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INTRODUCTION

The Central Artery/Tunnel Project (The Big Dig) in Boston isthe most ambitious urban construction project
ever undertaken in the United States. One of the most palitically-charged challengesthat the project hashad to
successfully manage involves noise. Fortunately, lessons |earned through almost 10 years of construction to
date served well towards developing proactive noise mitigation policies for the project:s final remaining
contract [1]. The C17A6 contract will finish about 2 miles of tunnel s and surface roadways through downtown
Boston, and will demolish and remove the existing elevated 1-93 Artery. In preparation, project staff met as
early as 1998 with design and environmental engineers, aswell ascommunity and City representativesin order
to devise mutually acceptable policies towards mitigating C17A6-related noise. Comprehensive noise
prediction studieswere performed, candidate noise control optionswere devel oped, and costswere considered.
Eventually, a series of noise mitigation measures, totaling about $3 million, were approved for inclusionin the
C17A6 contract. These measuresincluded equipment restrictions at night, noise barriers and curtain systems,
acoustical window treatments, prohibition of backup alarms at night, and continued oversight with dedicated
noise technicians. With these measures committed to the public, the C17A6 contract went out to bid in April
2001 at an estimated price of $440 million.

HISTORY AND NEED

The Central Artery/Tunnel (CA/T) Project isthis country's most ambitious and technically challenging urban
reconstruction project in history. The project is federaly-funded by the Federal Highway Administration
(FHWA) aswell as state-sponsored through the Massachusetts Turnpike Authority (MTA). Thejoint venture
of Bechtel/Parsons Brinckerhoff has been managing the design and construction of this mega-project sinceits
inception in 1986. Construction istaking place around-the-clock in close proximity to thousands of residences
and businesses, rebuilding the City of Boston from the ground down. Construction will take over 12 yearsto
complete (expected in 2005), and the total project cost is expected to exceed $14 billion. Even though the
project has understandably disrupted normal traffic flow and has been the target of people’ s frustrations, the
project has also allowed for numerous advancesin construction technologies. One of the many benefits that
has resulted from thisAground breakingl project involvesthe proven ability to anticipate community reaction to
construction noise and the evol ution of an environmentally-friendly Acan dof mentality to proactively mitigate
excessive noise.



As of the Summer of 2001, the project is 99% complete for design and about 70% complete with its
construction. However, one more very large construction contract still needs to be prepared and put out for
bid. This final remaining contract, known as C17A6, will be scoped to demolish and remove the existing
elevated 1-93 Artery, complete several underground tunnel sections, build ramp roofs over boatwall sections,
rehabilitate the existing Dewey Square Tunnel, and restore al the surface streets throughout the project
alignment. Asshownin Figurel, the C17A6 contract limits extend from Kneeland Street in the south, to the
CharlesRiver in the north, adistance of some 2 milesright through downtown Boston. Whilethewinning bid
and contractor have not yet been determined, internal estimates expect the C17A6 contract to cost about $440
million.

The project had a unique opportunity (and a mixed blessing) with the C17A6 contract. The high
standardsthat the project has set over the past severa yearsfor managing construction noise hasled to equally
high public expectations that noise control will remain a top priority. In fact as far back as 1998 project
engineers and community members started the process of minimizing and mitigating noise associated with
anticipated C17A6 work activities. Theresulting noise analyses, development and consideration of mitigation
options, interactionswith the affected public, and willingness on the project=s part to commit to proactive noise
control measures make the C17A6 contract the most noise-scrutinized construction contract in United States
history. The severa years|eading up to the release of the C17A6 contract for bid gave project engineersthe
opportunity to thoroughly evaluate any and all noise-related consequences and options, but it also gave the
public an opportunity to press for even greater commitments than previous precedence had set. In the end,
over $3 million-worth of noise control materials such as noise barriers and acoustical windows, and perhaps
another half million dollars-worth of dedicated project personnel were committed to the public and
incorporated into the C17A6 contract in order to mitigated anticipated noise.

C17A6 NOISE STUDY APPROACH

Asaresult of increasing public concerns regarding noise associated with the future C17A6 contract, two noise
studies were performed during 1998 to 2001 (see Figures 2 and 3) in order to predict potential noise
consequences and develop candidate noise mitigation measures. The two noise studies predicted noise
associated with various construction equipment and phases of C17A6-related work operations during both
daytime and nighttime periods. Potential adverse noiseimpactswere evaluated against criterialimits contained
inthe CA/T Project’ s Construction Noise Control Specification 721.560 [2] for more than 50 commercial and
residential receptor locations. Where predicted noiselevels exceeded allowable noise criterialimits, candidate
noise mitigation measures were developed for consideration and adaptation. A large part of the noise
mitigation process involved community input, and once finalized, the noise studies and the approved noise
mitigation measures were incorporated into the C17A6 contract documents and committed to the public.

Construction Noise Criteria. Developed to be consistent with the intent of the City of Boston-s Noise Code
[3], the CA/T Project adopted and refined the most comprehensive Construction Noise Control Specification
721.560[2] of any public works project in the country. The specification contains both "relative" noise criteria
limitsat identified noise-sensitive receptor locations as shown in Figure 4, aswell as"absolute”" noise emission
limitsfor any/all specific equipment used on site. The Noise Spec'slot-line criterion statesthat construction-
induced L 10 noise levels can not exceed baseline (pre-construction) L10 noise levels by morethan 5 dBA at
identified noise-sensitive receptor locations. L10 noise limits are intended to address, and have in practice
been shown to correlate well with, more steady construction noise averaged over some time interval (20
minutes). Lmax noiselimitsalso apply at the receptors lot-lines and are intended to address loud impact-type
noise events. The Noise Spec takes into account noise sensitivity during various time periods as well as for
various receptor land-uses, as shown in Figure 4. To be alowed to work on a job site, each piece of
construction equipment must comply with Equipment Noise Emissions Limits (Lmax, dBA, dow, at 50 ft)
which are also contained in the Noise Spec for various generic types of construction equipment.



N s
SR
ﬁﬁf?;

_ -'_ b LR i : E : _I&

et ey P
..- Py -33

Tiligees A ] =7
O A et
Tragesait et | AR --:Tlﬁl’n‘i‘."ﬁf
Mok b Y N i - R
FANRRNT. TRET Tauia | Y Bty Sl et
gty EREL TN jehg . TR 1
femofid 3RUL H W A9 i
"-'-'-'--\--.-.-.-.-.-.-ié E:_ :_.'.---E'_ _.'l.'l _':._.__-'.'_-'_='_:-"::'-:I:I',. = x ';E.,.. g
—=idmEd Bt B Lt s ! i il | ik
2ot o P
s DOWNTOWN g
'-'._ un W -.':":=:. i
\ .'.-: -.:
i I.'-r".:' L
_.'- '
B .-I-.

r:.:Hl_M _ATGWN
“-r['*i' A i

'.J 1 '.
L

Figurel. C17A6 Contract Project Limits
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Figure4. CA/T Project Lot-Line Noise Criteria Limits
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Noise Prediction Methodology. Noise predictions associated with planned demolition and construction
operationsin the C17A6 contract were performed in accordance with methods and algorithms contained in the
CA/T Noise Spec 721.560. First, construction equipment groups were assumed for the various phases of
C17A6-related work, which included (1) demolition and removal of the elevated 1-93 Artery, (2) demolition
and rehabilitation of the existing Dewey Square Tunnel, (3) completion of ramp roofs over boatwall sections,
(4) completion of various mainline tunnel sections, and (5) restoration of all surface streets. Equipment
assumed to work day and night included cranes, backhoes, loaders, dump trucks, concrete pumps, mixer trucks,
delivery trucks, pneumatic tools, graders, pavers, compactors, and generators. Particularly loud equipment
which was only assumed to operate during the day included pile drivers, jackhammers, how rams, and saws.

Noise emission source strength levels were taken from CA/T Noise Spec databases which provided
equipment Lmax emission levels expressed in A-weighted decibels (dBA, slow) at areference distance of 50
feet. Similarly, equipment acoustic usage factors, or the percent of time the equipment is assumed to operate at
full power, were taken from CA/T databases. Then, the noise contribution from each piece of equipment was
projected over the distance from the equipment to each respective receptor location. The primary equation
used in predicting construction-induced L 10 noise level sat receptor locations, when summed over al operating
equipment, is as follows:

L10in dBA = Lmax@50ft - 20 LOG (D/50) + 10 LOG (U.F.%/100) + 3 - ILbar

Where: Lmax@50ft isthe emission limit for the equipment at 50 feet.
D isthedistance, in feet, between the equipment and the receptor.
U.F.% isatime averaging equipment usage factor, in percent.
ILbar istheinsertion loss of any intervening barriers, computed separately.
The +3 dB(A) adjustment factor was empirically determined by examining the
average difference between Leq and L10 noise levels over many hours of
construction noise measurements.
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With the daytime and nighttime noise levels predicted at the various commercial and residential
receptor locations, a comparison was performed to determine if predicted noise levels exceeded applicable
Noise Spec limits (per Figure 4 above). The baseline noise levels and lot-line noise limits were taken from
previous CA/T contracts in the same vicinity because they had proven over time to be fair and reasonable
criteriathat allowed contractorsto progresstheir work while allowing the community to get the peace and quiet
it required. Of the 50 residential and commercia receptors evaluated in the two C17A6 noise studies,
predicted noise levels at 35 receptor locations (70 %) exceeded applicable Noise Spec limits, so candidate
noi se mitigation measures were warranted for development and consideration. Therelative severity of noise
exceedance conditions were subjectively described in the studies as follows:

“Minor” impact if the L10 noise level is predicted to exceed Noise Spec limits by lessthan 5 dBA.
“Moderate” impact if the L10 noise level is predicted to exceed Noise Spec limits by 5 to 10 dBA.

“ Qubstantial” impact if the L10 noise level is predicted to exceed Noise Spec limits by 10 to 15 dBA.
“Major” impact if the L10 noise level is predicted to exceed Noise Spec limits by more than 15 dBA.

NOISE MITIGATION MEASURES

Asaresult of noiselevelsbeing predicted to exceed Noise Spec limits at so many receptor locations, candidate
noise mitigation measures were developed and assessed for their reasonability and feasibility. In generd,
mitigation measures were developed to reduce noise at the source itself, along the pathway, or at receptor
locations directly. The affected communities abutting the C17A6 contract were involved throughout the
process to devel op mutually acceptabl e noise mitigation measures. Ultimately, CA/T project officials decided
to approve the following noise control measures, which were then subsequently incorporated into the C17A6
contract’ s Noise Spec section 721.560 before it went out for public bid in early April 2001.

Prohibition of particularly noisy equipment at night. Particularly noisy equipment and operationswill be
prohibited from use during nighttime hours (i.e. 10PM to 7AM) including such equipment as pile drivers, hoe
rams, jackhammers, and concrete saws. In all casesregardless of time of day, equipment will haveto meet its
respective 50-ft noise emission limit in order to be allowed to work on site. These operational time constraints
and equipment noise emission limitations were long-standing policies at the CA/T Project, so they represented
no incremental cost to the C17A6 contract.

Noisebarriersand curtain systems. Extensive use of portable noise barriers and noise curtain systems will
be relied upon to reduce noise along the pathway between the noise producing equipment and the receptor
locations. Per the Noise Spec, abarrier or curtain must achieve a Sound Transmission Class (STC) of 30 or
greater in accordance with ASTM Test Method E90 [4] and be constructed from amaterial having a surface
density or at least 2 |bs/sg.ft. to ensure adequate transmission loss characteristics. Noise barrierswill be built
astall as practicable (about 14 ft tall) from “jersey” style concrete bases and plywood panels. Light-weight
concrete block (4'x4'x10") or vertically planted |-beams with soldier pile lagging may also be used for more
permanent noise barriers. Noise curtains made of thick (1/4 inch) vinyl with noise-absorptive quilt material
will bedraped down to enclose work zones under the elevated Artery. In addition, clear vinyl curtain stripswill
be draped over the Dewey Square Tunnel portals to contain noise within the tunnel yet allow construction
vehiclesto drive through the curtains. Intotal, some 132,000 sq.ft. of noise barriers, another 24,000 sg.ft. of
noise curtains, and about 7,200 sg.ft. of clear curtain stripswere approved. At an assumed unit cost of $20 to
$25 per sg.ft. (installed) for new materials, the cost for all the noise barriers and curtains was estimated to be
about $3.3 million. However, amore realistic cost estimate which assumed the barriers and curtains could be
reused and relocated as needed reduced the cost estimate by about one third, or down to about $2.2 million.



Acoustical window treatmentsfor eligible bedroom windows. Since 1997, the CA/T Project hashad great
success at reducing construction noise through the use of acoustical window treatments[5]. Eligibility criteria
to determine which residences receive window treatments are contained in the project’s Off-Site Noise
Mitigation Policy [6] which takesinto account such factors as measured or predicted noise levels, duration of
thewaork, ability to reduce the noise by other methods, history of noise complaints, and cost. In most cases, the
provision of an additional interior glass sash can provide an incremental improvement of 10 dBA noise
reduction through a treated bedroom window. In the case of the C17A6 contract, noise prediction models
indicated that even with the expected mitigation provided by the approved noise barriers and curtains, as many
as 100 residences representing some 400 bedroom windows would still be eligible to receive acoustical
window treatments at a cost estimate of about $260,000. Fortunately, many of the eligible residences already
had their bedroom windowstreated by the CA/T Project to mitigate noise from previous construction work, so
the incremental cost for new C17A6-related window treatments was only about $100,000.

Prohibition of audible backup alarmsfrom 11 PM to 6 AM. Theuse of audible backup alarmsat night has
been the greatest cause of noise complaints received by the project to date, and was understandably the
community’ s greatest concern with C17A6 work expected to occur around-the-clock. Based largely on the
success of pilot programs attempted in previous CA/T construction contracts, project officials decided to
extend the prohibition of audible backup alarmsfrom 11 PM to 6 AM throughout the entire C17A6 contract
(except inside tunnels providing the backup a arms can not be heard above ground). The contractor will till
berequired to meet OSHA safety guidelines regarding safe vehiclerearward movements. The only aternative
method acceptableto OSHA involvesthe use of observersto direct vehiclesmovements[7]. Cost estimatesto
provide dedicated observers ranged widely from $100,000 to $500,000 - but in practiceit isbelieved that the
contractor will simply use laborers already on site to direct vehicle movements so there will likely be no
additional cost to implement this mitigation option in the C17A6 contract.

Maintaining the nighttime noise patrol and community liaison programs. The C17A6 contract will
maintain the here-to-fore successful use of the nighttime noise patrol and community liaison programs. Many
noise complaints can be proactively avoided, and better management and control of conditionsinthefield can
be accomplished through the use of a dedicated noise technician to patrol the project at night. Should the
project receive a noise complaint, the noise technician is able to immediately respond to the scene and
investigate the circumstances that led to the complaint. The noise technician is empowered to intervene
directly and shut down otherwise unmitigatably noisy operations that are exceeding Noise Spec limits and/or
causing noise nuisances. Also, the project’scommunity liaison program provides regular construction update
meetings with the affected communities. Peoples tolerance to noise does increase when they are told what to
expect and know that they can contact the project should they have any noise concerns.  The cost to retain
several staff asnoise patrol and liai sons could amount to $1 million over thefour yearsthe C17A6 contract is
expected to last. However, since other CA/T-related project work will be occurring concurrently with the
C17A6 contract, the cost to extend both the noise patrol and liaison programs was considered incidental to the
project’s progress.

Shifting work to weekend daysrather than week nights. Because of the operating limitations placed on the
contractor due to high traffic volumes during the day, some work operations were necessarily scheduled for
nighttime periods. At the community’s urging, project schedulers evaluated the implications of performing
some of this necessary work on weekend days rather than at night during the week. Thereisacost premium
for performing work on the weekends (e.g. double-time on Sundays) but some of the necessary night work
could be accommaodated during weekend days. Noise mitigation measures such as noise barriers will still be
used during these weekend shifts, but full compliance with Noise Spec limits could not be guaranteed during
these accel erated weekend day work shifts. The potential incremental labor cost to shift certain work tasksto
weekend days was estimated to cost $1 million.



KEY LESSONS LEARNED

Given its size and scope, the Central Artery/Tunnel Project has been, and continues to be, the focus of
intensive local, national, and international attention. The project has afforded the opportunity to elevate the
state-of-the-art for all forms of construction-rel ated techniques and mitigation strategies. The noise mitigation
lessons learned through some 10 years of active construction served well towards preparing for the project’s
final large construction contract, C17A6. The project’ s noise mitigation program and policies have proven that
construction noise can be successfully mitigated on a large-scale project in a balanced manner that allows
abutting residences and businesses get the peace and quiet they require while alowing construction work to
progress aswell [1]. Some of the key lessons learned through the devel opment of the C17A6 contract noise
mitigation process are as follows:

The affected communities must be actively involved in the development process of suitable noise
mitigation measures and policies.

A technical consultant working for, and selected by, the community serves well to assure the
community that the project is being forthright and acting in good faith.

Objective construction noise prediction studies can serve to guide project managerswhere and how to
best spend noise mitigation fundsin a technically- and cost-justifiable manner.

A relative noise increase criteria, essentially limiting construction noise not to exceed basdline L10
levels by more than 5 dBA at receptor lot-line locations, has proven to be fair and manageable.

A comprehensive Construction Noise Control Specification is essentia for setting noise criteriaand
restrictionsin an unambiguous manner and for avoiding costly noise-related claims from contractors.
The cost of construction noise mitigation measures represent only a fraction of the overall cost to
complete alarge-sca e construction project, yet the benefits of the noise mitigation measures and good
graces they engender with the affected communities are essential for progressing project work.

References

1. Thaheimer, E.S., "Construction Noise Control Program and Mitigation Strategy at the Central Artery/
Tunnel Project”, Noise Control Engineering Journal, Vol. 48, No. 5, 2000 Sep-Oct, Pgs. 157-165.

2. Massachusetts Turnpike Authority, Central Artery (1-93) / Tunnel (1-90) Project, " Construction Noise
Control Specification 721.560", Boston, Massachusetts, Revised for Contract C17A6 on 3/14/01.

3. City of Boston Environment Department, "Regulation for the Control of Noisein the City of Boston”,
Boston, Massachusetts, Adopted 12/17/76, Effective 1/1/77.

4., American Society for Testing and Materials (ASTM), "E90-97 Standard Test Method for Laboratory
Measurement of Airborne Sound Transmission Loss of Building Partitions and Elements’, West
Conshohocken, Pennsylvania, 1997.

5. Fistel, M., and Thaheimer, E.S., "Window Sound Proofing for Construction Noise at the Central
Artery/Tunnel Project”, paper no. 97, presented at Inter-Noise99, Miami, FL, 12/8/99.

6. Massachusetts Turnpike Authority, Central Artery (1-93) / Tunnel (1-90) Project, "CA/T Construction
Noise Off-Site Residential Mitigation Policy", Effective 12/20/96, Updated 4/20/01.

7. Occupational Safety and Health Administration, US Dept. of Labor, “ Occupational Safety and Health
Standardsfor the Construction Industry”, 29 CFR Part 1926, Section 1926.602.a.9(ii), dated 2/3/97.




