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PREFACE

This study to develop guidelines for improved rapid transit tunneling

safety and environmental impact, described in this two-volume report, was
sponsored by the Office of Technology of the Urban Mass Transportation
Administration, Office of Technology Development and Deployment. The effort
was conducted under contract with the Transportation Systems Center,
Contract DOT-TSC-802, for the Urban Rail Supporting Technology Program.

Santo J. Gozzo was contract technical monitor for TSC. John D.

Bledsoe of A. A. Mathews, Inc was Project Manager responsible for overall
coordination and co-author with Arthur P. Chase of Volume I — Safety.
Sylvia N. Morrison coordinated the workshop program to survey attitudes
of interested agencies and organizations. William S. Shepherd, Sr.,

served as Project Manager for the initial work on Phase A. Andrew C.

Lemer of Alan M. Voorhees and Associates, Inc. was principal investigator
and co-author with C. Y. Cheng of Volume II — Environmental Impact.
Howard Wright and Sally D. Liff conducted significant portions of the
research for this volume.

There are significant differences among problems and potential users
of guidelines for safety and environmental impact. For this reason,
results of this study are presented in two volumes, dealing respectively
with safety and environment.

The investigators gratefully acknowledge the assistance and infor-
mation furnished by staffs of the Bay Area Rapid Transit District, The
Washington Metropolitan Area Transit Authority, Metro Insurance Adminis-
tration for WMATA, Metropolitan Atlanta Rapid Transit Authority, the

National Loss Control Service Corporation, and the many professionals
who contributed to the survey phase of the contractual effort.
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1 . SUMMARY

The National Environmental Policy Act (NEPA) of 1969 formally states
as a national goal the intent to act to promote good environmental qua-
lity and requires that a systematic interdisciplinary approach be used
in decisionmaking and for review of all Federal actions to assure that

this goal is achieved. The Urban Mass Transportation Act of 1964, as
amended carries the NEPA goals and requirements further, stating that
approval of any projects under the Act should take into consideration
the cost of eliminating or minimizing such adverse effects as pollution,
disruption of activities, and displacement of people.

The focus of efforts to meet these requirements has been on planning
and design. However, many of the more severe adverse impacts associated
with urban transit systems, and particularly with transit tunnels, occur
during construction. Some of these impacts may cause lasting damage
to the neighborhoods where they occur and to the city as a whole. The
intent of these recommended guidelines is to help to control and reduce
these adverse impacts of construction, and thereby to aid in the reali-
zation of the greatest possible positive long-term benefits of the tran-
sit system.

Dealing with environmental impact of tunnel construction activity
is complex and difficult for several reasons:

There are generally many different aspects of impact to be consid-
ered, such as air pollution, traffic disruption, neighborhood ac-

tivities, and noise.

There are different groups affected by and responsible for control-
ling construction impacts, each with its own interests, concerns,
powers, and sensitivities.

There is considerable uncertainty in trying to predict what impacts
might occur, as the impacts are dependent on actual construction
methods and local conditions.

The various different aspects of environmental impact are classi-
fied here into a set of 14 distinct elements, shown in Table 1.1.

A review of case studies, legislation and regulations, and tunnel-
ing technology led to an assessment of the relative importance or severity
of impact for these elements for various types of tunnel construction.
This generalized assessment is summarized in Table 1.2 (see Section 3).

Based on this assessment, effort was directed to development of recom-
mended guidelines to address those impacts which are more generally and
severely felt.

These recommended guidelines are directed at the system or project
level of control, which is where the most immediate payoffs of attention
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to environmental impact will be felt. Construction impacts are not as

susceptible to treatment at a broad policy level as are those impacts
which are controlled through planning and design. However, it may be
suggested as a result of this study that UMTA should give consideration
to the use of project funding to provide positive incentives for good
environmental impact control

.

Table 1.1

Elements Of Environmental Impact Of Urban
Transit Tunneling Construction

• Traffic Circulation • Terrestrial Biota

• Air Quality • Aquatic Biota

• Surface Water • Community Cohesiveness

• Ground Water • Public Health and Safety

• Noise • Public Services and Utilities

• Vibration • Economic Climate

• Ground Stability • Visual Quality

The various groups responsible for control of impacts are charac-
terized as shown in Figure 1.1. The recommended guidelines have been
organized in terms of the users who would implement them and the phases
of activity—planning, design, pre-construction, and construction—at

which the guidelines would be applied. These guidelines are formulated
to utilize good planning, design, and construction practice to achieve
better environmental protection. Many of the recommended guidelines
can be implemented without major additional costs, relative to the pres-
ent tunneling practice. However, additional costs may result from imple-
menting some of the guidelines which require additional control devices,
modifications of equipment, or changes in design, construction schedul-
ing, and construction techniques.

The recommended guidelines for control of adverse environmental im-

pacts are grouped into three categories:

General environmental guidelines represent actions which cover all ele-

ments of environmental concern. These guidelines are directed at the

overall management of the tunnel construction process, including such
items as contracts, specifications, and inspection. Table 1.3 summarizes
the general guidelines (see Section 4).

Guidelines for community relations have been presented separately because
of the importance of good communications among the many diverse interests
involved in transit tunnel construction. An effective program of community
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Table 1.2

Summary Of Generalized Assessment Of Impacts Of Transit Tunnel Construction

On The Urban Environment

Assessed Importance of impacts

Physical Socioeconomic

Traffic

Circulation

Air

Quality

Surface

Water

Ground

Water

Noise

Vibration

Ground

Stability

Terrestrial

Biota

Aquatic

Biota

Visual

Quality

Community

Cohesiveness

Public

Health

and

Safety

Services/Utilities

Economic

Climate

Construction

Methods
Construction Phases

Cut-and-Cover

1.

Clearing, Grubbing
Demolition,

Site Preparation

« B a E B a m B B B

2.

Excavation, Utility

Relocation and Maintenance,

Underpinning, Dewatering,

Ground Support, Decking,

Spoil Storage and Disposal,

Construction

m B m B B B B a B B

3.
Backfilling, Restoration,

Clean-Up
a B m a H B

Soft-Ground

Tunneling

1.

Constructing Tunnel Access

(e.g Portal & Shaft),

Site Preparation

B a B

2.

Dewatering, excavation,

Spoil Disposal,

Primary Lining

a B m a B a B

3.
Secondary Lining,

Restoration, Clean-Up
o D

Rock Tunneling

1.

Constructing Tunnel Access
(e g. Portal & Shaft),

Site Preparation
D O 8 B

2.
Excavation, Dewatering.

Mucking, Primary Lining
a e a O

3.
Secondary Lining.

Restoration, Clean-Up
a

Sunken-Tube

1 . Site Preparation D

2.

Dredging, Towering,

Joining Tunnel

Sections, Backfilling

B a

3. Restoration, Clean-Up a

B Relatively high likelihood of serious impact; should receive specific control action.

D Relatively low likelihood of serious impact; need for control will be dependent on local

conditions

Blank — Negligible likelihood of serious impact; control is not likely to be required.
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Key:

Direct chain of command

™ ™ «“ Indirect relationships

Figure 1.1

Responsible Groups So Environmental Control For Construction
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Table

1.3

General

Environmental

Guidelines

—

Management

Actions

For

Reducing

Adverse

Environmental

Impacts

During

Tunnel

Construction
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relations can reduce the level or increase tolerance to many of the dis

ruptive effects of tunneling. Costly project delays may thereby be

avoided and longer term benefits of good will may be gained. Table 1.4

summarizes the community relations guidelines (see Section 4).

Specific environmental control techniques are applicable to problems
encountered for particular environmental elements of concern. These
techniques may, in general, be grouped into several distinct types as

shown in Table 1.5. While an overall assessment of the likely value
of a technique for dealing with problems on a particular element of con

cern may be made, actual applications will depend upon local conditions
( see Section 5)

.

To make the guidance materials most immediately useful, a user's
cross-reference guide is provided (Appendix A). Thus, these materials
may be used as a reference for dealing with particular elements of en-
vironmental impact or as a review document for the opportunities and

responsibilities of the specific user.
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Table 1.5

Summarized Specific Environmental Control Techniques During Construction

Relative Likelihood That Such A Measure Can Be Effectively

Applied To The Environmental Element Of Concern

Traffic

Circulation

Air

Quality

Surface

Water

Ground

Water

Noise

Vibration

Ground

Stability

Biota

(Aquatic

and

Terrestrial)

Community

Cohesiveness

Public

Health

and

Safety

Services/Utilities

Economic

Climate

Visual

Quality

Type of Control Techniques Examples

Selection of Working and

Storage Area

• Avoid sensitive areas

such as hospitals • • o • • o O • O

On-Site Source Control

(Construction Site. Working,

Storage and Stockpiling Areas)

• Use mufflers on equipment

• Use devices to control erosion

• Filter dewatering discharge

• Provide accoustical enclosures

• Maintain traffic and width

• • • o • • • o • • • • •

Off-Site Source Control

(Spoil Dispersal. Site Access,

Roads, Hauling Routes)

• Avoid routing trucks through

residential or busy commercial

districts

• Clean and water access road and

lower truck speeds to reduce

dust

• Institute erosion control at

disposal site

• Cover open-bodied dumping trucks

• • o • o o

Timely Scheduling/Staging

• Schedule activity to be compatible

with business timetable

• Restrict construction activity on

major arterials during peak

traffic hours

• Limit noise-generating activities

during certain hours

• • o • • o O •

Monitoring/Inspection/

Enforcement System

• Regular and irregular inspection

and monitoring spot checks • • • o • O • o O o o o

Coordinations with Other

Construction Projects

• Coordinate construction sequence
to minimize cumulative impacts • o O o o

Good Construction

Management

• Use skilled, experienced workers to

assure good workmanship

• Place skilled watchman on site or

at safety barrier during non-

working hours

® Provide good maintenace of

equipment, good housekeeping

o o o • o o

® Measure is likely to be effective in reducing impact on this element of concern.

O Measure is moderately likely to be effective in reducing impact on this element of concern.

Note. Blank means measure is generally unlikely to be effective in reducing impact on this

element of concern, but may be used if applicable to specific local condition
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2 . INTRODUCTION

The occurrence of any construction within an urban area will usually
cause disruption and local temporary deterioration of environmental quality.
The density of activity in an urban area, the general lack of free space
within which construction equipment and materials may operate and be

stored, and the close proximity of construction to offices, stores, and
homes where people work and live make this disruption and deterioration
a virtual certainty. Hence, when a project of the size, geographic ex-
tent, and duration of an urban rapid transit system is undertaken, it

is certain there will be problems and widespread public recognition of

these problems. The social, economic, and physical environment of the

city will be affected.

It is the basic premise of this study that the adverse environmental
impacts of transit construction can be controlled to reduce overall dis-
ruption of the community. The particular focus here is upon urban tran-
sit tunnels, although much of the discussion could be applied to other
aspects of transit system construction, such as elevated and at-grade
transit systems

.

The purpose of this document is to present specific guidance as to

how the adverse environmental impacts of urban transit tunnel construc-
tion may be controlled. This guidance is presented with the specific
user in mind: the transit authority and its engineering consultants,
the tunnel constructor and his consultants, insurance companies and as-

sociated loss control consultants, and governmental regulatory agencies.
The guidance is focused at the project level, where the most immediate
pay-offs of reduced disruption may be expected.

At the higher level of national policy, there are steps which UMTA
can take. An obvious first step is to encourage adoption of the measures
presented here. A second, and quite substantial, step will be to alter
the project funding and control procedures to foster incentives for im-

proving environmental control. Such an alteration would include such

steps as internalization of all community costs associated with the tran-

sit system and provision of incentives to contractors for performance
better than the minimum contractual standard.

If these guidelines are successful, the benefits will accrue not

only to the community surrounding the tunnel construction site. Expe-
rience in several projects indicates that the transit authority will
derive public goodwill and reduced costs of complaint and litigation.
The contractor will find that greater efficiency, reduced liability,
and reduced vandalism may result. While some of the procedures proposed
here involve distinct costs, it is anticipated that many of the recom-
mendations could be implemented with little significant increase in con-

struction expense. If environmental problems and discussions can be

kept from becoming major issues and adversary proceedings, all parties
will benefit.
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2.1 DEVELOPMENT OF ENVIRONMENTAL GUIDELINES

Several distinct steps have been taken in developing these guide-
lines :

a. A survey was made of current projects and of the literature on past
projects, and discussions were held with personnel representing the

governmental agency, transit authority, engineering consultant, contrac-
tor, and insurance company components of the industry to identify and
determine the extent of the various components of environmental impact.

b. A survey was made of procedures available and typically used to

regulate environmental impact. Included in the survey was the range
of such possibilities as technical procedures and equipment, codes and
legislative controls, and specifications and insurance regulations.
Particular attention was given to notable past successes—projects with
good control and reduced impact.

c. A comparison of the problem areas and regulation possibilities was

made. This comparison was made within a context of the tradeoff of

various costs among the transit authority, the contractor, and the publi

at-large, in an effort to identify which of the possible impact regula-
tory methods would yield the greatest benefit to all.

d. Specific recommendations were developed, based upon these impact

regulatory methods. The guidance was developed with attention to par-
ticular users.

e. These specific recommendations were disseminated as a brief report

to be reviewed by potential users. Written and verbal comments were

solicited, and seminars were held in selected cities. The guidelines
were then revised on the basis of this review.

The following sections of this chapter will present the framework
within which this work was conducted, in terms of the types of tunnel

construction to be considered, the elements of environmental concern
addressed, and the user groups toward which the guidance is directed.

As will be explained, this document is structured to be immediately and

most efficiently useful to all of those who are concerned with the con-

struction of urban transit tunnels.

2.2 CATEGORIES OF TUNNEL CONSTRUCTION AND ENVIRONMENTAL CONCERNS

For the purpose of reviewing environmental impact, construction
methods for transit tunnels may be classified into four types within
three broad categories of surface construction, underground construction
and open water construction.

Surface Construction — In this method of construction, a trench is ex-

cavated, subway structures are constructed within the trench, and the

trench is then backfilled to bury the structures. The trench may be
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left open during construction but is generally covered over with decking
to permit use of the surface space. The latter approach, termed cut-
and-cover procedure, is required when transit routes are within existing
street corridors in order to maintain vehicular traffic and access to

businesses and residences adjacent to the construction.

Underground Construction — After excavation of access points—typically
at portals, stations, or ventilation openings—construction proceeds
below the surface. Depending upon geological conditions, underground
construction may involve drilling and blasting, use of tunneling machines,
or direct digging in soft ground. In this analysis, soft ground and

rock tunneling procedures are considered separately.

Open Water Construction — The principal means of open water construction
consists of dredging a trench and lowering prefabricated trench sections
into this trench. The sections are joined and covered by dumping of

backfill materials. The method is termed sunken tube in the analysis.

Each of these four types of tunnel construction—cut-and-cover
,
soft

ground tunneling, rock tunneling, and sunken tube method—may be viewed
as having three phases:

Phase 1 comprises surface construction activities such as clearing,
grubbing, demolition, initial excavation, and other site preparation
activities. Most of these activities involve closing streets, operating
heavy and noisy equipment, denuding soils, and other impact-generating
operations

.

Phase 2 includes excavation, utility relocation and maintenance, ground
support, underpinning adjacent buildings, decking streets, spoil removal

or storage, and construction of tunnel structures. Phase 2 of sunken
tube construction refers to dredging the trench and towing, lowering,
and joining tunnel sections in the trench.

Phase 3 comprises the finishing and restoration activities. Backfilling,
restoration of streets, and landscaping are included in this phase.

It should be noted that the activities of different phases may be

occurring simultaneously, particularly on adjacent sectons of the same
project. The breakdown of construction activity into phases for evalua-
tion does not necessarily imply that the specific environmental impacts
associated with a particular phase occur entirely within that phase.
The environmental impacts from a particular construction phase often
extend well beyond the completion of that phase.

For purposes of these guidelines, impact has been characterized as

falling into 14 principal elements of concern, as shown below. These
elements of concern fall into two broad categories of physical and socio-
economic environment, reflecting the current state-of-knowledge and atti-
tidues toward analysis. A major part of this document is structured
in terms of these elements of concern.
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Physical Concerns Socioeconomic Concerns

Traffic Circulation Community Cohesiveness

Public Health and Safety

Public Services and Utilities

Economic Climate

Visual Quality

Air Quality

Surface Wafer

Ground Water

Noise

Vibration

Ground Stability

Terrestrial Biota

Aquatic Biota

2.3 USERS OF THE GUIDELINES

The various potential users of these guidelines reflect differing
points of view and balance of interests relative to environmental im-

pact. For purposes of this analysis, six user groups are defined:

Transit aurhority, including staff planners and consultants

Engineering design consultant

Contractor

Resident engineer

Insurance company and safety consultants

Regulatory agencies

.

Guidance materials in this report have been cross-referenced to make
them more immediately accessible to these users (see Appendix A).

2.4 REPORT STRUCTURE

The following pages will review the principal aspects of environ-
mental impact of urban transit tunnel construction, and will present
guidance on how to control adverse effects. In Section 3, each element
of concern is presented in terms of a definition and a discussion of

the likely impact of tunnel construction. Currently applicable regula-
tions and standards are then investigated.

Section 4 presents general guidelines for reducing the adverse en-
vironmental impacts of transit tunnel construction. Separate attention
is given to guidelines for community relations because of the particular
importance of this aspect of control. In Section 5, specific control
measures for each element of environmental concern are suggested.
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The guidance materials in Sections 4 and 5 are cross-referenced in

Appendix A by user. Hence, the document may be used to address speci-
fic environmental problems or as a general guidance document for indi-
vidual users. Appendices B and C, which complete the report of the
project, review aspects of the study which produced these guidance ma-
terials .
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3. IMPACTS OF TRANSIT TUNNEL CONSTRUCTION ON

URBAN ENVIRONMENTAL CONDITIONS

In this section, each of the 14 elements of environmental concern
will be addressed to provide a background for guidelines presented in

subsequent chapters. For each element of concern, a definition of the

nature of the concern will be given. There is then a discussion of the

possible impacts of tunnel construction on this particular element of

concern

.

The discussion of impact is organized in terms of the four types of

construction and the three phases of the construction process specified
in Section 2. A generalized assessment of the likelihood of impact was

made and is presented in tabular form in the discussion of each element
of concern. A summary of these assessments is presented in Table 3.1.

Following this discussion of possible impacts, a brief review is

made of current regulations and standards applicable to the element of

concern. This review is not meant to be exhaustive but, rather, is in-

tended to present representative controls which serve as a basis for
developing recommendations.

3.1 TRAFFIC CIRCULATION

Disruptions of traffic circulation are a pervasive impact of urban
construction. Because of the noise, air pollution, public inconvenience,
and safety problems associated with these disruptions, traffic circula-
tion is included here as a major element of concern. Traffic impacts
resulting from transit tunnel construction can be described in terms
of six variables:

Vehicular Circulation — Movement of vehicles, both through and local
to an area, but not including access to property on any type of public
street or highway (local, collector, arterial, and expressway).

Pedestrian Circulation — Movement of pedestrians on sidewalks along
public streets or in parks.

Vehicular Access — Access of vehicles to private or public property
including a driveway and/or parking facility by owner, visitor, customer,
or emergency vehicle (ambulance or fire engine). Also, access of utility
vehicles to public utility facilities on public right-of-way or private
property

.

Pedestrian Access — Access of pedestrians to private or public property
most often via a sidewalk by owner, visitor, or customer.

Parking — Temporary storage of a vehicle in a space, usually less than

24 hours, along a street curb (on-street) or in a public or private,

off-street facility.
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Table 3.1

Summary Of Generalized Assessment Of Impacts Of Transit Tunnel Construction

On The Urban Environment

Assessed Importance of Impacts

Physical Socioeconomic

Traffic

Circulation

_J

Air

Quality

Surface

Water

1

Ground

Water

Noise

Vibration

Ground

Stability

Terrestrial

Biota

Aquatic

Biota

Visual

Quality

Community

Cohesiveness

Public

Health

and

Safety

Services/Utilities

Economic

Climate

Construction

Methods
Construction Phases

Cut-and-Cover

1 .

Clearing, Grubbing
Demolition,

Site Preparation
a a a a a a a a a a

2.

Excavation, Utility

Relocation and Maintenance,

Underpinning, Dewatering,

Ground Support, Decking,

Spoil Storage and Disposal,

Construction

O a a a a a

3.
Backfilling, Restoration,

Clean-Up
a a a a

Soft-Ground

Tunneling

1

Constructing Tunnel Access

(e.g. Portal & Shaft),

Site Preparation

a a

2.

Dewatering, excavation,

Spoil Disposal,

Primary Lining

D a a a B a

3.
Secondary Lining,

Restoration, Clean-Up a

Rock Tunneling

1 .

Constructing Tunnel Access
(e g Portal & Shaft),

Site Preparation

a a D a

2.
Excavation, Dewatering,

Mucking, Primary Lining
a a

3.
Secondary Lining,

Restoration, Clean-Up a

Sunken-Tube

1. Site Preparation

2

Dredging, Towering,

Joining Tunnel

Sections, Backfilling

a a

3. Restoration, Clean-Up o

Relatively high likelihood of serious impact; should receive specific control action.

Relatively low likelihood of serious impact; need for control will be dependent on local

conditions.

Blank — Negligible likelihood of serious impact; control is not likely to be required.
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Traffic Safety — Protection of pedestrians, vehicular occupants, and
vehicles from hazards which could result in injury, death, or property
damage during circulation.

Urban rapid transit routes are usually located within
ridors which are heavily used by vehicles and pedestrians,
of transit construction, particularly station construction
conflicts with traffic circulation is thus high.

existing cor-
The potential

,
for causing

3.1.1 Possible Impacts from the Tunneling Process

While traffic disruption will
it reaches its peak during the sur

ing stages. During this time, aut
themselves to new or altered condi
facilities once the decking is com

orientation to new conditions also
trian circulation and access are a

volved in the sidewalk area and by

connections to property. Disrupti
alteration or temporary closings o

curb parking restrictions. As for

and reorientation to new condition
increased accident potential is cr

which increase vehicular skidding,
vance of construction signing, lac

in pavement or sidewalks, and dire

be initiated during site preparations,
face excavation and support and deck-
o drivers are required to reorient
tions, including temporary roadway
pleted. Similar disruption and re-

occur for vehicular access. Pedes-
ffected by construction activity in-

relocation of temporary walkways and

on to parking occurs through access
f off-street facilities and probable
traffic safety, repeated disruptions

s create accident potential. This

eated by wet or muddy road surfaces
lack of driver and pedestrian obser-

k of warning signing, discontinuities
ct conflict with construction activity.

Due to the generally rough nature of the decking surface, nuisances
result for auto occupants. These surfaces also slow driving speeds and

increase travel time. Street width is reduced and flow capacity is ad-

versely affected. Vehicular access is sometimes affected by limited
or temporarily relocated access. Pedestrian circulation and access are

inconvenienced by the temporary and usually narrow walkway facilities.
Parking is affected where curb parking restrictions are enacted for pur-

poses of increasing traffic flow capacity or for construction storage
areas. Accident potential during the latter portion of this phase is

created by construction activity in the vicinity of vehicular and pedes-
trian movement areas, the hauling of materials and construction equipment
to and from the site, and temporary surfaces for both vehicles and pedes-

trians. These effects can continue through backfill and restoration
of street facilities. Particularly during restoration, street network
capacity can be severely reduced due to temporary closings. Parking
becomes severely limited and even eliminated. Both on-street and access
to off-street spaces are affected.

The traffic impact created by partial or complete street closings,
detours, traffic circulation/construction activity conflicts, and other
activities may result in cost to the general public in the form of in-

creased vehicle miles of travel (VMT), travel hours (TH), energy consump-
tion, air pollution, and accidents (damage and/or injury). Business
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loss, disruption of community services, and other similar effects can
also be severe. Table 3.1.1 summarizes these points.

An assessment of the magnitude of the traffic impact of transit
tunneling is greatly dependent upon the type of construction and the
affected area. In general, the cut-and-cover method creates the most
extensive traffic impact because of the substantial involvement of sur-
face construction activities, while the impact created by soft-ground
and rock tunneling is limited to the areas where the earth's surface
is broken. The traffic impact will be more severe in central business
districts than in other areas because the affected traffic volumes are
larger

.

3.1.2 Current Environmental Standards and Regulations

Current standards and regulations to minimize construction impact
on traffic circulation are typically written for roadway and utility
construction within street rights-of-way. Construction practices are
regulated by specifications, permits, and authorizations (usually con-

sidered emergency conditions) by a jurisdictional agency. In general,
the standards and regulations apply to all types of tunnel construction
but are particularly important for the cut-and-cover method, since it

creates the most severe impact on traffic circulation. In regard to

vehicular circulation, requirements generally cover the following:

Staging and sequence of construction to minimize disruption

The number of lanes required to be open to traffic during construc-
tion (generally determined by street type)

Work scheduled to avoid restriction to vehicular circulation during
peak hours of traffic flow and certain seasons of the year, e.g.,

Christmas shopping season or lunch hours

Contractor plan to assure maintenance of circulation.

Such requirements apply throughout the construction period, with

the exception that, during restoration of street facilities, sections
of the street may be closed in sequence for a period of several weeks

as a compromise to facilitate construction and to minimize total dis-

ruption time. Convenient access must be maintained during construction
and assistance, for activities such as deliveries to and collections
at a commercial establishment, must be provided by the contractor when
access is temporarily cut off.

The contractor must also maintain convenient pedestrian access.

Regulations covering pedestrian circulation are analogous to those for

vehicular circulation, and generally cover the same four items listed

previously: construction sequence, minimum walk widths, scheduling
during peak hours, and the contractor's overall plan.
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Parking regulations require that (1) off-street access must be main-
tained by the contractor except for temporary cut-offs, and (2) curb
spaces may be restricted or temporarily eliminated. Depending on the

street capacity requirements for providing adequate traffic flow, curb
spaces are sometimes eliminated throughout the entire construction period.

Standards promoting traffic safety during construction within street
rights-of-way are addressed in national and local manuals covering design
and use of signs, markings, and barricades. There are local requirements
for the erection and maintenance of protective devices (signs, fences,
barricades, pedestrian bridges, and watchmen), and enclosure of contrac-
tor's work and storage areas.

For example, the specifications of the Washington, D.C., transit
system require the contractor to submit a working plan which includes
a staging and decking plan prior to receiving a permit for construction.
Closing streets, reversing lanes, and alteration and detour of traffic
require a permit from the D.C. Department of Transportation. The con-
tractor is required to maintain traffic movement and access to property
for owners and customers. The same standards and regulations regarding
circulation during transit tunneling, discussed above for the cut-and-
cover method, also apply to the soft ground, rock tunneling, and open-
water construction, although as mentioned previously, the traffic cir-
culation problems associated with these latter methods of tunneling are
much less severe.

The principal failure of existing regulations is that they are ap-

plied separately to each individual construction project. Activities
on adjacent projects may combine to cause substantially greater disrup-
tions than the individual projects would suggest.

3.2 AIR QUALITY

Atmospheric pollutants generated during construction activities may
adversely affect health and general welfare and will frequently cause
nuisance in the form of soiling, staining, odor, or decreased visibility.
Fugitive dust and equipment exhaust fumes are the most significant air

pollutants emitted during tunnel construction.

Fugitive dust is defined as solid airborne particulate matter emit-

ted from any source other than through a stack, vent, or chimney. Dust

can be generated during tunnel construction when a large area of cleared
land or stockpiled material is exposed to wind action, when disaggregate
material or earth is being transported, or by surface erosion from wind
action. In addition, dust is generated by trucks or mobile equipment
moving on a cleared construction site. The dust generated by such acti-

vities is primarily large particles which tend to fall to the ground

quickly and very close to the point where they become airborne. Those
particles which do come in contact with other objects may cause soiling
or staining. Fugitive dust from tunnel activities is usually considered
a nuisance because of these short-term, microscale impacts. It is also
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a potential health hazard for people living in the vicinity. The local-
ized impact of fugitive dust is significant, and Federal, state, and
local regulations are being adopted to reflect this concern.

Vehicle and equipment exhaust fumes include smoke, sulfur oxides,
nitrogen oxides, carbon monoxide, and hydrocarbons. These fumes are
produced by both gasoline and diesel engines. While contribution from
construction site vehicles to the total regional level of these pollu-
tants is insignificant, the localized impact can be substantial where
adverse meteorological conditions, structural barriers to dispersion,
large numbers of construction equipment, and poorly maintained engines
combine to increase the levels of the pollutants which are concentrated
in a small area.

3.2.1 Possible Impact from the Tunneling Process

As mentioned above, the principal sources of air quality impact are
from those site preparation activities which have the potential to gen-
erate fugitive dust or fumes. Clearing and site preparation may expose
large areas of unstabilized surface to wind erosion, which will cause
dust to become airborne (fugitive dust). The cut-and-cover method will
expose the greatest amount of surface area and will therefore have the
greatest potential for air quality impact. Building demolitions are
another source of dust. Earth movers such as backhoes and loaders, and
stationary equipment, such as diesel generators, are the principal sources
of smoke and exhaust fumes during construction activities.

During excavation stages, soft ground and rock tunneling may have
a significant localized air quality impact where venting to the surface
occurs. Ventilation portals may cause localized, high concentrations
of fumes. Muck hauling operations, wind erosion from stockpiles, and
truck movements on dirty or unpaved access roads may be significant
sources of dust in all types of tunnel construction.

In addition to these direct impacts, tunnel construction will have
a secondary effect on air quality, which results from traffic congestion
and detours. Air pollutant emissions will increase due to the reduction
of speed from congestion and the additional miles of travel caused by

detours. This secondary air pollution impact is particularly severe
in central business districts where large volumes of vehicles are affect-
ed. Table 3.2.1 summarizes various air quality impact sources.

The impact of tunnel construction activities on air quality can be

assessed in terms of the potential for these activities to generate
amounts of pollutants which would significantly degrade the ambient air

quality. Factors influencing the severity of impact include meteorology,
topography, and distance from the source of emissions to a given sensi-

tive receptor such as hospitals, nursing homes, or day care centers.
The use of sensitive receptors to identify impact implies a value judg-

ment that the air quality in areas where people are located is more
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important than in areas devoid of people. However, it should be noted
that where Federal, state, or local air quality standards or criteria
apply, this distinction is not generally made.

3.2.2 Current Environmental Standards and Regulations

There is a relatively extensive body of existing laws, ordinances,
standards, criteria, permit requirements, and contract specifications
related to air quality control. Foremost among the regulatory mechanisms
are the Clean Air Act Amendments of 1970 (P.L. 91-604). (1) This law's
stated purpose is "to protect and enhance the quality of the Nation's
air resources." The Act authorized the Administrator of EPA to establish
national primary and secondary ambient air quality standards for each
pollutant which has an adverse effect on public health and welfare.
Ambient air quality standards for carbon monoxide, photochemical oxi-
dants, nitrogen oxides, particulates, and sulfur oxide were published
in the Federal Register

,
November 25, 1971.(2) Federal regulations

recommending control of fugitive dust have also been published in the

Federal Register . (3) The regulations suggest that "reasonable precau-
tions" be taken to prevent particulate matter from becoming airborne.
However, these precautions are not mandatory.

Various states have adopted rules, regulations, control plans and
emission limitations to meet the Federally promulgated standards or more
stringent state air quality standards. All states are required by the

Clean Air Act Amendments of 1970 to develop pollution regulations. For
example, the Georgia Air Quality Control Rules of 1973 include sections
on both fugitive dust and construction permits .( 1 ,4) The dust section
is taken directly from the Federal regulations described above. Con-
struction permits are required from the Georgia State Department of

Public Health prior to the beginning of any construction which could
result in air pollution.

Other states have promulgated similar regulations requiring permits
to control a pollution source. In order to obtain, and to keep a permit,
the contractor generally must have an approved plan to control dust.

For example, Nevada has specifications written into state construction
contracts requiring stabilization of all completed cuts and fills. (5)

Some states with large metropolitan areas have established more
stringent air quality regulations in those areas. For instance, the

Maryland Department of Health and Mental Hygiene issued Rules and Regu-
lations Governing The Control of Air Pollution in Area III

,
effective

February 12, 1974.(6) Area III is the Baltimore Metropolitan Area.
These rules include a section which prohibits any construction activities
that have not taken reasonable precautions to prevent particulates from
becoming airborne. Ambient air quality standards for dustfall and sus-
pended particulate matter are also specified in these regulations.

Local ordinances which regulate the impact of tunneling on air

quality include emissions control and air quality control regulations,
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open burning prohibitions, construction dust control measures or plans,
and material loading and transport regulations. For instance, the Dis-
trict of Columbia air quality control regulations include sections on
open burning, fugitive dust, visible emissions, exhaust emissions, odor
and other air pol lutants . ( 7 ) Some local areas also have diesel exhaust
emission regulations and limits on visible emissions from such vehicles. (8)

These regulations suggest the kind of maintenance and monitoring proce-
dures that could be used to ensure that emissions from tunnel construc-
tion equipment are minimized.

Additional air pollution controls can be found in the construction
contract specifications for individual tunnel projects. For example,
the Washington Metropolitan Area Transit Authority has included articles
in the METRO contracts which specifically address air quality impacts
of construction activities . (9) The articles include regulations regard-
ing dust control, open burning, vehicle cleaning, and material transport.
Each of these relates to minimizing the impact of the construction process
on air quality.

3.3 SURFACE WATER

Rapid transit tunnel construction can have impact on the water
quality, drainage patterns, and navigability of lakes, reservoirs, streams,
rivers, and harbors. Sedimentation and erosion from dewatering opera-
tions and construction site runoff may clog and fill lakes and streams,
reduce drainage channel capacity, increase the likelihood of localized
flooding, and raise the cost of municipal water treatment. Sediment
may also threaten public health and safety by carrying runoff-borne pol-
lutants such as nitrates, pesticides, petroleum products, or harmful
bacteria into public water supplies.

3.3.1 Possible Impacts from the Tunneling Process

Exposed soil, construction debris and litter, and spoil stockpiles
are principal sources of pollutants. Stormwater runoff can erode and

transport these materials into surface waters. Sediment and dissolved
chemicals in the effluent from dewatering operations are also likely
to wash into surface waters. Cement, oil, and grease are examples of

the types of pollutants contained in the runoff. In open water opera-
tions, dredging causes problems of increased turbidity and sediment depo-
sition.

Alteration of drainage patterns may occur through direct stream
blockage or through indirect effects. Indirect effects include exceeding
a channel's capacity by increased runoff and reduction of capacity by

sediment deposition.

Turbidity, erosion, and sedimentation are generally short-term con-

ditions; however, sediment can become a long-term and costly problem
if it fills up or clogs natural drainageways

,
water supply reservoirs,

lakes, or streams. Alteration of biological balance in natural surface
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waters are often long-term modifications which demand careful considera-
tion prior to the commencement of potentially polluting construction
activity. Spoil disposal by dumping in areas of substantial shellfish
population can be a problem in particular areas. Runoff of fertilizers

and soil conditioners during clean-up and landscaping can lend to en-

trophication of surface waters. Table 3.3.1 summarizes these sources

of water quality impact.

3.3.2 Current Environmental Standards and Regulations

Two recent Federal laws which address surface water quality are the

Federal Water Pollution Control Act Amendments of 1972 (P.L. 92-500)0)
and the Marine Protection, Research, and Sanctuaries Act of 1972 (P.L.

92-532). (2) The objective of P.L. 92-500 is "to restore and maintain
the chemical, physical, and biological integrity of the Nation's waters. "(1)
Pollution from construction activities is mentioned specifically as non-
point source pollution in Section 208(b) of this Act. Section 304(e)
requires the Administrator of the U.S. EPA to issue process, procedures,
and methods guidelines to control pollution resulting from all construc-
tion activity. Section 404 of the same Act gives the Administrator veto
power over the specification of any defined area as a disposal site for
the discharge of dredged or fill material whenever he determines "dis-
charge of such materials into such area will have an unacceptable adverse
effect on municipal water suppl ies , . . . or recreational areas. "(1)

The Marine Protection, Research, and Sanctuaries Act declares it

the policy of the United States "to regulate the dumping of all types
of materials into ocean waters .. .which would adversely affect human health,
welfare, or amenities..." Further, the Act requires that the Secretary
of the Army issue permits for the transportation of dredged spoil for

ocean dumping only with the consent of the Administrator of EPA. The
Law authorizes the Administrator of EPA to establish and to apply cri-
teria for reviewing and evaluating permit applications for transporting
and dumping of material into ocean waters, and requires that no permit
shall be issued for the dumping of material which will violate applicable
water quality standards . (2)

EPA also promulgated both Criteria for Determining the Acceptability
of Dredged Spoil Disposal to the Nation's Waters and Criteria for Evalua-
tion of Permit Applications for Ocean Dumping .( 3 ,4) The former criteria
serve as guidelines for evaluation of proposals and applications to dredge
sediments from fresh and saline waters and for their subsequent disposal.
When concentrations of one or more certain pollutants in sediments exceed
the specified limits, the sediment will be considered polluted, and there-
fore unacceptable for open water disposal. (3) The criteria also list

those materials for which no permit will be issued and those materials
for which special care must be exercised prior to disposal. The criteria
also cover the disposal of unpolluted and polluted dredge material to

ensure that water quality is maintained.
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Executive Order Number 11507 (February 4, 1970) declares that "the
Federal government, in the design, operation, and maintenance of its
facilities, shall provide leadership in the nationwide effort to protect
and enhance the quality of our air and water resources." This includes
the application of sediment control measures on all Federally aided de-
velopment and construction operations where there is a significant poten-
tial for pollution due to sediment.

Under the provisions of Executive Order Number 11574 (December 23,

1970), the U.S. Department of the Army, Corps of Engineers, requires
permits for dreding, filling, and other activities in or affecting na-
tional, navigable waters. The issuance of the permit is subject to re-
view by the U.S. Environmental Protection Agency, among others, in an
attempt to assure water quality standard compliance. Further information
on the permit application can be obtained from Division Offices of the

Corps of Engineers.

The states often have counterparts to the Federal environmental laws
and permit systems. Those of the State of Maryland are illustrative.
The Maryland Wetlands Act of 1970 called for the preservation of the

tidal wetlands to the extent possible, and established the Wetlands Li-

cense in its current form. (6) Licenses for dredging and filling had
been required by the State Board of Public Works for a number of years.
This Act extended that procedure to state and private wetlands. If a

proposed activity on wetlands requires a license or permit, the Water
Resources Administration conducts an investigation to determine the

probable impact of the action, prior to a public hearing on the issue.

State law also requires that a permit be obtained for construction which
might obstruct or pollute the state's rivers or coastal waters. (7,8)

The State of Maryland has also passed a Sediment Control Act of 1972

(8.05.03.01) . (10) This Act specifies that any land clearing, grading,
or earth disturbance of a certain size (public or private) shall require
a plan for sediment control which must be approved by the appropriate
state department, soil conservation district, or municipality. An ear-
lier state act, Maryland Laws of 1970 (Chapter 245, "Sediment Control")
made statewide sedimentation control mandatory by requiring state and

local governmental agencies to implement sedimentation control measures
during governmental development and construction activities, including
subway tunnels. (11)

Local ordinances that are related to surface water impact may in-

clude local water quality criteria, rules and regulations, discharge
permit systems, and sedimentation and erosion control specifications.
An example of the latter is found in Sections 7013, 7017, and 7018 of

Chapter 10 of the Los Angeles County Building Code (12). While these

sections are intended to regulate grading for subdivisions, the measures
may be applicable to any earthmoving work, such as the clearing and grub-
bing phase of cut-and-cover tunneling, in unincorporated areas. Mont-
gomery County, Maryland, has a similar Sediment Control Amendment in

its subdivision ordinance .( 1 3)
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3 . 4 GROUNDWATER

In many areas, groundwater is a vital source of water supply and

is often relatively free of bacteria and man-made pollution because of

the protection of the overlying natural filtering system of vegetation,
soils, and rocks. Construction of rapid transit tunnels penetrates a

portion of that filtering system, which generally occurs below the nat-
ural groundwater level, so that contaminants are provided direct access
to the groundwater body.

If some form of groundwater control such as construction dewatering
is employed, the natural hydraulic balance of groundwater is disturbed.
This alteration of hydraulic balance may cause the movement of subsurface
and even surface pollutants in and between groundwaters and surface waters.

3.4.1 Possible Groundwater Impact from the Tunneling Process

In cut-and-cover construction, a deep earth cut which is left open
(or decked over for street traffic) for long periods of time before it

is backfilled may permit pollutants to enter groundwater. The possible
pollutants include street pollutants such as lead from gasoline, litter,

oil and grease from construction equipment, and other construction wastes.
Once the pollutants enter the groundwater they tend to move in the same
direction as the free groundwater and at a velocity equal to or less

than that of the groundwater. If the excavation site is up-gradient
along natural flow lines, the pollutants may travel long distances and
adjacent aquifers. Dewatering may also induce migration of pollutants
from leaking sewage pipes or from polluted aquifers into adjacent ground
and surface water bodies.

Grouting materials are often placed in direct contact with ground-
water and slowly dissolve in water. If unsafe chemical materials are

used, dissolution may result in groundwater pollution.

Blasting in poor rock during rock tunneling may cause rock fractures
or fissures that could allow pollutants to infiltrate along these frac-
tures or fissures and enter the aquifer. Table 3.4.1 summarizes these

effects

.

3.4.2 Current Environmental Standards and Regulations

Groundwater impacts of rapid transit system construction are rela-
tively subtle compared to these impacts of waste injection wells, septic

systems, or sanitary landfills. Thus, the possible contamination of

groundwater resulting from construction activity is frequently overlooked
by both the construction industry and environmental control agencies.

Protection of groundwater resources was not mentioned in rapid transit

system construction specifications reviewed for the study. Protection
of the yield of a groundwater well is generally the responsibility of

a local agency. However, no local ordinances or codes were found which
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specified any regulations relating to the effects of dewatering opera-
tions on the yield of a well, or to the impacts of other construction
activities on groundwater quality.

However, there are a number of Federal and state regulations cover-
ing groundwater quality. The original law which initiated the establish-
ment of water quality standards was the Federal Water Quality Act of

1965 . This Act required states to set water quality criteria for inter-
state waters or portions thereof within the state. This Act was part
of the Federal Water Pollution Control Act which has since gone through
several amendments including the Clean Water Restoration Act of 1966

,

the Water Quality Improvement Act of 1970 ,
and the Federal Water Pollu-

tion Control Act Amendments of 1972 . The 1972 Amendments required states
to adopt water quality standards for intrastate water and submit them
to the U.S. Environmental Protection Agency for approval by April 1973.
The U.S. EPA developed and published proposed criteria for surface and
groundwater quality in October 1973. When finalized, the criteria will
apply to all interstate, as well as intrastate, waters even though the
states fail to set standards for intrastate waters. Rapid transit con-
struction and related activities should not cause the quality of an af-
fected freshwater aquifer to violate the criteria of such regulations.

3.5 NOISE

Noise is defined as unwanted sound and is a result
in the air. The A-weighted scale in decibels (dBA) is

used measurement of sound for projecting environmental

of pressure changes
the most commonly
impact

.

Noise is frequently separated into two components: the ambient or

background level associated with a given area, and the intrusive noise
level, a source-specific sound clearly distinguishable from the ambient
level. The component of concern in tunnel construction activities is

the intrusive noise level. The principal sources of intrusive noise
during tunnel construction are blasting activites, earth movers, air

compressors, rock drills, demolition tools, pile drivers, trucks, and

pneumatic wrenches.

The effects of noise upon people are influenced by noise levels,
exposure duration, and sensitivity of the receiver. Excessive noise
is an annoyance, and has been shown to have physiological effects upon
hearing and general health if a person is exposed for long periods.

Noise is generally one of the major environmental problems associated
with construction of transit tunnels. Transit tunnels are usually con-
tracted in densely populated areas—thus exposing more people to noise.
There will also be a more severe noise impact because of the relatively
long construction period required for transit tunnels. Generally, noise
levels diminish little with distance from the source in densely built-

up areas, due to reflection and channeling of sound by adjacent build-
ings. Noise is one of the most frequent sources of construction com-
plaints received from the general public.
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3.5.1 Possible Impacts from the Tunneling Process

During all phases of construction, earth-moving equipment and other
internal combustion engines, jack hammers, pneumatic wrenches, and blast-
ing operations are principal sources of noise. Operations conducted
below ground surface will generally be less intrusive, so that cut-and-
cover tunneling is more likely to produce serious disruptions due to

noise

.

Table 3.5.1 summarizes the principal elements of noise impact. Since
many individual sources are involved in producing noise impacts during
tunnel construction, control of noise emissions at the source appears
to be a most promising approach to impact reduction. However, considera-
tion should also be given to timing of construction activities and limi-
tation of working hours in areas of high noise sensitivity.

3.5.2 Current Environmental Standards and Regulations

The problem of noise as an occupational hazard was recognized as

early as 1942 by the Walsh-Healy Public Contracts Act. (l) The Noise
Pollution and Abatement Act of 1970 (P.L. 91-604, Title IV of the Clean
Air Act Amendments of 1970 ) was one of the first Federal laws that recog-
nized the non-occupational

,
urban noise level as a potential, if not

existing, hazard. (2) The Act established an Office of Noise Abatement
and Control within the U.S. Environmental Protection Agency, and charged
it with carrying out a "full and complete investigation and study of

noise and its effect on the public health and welfare." The passage
in 1972 of the Noise Control Act (P.L. 92— 574)(3) represented a major
Federal attempt to eliminate excess urban noise through control of the

sources of this noise. The Act led to the listing of products that are

major sources of noise in the Federal Register on June 21, 1974.(4).
A variety of transportation and construction equipment was included on

this list.

The Federal Highway Administration issued an interagency policy and

procedure memorandum (PPM 90-2), Noise Standards and Procedures in 1973

to assure that measures are taken to achieve highway noise levels that

are compatible with different land uses, with due consideration also
given to other social, economic, and environmental effects. (5) Although
the noise levels set by PPM 90-2 did not directly affect rapid transit

tunneling projects, they did suggest standards of urban noise exposure
and land use-noise relationships. The U.S. Department of Housing and

Urban Development Circular 1390.2, Noise Abatement and Control: Depart-

mental Policy, Implementation Responsibilities, and Standards set stand-
ards in 1971.(6) HUD encourages the use of quieter construction equip-
ment and methods in population centers, and "in appropriate circumstances,
HUD will allow certain additional costs for quieter construction equip-
ment . " ( 6

)

The dominant response of state governments to noise caused by con-
struction equipment and activities has taken the form of controlling
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the effects on receivers rather than the source of noise. Techniques
such as curfews, spill-over limits, licenses, and permits are aimed at

protecting the receiver from the effects of the noise emission.

State laws concerning noise frequently fall into one or more of three
categories : ( 7)

General environmental laws which specifically include noise as an

environmental problem,

Laws dealing only with noise,

Environmental laws which make no mention of noise but which may be

interpreted and used to combat noise problems.

Examples of states with general environmental laws which include
noise are New York, California, and Illinois. Some states with specific
noise laws include Colorado, Florida, Hawaii, and North Dakota. The
Colorado Noise Law (S.B. 197, 1971), for instance, sets noise limits
on numerous activities measured at 25 feet from the line of the property
on which the activity occurs. Any noise above the limits set forth con-
stitutes a public nuisance. Pennsylvania is an example of a state which
has implicit noise control authority within its environmental laws.

The National Institute of Municipal Law Officers (NIMLO) has drafted
a model noise ordinance .( 7 ) A large number of cities have adopted laws

which are the same as or similar to the NIMLO ordinance. Certain "un-
necessary" noises are prohibited by the model ordinance.

A major deficiency with the model ordinance is the use of the phrase
"prohibiting unnecessary noise." It has been interpreted not as meaning
capable of being muffled but, rather, as any noise without social utility.
Thus, on the local level, where regulation of construction most frequently
occurs, the noise from such activities continues virtually unabated.

Examples of other types of local construction noise regulations can
be found. For instance, the Minneapolis, Minnesota, noise ordinance
applies a decibel limit on construction activities .( 7) The New York
City Noise-Control Ordinance of 1972 lists numerous restrictions, noise
emission levels, and permit requirements applicable to urban transit
tunneling projects. (8) Restrictions on hours of construction, air com-

pressors, paving breakers, and truck emissions, as well as tunneling
permits, are required by the ordinance. It is the Environmental Protec-
tion Administration and the Police Department which have the responsi-
bility for enforcing the noise control code.

A series of other controls and regulations can be found in construc-
tion contract specifications for individual tunnel projects. For exam-
ple, the Washington Metropolitan Area Transit Authority has included
an article in its METRO contracts on noise control, establishing permis-
sible public and employee noise exposure levels, noise restrictions at

affected structures, and equipment noise levels. (9)
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3.6 VIBRATION

The levels of vibration to which humans respond are considerably
lower than those levels necessary to induce damage to structures. In-
dividuals can perceive vibration at particle velocities as low as 0.02
inches per second, approximately one-hundredth of the level required
to cause structural damage. (1) Once vibration becomes noticeable, people
may fear for their personal safety and the damaging effect such vibra-
tions may have on their homes and property.

At higher levels of intensity, vibration can affect a structure in

three ways:

Local rupture stresses can be exceeded and direct failure occur if suf-
ficient motion is generated at any instant of time.

Repetition of stresses can result in fatigue damage.

Vibrations can cause additional stresses to be superimposed on an exist-
ing high concentration of stress, thus "triggering" a failure.

Ground vibration produced by construction activity generally decreases
as the distance from the construction site increases. However, construc-
tion of a subway system is frequently carried out in built-up urban areas,
and therefore it is not unusual to find buildings and sensitive equipment
in close proximity to the construction site. Older historic buildings
are frequently quite sensitive to such disturbance.

Tunnel construction-induced vibration has been shown to generate
the following three types of impact in an urban area:

Impact on humans due to extreme sensitivity, generally manifested
in terms of annoyance or fright

Impact on sensitive equipment such as computers, laboratory instru-
ments, and electronic gear

Impact on structures manifested in terms of residual stresses and

actual structural damage.

3.6.1 Possible Vibration Impacts from the Tunneling Process

Due to existing engineering knowledge and practice, vibration from
tunnel construction should seldom reach sufficient magnitude to cause
major architectural damage in urban areas. However, vibration of suf-

ficient duration, repetitiveness, and intensity, may cause substantial
annoyance and minor damage to sensitive equipment and older structures.

The principal sources of vibration include explosion-type activities
(blasting, explosion, and demolition) and impact-type activities (pile-

driving, demolition, hammer operation, wrecking, drilling, and compacting).
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The vibration intensity produced by explosion-type activity is generally
greater than that produced by impact-type activity.

Cut-and-cover operations may involve removal of pavements and side-

walks which can require wrecking and/or drilling activities. Demolition
of obsolete structures in the right-of-way may also be required in some
cases. This activity can be carried out either by explosion or wrecking
methods, both of which can generate significant levels of vibration in

the vicinity of the site.

Other potential vibration impacts are associated with underpinning,
excavating, and ground supporting operations. Underpinning and ground
supporting may require pile-driving or drilling. Actual excavation may
employ heavy diesel-powered earth-moving equipment. All of these are
potential sources of vibration.

Soft ground tunneling may produce a substantial vibration impact
during ground excavation if compressed air is used as a ground support
technique. Similarly, the drill-blasting-muck cycle in rock tunneling
may generate significant ground vibration, particularly for the first

100 to 200 feet of the tunnel.

In backfilling operations, use of a vibratory compactor may produce
undesirable vibration in the vicinity of the construction site. The
passage of heavy trucks on local streets may also produce considerable
vibration

.

An assessment of the magnitude of the impact of vibration must con-

sider the following three factors:

Sensitivity of adjacent area to vibration

Frequency of occurrence of vibration generating activity

Level or severi ty of impact at each occurrence.

Sensitivity is a function of land use category, building condition,
and distance from construction site. In general, residential areas are

more sensitive to ground vibration than are commercial or industrial
areas because of the extreme sensitivity of humans. Building condition
can influence sensitivity to vibration. Aged and unsound structures
are more vulnerable to vibratory motion than are sound structures. The
distance from the vibration source, because energy from vibration decays
inversely with the distance, is probably the most important single factor
in determining vibration impact.

The frequency of occurrence and severity of impact of each construc-
tion activity determines the degree of vibration impact. Frequency of

occurrence depends on the design and type of construction. Severity
of impact is a function of ground wave or particle velocity which is,

in turn, a function of frequency and amplitude of vibration. Table 3.6.1
summarizes the causes of vibration impact.
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3.6.2 Current Environmental Standards and Regulations

Controls on vibration, based on human perception, are virtually non-
existent. Where structural damages are a possibility, controls are gen-
erally applied as part of the insurance program. Pre-construction surveys
to predict damages are often used in place of possibly more costly efforts
to avoid these damages.

The U.S. Bureau of Mines has published several documents on blast-
ing vibrations . (2 ,3) These reports contain general criteria for safe
blasting operations. A particle velocity of 2.0 inches per second is

suggested as a criterion for safe blasting operations if the probability
of damages to adjacent structures is to be small. If nuisance complaints
and claims are to be kept below 8 percent of the potential number of

complaints, a peak vibration level of 0.4 inches/second should not be
exceeded. Imposition of controls to maintain operations within these
criteria is, however, not required.

Because the general public frequently perceives the vibration prob-
lem, some states view construction-induced vibration as constituting
a nuisance and as inherently dangerous. Other states, notably New York,
deny liability for damage resulting from vibration in the absence of

proof that construction work was done in a negligent manner. The former
view is the more common approach. (4)

3.7 GROUND STABILITY

Excessive ground movement or settlement may result in damage to build-
ings and potential personal injury. Construction of either cut-and-cover
or deep tunneling projects may cause ground movement or settlement.

3.7.1 Possible Impacts from the Tunneling Process

Excavation removes a mass of soil and reduces stress along the sides
and in the bottom of the excavation. The reduction in stress during
excavation may permit soil to move into the excavation from the sides

and upward at the bottom of the cut. The adjacent ground surface may
then settle due to this movement. The tendency for ground movement and
settlement is higher near vertical cuts, which is the usual configuration
in urban areas

.

In some cases, large, erratic settlements outside excavations may
develop if uncontrolled erosion and leakage cause excessive flow and
migration of fine-grained, non-cohesive materials into an excavation.
Large hydrostatic pressure differences inside and outside the boundary
of excavations may cause groundwater to percolate up under the support
walls, leading, in extreme cases, to boiling at the base of the excava-
tion and severe ground surface settlement.

Vibrations produced by pile-driving may cause soil densification
and and large surface settlement in loose, saturated deposits of sandy
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soils. Piles driven through soft to medium clay may cause surface heaves
and subsequent ground settlement because of changes in clay pore pres-
sures. If compressed air is used in soft-ground tunneling, the air com-
pressor plants may generate sufficient vibration to cause ground settle-
ment through vibratory compaction.

As previously discussed, dewatering operations may cause settlements
over wide areas when layers of compressible clays, silts, or organic
materials are present.

In general, subsurface tunneling operations may cause ground sta-
bility problems. High hydrostatic pressures, mixed face activities,
excavation in fractured rock, and related situations may lead to loss
of ground in the tunnel and settlements overhead. Poor workmanship,
in the form of improper shielding and bracing, may also cause such prob-
lems .

Geologic and soils conditions, groundwater conditions, tunnel de-
sign and construction method, and condition of adjacent structures all

interact to determine the magnitude of impact relative to ground sta-
bility. Table 3.7.1 summarizes the main aspects of this element of con-
cern .

3.7.2 Current Environmental Standards and Regulations

Engineers and contractors are generally held responsible for ground
movement, settlement, and subsequent damages occurring in the vicinity
of the construction project. Damages to property are usually covered
by insurance. However, the insurance does not mitigate public incon-
venience or nuisance.

Engineering knowledge is well developed in this area, and there are

numerous studies and surveys which provide criteria and standards for

allowable building se t t lement . ( 1 , 2 , 3 ,4 ) There is little specific regu-
lation in this area, except as provided by laws and regulations dealing
with damages to property and identification of liability.

3.8 TERRESTRIAL BIOTA

Terrestrial biota can be defined, for the purposes of this study,

as land plants and animals indigenous to a given area. These may include

shrubbery, grasses, trees, insects, birds, rats, mice, and other species

frequently found in urban areas. Few of these species are of ecological
significance in urban areas; however, some do assume importance because
of their potential hazards to human health and welfare.

3.8.1 Possible Impacts from the Tunneling Process

Clearing of the right-of-way, demolition of structures, and prepa-

ration of storage, staging, and working areas are the principal sources

of impact on terrestrial biota. Destruction of biota or alteration of
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habitat may occur during surface operations, leading to migration of
rodents and insects from cleared and grubbed areas or demolished struc-
tures. Compaction of clayey soils may inhibit rates of soil aeration
and water filtration, resulting in revegetation problems, and harborage
and propagation of pests due to accumulation of demolition debris and
solid waste.

Other tunnel construction activities which may affect terrestrial
biota in special situations include the following:

Storm runoff containing heavy sediment loads can disturb, injure, or

destroy plants and animals in the flow path and catchment areas.

Blasting vibration may disturb, injure, or destroy biota near the blast-
ing site, particularly subterranean biota. This would be most common
in rock tunneling.

Residues from pesticides used during pest eradication or control programs
may reach species other than the target species (baits) or concentrate
in soil (sprays) with possible long-term impact. Such actions are most
likely to be found in cut-and-cover tunneling. However, the use of

pesticides for spoil disinfection may occur with any type of tunnel con-
struction. Table 3.8.1 summarizes the various aspects of tunneling im-

pact on terrestrial biota.

3.8.2 Current Environmental Standards and Regulations

There are few existing regulatory mechanisms which relate directly
to terrestrial biota. However, there are regulations which may be in-

directly applied to tunneling impact on biota. The primary intent of

these indirect regulations is pesticide control, soil conservation, water
quality control, or air pollution control.

The Federal Environmental Pesticides Control Act of 1972 (P.L. 92-

316) authorizes the Administrator of EPA, among other things, to register
and classify pesticides, to issue procedures and regulations for the

storage and disposal of packages and containers of pesticides, and to

prescribe standards for the certification of applicators of pesticides.

In 1974, EPA issued regulations pursuant to the authority given by

P.L. 92-516 concerning the acceptance of certain pesticides, and recom-

mended procedures for the disposal and storage of pesticide containers.

The applicability of these regulations to the control and eradication
of specific organisms concerns improper use, storage, and disposal during
the clearing and grubbing phase of cut-and-cover tunneling.

Some states have their own counterparts to the Federal law. For

example, the New Jersey State Department of Environmental Protection
adopted, in 1974, pesticide regulations prohibiting the sale and use

of certain compounds and restricting the use of others. (3) The regula-

tions established a registration requirement for dealers and applicators,

and standards for pesticide use, storage, transportation, and disposal.
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The Federal and state governments have promulgated air quality stand-
ards for such pollutants as carbon monoxide, sulfur dioxide, nitrogen
oxides, particulates, and photochemical oxidants, which have been shown
to be injurious to vegetation, as well as humans. (5,6) Where tunneling
operations generate or cause these pollutants to be formed in levels
exceeding the standards, the tunneling operations are subject to these
regulations

.

A series of other controls can be found in the construction contract
specifications for individual tunnel projects. For example, Washington
Metropolitan Area Transit Authority has included articles in the GTRO
contracts on "Work On or Under National Park Service Land," "Preserva-
tion, Restoration of Miscellaneous Surface Facilities," and "Protection
of Existing Vegetation. . ."(7) All relate to minimizing the impact on
terrestrial biota.

3.9 AQUATIC BIOTA

Aquatic biota refers to those plants and animals found living in

either fresh or salt water. Included are fish, crustaceans, aquatic
insects, zooplankton, phytoplankton, and higher aquatic plants. Aquatic
organisms are frequently of both economic and ecologic importance.

The most commonly noticed problem occurs when there is potential
for damage of commercial shel 1 fishing

,
typically through spoil disposal

operations. This element of concern becomes particularly important when
designated coastal zones or wetlands are threatened.

3.9.1 Possible Impacts from the Tunneling Process

Dredging the trench and disposal of spoils in sunken-tube construc-
tion may physically alter the habitats of many aquatic species. In ad-

dition, dredging will generally disperse bottom sediments over a wide
area. Bottom sediments are frequently found to contain many toxic chemi-
cals such as pesticides, industry wastes, and trace metals. Dispersion
of bottom sediments often increases the pollutant concentrations in the

water during and even after dredging operation. Increased turbidity
can also hinder the photochemical reaction of aquatic species. Resettle-
ment of suspended sediments generally alters the physical condition of

the bottom.

Erosion and sedimentation from spoil disposal sites, stockpiling
sites, and cleared construction areas also has a potential for aquatic
biota impact, but usually to a lesser degree than dredging impact. The

products of erosion and sedimentation, including petroleum wastes and

runoff-borne pollutants, are the principal sources of impact. As shown
above, dumping of spoil materials into open water can be a much more
serious source of impact. Table 3.9.1 summarizes the various sources
of impact on aquatic biota.
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3.9.2 Current Environmental Standards and Regulations

Two recent Federal laws applicable to aquatic biota are the Federal
Water Pollution Control Act Amendments of 1972 (P.L. 92-500), and the
Marine Protection, Research, and Sanctuaries Act of 1972 (P.L. 92-532 ).( 1 , 2

)

P.L. 92-500 states as a national goal "water quality which provides for
the protection and propagation of fish, shellfish, and wi ldlife . . .be

achieved by July 1, 1983." Section 404 of the Act gives the Administra-
tor veto power over the specification of any defined area as a disposal
site for the discharge of dredged or fill material into navigable waters
whenever he determines "discharge of such materials into such areas will
have an unacceptable adverse effect on ...shellfish beds and fishery
areas, wi ldl i fe . .

.

" ( 1

)

The Marine Protection, Research, and Sanctuaries Act declares it

the policy of the United States "to regulate the dumping of all types
of materials into ocean waters .. .which would adversely affect... the ma-
rine environment, ecological sys terns . .

.

" ( 2 ) Further, the Act permits
the Secretary of the Army to issue permits for the transportation of

dredged material into ocean waters only if approved by the Administrator
of EPA. The Law authorizes the Administrator of EPA to establish and
apply criteria for reviewing and evaluating permit applications for

transporting and dumping of material into ocean waters so that unreason-
able degradation of the marine environment and ecological systems, among
other items, does not occur.

Commensurate with this authority, EPA has promulgated Criteria for

Determining the Acceptability of Dredged Spoil Disposal to the Nation's
Water and Criteria for Evaluation of Permit Applications for Ocean
Dumping . (3,4) Both have been discussed under the Surface Water section
of this chapter. In addition, the Corps of Engineers, prior to such
activities, must issue a Department of the Army Permit for Dredging and

Fill ing which is subject to review by EPA, Bureau of Sport Fisheries
and Wildlife, and the general public, among others. (5)

Also monitored in relation to surface water is Executive Order 11507 ,

issued February 4, 1970, which requires that "the Federal Government
in the design, operation, and maintenance of its facilities shall provide
leadership in the nationwide effort to protect and enhance the quality
of our air and water resources ."(6) This includes the application of

sediment control measures on all Federally-aided development and con-

struction operations where there is a significant potential for the re-

duction of pollution due to sediment.

Some states have their own counterparts to the Federal environmen-
tal laws and permits. For example, the State of Maryland General Permits
Division issues a Wetlands License and a Water Quality Certificate for

activities in state wetlands and navigable waters. (7,8) State agencies

reviewing the permit applications are interested in factors such as the

type of dredged or fill material, provisions made to limit the amount
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of wetland involved, and any beneficial or harmful effects of the pro-
posed activity, including its impact on aquatic biota.

3.10 COMMUNITY COHESIVENESS

The perceived geographic and social framework into which the indi-
vidual resident or business is integrated may be referred to as the com-
munity. Although the existence and importance of a sense of community
is generally agreed upon, it is a fundamentally intangible phenomenon
which is only partially measurable.

Any community functions as a delicate equilibrium of social systems,
and evidence indicates that tunnel construction has a potential to cause
community disruption. Impact on community cohesion is generally a sec-
ondary result, associated with direct impacts such as noise, air pollu-
tion, and traffic disruption.

This element of concern is particularly important in that resistance
and obstruction to the construction process—and to the transit project
as a whole—may be mobilized when community cohesiveness is affected.
Such mobilization can lead to costly delays and general loss of public
support for the transit system.

3.10.1 Possible Impacts from the Tunnel Construction Process

Two major categories of social interaction may be used to assess
community cohesion—behavioral and perceptual aspects. The behavioral
aspects are the more obvious social phenomena, i.e., the use and avail-
ability of local facilities, the degree of informal interaction (visiting
among neighbors, socializing in parks and playgrounds), the degree of

formal interaction (membership in clubs and other formal associations
and friendship ties in the neighborhood), and residential and commercial
stability. Perceptual aspects entail an identification of the more sub-
tle impacts. In order to determine these impacts, changes in feeling
and attachment toward neighbors, and commitment and identification with
the neighborhood are important.

Behavioral aspects may be characterized in terms of four factors:

Degree of Formal Interaction (membership in churches, clubs, fraternal
organizations, PTA's, and others). Membership or participation in local

organizations will provide the basis for measuring the impacts on formal

organizations. It is important to note that the types of formal organiza-
tions in each impact area will be a function of the socioeconomic charac-
ter of that area. Variances in socioeconomic levels will influence par-
ticipation in formal interactions. For example, in low-to-moderate income
neighborhoods

,
churches may prove to be the predominant type of formal

organization. Thus, it is important to determine the pattern of these
interactions and to perform the tunnel construction activity in such
a manner as to produce the least disruption.
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Type and Degree of Informal Interaction (socializing in parks and play-
grounds, block parties, extent of borrowing between neighbors, and others).
If resources permit, measurements of the impacts on informal organiza-
tions can be made by field observation of informal interaction with the
community, questionnaire-interview technique, and sociometric analysis
of social patterns.

Use of Local Facilities (public and private). In the process of exam-
ining the impacts on the use and availability of local facilities, these
types of services and institutions may be affected and should be con-
sidered :

Services

Parks, playgrounds
Fire
Police
Health care
Day care

Institutions

Cultural facilities
Libraries
Schools
Senior citizen centers
Religious centers.

Residential and Commercial Stability . Construction activity may alter
residential and business community stability. Frequency of sales of

commercial and residential property and length of tenure of residents
will provide insights into the stability of the area. Frequently, a

trend will be established prior to construction, as a result of earlier
planning decisions. Construction may then merely support or strengthen
the trend.

Perceptual aspects may be understood in terms of three essential
elements of sense of neighborhood:

Feelings and attachments to the neighborhood

Extent of commitment to the area

Identification with the area.

An understanding of these perceived neighborhood attitudes can be

obtained from public meetings and interviews with residents and busi-

ness people. If appropriate, attitudinal surveys can be conducted.

Table 3.10.1 presents a summary assessment of sources of impact on

community cohesiveness. It should be remembered that tunnel construc-
tion may actually serve to strengthen cohesiveness by mobilizing resis-
tance to the project.

3.10.2 Current Environmental Standards and Regulations

Community cohesiveness is not treated directly in current regula-
tions. Sections of specifications dealing with such items as property
damage, public safety, noisy work, and liability insurance will have
an indirect effect on this element of concern.
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More directly relevant are Federal and local regulations and stan-
dards for community involvement and public participation in the planning
process. Participation is required during the planning process for Fed-
erally assisted projects but is then neglected as design and construc-
tion progress. Contractors and resident engineers are left with the
responsibility for dealing with the public, although there may be a per-
son assigned within the transit agency to receive public complaints.

3.11 PUBLIC HEALTH AND SAFETY

Tunnel construction presents a variety of physical threats to the

individual health and welfare of people in a project area. Accidents
and potential health hazards are a wel lrecognized problem which can be
dealt with through a combination of safety planning and public infor-
mation actions.

3.11.1 Possible Impacts from the Tunneling Process

Public safety impacts can be characterized as stemming primarily
from the conflict of the general public with construction activity.
The greatest concern is for the safety of children who do not perceive
the dangers, the handicapped who because of their disability cannot recog
nize the danger signals (e.g., the deaf who cannot hear a warning, the

blind who cannot see a warning), and the aged who because of inherent
physical limitation are subject to hazards. (Accident reports show that

people stumbling on imperfections in the pavement are predominately the

elderly .

)

Traffic hazards are aggravated by the mix of construction vehicles
with normally present traffic and the failure to separate pedestrian
and vehicular traffic. Accidents associated with slippery or rough deck-
ing in cut-and-cover operations are particularly prevalent. Large machin
ery and construction activity may divert drivers' attention, leading
to auto collisions.

Physical irritation (eyes, respiratory tract) is caused by fugitive
dust, unearthing of trapped gases, activation of infectious material,
and transmission of organisms by introduction to open air. Physiological
danger is also presented by blasting, or other noisy operations, trans-

mission of organisms through spoil removal, untidy storage and staging
area—inviting vermin, and accidental piercing of public water or sewage

systems. Table 3.11.1 summarizes sources of impact on public health
and safety.

3.11.2 Current Environmental Standards and Regulations

Specific regulations and site specifications are fashioned to con-

trol many of the potential adverse impacts mentioned under the individual
tunneling processes. Federal, state, and local building codes provide
safeguards, safety devices, protection equipment, and other necessary
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precautions, although there are few explicit standards for judging the
adequacy of these precautions.

It is notable that insurance covers liability for damages to third
parties but does not generally prepare and enforce extensive off-site
safety regulations. In fact, there are few statistics kept—in a manner
useful for analysis—regarding frequency and severity of third-party
claims

.

3.12 PUBLIC SERVICES AND UTILITIES

Public services and utilities support or protect the residential,
commercial, or business community and include such items as:

Services Utilities

Fire protection
Police protection
Health care
Garbage collections

Sanitary and storm sewers
Water supply
Gas supply
Electricity supply
Telephone system
Alarm and other communication systems.

3.12.1 Possible Impacts from the Tunnel Construction Process

Possible impacts to service and utilities can be characterized as

potential for breaking utility lines, interruptions to normal service,
lack of adequate access to services, or possible overloads to service.
The potential for such adverse impact is greatest with surface construc-
tion, because most utilities are located at shallow depths.

The most severe impact may be the accidential cutting or striking
of utility lines which are not properly identified or located, or im-

properly replaced or relocated. Temporary interruption of utility ser-
vices may be unavoidable. Disruption to surface circulation patterns
may impede fire or police service unless carefully planned and controlled.
Access to garbage collection points may be cut off. There is substantial
danger associated with accidental breakage of gas, water, and power lines
which endangers not only the workmen but residents and businesses as

well. The added burden of construction may also outstrip the protective
capabilities of the local police or fire, or the capacity of the sewer
or solid waste systems. Table 3.12.1 summarizes sources of impact on

services

.

3.12.2 Current Environmental Standards and Regulations

State and local construction codes focus on minimizing disruption
of service, but provide little specific guidance. For example, the phrase
"use suitable precautions to prevent damage..." to pipes, conduits, etc.,

is frequently seen in construction specifications.
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Many states have laws which require that utility companies be con-
tacted before excavation begins. However, compliance can be poor, due
to inability of the contractor to make contact with the proper party
at the numerous companies involved. A new system, the "one-number" con-
cept, is becoming very popular. This is a system in which all parti-
cipating utility companies, within a defined area, can be contacted by
a single telephone number. "Miss Utility", for instance, is the concept
used in suburban Washington, D.C., encompassing four counties in Northern
Virginia and 14 counties in Maryland. It has 17 participating utility
companies and processes some 5,000-6,000 calls per month. The utility
companies impacted by the proposed work respond to staking, marking,
and/or identifying the horizontal route of their facilities.

3.13 ECONOMIC CLIMATE

Economic climate refers to the quality of business conditions in

an area, in terms of basic values of property, vitality of going con-
cerns, and conditions of employment. Tunnel construction will have
indirect impact on economic climate in that it may disrupt local patterns
of activity or provide unique opportunities for certain types of business
and employment.

3.13.1 Possible Impacts from the Tunnel Construction Process

The economic climate of a community is dependent upon a variety of

market activities which comprise the economic vitality of the area.

These economic components may be addressed within three basic categories

—

business activity, property values, and employment opportunities.

Business Activity includes the production and exchange of goods and ser-

vices on the wholesale and retail level. The activities of transit tun-

neling construction can cause normal business activity to be disrupted
in several ways, either directly or indirectly. Impacts which occur
from the construction process may include taking of a business, obstruc-
tion of access to business; or physical damage to buildings. Many ad-

verse community effects relate to potential loss of retail sales due
to customer inconveniences (limited vehicular and pedestrian access,
reduced number of parking spaces, and dust and other unsightly conditions)
as well as increased difficulty of delivery for wholesalers and manufac-
turers due to obstructions to vehicular access. In the long run, however,
retail establishments may benefit from the completed transit system due

to improved access to larger market areas and, in many cases, proximity
to a transit station.

Property Values reflect market values of the area, which are influenced
by prevailing market conditions. The value of property is a function
of several factors, including distance from various "desirable" locations,
size of land parcel, type of structure present on the site, character
of the surrounding area, and amenity features. Tunneling activities
could affect any one of these factors and, as a consequence, increase
or reduce demand for a particular site. A property can be directly
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impacted by construction by means of physical damage or actual taking

of land, or indirectly due to the annoyance and disruption caused by

the construction process. It should be noted, however, that although
a property is adversely affected by the construction process, its value
may remain stable or increase due to the parcel's access to a future
transit station. (In some communities this may be undesirable to resi-
dents due to the additional activity in the neighborhood. However,
studies indicate property value almost always increases with increased
access to the transportation network.)

Employment Opportunities are provided by access to jobs. Tunnel con-
struction provides jobs for blue collar and construction workers (ap-
proximately 2 to 3 years of work per tunnel segment) as well as for local
service establishments catering to the needs of tunnel workers. These
services include fast-food facilities, drug stores, etc. However, con-
struction-generated disruptions and annoyances may reduce customer pa-
tronage to the degree that retail establishments will be forced to reduce
their personnel. Small businesses may not survive the construction
period. Table 3.13.1 summarizes these impacts.

3.13.2 Current Environmental Standards and Regulations

Adverse impact on economic climate is not generally covered by ex-
plicit regulations, except as it may be approached in terms of direct
loss of business. Such losses may be covered by insurance or subject
to litigation. The courts, however, are reluctant to award damages be-
cause of lack of clear relationships between construction activity and
economic consequences. For this reason, most existing laws, regulations,
and ordinances do not focus directly on mitigating economic impacts
such as property or business value losses. Regulations are listed under
legal relations or public responsibility sections of construction manuals
and cover items such as those listed, which have an effect on economic
climate

:

Property damage

Maintaining utilities and services

Public safety

Maintenance of traffic

Cleanup

Noisy work

Retribution

Liability insurance

Preservation of property.

It should be noted that in some countries—Great Britain, for ex-

ample—compensatory payments are sometimes made by the government as

a matter of course. Such payments will often preclude more costly liti-
gation .
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3.14 VISUAL QUALITY

Construction fences, sanitary facilities (i.e., job johns), and

unsightly storage of construction materials and wastes represent poten-
tially serious disruptions to visual quality in an area. Those disrup-
tions may serve to produce unfavorable public reaction and resistance
to other transit activity. The consequences of adverse impact on visual
quality may often be felt indirectly, in terms of loss of business.

3.14.1 Possible Impacts from the Contruction Process

Substantial disruption of visual quality, relative to pre-construc-
tion conditions, is unavoidable during construction. The presence of

heavy equipment and workmen, and the separation of construction and staging
areas from public activity will be quite apparent to observers. However,
certain steps can be taken to improve the visual quality of the site

and surrounding area. Table 3.14.1 summarizes an assessment of the sources
of adverse impact, which may be addressed.

Sanitary facilities, project office trailers, and laborers' rest
areas are often located in front of stores, thus blocking apparent access
and discouraging patronage. Temporary sidewalks with overhead protection
often are designed to have a similar effect.

Construction fences are frequently unpainted or are painted a uni-

form drab color, producing an uninteresting facade. Decoration of fences
can provide an opportunity for local students and artists to improve
the image and public relations of the transit system.

3.14.2 Current Environmental Standards and Regulations

Visual quality is not generally covered in governmental regula-
tions and there are no standards of quality. Construction specifications
may include provisions regarding fencing of construction areas but do

not provide for special decoration.
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4. GUIDELINES FOR REDUCING ADVERSE ENVIRONMENTAL, IMPACTS
OF URBAN AND TRANSIT TUNNEL CONSTRUCTION

Section 3 presented an overview of the potential adverse environ-
mental impacts associated with urban transit tunnel construction and

of the types of regulations and controls that are applied in current
practice. Based upon the review and assessment reported in Section 3,

opportunities for improving control of environmental impact were identi-
fied, and recommendations were developed for realizing these opportunities.

These recommendations are presented in Sections 4 and 5. Here in

Section 4, guidelines are proposed which would apply to the construc-
tion project as a whole. Guidelines are organized within the framework
of responsible party and phase of activity described in Section 2.

The first set of guidelines in this chapter are termed "General
Guidelines." These guidelines are administrative or management guide-
lines rather than technical measures and are applicable to all types
of tunnel construction and to all environmental elements of concern.
Following these General Guidelines, "Community Relations Guidelines"
are discussed. These guidelines are presented separately, as this acti-
vity can have a significant positive effect on the efficiency and cost

of construction by easing the community's response to construction im-

pacts .

In Section 5, "Specific Control Measures" are given. These measures
suggest onsite and off-site control techniques for specific environmental
elements of concern.

Appendix A should also be noted. This Appendix provides cross-ref-
erencing of the guidelines so that information can be found for speci-
fic users of the guidelines.

4.1 GENERAL ENVIRONMENTAL GUIDELINES

The General Environmental Guidelines are presented for four different
phases—planning, design, pre-construction, and construction. For each
phase, the responsible agents are identified (refer to Section 2). Ta-
ble 4.1 summarizes the general environmental guidelines presented in

the following pages.
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Guideline No. 1 : Reconnaissance Program

Phase

:

Planning

Responsible Party: Transit Authority Staff Planner and/or
Planning Consultants

Guideline

:

Conduct environmental reconnaissance to de-
termine the community and environmental sensi-
tivity of the general area adjacent to pro-
posed routes and stations

General Statement: Reconnaissance shall include the following
factors

:

Conditions of physical environment:

Air
Noise
Water quality
Geological and soil conditions
Etc.

Community (business establishments and
individuals) sensitivity to disruption
and displacement

Public services and facilities

Aesthetic and historical values

Traffic conditions

Other factors as may be important to the

local area.

Basic information can be obtained from re-
gional, state, and local government, public
and private agencies, and through public par-
ticipation and field inspection. Formal
agreements with utilities companies can be

made to assure mutual cooperation and support.
The reconnaissance should be documented ade-
quately to serve as a baseline for monitoring
during construction.
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Guideline No. 2: Route/Station Location

Phase

:

Responsible Party:

Guideline

:

General Statement:

Planning

Transit Authority Staff Planner and/or
Planning Consultants

Select route/station locations at the micro-
scale to minimize adverse effects of construc-
tion on community and environment within the
context of long-term locational concerns

Route/station locations shall be selected
to avoid, to the extent possible, sensitive
receptor sites. The sensitive receptor sites
will include, but are not limited to:

Hospitals

Nursing homes

Historical sites

Schools

Residential concentrations of elderly
persons

.

Location decisions shall be made in the best
overall public interest. Coverage will take
into account:

Air quality

Vibration

Noise

Traffic circulation

Public health and safety.

Efforts to locate routes and stations to pro-
vide service to particular users shall be

balanced by a clear recognition of the damages
which construction may cause. This balance
is particularly important when immediate
physical damage is a possibility, such as

in the vicinity of hospitals or other insti-
tutions where sensitive instruments are em-

ployed .
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Guideline No. 3: Environmental Specifications

Phase

:

Design

Responsible Party Engineering Consul tant/Environmental Con-
sultant

Gui deline

:

Incorporate explicit environmental specifica-
tions into contract documents

General Statement Contract documents shall include specification
of minimum acceptable levels of environmental
control, and shall include explicit pollution
control activities. Coverage as a minimum
shall include:

Noise

Air
,

i . e
. ,

dus t

Vibration

Where possible, coverage should additionally
include

:

Surface water

Ground water

Ground stability

Biota

Economic climate

Services

.

Other elements of concern should be included
as dictated by local conditions. Compliance
may be encouraged by establishment of a single
lump sum pay item to be paid for performance.
Performance should be established by monitor-
ing conditions, relative to the baseline (see

Guideline No . 1 )

.

The preparation of environmental specifica-
tions will require several steps:

Existing applicable standards and regu-
lations should be identified and summa-
rized. Federal, state, and local codes
and ordinances should be included.
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Attention should be given to all elements
of environmental concern.

Criteria and standards for control should
be established to meet local conditions,
when regulations are non-existent or are
judged to be inadequate for site condi-
tions .

Impact monitoring and enforcement proce-
dures should be established and described
in the contract documents.
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Guideline No. 4: Review of Specifications

Phase

:

Design

Responsible Party: Environmental Regulatory Agencies

Guideline

:

Review and comment on environmental provi-
sions of construction specifications

General Statement The review agencies shall include Federal,
state, and local agencies which have juris-
dicton by law or designated special expertise
with respect to environmental requirements
and controls. These agencies will include,
but are not limited to, the following:

U.S. Environmental Protection Agency,
regional office

State water, air, and noise control
agencies

City environmental protection agency,
or city agencies vested with such auth-
ority

Local traffic control agency

Utility companies.

The review shall focus on the compliance of

the environmental specifications with existing
environmental protection regulations.
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Guideline No. 5 : Review of Specifications

Phase

:

Design

Responsible Party: Insurance Company and/or Safety and Loss
Control Consultants

Guideline

:

Review and comment on environmental specifica-
tions with respect to general public safety
and nuisance control provisions.

General Statement: The insurance company and/or safety/ loss con-
trol consultant shall review and comment on

the soundness and applicability of the envi-
ronment provision of the construction speci-
fications based on their unique knowledge
of the causes of relevant litigation, general
public injury, and damage claims. Special
attention shall be given to:

Construction activities which are sources
of vibration

Requirements for protective devices and/or
watchmen

Adequate signing and traffic regulation

Dust control

Ground stability

Services and utilities.
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Guideline No. 6: Permit Coordination

Phase

:

Pre-construction

Responsible Party: Transit Authority

Guideline

:

Establish coordinated permit system

General Statement: The Transit Authority shall establish a coordi-
nated program for obtaining required permits
and easements during the construction process.
The following considerations should be in-

cluded in establishing this program:

Negotiation with third party agencies
for working and temporary storage areas,
stockpiling and disposal of spoil, right-
of-access to construction sites, truck
hauling routes, utility relocation and

alteration of traffic circulation pat-

terns, underpinning of adjacent and over-
lying buildings, etc.

Application for permits required by local

environmental regulations, codes versus
ordinances

.

Contractors should be made familiar with the

program at the pre-bid stage and should under-
stand their responsibilities to individual
agencies issuing permits.
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Guideline No . 7 : Environmental Briefings

Phase

:

Pre-construction

Responsible Party: Transit Authority

Guideline: Include environmental concerns in briefings
and training sessions for contractor person-
nel, resident engineers, and other responsible
parties

.

General Statement: Attention shall be focused on the following
i terns

:

Particular environmental, social, eco-
nomic, and community problems related
to the project

Environmental provisions of specifications

Impact control practices and community
relations

Contingency plans to handle unanticipated
environmental problems.
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Guideline No. 8: Community Relations Program

Phase

:

Pre-construction

Responsible Party: Transit Authority

Guideline

:

Conduct Community Relations Program (refer

to the discussion in Section 4.2).

General Statement: The Transit Authority shall conduct a commu-
nity relations program, which as a minimum,
will include:

A training session on community relations
for the Contractor, Resident Engineer,
and the Transit Authority's community
relations staff

Establishment of communication channels
with community

Active involvement of the public through
informational meetings

Informing the public of the timetable
of construction, and anticipated construc-
tion activity and potential impacts, and

the mitigating measures to be used.
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Guideline No. 9: Permits

Phase

:

Responsible Party:

Guideline

:

General Statement:

Pre-construction

Contractor

Obtain necessary local construction and en-
vironmental permits from regulatory agencies
or property owners

The contractor shall be responsible for ob-

taining necessary permits, easements, and
other permission necessary for construction.
The Transit Authority shall assist in obtain-
ing these permissions (cf. Guideline No. 6).

In general, the environmental permits may
include

:

Anti-noise requirements

Stockpiling and disposal of spoil permits

Groundwater discharge permits

Street closing, traffic detour, or diver-
sion plans

Disconnection or relocation of utilities

Erosion and sediment control require-
ments

Dust and smoke controls.

The contractor will in general be responsible
for supplying such construction planning as

is required to obtain permits within the

context of the coordinated permit system.
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Guideline No. 10: Community Relations Program

Phase

:

Pre-construction

Responsible Party: Contractor

Guideline

:

Participate in Community Relations Program
(refer to the discussion in Section 4.2)

General Statement: The contractor shall participate in a com-
munity relations program which shall entail,
as a minimum, the creation of signs showing
the following information:

The name and telephone number of the
person responsible for receiving com-
plaints and questions

The emergency telephone number at the

construction site
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Guideline No . 11: Community Relations Program

Phase

:

Pre-construction

Responsible Party: Resident Engineer

Guideline

:

Participate in the Community Relations Program
(refer to the discussion in Section 4.2)

General Statement: The Resident Engineer shall participate in

the community relations program which, as

a minimum, will:

Establish communication channels with
the community

Disseminate information on the persons
and telephone numbers to contact with
respect to construction information and
problems on individual projects.
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Guideline No. 12: Review of Permit Applications

Phase

:

Pre-construction

Responsible Party: Local environmental regulatory agencies

Guideline

:

Review contractor's applications and issue
environmental permits

General Statement: The review shall be based on the following
factors

:

Compliance of specific environmental con-
trol measures with permit requirements

Conformance to local standards and regu-
lations

Coordination with other construction proj-
ects that may be active and the combined
impacts of these various projects.

The coordinated permit system established
by the Transit Authority (of Guideline No. 6)

will provide assurances that coordination
among projects is accomplished and that con-

tractors understand their responsibility on

environmental concerns.
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Guideline No. 13: Oversight of Compliance

Phase

:

Construction

Responsible Party: Transit Authority

Guideline

:

Assign staff to oversee Resident Engineer's
enforcement of environmental provisions of

specifications

General Statement: Definite assignments of responsibility for
environmental control shall be made. Auth-
ority to order withholding of payment (cf.,

Guidelines No. 3) shall be vested in such
responsible party. The assigned staff may
be the same as those who oversee the enforce-
ment of engineering specifications, provided
they are familiar with environmental concerns.
Responsibilities may best be carried out
through:

Spot checks

Irregular site inspections

Scheduled site inspections

Scheduled audit reviews

The evaluation should be based on the thorough-
ness with which the contractor has complied
with the specifications, and on measurements
of conditions, as compared with those existing
prior to construction (cf., Guideline No. 1).
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Guideline No. 14: Response to Complaints

Phase

:

Construction

Responsible Party: Contractor

Guideline: Respond to and resolve complaints and, as

directed by the Transit Authority, correct
unanticipated environmental problems

General Statement: The contractor shall be sensitive to community
and environmental problems and respond to

them promptly. Costly construction delays
and litigation may be avoided thereby. Ex-
amples of the unanticipated community and

environmental problems are accidents, breaks
in utility lines, flooding, community opposi-
tion, and vandalism.
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Guideline No. 15: Enforcement of Specifications

Phase

:

Construction

Responsible Party: Resident Engineer

Guideline

:

Enforce environmental provisions of specifi-
cations

General Statement: Enforcement shall be done by following the

monitoring and inspection procedures outlined
in specifications. Monitoring should include
periodic inspections and spot checks of en-

vironmental conditions. Establishment of

a system of continuous monitoring may be re-

quired by local conditions (cf., Guideline
No. 1). Enforcement may involve the follow-

ing:

Verbal indication of violation

Written warning

Written correction orders

Orders for withholding payment (cf.,

Guideline No. 3)

Stop-construction orders.
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Guideline No. 16: Site Inspections

Phase

:

Construction

Responsible Party: Local environmental regulatory agencies

Guideline

:

Conduct site inspections to correct viola-
tions; investigate and help to resolve public
complaints

General Statement: The regulatory agencies shall assure that

the conditions for permit issuance are being
met. These conditions should, as a minimum,
include the following:

Compliance of specific environmental con-

trol measures with permit requirements

Conformance to local standards and regu-
lations. The agencies should avoid taking
an adversary point of view in this en-

forcement .
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Guideline No. 17

:

Inspections

Phase

:

Construction

Responsible Party: Insurance company/safety and loss control
consultants

Guideline

:

Conduct inspection on- and off-site to correct
violations; investigate and resolve public
injury and damage complaints which could lead
to third-party claims

General Statement: Inspections for insurance purposes shall en-
deavor to provide incentive for good environ-
mental control. The inspection may be made
in conjunction with the safety superintendent.
The inspection shall concern the following:

General public safety

Third-party property safety
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4.2 COMMUNITY RELATIONS GUIDELINES

An effective community relations program can reduce the degree of

disruption experienced from construction. When people know what to ex-
pect and feel that efforts are being made to deal with their problems,
they are more likely to be tolerant of the temporary changes imposed
upon them. Even further, the understanding and goodwill developed may
both reduce costly delays in construction, costs of accidents and van-
dalism, and yield long-term benefits to the transit system and city as

a whole. Because the importance of a community relations program, guide-
lines for this area are presented separately from other general environ-
mental guidelines.

A community relations program should be established during the plan-
ning and design phases of the transit system building program. The con-
tacts made during these early phases can be used as a base on which to

build a continuing, positive relationship with business people and resi-
dents once construction is underway. Also, experience and knowledge
gained from the public hearings and community meetings can be effectively
utilized in the preconstruction and construction phases.

The primary purpose of the community relations program is to reduce
the direct conflict between subway construction activity and the com-
munity which is affected by the construction. The impacts of construc-
tion, perceived and real, can be addressed through a well-structured
public information program carried on throughout all phases of planning,
design, and construction. However, there will be specific, more immedi-
ate, questions and complaints which must be dealt with through a con-
trolled referral or complaint-handling process.

Because of the continuity of the Transit Authority's role during
the construction process and beyond, the primary responsibility for car-
rying out a community relations program is placed on the Authority.
However, it is vital to the success of the community relations program
that all participants in construction activity be sensitive to the com-
munity's concerns and appropriately involved in the community relations
program

.

The following sections describe the actions which can be taken to

implement an effective community relations program. It should be noted
that these are guidelines only, based in part on past experience, and

it is anticipated that users will employ them in developing a program
tailored to meet specific needs of project and community. Table 4.2
summarizes the discussion.

4.2.1 Phases Prior to Construction

The phasing and design phases of the program are foundations of an

effective community relations process. It is important that the pub-

lic be involved early in the system planning process through informational
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meetings held prior to the public hearings. During this phase, the Tran-
sit Authority public or community relations department is primarily re-
sponsible. The timing, format, and coverage for the informational sessions
are dependent on the specific community, the stage of planning, the funds
available, the degree of public controversy surrounding the system or

the specific impact area, etc. Basically, the effort should be directed
not only toward informing the public of the system but also toward obtain-
ing input from the citizens as to their needs, concerns, and suggestions
for improvements.

Meetings should be provided as a part of an overall, systematic pub-
lic program to include all citizens in the region. Specific interest
groups may also request other sessions. In general, these meetings
should be conducted by personnel representing the responsible public
agency, generally the Transit Authority. Other staff personnel attendance
should include engineers and planners as appropriate for the particular
phase of planning and design to respond to technical questions. As im-

portantly, it is at these meetings that the engineer and planners can

become "sensitized" to the needs and concerns of the public. Consulting
engineers or planners may be included to respond to technical issues;

however, the Transit Authority should supply the bulk of the information
and be responsive to policy issues.

A general format for such meetings should include a pictorial pre-
sentation of other rapid transit systems from planning and design phases
through construction, illustrating the types of disruptive activities
and their controls which can be expected to a completed system. Plans
for the regional system and the immediate impact area should be presented
and the tunneling process described. These sessions should be carefully
prepared, and even rehearsed, with participants asking each other proba-
ble questions.

After presentations are made, a dialogue between planner and public
should be initiated to permit exchange of questions and answers on the

entire range of citizen concern, including the environmental aspects
of the construction. Many of the primary concerns at these early stages
will relate to house taking and station locations. It is at these ses-

sions, however, that concerns about safety, vibration, noise, flooding,
etc., may be addressed. Some of the negative aspects of existing rapid

rail systems, such as crime, filth, graffiti, etc., should be covered
at these sessions also.

These meetings are, of course, part of the larger planning process,
and arrangements for notices, meeting places, and the timing must be

determined in conjunction with the overall community interaction program.

It is important to identify the community leaders, whether they be

the president of the downtown merchants' association or the homeowners'

association in a residential area, and work with them and their member-
ship. These relationships should be built and nurtured through the plan-

ning, design, and construction process to ensure continuity and support
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for the program. In both San Francisco and Washington, individual com-
munity leaders, especially businessmen, have provided inestimable support
to the transit construction as they have come to realize the importance
of their cooperation to the satisfactory and timely completion of the
project. In addition, these relationships allow the citizens to identify
individuals in the system who can provide them with specific information
or relief from adverse situations.

Early in the program businessmen should be apprised of the types
of disruption they can expect; the use of photographs from projects such
as BART or WMATA can be especially useful here. They should be aware
of the trucks, cranes, storage areas, outdoor sanitary facilities, deck-
ing, catwalks, blasting, and all other activities which will take place
in the vicinity of their businesses. At this time, they should also
be made aware of the types of actions which will be employed to mitigate
the adverse effects of the construction phase. To the degree possible,
information should be provided on the extent, in terms of both intensity
and time, that businesses may be exposed to adverse impacts.

They should be apprised of the fact that environmental specifica-
tions will be included in the contracts and that the contractor will
be required to develop and carry out an Environmental Control Plan, a

Traffic Control Plan, and a Safety Plan. They should learn who, e.g.,

Contractor, resident engineer, etc., will be the agent they can turn

to for immediate action and that this agent will be available when needed.

Similar information should be provided to residents and community
groups as appropriate. From these meetings, it may be anticipated that

positive communication links may be formed, that many fears will be dis-

sipated, or at least acknowledged, and that there will be constructive
suggestions presented by the citizens. It is important that all avenues
be provided to let the community be involved, to actively understand
and participate in the process, and to communicate their findings to

other members of the community.

These same principles should be followed at the public hearings.
The requirements for hearings are stated in the Urban Mass Transporta-
tion Act of 1970.

Although the opportunity for dialogue is reduced at the hearings,
due to the need for greater formality, they do provide a useful forum,

because there will be many people attending who did not attend the infor-

mational sessions. It is at the hearings that the Transit Authority
may acquaint the public with the steps being taken to protect them from

safety hazards and environmental intrusion. Again, it may be expected
that useful citizen input may be gained at these hearings which can be

used in finalizing the construction specifications before bids are re-

quested .

During the planning and design phases, the Transit Authority should
also be educating its own community relations staff. If possible, staff
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may be sent to a city where construction is in progress to work as a

"shadow" staff to better learn the day-to-day operations, to observe
the problems that arise, and to observe the construction process first-
hand .

If funds permit^ or if funds can be provided from private sources
such as a Chamber of Commerce, a representative group of community and
business leaders should be exposed to an ongoing transit construction
program in another city. They should observe the terminals, the plank-
ing, the barricades, traffic and access solutions, etc.; listen to blast-
ing, to exhaust fans, and even to rolling stock if possible. They should
talk to their counterparts in the observed city and obtain sufficient
information to be able to communicate, hopefully positively, their im-

pressions of an ongoing process. From their observations, they too might
be able to suggest additional controls to mitigate adverse effects.

If it is not possible to send a group of citizens, an alternative
might be to show a good film or set of slides of a system under construc-
tion or to have a representative of the system make a presentation.

4.2.2 Construction Phase

During the construction phase, the community relations program is

focused on maintenance of community information on construction prog-
ress, and on response to questions and complaints raised. There are

a number of steps which can be taken to provide the structure for effec-
tive community relations:

Establish contractor responsibility

Hold meetings and briefings

Establish resident engineer responsibility

Respond to questions/complaints

Provide community information and involvement mechanisms

Each of these steps will be discussed below.

Establish Contractor Responsibility — A most effective vehicle for

community relations is to require in construction specifications that

the contractor have a person on the site responsible for community rela-
tions. This person should be a full-time employee who is familiar with
the project as a whole and who is able to respond courteously and effi-
ciently to citizen problems. He may perform other functions, such as

serving as 0E0 (Office of Equal Opportunity) officer and/or safety of-

ficer. He should be in a position to make inspection of property dam-
age complaints with the resident engineers and to file and expedite re-

ports. In addition, he or the contractor's project manager should make
visits to local businessmen and residents during construction, especially
prior to initiation of some particularly disturbing action such as blast-
ing. Other activities are described below.
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Hold Meetings and Briefings — Using the area groups established
in the planning and design phase, neighborhood and special interest meet-
ings should continue to be held, especially prior to the introduction
of any construction equipment in the area. At this time, the Transit
Authority personnel who were present at previous meetings should be ac-
companied by the project manager or responsible community relations per-
son for the contractor, and the resident engineer, or the resident en-
gineer community relations specialist (see below). Again, these meetings
should be informal, scheduled to meet the needs of the group. A presen-
tation should be developed illustrating the types of tunneling processes
and the impacts which may be expected. All details of the construction
process should be fully explained, as well as the activities to mitigate
adverse impacts relating to traffic, access, noise, dust, safety, etc.
It may be expected that the citizen response will be to question if all
alternatives have been considered. Useful suggestions may be presented
by the citizens

.

Pamphlets, brochures, or newsletter-style handouts may be distri-
buted at the meeting and to as many residents and businesses in the area
as possible. Information in the handout should include a small map show-
ing the impact area and sites for vent shafts, fans, etc., as well as

a verbal description of the process and its potential impact. To the

extent possible, dates of construction activity should also be included;
however, it is better not to specify a date if there is any possiblity
that contract, weather, materials, or other delays could occur.

One of the most important elements in the handout is the list of

responsible agents—names, affiliations, functions, addresses, and tele-
phone numbers (home telephone numbers may be included if desired or at

least given verbally at meetings and individual briefings). These should
include the contractor representative, the resident engineer, the com-
munity relations specialist for the resident engineer, and the transit
authority community relations representative. The public should know
that in emergencies they may contact the police or fire department, which
will also have these telephone numbers.

The contractor or resident engineer may hold briefings for individ-
ual businesses and residents in the immediate impact zone to alert them
to expected effects. In addition, circulars should be distributed and
signs posted immediately prior to the onset of severe actions such as

blasting. As an alternative to briefings (or in addition), store-front
information centers may be established to provide ongoing information
and forums for discussion for local area residents. Such store-front
centers may be established during the planning phase and maintained until
the system becomes operational.

Establish Resident Engineer Responsibility — As stated above, the

primary responsibility for a successful community relations program lies

with the transit authority. However, the effective execution of the

program, outside of the meetings, is often the responsibility of the

contractor working closely with the resident engineer. The contractor
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must respond quickly and effectively to damage complaints and should
establish machinery for this quick response and filing of insurance
claims where appropriate. The resident engineer and the insurance agent
should be part of this response machinery.

It is also important that the community relations functions of the

resident engineer are well defined and coordinated. In the case of

Washington METRO, a satisfactory solution has been established through
appointment of a representative of the resident engineering firm whose
sole responsibility is community relations. As the system has expanded
an assistant has been added. These are experienced engineers with a

courteous, friendly approach to both the public and the construction
engineers. They are on call at all times and function as a coordinating
and enforcing layer between the resident engineer and the Transit Au-
thority. They pay personal visits to merchants and businessmen and en-
deavor to provide solutions to difficult problems. Because of their
broad perspective, they can provide information which ranges from locat-
ing rock spoils from one portion of the system to be used as rip rap
in another community, to finding information useful to court cases, and
in some cases preventing suits. This role is part of a larger management
decision, but has proved effective in at least one area.

Respond to Question/Complaints — Once construction has commenced,
or even before, a variety of questions from the public will be addressed
to the various agents. These may be categorized as informational queries
and impact queries or claims.

The following are examples of typical informational questions:

Will my home be taken?

There is an underground stream in this area—will we all have
flooded basements?

How long will my street be closed?

These may be handled directly if the respondent knows the answer.
If not, they may be referred to the real estate office, staff engineer,
the resident engineer, or the contractor. It is advisable that the origi-
nal respondent check to ascertain that the caller has received a satis-
factory answer.

Impact queries relate to particular problems or complaints. For
example, the most common type of complaint is noise-related. The general
process of response is to determine if the noise can be stopped or re-

duced and to work with the contractor in so doing. If noise reduction
cannot be effected, it will be necessary to explain why to the caller
and to offer to meet with him or her to further explain the problem,
its probable duration, etc. Damage complaints must be handled immediately
and all attempts made to repair or prevent further damage if it is deter-
mined that the cause is transit construction. If the machinery and lines
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of communication are established, the response phase of the community
relations program should help to mitigate the adverse impacts of the
tunneling process.

Provide Community Information and Involvement Mechanisms — Mech-
anisms for more active community involvement are useful as possible com-
pensation or mitigation of disruption and hazards imposed by construction.
Examples of such mechanisms include the following activities:

Conducted site tours for neighborhood residents (particularly children)

Transit authority support for special promotional activities for

businesses in the area

Competitions for decoration of construction barriers and other tem-

porary structures

"Completion" celebrations promoted jointly by local businesses and
community groups.

Such activities serve to help to maintain effective dissemination of

information during the construction process.
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5. SPECIFIC ENVIRONMENTAL CONTROL MEASURES

This section suggests detailed control measures for reducing nega-
tive impacts on each element of environmental concern. These control
techniques are organized to be compatible with the "General Environmental
Guidelines" (Section 4). Emphasis of these control measures is placed
on the design and construction phases. No specific control techniques
are provided for the planning phase because of the generally low level

of definition of the construction process at this stage.

These control techniques can be incorporated into the environmen-
tal specifications as possible mechanisms to achieve environmental re-
quirements, or used as guidance for engineering and personnel. Table 5.1

shows that these techniques fall into six principal categories.

It should be noted that any specific measure must be accommodated
to the particular problems of project and site. It should also be recog-
nized that some added costs may be associated with particular control
measures, but an effort has been made here to minimize these costs, to

the extent possible.

5.1 TRAFFIC CIRCULATION

A certain amount of disruption is unavoidable
However, if effective efforts are made to improve
struction with the ongoing activities of the area
is to occur, the adverse impact of disruption may

during construction,
coordination of con-

in which construction
be reduced.

5.1.1 Design Phase

Engineering Consultant —

Consider possible traffic impacts in the design of the tunnel and selec-
tion of the construction method. This is particularly important if the

transit route/station is along a major arterial or runs through major
intersections in the Central Business District. These include:

Consideration of underground versus surface construction, with re-

spect to traffic impact

Use of prefabricated structure or under- the-roof construction in

the cut-and-cover method to minimize traffic disruption

Evaluate Federal, state, and local manuals on traffic control and main-
tenance and determine applicability to local conditions. Specify appli-
cable sections with which the construction specifications must comply.

Federal — Part VI, "Construction and Maintenance Operations," pub-
lished by the U.S. Department of Transportation, Federal Highway
Administration, provides general applications of signing, barricades,
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labile 5.1

Summarized Specific Environmental Control Techniques During Construction

Relative Likelihood That Such A Measure Can Be Effectively

Applied To The Environmental Element Of Concern

Traffic

Circulation

Air

Quality

Surface

Water

Ground

Wafer

©w
o
2

Vibration

Ground

Stability

Biota

(Aquatic

and

Terrestrial)

Community

Coheslvaneas

Public

Health

and

Safety

Services/

Utilities

Economic

Climate

Visual

Quality

Type of Control Techniques Examples

Selection of Working and
Storage Area

• Avoid sensitive areas

such as hospitals « • O 9 • O O • O

On-SIfe Source Control

(Construction Site, Working,

Storage and Stockpiling Areas)

• Use mufflers on equipment

• Use devices to control erosion

• Filter dewatering discharge

• Provide accoustical enclosures

• Maintain traffic and width

• • 9 o 9 • 9 O • • • • •

Oil-Site Source Control

(Spoil Dlepersal. Site Acceas,

Roads. Hauling Routes)

• Avoid routing trucks through

residential or busy commercial

districts

• Clean and water access road and

lower truck speeds to reduce

dust

• Institute erosion control at

disposal site

• Cover open-bodied dumping trucks

• • O 9 O O

Timely Schedullng/Staging

• Schedule activity to be compatible

with business timetable

• Restrict construction activity on

major arterials during peak

traffic hours

• Limit noise-generating activities

during certain hours

• 9 O 9 • O O •

Monitoring/Inspection/

Enforcement System

• Regular and irregular inspection

and monitoring spot checks • • o 9 o « O O O O o

Coordinations with Other

Construction Projects

• Coordinate construction sequence
to minimize cumulative impacts • O O o o

Good Construction

Management

• Use skilled, experienced workers to

assure good workmanship

• Place skilled watchman on site or

at safety barrier during non-

working hours

• Provide good maintenace of

equipment, good housekeeping

O o o o o

# Measure is likely to be effective in reducing impact on this element of concern.

O Measure is moderately likely to be effective in reducing impact on this element of concern.

Note: Blank means measure is generally unlikely to be effective in reducing impact on this

element of concern, but may be used if applicable to specific local condition.
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and channelizing devices, lighting devices, and control of traffic
through work areas, including detouring.

State — State manuals are similar to the National Manual but may
vary somewhat in specifics.

Local — Local manuals, if available, are usually general, as they
apply to the protection of construction and maintenance operations
on streets. The scope of the manual usually covers the maintenance
of vehicular and pedestrian traffic in public space for the purpose
of protecting the public. The manual may present samples of signs,

barricades, and their placement for various situations. It may also
specify that work schedule must avoid restriction of arterial roads
during peak traffic hours. Local manuals are not always available
and, if they are, are not always adequate.

Determine construction sequence and staging and include these in contract
documents as provisions or specifications by:

Coordinating with other construction projects in affected areas in

order to minimize adverse__traf f ic impacts, particularly with respect

to other segments of transit projects and street construction projects.
This can be done by:

Determining the traffic impact for each project on the basis
of time duration—weeks, months, years, or quarters—so that

the number of lanes available to traffic can be adjusted to fit

minimum circulation requirements for a specific period.

Coordinating traffic impact of each project by using a street
base map and plotting the effects and status of each street with
respect to traffic flow on overlays for each phase of the project
in order to adequately determine the composite impact time.

Separating the transit tunneling projects into proper bidding
sequence to minimize composite traffic impacts.

Adjusting, to the extent possible, the construction sequence
of the project to minimize composite traffic impact. (This

should be done in cooperation with the local traffic control
or public works agency.)

Considering local business time tables and community activities
,

such as the Christmas shopping season, peak commuter hours, lunch
hours, special festival activities, etc.

Cooperating with the local traffic control agency with regard to

complete or partial street closings, detours, rerouting, shifting
of traffic lanes, and other requirements.

Staging construction to minimize interference with major traffic
flow.
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Develop traffic maintenance specifications for the project. These should
include, but not be limited to, the following:

Construction sequence and staging (see previous discussions)

Traffic Control Devices — Specifications for signing, lighting,
channelization devices, barricades, pavement marking, watchmen,
flagmen, and other protective devices.

Pedestrian and Vehicle Access — Specificatons for access to all
property and alleys for deliveries, emergencies, and utility main-
tenance .

Detours and Bus Rerouting — Site permits required from local traffic
control and transit agencies.

Operational Lane Requirements (e.g., number of lanes and width of

each lane) — Specifications for each affected roadway for different
time periods such as peak/non-peak hours, weekdays/weekends, day-
time/ nighttime

.

Street Decking — In addition to engineering requirements, slip-

resistant surfaces, maximum horizontal gap, and vertical deviation
of decking surfaces should be specified. The decking sequence should
be specified and discussed with the local traffic control agency
and representatives of the communities.

Street Closing — Permits would be required from the local traffic
control agency. Planning agency should also be consulted. A public
hearing or meeting would most likely be required. If closing street
is acceptable, except for emergency vehicles, the street should be

closed in block sections in sequence in order to reduce the extent
of the impact. Care should be taken to provide alternative pedes-
trian access.

Public Safety — Specify requirements for protective devices or

watchmen to prevent, at all times, entry to the work site and storage
areas

.

Monitoring and Enforcement Responsibility — Specify agent respon-
sible for monitoring and enforcing traffic maintenance specifications
and procedures to be used.

5.1.2 Construction Phase

Contractor —
Give major consideration to maintaining traffic during construction in

the process of preparing the work plan for application for a construction
permit. Must also obtain traffic permit from traffic control agency,

based on a traffic control plan prepared by the contractor.
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The staging plan for construction should be in a logical sequence
with consideration given to minimizing disruption to traffic circu-
lation and parking.

Work should be scheduled in accordance with the recommendation in

these guidelines and as required by the contract drawings. Input
from the coordination model process regarding other projects should
be obtained from the consulting engineer for consideration.

The working plan must comply with the contract specifications.

Special emphasis should be given to adequate signing during construc-
tion. Signs should be posted prior to changes and should be directed
to pedestrians, as well as motorists.

Establish hauling routes to minimize traffic conflicts, particularly
avoiding sensitive areas.

Training should be provided for flagmen or other persons involved
in contact with the public to ease the interface. This training
can be held in conjunction with the safety training program.

Follow good construction practice.

Provide adequate construction site management in order to give suf-

ficient attention to traffic maintenance aspects.

Handle complaints promptly and follow by field inspection to correct
the situation. The local traffic agency representative should be

actively involved to the maximum extent possible.

Modify the approved work plan in response to any unforeseen problems,
complaints, or emergency conditions.

Apply to the Resident Engineer and/or regulatory agency if appro-
priate for immediate authorization to make changes.

Provide a positive community relations program for the purpose of orient-
ing the public to changing conditions in various phases of construction
activity, location of that activity, and handling complaints. This is

a joint responsibility with the Resident Engineer and Transit Authority.

Post signs at the project limits to provide information, including
the location of the project office and telephone numbers for regis-
tering complaints.

Provide a mechanism for informing the public in advance of bus re-

routing, detours, street closings, and traffic diversion.

Regularly meet with local residents and businessmen to keep them
informed of progress and upcoming activities.
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Be immediately responsive to complaints which are referred from the
Resident Engineer, transit authority, police or the regulatory agency.

Resident Engineer —
Review, modify, and approve the contractor's Traffic Control Plan for

compliance with the contract specifications for traffic maintenance.

Ascertain correct interpretation of the specifications.

Determine if the plan is practical for implementation.

Carefully monitor and effectively enforce the requirements for maintain-
ing traffic in accordance with the approved plan, specifications, and
guidelines

.

Receive complaints directly from the public and through the transit
authority

.

Perform inspections where necessary, ensure that adjustments made
to construction or traffic impedance practices. Follow-up to assure
that the problem has been alleviated and the complainant informed
of the action taken.

When unanticipated problems occur, ensure that necessary modifications
to the contractor's working plan are made, if necessary, in order to

correct impacts to traffic circulation.

Regulatory Agency —
Review, modify, and approve the contractor's Traffic Control Plan and

working plan for compliance with traffic maintenance standards and regu-
lations of that agency. This will be a traffic or transportation de-
partment or the public works department.

Determine that the Plan provides for a minimum impact in disruption
to traffic and parking to the extent practical.

Suggest alternative methods for handling problem areas.

Issue a permit(s) on the basis of conformance to local standards and

regulations

.

Provide a point of contact for the project.

Inspect and effectively enforce standards and regulations covering the

maintenance of traffic on a daily basis.

Authorize the modification of the contractor's Traffic Plan when condi-
tions necessitate.
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Respond to public complaints by referring them to the contractor. If

necessary, handle traffic control aspects and hold contract work until
the situation is resolved.

Transit Authority —
Review, modify, and approve Traffic Control Plan in conjunction with
other agencies

.

Establish a positive community relations program for the purpose of in-

forming the public on changing conditions (coordinated with the contrac-
tor and Resident Engineer).

The newspaper, radio, and television media should be used to publi-
cize, in advance, any changes that will occur in normal traffic pat-
terns, such as site preparation, reduction in street width, change
in direction of travel, or detours. This should include an explana-
tion of the problem and provide advice for persons traveling in the

affected area, and, where appropriate, the inclusion of a map to

orient the public to activities that will occur.

Maintain a complaint handling process which can efficiently handle com-
plaints by referral, inspection, and the follow-up. A close working
relationship with the Resident Engineer and contractor can expedite
necessary improvements to traffic maintenance.

Maintain full communication with other local agencies in regard to other
new construction timing for the purpose of reducing total potential
impact. If other construction projects occur simultaneously with the

tunnel construction, the regulatory agency should be requested to coor-
dinate the work in order to minimize traffic and parking disruption.

The traffic coordination process, described under design, should
be updated and used as a control for minimizing impact.

5.2 AIR QUALITY

Specific controls for air pollution are possible primarily at the

source

.

5.2.1 Design Phase

Engineering or Environmental Consultant —
Identify existing applicable regulations relating to air pollution and
include applicable regulations in the contract specifications. The U.S.

Environmental Protection Agency published that "reasonable precautions"
be taken to prevent construction-generated particulate matter from be-
coming airborne. Although these precautions are not mandatory at the

Federal level, many states have adopted them in the State Implementation
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Plan required under the Clean Air Act as control measures. Some of these
construction dust controls include:

Use, where possible, of water or chemicals for control of dust in

the demolition of existing buildings or structures, construction
operations, the grading of roads, or the clearing of land. (The
water pollution problem of chemical application should be considered.)

Application of asphalt, oil, water, or suitable chemicals on dirt
roads, materials stockpiles, and other surfaces which can give rise
to airborne dusts.

Installation and use of hoods, fans, and fabric filters to enclose
and vent the handling of dusty materials. Adequate containment
methods can be employed during sandblasting or other similar opera-
tions .

Covering, at all times when in motion, open-bodied trucks, trans-
porting materials likely to give rise to airborne dusts.

Lowering vehicle speed limit on unpaved (or dirt) roads.

Conduct of agricultural practices such as tilling of land, applica-
tion of fertilizers, etc., in such a manner as to prevent dust from
becoming airborne.

The paving of roadways and maintaining them in a clean condition.

The prompt removal of earth or other material from paved streets
onto which earth or other material has been transported by trucking
or earth moving equipment, erosion by water, or other means.

Several states and local jurisdictions have regulations for air pollution
controls which may be applicable to tunnel construction. These may in-

clude :

Control of exhaust from construction vehicles and other equipment

A Dust Control Plan as a requirement for application for construction
permi

t

Identify those control measures which may not be specifically required
by regulations, but which will minimize the impact or the size of the

area exposed. Control measures which could be specified include:

Timely scheduling of operations so as to minimize exposure area size

and time duration

Additional dust or exhaust controls in sensitive areas, such as a

requirement for a screen on the air inlet on the ventilation system

of adjacent buildings
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Specify dust monitoring requirements to monitor the adequacy of the dust
control program.

Specify minimum requirements for a dust control plan (on-site and off-
site) where not already stated in existing regulations.

Criteria for selection of control measures include meterology, topography,
climate and soil conditions, operations schedule, surface exposure, and
sensitivity of adjacent areas. Such control mechanisms could include:

Maximum surface exposure limits

Erosion controls

Soil stabilization requirement for exposed area and stockpiled ma-
terials

Provisions for covering all transported materials

Vehicle cleaning

Avoidance of transport routes through residential areas

Dust control precautions at disposal sites.

Specify vehicle and equipment exhaust control requirements not included
in existing regulations. These may include:

Maintenance of vehicles and equipment such as diesel engines in a

condition which prevents visible emissions

Maintenance of gasoline engine exhaust control equipment and engines
in good operating condition

Vehicle inspection requirements

.

Identify other control mechanisms having indirect effects on air pol lu-

tion . Applicable environmental guidelines which will address control
mechanisms to minimize aid pollution impacts and include circulation

,

access, and parking maintenance.

5.2.2 Construction Phase

Contractor —

Dust Control Plan — The contractor is responsible for the preparation
and submittal of the dust control plan . The contractor is respons ible
for carrying out the control plan and assuring its effectiveness during
the entire construction period. As a minimum, the program must be re-
sponsive to pollution control regulations as specified in the contract.
However, since all such control measures will be beneficial for both
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community relations and maintenance of equipment, it is recommended that
the contractor consider application of all reasonable cost-effective
measures for dust control. A dust control plan is recommended to include
those control measures described above (design phase) and specifically:

On-site dust control, such as watering unpaved truck routes or

covering stockpiled materials and exposed areas by plastic sheet
or mulch

Off-site dust control, such as cleaning trucks before leaving site,

covering hauling trucks

Scheduling considerations to minimize surface exposure

Soil or storage pile stabilization

Vehicle and equipment smoke control

Sandblasting and handling controls

Lowering truck speed on unpaved roads

Wind and water erosion control

Dust monitoring instruments, monitoring frequency.

Preparation and Submittal of All Permit Applications — It is recommended
that the contractor submit a Dust Control Plan with the permit applica-
tion. This can ensure the consistency of this dust control plan with
the permit requirements. The permits required from the local air pollu-
tion control agency may include:

General construction and land clearing

Open burning, if applicable

Diesel exhaust emissions

On-site fuel storage

Spoil storage area.

Resident Engineer —
Monitor Control Plan Effectiveness — It is recommended that the Resident
Engineer be responsible for monitoring the effectiveness of the control
plan. This would include:

Carrying out a program as specified in the contract document to

monitor dustfall
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Inspecting vehicles

Spot checking spoil hauling and disposal.

Modifications to Dust Control Plan — It is recommended that the Resident
Engineer make recommendations to the contractor for control plan modifi-
cations where monitoring indicates control measures are inadequate.
Such modifications might include:

Increasing the frequency of application of watering or soil stabili-
zation techniques

Rerouting trucks

Construction of barriers around sandblasting or dust producing ac-
tivities

Additional wind erosion controls including wind breaks, coverings,
enclosures, especially downwind from sensitive receptors

Retrofitting of diesel or gasoline engines with pollution control
equipment where such engines are used near sensitive receptors.

Public Information Program — The contractor, Resident Engineer, Transit
Authority, and Regulatory Agencies should participate in the public in-

formation program to inform the public of:

Potential air pollution impact

Description of the dust control plan and other efforts to be employed
to mitigate impact

A procedure for responding to public complaints including complaint
investigation and follow-up

A schedule of operations of impact generating activities such as

blasting, clearing, backfilling. Contractor is responsible for this.

Haul routes and disposal transport routes.

Transit Authority — It is recommended that the Transit Authority main-
tain staff familiar with environmental, and in particular, pollution
control regulations and methods. This staff should perform the follow-
ing functions:

Monitor the Performance of the Resident Engineer — In enforcing environ-
mental contract specifications, including the following:

Dust control plan

Diesel and gasoline engine exhaust control
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Off-site dust control.

This monitoring could be accomplished through scheduled and spot-check
visits to the site to inspect compliance.

Assist the Resident Engineer in Resolving Citizen Complaints — If war-
ranted, the Transit Authority staff should follow-up citizen complaints
by visiting the construction site to monitor the actions of the contrac-
tor and Resident Engineer in resolving the complaint. The Transit Au-
thority should be sensitive to the fact that citizen complaints frequently
reflect the socioeconomic status of the area and that complaints from
higher income areas may be more prevalent. In order to ensure compliance
at all sensitive areas in the vicinity of construction, the Transit Au-
thority staff may periodically visit the construction site and contact
residents or businesses in the area.

Regulatory Agencies — The Regulatory Agencies are responsible for grant-
ing, monitoring, and enforcing the terms of permits, any applicable air
quality standards and emission levels, and dust control plans. This
monitoring activity can include:

Scheduled Site Visits — To examine dust control and exhuast control
efforts

Participate in Meetings with Contractor, Resident Engineer, and

Transit Authority — To periodically review pollution control progress
and complaints

Investigate Citizen Complaints — Transmit these complaints to the

Resident Engineer and direct follow-up actions

Assist Resident Engineer in Establishing Dustfall Monitoring

5.3 SURFACE WATER

Control of runoff and erosion is the principal means of reducing
surface water impacts.

5.3.1 Design Phase

Engineering Consultant — It is recommended that the engineering con-

sultant include specific control measures as pay items in the environ-
mental specifications. Such measures include the following:

On-site measures to regulate drainage and erosion impact (necessary to

erosion control plan)

Mechanically retard the rate of runoff water by dissipating the

energy of flowing water, e.g., with straw bales, or other temporary
devices on steep slopes
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Use the existing or natural drainage system insofar as possible,

e
.
g

. ,
storm sewer, drainage ditch

Avoid altering water courses

Cover large open areas of exposed soil with mulch, plastic sheets,
or other appropriate cover

Save natural vegetation wherever possible

Construct berms on the top of embankments and take water down in

paved downspouts

On-site measures to reduce sediment load (necessary to erosion control
plan)

Diversion of storm water away from stockpiling area

Cover temporary spoil piles with protective materials such as mulch,
tarpaulin, or plastic sheeting

Trap sediment around stockpiling area by enclosing stacks or sediment
bas in

Minimize the area and duration of soil exposure by timely scheduling
and operation

Trap sediment in discharged and runoff water by retention ponds or

sediment basins

Provide sediment traps upstream and downstream of every culvert

Excavate collected silt from such traps when necessary, i.e., when
trap is full

Construct temporary sediment basins in staging, working, and spoil

storage areas

Protect natural vegetation so far as possible

Measures to control on-site generated construction and human wastes:

Install and maintain portable toilet facilities in a location not

offensive to residents of business foot traffic

Minimize the amount of spoil temporarily stored on-site

Provide adequate stockpiled spoil erosion control measures, e.g.,
covering temporary spoil stocks, enclosing stacks

Practice good housekeeping on-site
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Establish regular construction debris and water container pick-up
service for on-site waste accumulations

Provide equipment maintenance areas (for oil changes, lubrication),
and equipment petroleum wastes retention basins and disposal pro-
cedures

On-site measures to control the dewatering and discharge process (neces-
sary to dewatering discharge plan):

Identify the types of dewatering system to be used

Establish the type of sediment and mineral removal methods, e.g.,
filters, settlement basins, and efficiencies as required

Specify the maximum allowable soil particles or mineral concentration
of discharge water after a certain number of continuous hours of

initial operation

Off-site control measures

Trucks or other vehicles should be cleaned before leaving construc-
tion site

Minimize obstruction of navigable waters by avoiding construction
methods which block shipping channels, e.g., use of caison/cof ferdam

,

and timely scheduling of open water construction activities

Regulatory Agency — It is recommended that appropriate agencies such

as the state and local environmental control agencies review the draft
environmental specifications, in particular those relating to dewatering
discharge, spoil disposal, and erosion control. This is especially im-

portant if public storm sewers are to be the means of conveying dewater-
ing discharges to surface sources.

5.3.2 Construction Phase

Contractor — The contractor should incorporate specific control measures
into an Environmental Control Plan. This plan should also contain an

erosion control, dewatering, and spoil disposal discharge plan. It is

recommended that these plans be submitted to and approved by the Resident
Engineer and regulatory agencies. In addition, if sampling is required
in the specifications, sampling procedures and frequency should be in-

cluded in the control plan. It is recommended that it be the contrac-
tor's responsibility to secure all necessary permits relating to surface
water. Such permits may include:

Public sewer use permission

Spoil disposal and site acceptance

5-14



Wetlands license

Water quality certificate, e
.
g

. ,
from the Maryland Department of

Natural Resources

Dredging, filling, and quality of spoil approval

Local erosion control requirements

Dewatering discharge permission

5 . 4 GROUND WATER

While tunnel construction activities are certain to influence ground
water in the area of construction, control attention must also be given
to distant impacts caused by spoil disposal and related activity.

5.4.1 Design Phase

Engineering Consultant —
Conduct a survey of baseline groundwater conditions to secure the fol-
lowing data:

Quantity and quality of area's groundwater

Depth of groundwater below earth's surface in construction area

Groundwater usage, e.g., drinking water, agriculture, industry

Number of wells in area; depth and area of drain

Geological characteristics of water-bearing strata in area

Structures or foundations which would be affected by dewatering.

Identify all applicable regulations, criteria, or standards for water
pollution control in the construction area.

Prepare environmental specifications for protection of groundwater.
These will include minimum requirement for the following:

Dewatering procedures, e.g., well points, deep-well

Procedures for handling and disposing of discharge water, oil leaks,
litter, etc.

Equipment maintenance facilities and procedures for disposal measures
for petroleum wastes from such facilities

Sealing procedures for observation wells, explorative holes, etc.
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Grouting materials, particularly chemical grouting materials

Designate party responsible for monitoring observation wells, in-

strumentation to be used, orientation of wells to construction ac-
tivities .

Identify other control mechanisms having indirect effects on groundwater
pollution. Applicable environmental guidelines which will address con-
trol mechanisms which may affect groundwater quality include:

Chemical stabilization of dust control

Surface water, e.g., spoil disposal, landfill disposal

Public health and safety, e.g., sewer relocation.

5.4.2 Construction Phase

Contractor —
Prepare and submit permit applications for:

Dewatering operations and methods

Spoil disposal (landfill), if applicable.

Provide a public information program in conjunction with Resident Engi-
neer, regulatory agencies, and Transit Authority to provide information
on:

Possible groundwater impacts

Control methods to be used

Scheduling

Procedure for responding to citizen complaints or questions.

Implement all specifications for groundwater considerations given in

contract environmental specifications.

Utilize sound groundwater protection practices including:

Avoid excavating and dredging in a groundwater recharge area if

possible

Use safe, tested chemical grouts as required by the contract

Have underground blasting activities conducted by experienced ex-
plosives engineer
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Sink observation wells in directions oriented to the down gradient
side of excavations.

Resident Engineer —
Enforce environmental requirements specified in contract document.

Regulatory Agency —
Review permit application for dewatering operations and methods.

Monitor dewatering operations and grouting for effects on water quantity
or quality of groundwater.

5.5 NOISE

Noise controls are focused on protecting sensitive receptors from
excessive exposure to noise.

5.5.1 Design Phase

Engineering or Environmental Consultant — It is recommended that the

engineering or environmental consultant identify applicable existing
standards, regulations, and permit requirements as background to pre-
paring the environmental specifications. Such documentation relating
to noise will include:

Existing noise criteria for different time periods and durations
for different land uses in areas adjacent to the construction path
(Federal and state agencies such as Department of Housing and Urban
Development's (HUD Circular 1390.2) residential area noise criteria
and Federal Highway Administration's PPM 90-2 noise criteria for
different land uses can be used as references.)

Maximum noise levels allowable at the construction site for different
time durations (from OSHA)

Local noise ordinances prohibiting certain noisy activities, e
.
g

.

,

pile driving, blasting in certain land use categories at specific
times of the day, e.g., after 10 p.m. in residential areas (from
local and county agencies)

Construction permit requirements; applications for which can include
noise source identification, emission levels, source control meas-
ures, and receptor shielding techniques (from state and local regu-
latory agencies).

It is further recommended that the engineering or environmental con-
sultant identify key noise considerations which existing standards do
not adequately address. These may include the following:
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Anticipated composite noise generated at the construction site, i.e.,
summation of all sources, from the tunneling activities, and the

anticipated noise level at various distances from construction site

Masking of heretofore familiar noise sources by construction-induced
sounds, e.g., noise as a street-crossing guide to sightless people,
other special considerations of handicapped people.

Following these background and preparatory activities, it is recom-
mended that the engineering or environmental consultant draft environ-
mental specifications, including noise allowable emission level, control
mechanisms, and monitoring procedures. There are two general types of

noise control mechanisms—source and scheduling/siting controls. These
include the following:

Possible Source Controls

Electric instead of diesel-powered equipment

Hydraulic tools instead of pneumatic impact tools

Mufflers, sound- absorbing shields, and baffles

Environmental cabs, soundproof housings, or other acoustical enclo-
sures

Vibration-damping compound painted across piles to control the

ringing

Drilled piles or vibratory pile drivers instead of impact pile

drivers

Welding instead of riveting

Prefabricated structures instead of cast-in-place or assembly on-

site

Premixed concrete instead of mixing on-site

Scheduling/Siting Controls

Scheduling noisy activities to coincide with peak ambient noise
periods to reduce intrusive noise level if possible, e.g., during
day instead of night time; limiting noisy activity during lunch hours
in the business district; limiting noisy activity on weekends in

residential areas

Selecting truck routes to avoid noise sensitive areas, steep grades,
and to minimize traffic congestion and frequent stops
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Siting noisy stationary equipment as far as possible from sensitive
receptors

Moving exhaust fans back as far as possible into the tunnel (without
unduly jeopardizing the health of workers).

As a minimum, noise monitoring specifications should include the

following information:

Who is responsible for monitoring construction noise emissions
levels? I t is recommended that it be the Resident Engineer

.

What type of instrumentation or other tests are to be used for moni-
toring noise emissions? It is recommended that portable sound level
meters be employed by the Resident Engineer for compliance monitoring
purposes. In addition, it is recommended that as an early warning
device, a technique similar to the "Walk-Away Test" be used by the

Resident Engineer (see Section 3.5.3, Reference 6). The principle
behind this test is the distance at which voice communication becomes
very difficult bears some association to the noise acceptability
of a site. Because of the test's simplicity, i.e., requires only

two people, a 100-foot tape measure, and some reading material, it

is an excellent early warning procedure to apply during site visits
for identifying potentially unacceptable noise levels. However,
it is recognized that the original distance criteria for noise level
acceptability of the test will require modification in light of the

current state-of-the-art for construction noise control.

Who is responsible for furnishing the noise monitoring instruments,
such as a sound level meter?

Who is responsible for noise level measurement locations and fre-
quency? It is recommended that recordings of noise levels be at

construction site boundaries. In addition, an averaging technique
for sound level meter readings and standarized recording procedures
should be explicitly stated in the environmental specifications.

5.5.2 Construction Phase

Contractor — It is recommended that the contractor assume responsibility
for securing all requisite local permits relating to construction noise.
Such permits will include:

Public street use by heavy-duty vehicles (from highway and traffic
control departments)

Construction permit containing noise emissions control methods from
applicable noise abatement and control agency, e.g., the requirement
by New York City Noise Control Ordinance of 1972. It is further
recommended that the contractor be the agent in cooperation with
the Resident Engineer responsible for satisfying any self-reporting
requirements specified by the regulatory agency;
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Inform the adjacent residents, businessmen, merchants, and all con-
cerned parties in advance the schedules of noisy activities such
as blasting, pile-driving, and truck hauling.

5.6 VIBRATION

Construction vibration is a key control problem in areas where sen-
sitive receptors, such as historic buildings or laboratory facilities,
are located.

5.6.1 Design Phase

Engineering Consultant — The most important factor in controlling vi-
bration is the selection of a tunneling method. Therefore, it is recom-
mended that the selection criteria for the construction method include
the vibration impact of the technique and the sensitivity of the impact
area . The vibration generated from various construction activities will
have to be estimated by specialists. The sensitivity of an area to vi-

bration generally can be determined by identifying the existence of sen-
sitive receptors such as:

Structurally susceptible buildings, e.g., aged structures, rotted
foundations, historically significant buildings

Locations and types of sensitive equipment, e.g., computers, elec-
tronic equipment in radio and television stations

Human populations susceptible to the fright and annoyance frequently
accompanying vibratory activities, e.g., nursing homes, mobile home
courts, hospitals, day care centers.

Once the tunneling method is determined, it is further recommended
the engineering consultant include control mechanisms such as the follow-
ing in the environmental specifications:

The use of drilled piles in lieu of impact pile drivers

Restriction of blasting activity during certain time period of the

day

The use of delayed charge techniques when blasting is necessary

To require all use of explosives to be under the supervision of a

qualified explosives engineer

Stipulate the minimum criteria for protecting adjacent or overlying
structures which may be affected by generated vibration.

It is recommended that the engineering consultant state the proce-
dures, allowable limits, and responsibilities for monitoring vibration
in the environmental specifications. Such information should specify
the following:
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The dimension to be used to measure vibration. It is recommended
that peak particle velocity be used. The environmental specifica-
tions should state the allowable peak particle velocity at the re-

ceptor .

Who is responsible for taking the measurements, where measurements
should be taken with respect to sensitive receptors, and the fre-

quency of monitoring? It is recommended that the Resident Engineer
be the principal agent responsible for measuring vibration.

Who shall provide the measuring instrumental devices and what type

they should be?

Who shall be liable for damages due to construction-induced vibration
and who should be responsible resolving vibration complaints?

When and where certain vibratory activities, e.g., blasting, impact
demolition, or pile driving are prohibited?

Safety and Loss Control Consultants — The insurance company should re-

view and comment on all proposed safety practices, explosives storage
facilities, allowable peak particle velocities, etc., relating to vibra-
tory construction activities and specifications.

5.6.2 Construction Phase

Contractor — The contractor should prepare an Environmental Control
Plan which considers necessary actions to mitigate construction vibra-
tion impacts. In addition to requirements called for in the environ-
mental specifications, the control plan can include the following miti-
gating actions:

Installing monitoring instruments, e.g., seisometer, vibrometer,
at the locations of sensitive equipment

Hiring a qualified explosives engineer to do all blasting

Using millisecond-delay blasting to decrease the vibration level

Transporting, handling, using, and storing detonators and explosives
in strict accordance with established regulations and under the
supervision of the explosives engineer

If possible, scheduling vibratory activities during hours when mask-
ing of the impact is most likely to be effective as, for example,
during mid-day while prohibiting night time activities

Participating in the community relations program which includes in-

forming residents and business people in advance of the exact time,

location, duration, and nature of vibratory activities through per-
sonal visits, written notice, posting of signs, distribution of

notices and telephone calls.
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It is recommended that it be the responsibility of the contractor
to secure all necessary permits relating to vibratory activities. These
will include blasting permits, and transporting, handling, and storing
explosives and detonators permits.

Applications for these permits will require the contractor to specify
explicitly proper precautions to be taken to protect all persons, work,
and property during the period explosives are on-site and being trans-
ported.

Resident Engineer and Regulatory Agency — It is recommended that the
Resident Engineer monitor and record construction-induced vibrations
at regular intervals particularly during the most severe vibratory ac-
tivities, such as blasting, impact pile driving, and demolition. The
instrument readings, measured in peak particle velocity, should be re-
corded at sensitive receptors.

It is recommended that the regulatory agency work in cooperation
with the contractor and Resident Engineer to monitor and regularly in-
spect vibratory activities.

5.7 GROUND STABILITY

Control of ground stability is generally covered under sound engi-
neering design practice.

5.7.1 Design Phase

Engineering Consultant — Sound practice by the design engineer is essen-
tial to ensuring the protection of ground stability. This includes use
of sound design and establishing specifications for support of the tunnel
excavation and for protection of adjacent and overlying structures.
In addition to engineering cost, it is recommended that the design en-

gineer consider carefully the possible impacts caused by ground movement
and settlement discussed in Section 3 of this document. Since design
criteria and procedures are beyond the scope of the work of this study,
references for design and construction of tunnels relating to the pro-
tection of ground stability are provided at the end of this section.
The administrative guidelines for mitigating public inconvenience and
nuisance caused by ground movement or settlement are discussed below.

In addition to details of design, construction procedures—installation,
maintenance, or removal of the supporting system—should be specified
to a certain extent. This can reduce the potential for damage that may
be caused by poor construction execution.

The responsibility for monitoring and inspection with respect to ground
movement and settlement should be established in the contract specifica-
tion. This should include:
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Identifying the agent responsible for providing, installing, and
calibrating monitoring instruments. In general practice, the con-
tractor should be responsible

Specifying the kinds of instruments which are required and where
and how to install them

Identifying the Resident Engineer responsible for monitoring and
at what intervals

Define allowable movements or settlements.

Specify procedures for correcting excessive ground movements, settlement,
and accident situations.

Conduct engineering investigation of all buildings, structures, and
utilities which may be affected by tunnel construction. Document their

existing structure conditions and identify unsafe structures.

Design underpinning, shoring, or other supporting systems for those
potentially affected structures and utilities; both detailed design and

construction procedures should be specified and included as unit price
bid items.

Specify the following in contract:

Agent responsible for obtaining permits, consents, and approvals
for alternations or removal of existing structures and for construc-
tion of supporting systems for existing structures. It is recom-
mended that the contractor be the responsible agent and the Transit
Authority assist the contractor in the negotiations.

Specify when to obtain permits and approvals.

Allowable time period and duration for each type of construction
on existing structures or utilities.

Prohibited types of construction activities such as pile driving
too close to existing buildings

Time restriction for type of activities which may be disturbing to

occupants or general public such as drilling, utility disconnection.

Specification requirements for restoration of existing buildings,
structures, and utilities.
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5.7.2 Construction Phase

Contractor —
Prepare and submit for approval the work plan for ground supporting sys-
tem and/or for protection of existing structures. Guidelines for design
and construction of supporting system, referenced in the list at the
end of this section.

Employ skilled laborers and workers for supporting work— employ good
workmanship, highly qualified supervisor to lead and enforce.

Communicate constantly with occupants of affected buildings and owners
of utilities; provide adequate notice to occupants and owners prior to

the start of supporting system construction.

5.8 TERRESTRIAL AND AQUATIC BIOTA

If careful construction procedures are applied, much of the damage
to biota may be repaired by restoration of natural growth conditions.

5.8.1 Design Phase

Engineering Consultant —
Prohibit dredging, filling, and open water spoil disposal near valuable
stationary spawning grounds and feeding areas of aquatic species.

Provide control mechanisms such as barrier shields, modified dredge
equipment to limit turbidity generated by dredging activities.

Require restoration of bottom areas to original contours following dredging
and filling activities.

Restrict dredging activities to specified times, i.e., avoid peak tidal
periods to confine and control turbidity; avoid fish spawning period.

Provide measures to minimize the impacts of disposal of spoil.

Require restoration of any vegetation damaged or removed by contractors.

Preserve existing vegetation on or adjacent to the construction site

which does not unreasonably interfere with the construction work.

Avoid damage to vegetation which is to remain in place while removing

authorized vegetation.

Restore surface biota removed by relandscaping or replanting.

Institute rat control measures as necessary.
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Regulatory Agency — It is recommended that concerned regulatory agencies
review and comment on the proposed environmental specifications relating
to biota. For instance, the agriculture or health department should
review any pest control measures, and identify those areas where pest
control techniques may be necessary. The Park or Planning department
should similarly be involved where construction encroaches on public
park lands and vegetation. In addition, the local governmental agency
responsible for urban area vegetation, i.e., trash removal, landscaping,
should review the environmental specifications.

5.8.2 Construction Phase

Contractor — The contractors should secure all necessary permits relat-
ing to biota, such as:

Use, application, and storage permits for pesticides, e.g., pest

control sprays, and spoil disinfection substances

Construction permit for work on/or under public park land

Dredging and filling permit (see Surface Water)

Spoil storage, transport, and disposal permits

Tree removal permit

It is also recommended that the contractor use the services of ex-

perts from an agriculture or health department when implementing a pest
control program. These agents can provide information such as rodent
survey data, pest control guidance, and most effective control techniques.
The subsequent treatment and demolition of infested structures and the

excavation, storage, and disposal of spoil should also be monitored by

these experts for detection of migration and to control effectiveness
of the pest program.

5.9 COMMUNITY COHESIVENESS

Effective community relations programs (see Section 4.2) are gener-
ally the most effective means of dealing with this concern.

5.9.1 Design Phase

Engineering Consultant —
Maintenance of safe, clean working conditions with the least amount of

visual intrusion will aid in reducing negative impacts.

Effort should be made to reduce to the extent possible estrangement from
surroundings by preserving buildings, park areas, trees, and neighbor-
hood focal points, historic sites, or gathering places.
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5.9.2 Construction Phase

Contractor, Resident Engineer, and Transit Authority — By becoming fa-
miliar with the community, the contractor can be in a better position
to be sensitive to avoiding or reducing actions which will tend to be
most disruptive and to reinforce those which will make the construction,
and hence, the transit system part of the community.

Monitoring access is highly important, especially for senior citizens.
Special walkways might be necessary if they would save an elderly person
a block or two for shopping. Also, children should have safe access
to schools, playgrounds, etc.

If special community events are scheduled, work with the citizen or mer-
chants group to integrate the activity with the construction work.

Hold special events, e.g., at mileposts in the construction, such as

block parties, or suggest special promotional sales to merchants.

Transit Authority — Because the transit property is a publicly held
operation, it is important that the Transit Authority continually monitor
the community impact of the tunnel construction and provide inputs to

the process through the actions described above and through the community
relations program.

5.10 PUBLIC HEALTH AND SAFETY

Many of these concerns are best covered in conjunction with design
of the insurance program. Care must be taken that use of "wrap-up" in-

surance does not imply that individual contractors are freed from taking
proper safety measures.

5.10.1 Design Phase

Engineering Consultant — The engineering consultant should specify in

the contract actions to be taken to minimize the impacts on public health
and safety. Among these are:

Fencing the construction area. The choice of opaque or chain link

fencing will depend on the local situation

Identifying and separating the "hard hat" area

Preventing children and other passersby from accidentally entering
construction site by use of a watchman during work hours and con-

trol devices such as locked gates during non-work hours

Identifying the construction area, staging, or storage areas with
proper signing, fencing, and lighting
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Assigning trained watchmen to operations of crane booms, bulldozers,
trucks, and other heavy construction work which may extend to general
public areas

Using reflecting "Danger" signs or flashing lights to separate any
construction area adjacent to a public area.

Provide pedestrian and vehicular safety mechanisms such as:

Employing pedestrian and/or vehicular bridges with guardrails and
retaining walls

Employing slip-resistant materials for decking surface

Specifying maximum vertical and horizontal deviations of decking
surface to the extent that it does not impede normal walking or

cause difficult vehicle handling

Specifying access requirements for police, fire protection, and

ambulances

Specifying minimum distance of street parking to construction site

Providing plywood planking or other guides for blind persons.

Detailed traffic safety guidelines should be considered, such as are

discussed in "Traffic Maintenance" section.

Disinfect unsafe excavated materials in compliance with local pest con-
trol regulations and/or construction specifications.

Specify or refer to other environmental control mechanisms having effects
on public safety and health.

5.10.2 Construction Phase

Contractor and Resident Engineer —
The contractor should prepare a work plan to include, but not be limited
to inspecting construction area daily to see that health and safety
specifications are followed.

Immediate attention should be given to repairing holes in decking sur-
face, broken railings and fences, cleaning oil leaks, etc.

Signing and other information sources should be checked regularly for

visibility and correctness.

Assist in conducting public tours and in informational sessions with
the transit authority.
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Transit Authority — Again, it is the ultimate responsibility of the

Transit Authority to maintain the property in a safe condition for the
public. This is accomplished through monitoring the construction work
at the site, playing an active role in handling citizen complaints, and
by conducting a positive community relations program to keep the public
informed of hazards and how to avoid them.

5.11 PUBLIC SERVICES AND UTILITIES

Coordination of the activities of the various service companies will
aid in controlling overall disruptions.

5.11.1 Design Phase

Engineering Consultants —
It is recommended that the engineering consultants locate all existing
utilities, above or below ground, and draw exact locations on contract
drawings. This should be done with the assistance of utility owners
and other agencies. The utilities may include:

Water supply systems

Sanitary, storm and combined sewer facilities

Gas and liquid petroleum systems, steam lines

Power and electric systems

Street lights, and traffic controls

Parking meter installations

Fire and police alarm systems

Telephone and cable TV systems

Fire hydrants

Identify existing applicable standard requirements or specifications.
Incorporate environmental specifications relating to utilities in con-
tract specifications. These may include:

Permits required by public and private utility owners and by local
jurisdictions for relocating, disconnecting, abandoning, maintain-
ing and restoring utility systems

Specifications for work on each specific utility system, particu-
larly for the accident-prone utilities such as gas lines, power
cables

,
and water mains
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Acces s requirements by local jurisdictions and utility owners
,
or

recommendation for additional requirements in emergencies and for

routine inspections and maintenance of utilities

Define the responsibility of contractor to ensure continuous utility
service and to repair accidentally damaged or broken utility systems

.

Utility Owners — It is recommended that the private and public utility

companies work closely with the consulting engineers and the contractor

to avoid duplication of effort and unnecessary community disruption

.

If possible, planned improvements to the utility lines should be made
at the same time as the transit tunnel cons truction . It is also recom-

mended that a system be provided by the utility companies through which
all participating utilities can be reached by calling a single telephone

number wi thin a defined geographical area for the location.

5.11.2 Construction Phase

Contractor —
Verify utility locations provided in contract drawings by field investi-

gation prior to the beginning of construction

Provide for protection
,
support

,
maintenance

,
relocation, disconnection

,

construction, reconstruction, and restoration plans of all utilities
which may be affected by the construction

Issue pres s releases and written notice to all possibly affected utility

owners and customers in advance concerning schedules of rerouting
,
con-

structing
,
disconnecting

,
and temporari ly interrupting utility systems

Employ skilled and experienced laborers and workers to ensure good work-

manship

Utility Owners and Regulatory Agencies —
Help stake

,
mark, and/or identify the horizontal route or facilities

prior to the start of work on utilities.

Supervise contractor ' s work on utilities

.

Establish a single reference telephone number so that callers may have

one resource for identifying contacts.

5.12 ECONOMIC CLIMATE

Controls in this area are particularly important when there are many

small businesses which might not survive disruptions of business during

the construction period.
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5.12.1 Design Phase

Engineering Consultant — It is recommended that the engineering con-
sultant include the following control mechanisms in the specifications.

Minimize disruption to local business activity by:

Scheduling construction activity with regard to the business time-
tables, e.g., not scheduling disruptive, noisy work during lunch
hour, limiting surface construction in Central Business District
during Christmas shopping season, and other similar measures

Using prefabricated tunnel structures or under-the-roof construction
method to minimize traffic disruption

Minimizing, to the extent possible, such work as clearing, decking,
backfilling, utility relocation and maintenance, and similar activity
which will hinder pedestrian and vehicular movement and cause neigh-
borhood disruptions.

Reduce visual intrusion of site area by:

Placing a visual barrier (fence) around the site to the extent pos-
sible. (Safety requirements may specify a chain-link type fence,

however .

)

Observing strong signing controls on these barriers

Maintaining clean site area with regular waste collections

Erecting reasonably attractive storage areas and trailers.

Identify other control mechanisms having indirect effects on economic
climate. Applicable environmental guidelines which will address con-
trol mechanisms to minimize economic disruptions are:

Noise, vibration

Air, dust, odor

Circulation, access, and parking maintenance

Federal laws requiring certain employment guidelines (where feasible
use local labor, summer youth, etc.)

5.12.2 Construction Phase

Contractor — It should be the responsibility of the contractor to ful-

fill the requirements of the specifications with respect to minimizing
the adverse impact on the economic climate in the construction area.
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It is important that he be sensitive to the community needs as developed
through the community relations program. Active steps to take include:

Making personal visits to business people at regular intervals, par-
ticularly prior to the inception of some new construction activity

Ascertain if there are specific problems that could be remedied for

the individual business

Maintain a clean work area

Place storage areas and collection sites as far from entrances as

possible

Inspect pedestrian overpasses for safety and clear access to business
establishments

Provide special access and egress for deliveries if necessary

Place portable toilets so as not to offend pedestrians or block
access to stores or buildings

Resident Engineer — The Resident Engineer should be equally responsible
for assuring the least interruption of business activity in the vicinity
of the tunnel construction. He, too, should make personal visits and

participate in the community relations program, as well as to ensure
that the contractor maintains a clean orderly work area with the least
negative impact.

Transit Authority — The Transit Authority should develop an effective
community relations program and specifically develop positive relation-
ships with business and community leaders, as described in Section 4.2.

Set up meetings with local business people, merchants, property owners

Release news items on bus reroutings, detours, street closings, and other
similar disruptions; construction schedule and progress

5.13 VISUAL QUALITY

The construction project cannot be hidden, but it is possible to

use conditions into an advantage supporting effective community relations.

5.13.1 Design Phase

Transit Authority — It is recommended that the Transit Authority, with
the assistance of the design consultant, establish a program to obtain
participation of local students in decoration of construction fences.
Local art schools or the public school system are likely to be interested
in participating. The Transit Authority should provide a small budget
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for materials and should be sure that the contractor is aware that paint-
ing activities will be conducted during the early stages of construction.

5.13.2 Construction Phase

Contractor — The contractor should be sensitive to the concerns of local
residents and businesses in place of construction sheds, materials stock-
piles, and equipment. He should assist the Transit Authority by cooper-
ating with beautification activites, as part of the community relations
program

.

Transit Authority — The authority should respond to complaints about
visual intrusions and should maintain the program of decoration of con-

struction fences.
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APPENDIX A

USERS' CROSS-REFERENCE GUIDE

To assist the users of this document, two tables provide cross-ref-
erencing of guidance. Using Table 4.1, a particular user may review
the general environmental guidelines for which he has proposed responsi-
bility. Individual guidelines are then easily found in Section 4.1.

Table A-l
,
included here, provides similar information for the spe-

cific control measures suggested in Section 5. This table displays where
specific reference to a responsible party is made in relation to the

individual environmental concern. The section number for this concern
is given so that the discussion may be found in Section 5.

It should be noted that lack of an explicit reference, in either
Section 4 or Section 5, does not preclude a particular party from au-
thority or responsibility for a particular environmental concern. The
guidance given here is based upon a composite view of transit tunnel
construction experience, in the absence of particular local conditions
which might make other arrangements more effective.
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Tab!e A-1

Cross Reference To Specific Control Measures

Environmental Concern and Stage of Construction Process (1)*

5.1

Traffic

Circulation

5.2

Air

Quality

5.3

Surface

Water

5.4

Ground

Water

5.5

Noise

5.6

Vibration

5.8

Terrestrial

and

Aquatic

Biota

5.9

Community

Cohesiveness

5.10

Public

Health

and

Safety

5.11

Public

Services

and

Utilities

5.12

Economic

Climate

5.13

Visual

Quality

Responsible Party D C D C D C D C D C D C D C D C D C D C D C D C

Staff Planner or

Planning Consultant

(2)

•
*

• • • • • • • • • • •

Environmental/

Engineering

Consultant

Transit Authority • • • • • • •

Contractor • • • • • • • • • • • •

Resident Engineer • • • • • • •

Regulatory Agencies • • • • • •

Insurance Company
(Safety and Loss
Control Consultant)

•

‘Notes: (1) Stage of process — D = Planning, design, and pre-construction

C = Active construction

(2) ® Indicates that explicit reference to responsible party is to be found in cited

section. Lack of explicit reference does not preclude responsibility or authority

for that concern.



APPENDIX B

FIELD TESTING THE ENVIRONMENTAL GUIDELINES

As a part of the research and development program upon which this

document reports, an effort was made to "test" the draft environmental
guidelines (Section 4). The purpose of this field test was to obtain
review comments and positive suggestions regarding the practicality and
likely effectiveness of the draft guidelines. An effort was made to

solicit response from a broad cross-section of people concerned with
urban tunnel construction, including contractor interests, designers,
and local, regional, and Federal agencies.

The field testing program was conducted in three stages:

a. Letters were sent out to a relatively large number of people (ap-

proximately 400) to determine their interest and willingness to parti-
cipate in a review of safety and/or environmental guidelines.

b. Copies of the draft guidelines were sent to all of those who responded
to the letters. Additional copies of environmental guidelines were dis-

tributed through AMV regional offices.

c. Seminars were held in Washington, D.C., New York, and Los Angeles.
At these seminars, attendees discussed the guidelines and exchanged
views

.

Separate seminar discussions for safety and environment were held.
There were an average of approximately seven attendees at each seminar.
In addition, telephone and written commentary was solicited. Little
response was received here.

Results obtained in the field testing were of two general types:
first, there were broad overview comments addressing format, style,
overall context, and other such factors likely to influence the basic
usefulness of the guidelines. Second, there were criticisms and sug-
gestions on each individual section of the document.

Separate notes taken at each of the three seminars were assembled,
along with the written comments received, into these two general cate-
gories. Subjective judgment was then applied to consolidate the comments
and to extract recommendations for improving the guidelines. After a

review of these recommendations, the guidelines and the report were re-
vised to yield this document.
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APPENDIX C

COST CONSIDERATIONS IN GUIDELINES IMPLEMENTATION

Throughout the course of this study, an effort has been made to

minimize the degree to which environmental controls would mean increased
costs in transit tunnel construction. However, such increases in cost
are not totally avoidable, resulting from modifications of equipment,
use of new control devices, and other such sources.

An attempt has been made to estimate in quantitative terms the in-

creases in costs which might be associated with the guidelines and recom-
mendations. The high level of uncertainty in many of the variables
influencing costs, particularly with respect to local conditions, makes
the estimates wide-ranging and often qualitative.

Table C-l summarizes cost estimates associated with the general
guidelines given in Section 4.1 of the report, based on an assumption
that maximum recommended controls are employed. An indication is also
given of where it is expected that added costs will be accrued.

These costs may be expected to eventually increase the overall system
construction cost, regardless of where they are accrued. Viewed in these
terms, the total added cost of the guidelines presented here is estimated
to be less than 2 percent of the system cost (based on 1975 prices).
Most of the added costs are estimated to be increases in labor, so that

continuing increases in capital costs will tend to reduce the cost and
increase the value of good environmental controls.
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Tab!© C-1

Estimated Cost Of implementing Guidelines

General Environmental Guidelines Cost To Estimated Added Costs

1. Conduct environmental reconnaissance to determine

the community and environmental sensitivity

of the adjacent area

Staff Planner or

Planning Consultant
Minimal, should be part of effective

planning

2. Select route/station locations at the microscale

to minimize impact

Staff Planner or

Planning Consultant
0-2 percent increase in planning cost

3. Prepare environmental specifications and
provisions

Environmental Engi-

neering Consultant
0-3 percent increase in design cost

4. Review and comment on environmental pro-

visions of specifications
Regulatory Agencies Minimal, if properly coordinated

5. Review and comment on environmental pro-

visions of specifications

Insurance Company
(Safety and Loss

Control Consultant)
Minimal, part of normal interests

6. Establish a coordinated permit system Transit Authority 1 added staff member

7. Include environmental concerns in briefings Transit Authority Minimal

8. Community relations Transit Authority
3-10 staff required (added to construction

phase only)

9. Apply necessary permits from local Regulatory

Agencies
Contractor Minimal, part of normal responsibility

10. Community relations in conjunction with

Resident Engineer and Transit Authority
Contractor Minimal, part of normal responsibility

11. Community relations; receive and resolve

complaints
Resident Engineer Minimal, part of normal duties

12. Review Contractor’s applications and issue

permits
Regulatory Agency Minimal, part of normal activities

13. Staff to oversee Resident Engineers’ enforce-

ment of environmental specifications
Transit Authority 1 /2-1 staff required

14. Respond to and resolve complaints and unan-

ticipated environmental problems
Contractor

Could require full-time staff

assignment

15. Enforce environmental control plans and
specifications

Resident Engineer Minimal, part of normal duties

16. Site inspection to correct violations, investi-

gate public complaints
Regulatory Agency Minimal, part of normal activities

17. Inspection to correct violations, investigate

and resolve public injury and damage
claims

Insurance Company
(Safety and Loss
Control Consultant)

Minimal, part of normal interests

(extended to off-site)
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APPENDIX D

REPORT OF INVENTIONS

The findings of the project, as reported in this document, are primarily
management controls to be applied in tunnel construction. Application
of these controls are expected to make a positive contribution to improve
safety and environmental impact in tunnel construction. There were no
patentable inventions or discoveries resulting from this work.
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