priority index

would equal 60.

Priority Equation Testing and Type Il Priority List

Based on the recommendedNA 2 NR 10 & Sljdzr GA2y > | ff | NBFa gAGK y2A
and reasonableness criteria were ranked to determine their place on the Type Il priority list. For many
barrier areas, multiple barrier heights were determined to meet all CTDi@Tiar however, the priority

equation was executed with thmost costeffective barriergi.e., lowest cost per benefit) to ensure

each barrier has the best chance at being ranked higher on the priority list.

Q)¢

Table12 summarizes the priority index, total number of benefits, average sound level, average insertion

loss value, percentage of development predating the highway, and the noise wall cost expressed in

millionsof dollarsfor all 38 noise walls recommended fornf dza A 2y GAUKAY [/ ¢5h¢Qa ¢@
program. The number of benefits per cost is also provided to facilitate comparison of bakpeendix

Gincludes figures of th88 noise barriers, illustrating location, height, benefited parcels and parcels
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that achieve the NRDG as well as parcels impacted but not benefited by the proposed noise barrier.
However, it is important to note that a detailed noise analysis will be conducted if and when funding is
secured for the Type Il program, which could aftbet geometry of the potential noise barriers.

Overall, thedAget and éNumbetre factors appear to be the most influential terms, as expected and
requested by CTDOT. The barrier areas with the highest average sound levels tend to have higher
priority indexes thereby elevating those areas to the top of the priority list, which is also desirable. As
shown inTable 12 most of the developments that largely postdate the highway appe&ardsthe

bottom of the list due to the 1/3 weighting factor applied to tedevelopments.
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Tablel2: Summary of Type Il Noise Barrier Priorltydices

State | Priority Average Avera_lge %
Barrier Name Route Index No. O.f SO | (Iseiie Predate C.O.St N.o'
No. Value Benefits| Level Loss Roadway ($ millions) | Benefits/Cost
(dBA lsg) Value

*Manchester_15 -84 E 84.1 308 72 9 0% 2.56 120
Stamford_18 [-95N 65.5 97 70 8 85% 2.37 41
Middletown_19 [-91N 53.7 741 63 7 40% 7.51 99
Fairfield_M12 [-95S 51.5 98 69 8 89% 3.11 32
Fairfield_28 [-95N 50.3 61 70 8 67% 1.63 37
Ansonia_35 SR8 S 47.3 82 75 9 57% 3.33 25
WestHartford 7 -84 W 46.4 44 69 10 95% 1.84 24
Fairfield_30 [-95S 44.7 84 69 8 86% 2.9 29
Greenwich_17 [-95N 42.5 106 68 8 83% 3.38 31
Derby 37 SR8 'S 41.9 31 72 7 81% 1.24 25
Norwalk_M15 US7N 36.7 76 65 9 95% 2.5 30
Bridgeport_7 SR8 'S 34.9 93 64 9 94% 2.81 33
Bridgeport_6 SR8 'S 34.8 162 66 9 57% 4.41 37
Bridgeport_31 [-95S 34.5 47 68 8 80% 1.93 24
Greenwich_1@11-41 | 1-95S 34.3 115 67 8 88% 4.63 25
Waterbury M9 I-84 E 33.9 25 68 9 86% 1.13 22
Danbury 36 I-84 E 33.1 131 70 9 50% 4.82 27
WestHaven_9 [-95N 31.2 32 69 8 73% 1.45 22
Naugatuck 32 SR8 N 31.1 61 66 9 85% 2.57 24
WindsorLocks_1 [-91S 30.7 68 70 9 74% 3.57 19
Greenwich_15 [-95S 29.6 92 69 8 60% 4.01 23
Greenwich_14 [-95S 29.5 117 68 8 73% 5.13 23
Danbury_35 -84 E 28.9 87 69 8 36% 2.84 31
Stratford_3233 [-95N 28.8 130 67 8 67% 5.2 25
Manchester_4 [-384E 28.6 27 69 8 88% 1.44 19
*Milford_30 I-796N 27.8 60 69 7 0% 1.17 51
Milford_4 [-95N 27.4 48 69 9 67% 2.51 19
Stamford_19 [-95N 26.1 32 68 8 75% 1.54 21
Norwalk_2 US7N 25.9 35 67 8 80% 1.57 22
*Middletown_10 SRON 23.8 78 65 8 0% 1.26 62
Waterford_3 [-95N 23.6 38 66 8 70% 1.7 22
Norwalk_20 [-95N 23.2 5 67 8 84% 2.94 19
Shelton_5 SR8 S 20.3 92 65 9 82% 4.71 20
*Montville_10 [-395S 14.0 74 65 7 0% 1.91 39
*Wethersfield_18 | SR15 N 10.2 55 65 9 4% 2.43 23
*Colchester_13 SR2W 8.3 18 67 7 0% 0.9 20
*Cromwell_17 SRON 6.5 112 64 7 1% 5.41 21
*Middletown_14 SR17S 2.5 96 58 9 0% 3.57 27

Notes:

1¢/ ¢5h¢ O2yaAiARSNE Wa dzodating thelhighway toR& 25%, twRidlIWs dipraved BYBHWA. Eight barrier areas vgtioam
asterisk (*) are not eligible for federal funding since less than 25% of development in those aredetgsehe K g | & W& S| Mdeey
barrier areas would be state funded.
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Tablel2: Summary of Type Il Noise Barrier Priorltydices
State | Priority Average Avera_lge %
. No. of Sound | Insertion Cost No.
Barrier Name Route Index : Predate e :
No Value Benefits| Level Loss Roadwa ($ millions) | Benefits/Cost
' (dBA Ly | Value y

2 ¢ Cost in millions of dollars = Total NW Cost ($)/1,000,000
3 ¢ No. Benefits/Cost Example: 32 benefits/$1.45 million = 22 benefits/cost

To demonstrate the influence of terms in theqmity equation, three examples are presented below.
Example 1 demonstrates the influence of theyet factor in the priority equation. Example 2 illustrates

the influence of the number of benefits, and more specifically the number of benefits per cost of
abatement, on the overall priority index value. Example 3 demonstrates the influence of average sound
levels on the priority index value.

Example I Date of Development

Table 13presents the priorityndicesfor Fairfield_M12(1-95 § and Danbury_35I-84 E) As shown in the
table, the number of benefits per cost of abatement is nearly identical for atlts as are the average
sound levels and insertion loss values. HoweverFdigfield_M12(1-95 § noise walhas a higher
priority index by23 points simply due to the greater percentage of development that predates the
highway (approximatel$3 percent more development predates the highway). This example thereby
demonstrates the strength of théAge¢ factor when all other terms are comparable.

Table13: Influence of Date of Development

_ State | Priority No. of Average Avera}ge % Predate Cost No.
Barrier Name | Route Index Benefits Sound Level| Insertion Roadway | (millions) | Benefits/Cost
No. Value (dBA Lg) Loss Value
Fairfield M12 | 1-95S 52 98 69 8 89% 3.11 32
Danbury_35 -84 E 29 87 69 8 36% 2.84 31

Example2 ¢ Number of BenefitPer Abatement Cost

Table 14shows the priority indices fdgtamford_181-95N)and Fairfield_3@-959. As shown in the

table, all factors are comparable, including age. HoweStnnford 18(1-95 N is ranked 20 points

higher than tle Fairfietl_30(1-95 S noise wall due to the higher number of benefits per cost of
abatement. With average sound level, insertion loss, cost, and date of development all being similar for
these two walls, this comparison demonstrates the influence ofnilmaber of benefitedeceptorsin

the Priority Equation.
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Tablel4: Influence of Number of Benefits per Abatement Cost
State | Priority Average Avera_lge %
: No. of Insertion Cost No.
Barrier Name | Route Index : Sound Level Predate . )
Benefits Loss (millions) | Benefits/Cost
No. Value (dBA lsg) Value Roadway
Stamford_18 [-95N 65 97 70 8 85% 2.37 41
Fairfield_30 [-95S 45 84 69 8 86% 2.9 29

Example3 ¢ Impact Term

Table 15presents the priority indices fdderby 37 (SR8 S)and Bridgeport 7 (SR8 9. As shown in the
table, despiteBridgeport 7 (SR8 g having a higher number of benefits per abatement cost and higher
average insertion loss, this wall is ranképoints lowerthan Derby 37 (SR8 § due to the influence of
the impact term. Specifically, the average sound level for parcels b&eray 37 (SR8 9 is8 decibels
higher than the average sound level for parcels beldridgeport 7 (SR8 9. This outcome is favorable,
as the goal is to prioritize more severely impacted developments.

Tablel5: Influence of Impact Term

. Average o
. State Priority No. of e Insertion . Cost No.
Barrier Name Route Index . Sound Level Predate . )
Benefits Loss (millions) | Benefits/Cost
No. Value (dBA lsg) Value Roadway
Derby 37 SR8 S 42 31 72 7 81% 1.24 25
Bridgeport_7 SR8 S 35 93 64 9 94% 2.81 33
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Appendix A : Overview of Noise Metrics u sed in this Report

To assist reviewers in interpreting the complex noise metrics used in evaluating roadway traffic noise,
we present below an introduction to relevant fundamentals of acoustics and noise termindlogae
acoustical descriptors of noise are introduced hierencreasing degree of complexity:

9 Decibel, dB;
1 A-weighted decibel, dBAsnd
1 Equivalent Sound LevelgL

These noise metrics form the basis for the majority of environmental noise analysis conducted for most
transportation projects throughout the U.S.

Decibel, dB

All sounds come from a sound sourca musical instrument, a voice speaking, an airplane passing
overhead. It takes energy to produce sound. The sound energy produced by any sound source is
transmitted through the air in sound wavesiny, quick cillations of pressure just above and just

below atmospheric pressure. These oscillations, or sound pressures, impinge on the ear, creating the
sound we hear.

Our ears are sensitive to a wide range of sound pressures. Although the loudest sounds tiearwe h
without pain have about one million times more energy than the quietest sounds we hear, our ears are
incapable of detecting small differences in these pressures. Thus, to better match how we hear this
sound energy, we compress the total range of sopressures to a more meaningful range by

introducing the concept of sound pressure level.

{2dzy R LINBaada2NE tS@Sta INB YSIadaNBR Ay RSOAO6STt a
the ratio of the two pressures, the numerator being the pressof the sound source of interest, and
the denominator being a reference pressure (the quietest sound we can hear).

The logarithmic conversion of sound pressure to sound pressure level (SPL) means that the quietest
sound that we can hear (the referenceggsure) has a sound pressure level of about 0 dB, while the
loudest sounds that we hear without pain have sound pressure levels of about 120 dB. Most sounds in
our dayto-day environment have sound pressure levels on the order of 30 to 100 dB.

Because debels are logarithmic quantities, combining decibels is unlike common arithmetic. For
example, if two sound sources each produce 100 dB operating individually and they are then operated
together, they produce 103 dBnot the 200 decibels we might expecbuf equal sources operating
simultaneously produce another three decibels of noise, resulting in a total sound pressure level of 106
dB. For every doubling of the number of equal sources, the sound pressure level goes up another three
decibels. A tenfoldncrease in the number of sources makes the sound pressure level go up 10 dB. A

0 2
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hundredfold increase makes the level go up 20 dB, and it takes a thousand equal sources to increase the
level 30 dB.

If one noise source is much louder than another, the tworsesi operating together will produce

virtually the same sound pressure level (and sound to our ears) that the louder source would produce
alone. For example, a 100 dB source plus an 80 dB source produce approximately 100 dB of noise when
operating together(actually, 100.04 dB). The louder source "masks" the quieter one. But if the quieter
source gets louder, it will have an increasing effect on the total sound pressure level such that, when the
two sources are equal, as described above, they produce atlee decibels above the sound of

either one by itself.

Conveniently, people also hear in a logarithmic fashion. Two useful rules of thumb to remember when
comparing sound levels are (1) a 6 to 10 dB increase in the sound pressure level is perceived by
individuals as being a doubling of loudness, and (2) changes in sound pressure level of less than about
three decibels are not readily detectable outside of a laboratory environment.

A-Weighted Decibel, dBA

Another important characteristic of sound is itequency, or "pitch.” This is the rate of repetition of the
sound pressure oscillations as they reach our ear. When analyzing the total noise of any source,
acousticians often break the noise into frequency components (or bands) to determine how much is
low-frequency noise, how much is middiequency noise, and how much is hiffaquency noise. This
breakdown is important for three reasons:

1. People react differently to lowmid, and highfrequency noise levels. This is because our ear is
better equippedto hear mid and high frequencies but is quite insensitive to lower frequencies.
Thus, we find midand highfrequency noise to be more annoying.

2. Mid- and highfrequency sound is in the same range as and therefore interferes with our speech
communication.

3. Engineering solutions to a noise problem are different for different frequency ranges. Low
frequency noise is generally harder to control.

The normal frequency range of hearing for most people extends from a low frequency of about 20 Hz to
a high frequencyf about 10,000 to 15,000 Hz. People respond to sound most readily when the
predominant frequency is in the range of normal conversation, typically around 1,000 to 2,000 Hz.
Acousticians have developed several filters which roughly match this sensifieity ear and thus help

us to judge the relative loudness of various sounds made up of many different frequencies:Cetedo
A-weighting network, does this best for most environmental noise sources. Sound pressure levels
measured through this filterra referred to as A weighted sound levels (measuredrefghted

decibels, or dBA).

The Aweighting network significantly discounts those parts of the total noise that occur at lower
frequencies (those below about 500 Hz) and also at very high frequeetatieve 10,000 Hz) where we
do not hear as weht low sound levelsand where the noise does not interfere with speech
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communication The network has very little effect, or is nearly "flat," in the middle range of frequencies
between 500 and 10,000 Hz efe our hearing is most sensitive. Because this network generally
matches our sensitivitjo noise sounds having highereighted sound levels are judged to beisier

than those with lower Aveighted sound levels, a relationship which otherwise mightleotrue. A
weighted sound levels correlate better with human response to noisiness than other metrics do, most
likely due to the emphasis the network has on the naidd high frequencies and the interference with
speech such noise causes. It is for thessesons that Aveighted sound levels are normally used to
evaluate environmental noise sourcédgureA-1 presents typical A weighted sound levels of several
common environmental sources.

Outdoor Typical Sound Levels Indoor
dBA
Concorde, Landing 2000 m. From Runway End — 110 — Rock Band
- 100 |- Inside Subway Train (New York)

727-100 Takeoff 6500 m. From Start of Takeoff Roll

747-200 6500 m. From Start of Takeoff -9
Diesel Truck at 50 ft.

Food Blender at 3 ft.

Garbage Disposal at 3 ft.
Noisy Urban Daytime —180 [~ Shouting at 3 ft.

757-200 6500 m. From Start of Takeoff
-1 70 |~ Vacuum Cleaner at 10 ft.

Commercial Area Normal Speech at 3 ft.
Cessna 172 Landing 2000 m. From Runway End - 60 I~

Large Business Office

Quiet Urban Daytime - 50 - Dishwasher Next Room
Quiet Urban Nighttime — 40 Small Theater, Large Conference
(Background)
Quiet Suburban Nighttime Library
Bedroom at night
Quiet Rural Nighttime Concert Hall (Background)
Broadcast & Recording Studio
Threshold of Hearing
5 L

FigureA-1: Common Environmental Sound Levels, in dBA

An additional dimension to environmental noise is thatvgighted levels vary with time. For example,
the sound level increases as a truck approaches, then falls and blends into the background as the truck
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recedes into the distance (though even the background varies as birds chirp, the wind blows, or a vehicle
passes by). This is illustratedrigureA-2.

90 T T T T T

0 1Minute

FigureA-2: Variation in the AWeighted Sound Levéver Time

Because of this variation, it is ofteenvenient to describe a particular noise "event" by its maximum
sound level, abbreviated asdx In FiguréA-2, the Lnaxis approximately 85 dBA. However, the maximum
level describes only one dimension of an event; it provides no information on the ativeuhoise

exposure generated by a sound source. In fact, two events with identical maximum levels may produce
very different total exposures. One may be of very short duration, while the other may continue for an
extended period and be judged much momnaying. The next section introduces a measure that
accounts for this concept of a noise "dose."

Equivalent Sound Level, Leq

The Equivalent Sound Level, abbreviatgglis a measure of the exposure resulting from the
accumulation of Aveighted sound levelover a particular period of interastfor example, an hour, an
eight-hour school day, nighttime, or a full 2%ur day. However, because the length of the period can
be different depending on the time frame of interest, the applicable period should alkeidentified

or clearly understood when discussing the metric.

The kg may be thought of as a constant sound level over the period of interest that contains as much
sound energy as the actual tim&rying sound level. This is illustratedrigure A3. The equivalent level
is, in a sense, the total sound energy that occuidadng the time in question, but spread evenly over
the time period. It is a way of assigning a single number to avianging sound level. Sincg, Includes

all sound energy, it is strongly influenced by the louder events that occurred during thel peointhe
assessment of highway noisey is evaluated over a period of one hour.
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A-Level
90 T 1 T T T

80

70

60

50

40
0 1Minute

Figure A3: Example of a Minute Equivalent Sound Level

Receivers and Receptors

A receiver is a point where noise levels are measured and/or modeled. Receivers @te disations
that represent noise sensitive land use and may represent multiple receptors. Receggmsent
individual dwelling units or equivalent dwelling units.
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Appendix B: Details of the Noise Measurement Program
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Noise Measurement Site M2: [-95



Type lIFinalNoiseAnalysiReport January 2024
Connecticut Type Il Statewide Noisealysis PageB-3

NoiseMeasurement Site M34: [-95
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Noise Measurement Site M4: US5
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Noise Measurement Site M2: US5

Noise Measurement Site M&: US5



