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1. 1 PURPOSE OF THE REPORT

~.

~;'
~,
~.
f
,

t
l

..

1. INTRODUCTION AND OUTLINE OF REPORT

This report is concerned wi ~h the assessment of the disruptive

effects associated with urban transportation tunnel construction. Specifi-
cally, it addresses three separate but connected objectives: first i the

identification and classification of social, economic, and environmental

impacts i second, the measurement of impacts; third, ini tial steps in tt.

development of a methodology for assessing the impacts that may be expected

in a transportation tunD01 project.

The title of the repolt makes clear that it ~ocuses on three precise

aspects of a tunnel proj ect.

a. The tunnels considered are those being built in
urban areas for transportation pUroOS0S, including
rapid transit and highh'ay. Tunnels are built for
many other purposes, fo::' example, for Sf~wers,
utili ties and water. Ì'ìhile there may be many
similari ties bet'Neen tunnels constructed "or
different purposes, only rapid transit tur,nels
~ere considered here.

b. The effects being considered are those alone which
are due to the construction phase of the tunnel.
There are many effects arising from completed and
operative subway and highway twinels which deserve
attention, for example, the noise and vibration
generated in them. Here, however i only the con-
struction effects are being studied.

c. All of the effects studied are disruptive effects.
This arises from the fact that the effects are those
due to the construction process. There are no posi-
tive or beneficial effects that arise from t~e con-
struction of the tunnel as such.l However tempting

lThis statement is not cO~Dletely accurate. There are a few benefits that

m~y occasionally accrue from tunnel construct ion. Construction workers m~y
spend money at lunch time an.j thus help some local merchants. T~e very dis-
r~ption of the construction may provide an ooportuni ty únd. oc~a~ion f~r r~-
development of an area. The former effect is probably insigni ficant in size i
while there may be some argument as to whether redevelopment is really a
benefit.

1

.."f:- .~d ',,;c.~-- dO'; ,.."'..;-;£,t- '.'. _:';";;-~'--""',o:''(..,.' "-i~"i;."\t'1/g~;':l:'ff.~:;; '.:;;,~&r;',--;. .",
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it may be to consider the beneficial effects of the
completed proJect and to try to trade them off against
the disruptions of the construction, that was nct our
purpose here. 2

1. 2 DESIGN ~F THE STUDY

ature.
The initial research was done throuah a review of the relevant liter-

The books and reports that were read are =eviewed in some detail in

Chapter 2. The literature dealing just with tunnel ~onstruction is not large,

to collect data--from works that deal with tunnel construction peripherally,

such as environmental impact statements for tunnels--on impacts of the con-

struction. In addition, we were able to gather some information on measures ,

of the impacts and the methodoloaies for assessing the impacts from works on

tunnels and other construction projects.

.ï,
.!?

.J.

The next step was to devise a conceptual framework into which the ."

identified impacts could be fitted. A matrix was devj.sed which arrayed
potentially disruptive factors on one margin, and potentially affected

..

persons or groups on the other. By repeated applications of the matrix, it
~'j

was seen to be possible to display disruptive effects of all kinds (social,

economi c, and énvironmental). By a detailed elaboration of the cells of the -;;

~matrix, it becomes possible to di~cuss the variables that comprise each dis-
.-

ruptive effect, the measurement of each variable, ãr.d possible ameliorative

'-~-steps that might be taken.

The third step consisted of testing the applicability of the matrix

of àisruptive effects in a few real life tunnel construction projects. Some ~

data on actual tunnel constr~ction disruptive eFfects were therefore collected.

This was not a large-scale data collection, nor was it meant to be exhaustive

2It is very difficult, when collecting data from affected persons or groups,

to have them restrict their perceptions to the effects of the construction
only. Almost all such respondents immediately begin to trade off the dis-
ruptive effects of the construction against the anticipated benefits of the
completed s'ibway. If the respondent perceives himself as benefitting from
the subway, he tends to be more tolerant of the construction disruption.
If, on the other hand, he anticipates no future benefit to himself or his
family, he is likely to be all the stronger in his perception of the dis-
ruptions he has to suffer.

t
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even of one kind of effect. The data were collected through interviews with

persons involved in constructing tunnels (persons working for transit author-

ities, engineers, and contractors), dnd with persons disrupted by the con-

struction (local residents and merçhants).

si te inspections.
Other data were collected from

The data collection indicated that the conceptual framework--the

matrix and i~s expansions--was indeed sui table for classi fying the disrup-

tive impacts, indicating on whom they fall, what the size of the impacts is,

in what general area the disruptive erfects bring about costs, and how those

costs might be lessened. References to the data collected are scattered

throughout the chapters in which the matrix is discussed. It appears, there-

fore, from the data that the conceptual framework is one which is applicable

to reality and one which can be used in the future to studv disruptive effects

of tunnel construction in one or ilore large-scale, ongoing tunnel projects.

1. 3 ORGANIZATION OF THE REPORT

This introductory chapter is followed by a lengthv chapter presenting

the results of the literature search. This serves as the basis for much of

what follows. In Chapter 3, certain background matters are discussed that

must be kent in mind as one begins the assessment of disruptions. These are
such things as the situation existing prior to the commencement of construc-

tion, the "no build" alternative, the distinction between primary and second-

arv effects, and some special considerations such as the role of time, in

assessing impacts.

In Chapter 4, we present the matr ix of construction impacts, which

serves to display the loci of social and economic costs to different groups,

a3 caused by different disruptive agents. Since the matrix is verv large,
with a total of 165 cells, we use the next two chapters (Chapter 5 and 6) to

go into considerable detail for some of the cells. In Chapter 5 i we expand

the entire row of the matrix concerned with retail businesses: we explore

the kind and size of disruptive effects which the various disruptive agents

brinq about for retail businesses in the economic area. In Chapter 6, we--
expand the entire row OF the matrix concerned with residents: we explore
the kind and size of disruptive effects which the various disruptive agents

3



p:-~~
1

~

""':"""~'-"'''~:''0'.?i''n;",'?,"~~'?'':''"''rYi~i'""~~,~.~~~~~~""""'C'Jif"',':"',",~~s:"(,,~~!~

bring about for residents in the social area. In both Chapter 5 and Chapter

6, we discuss the variables that comprise the cost (whether it be economic or

social) and the measurements that have to be taken to assess the size of the

impacts.

Chapter 7 then deals with the problem of measuri~g impacts in general,

with sections devoted to measurement of economic, social, and environmental

impacts. In Chapter 8, we deal with how to aggregate impacts in order to

arri ve, if possible, at a total assessment of the disruptive effects.

Chapter 9 discusses some ways in which the disruptive effects of

tunnel construction might be lessened. These are ways that became apparent

in the course of both the literature search and the data collection. In
Chapter 10, we present two s~all case studies. The first one deals with the

impacts arising from the c~~structicn of the Waterfront Station by WMTA

in Washington, D.C. The second one describes the extension of London's

Picadilly Line from West Hounslow to Heathrow Airprt.
Both case studies are

based on real-life observation of impacts and have added interest because

the mitigating devices discussed in Chapter 9 were sometimes utilized and

sometimes not.

Chapter 11, finally, discusseS directions of possible future research.

It indicates a two-fold need: one is for some theoretical studies in order

b::~ strengthen the methodological approach of the impact assessment; the other,
for some fairly large-scale data collections in order to be able to forecast

impacts of future tunnel proj ects.

4
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relevant literature.
The initial research for this report consisted of a review of

agenc ies .

of these works were reports on research previously undertaken for government

of tunnel construction that have been repurted in a variety of works.

Our purpose was to collect data on disruptive effects

Many

heavily on rapid transit tunnels and their construction; there are none that

However, there are not many books or reports that concentrate

focus precisely on the disruptive effects arising during the construction

phase of a rapid transit tunnel proj ect.

more general context.

which touched on tunnel construction and its disruptions but did so in a

The literature which we collected and examined, t,''erefore, was that

that is prepared in cJccordance vii th the National Environmental Policy Act

is required to address both long-term and short-term effects of the project

Every environmental impact stater,ient,
for example,

under considera tion. Effects due to the construction of a facility ~re

. b. iexplici tly mentioned as amone¡ the primary impacts to e listed. (Tn fact,

sketchy fashion only.)
however, the EISs which \",e examined treated the construction effcocts in verv

BART Imoact Progr~~,

Another very likely source for data on construction effects was the

"a comprehensive, pOlicy-oriented study and evaluation
of the impacts of the San Francisco Bay Area i s new rapid transit system

(BART). " This valuable program, nev2rtheless,

more, it was not hequn until 1970, when the largest part of the subway

Its focus was the imnact of the completed transit system;
largely ignored construction

effects.
further-

construction had already Laken place.

In most of the literature, in other words,
it became necessary to

context.
from the construction that were hidden within a different and much larger

search for and find the few remarks about the effects of disruptions arising

There was one notable except ion to th is:
this was a series of

newspaper articles (from the Atlanta Journal and Constitution)-- that dealt
specificalh' with disruptions alrcady caused in \vashinqton, D.C.

by \VMATA' s1 .Prenaration of Environment¿ 1 Impact c~tatr'm('Lts, Final Regulations, Section
6.304(c) (2). ¡coderal Roqister, VoL. 40, ";0. 72, April 14, 1')75, p. 16819.

::
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construction and the similar anticipated effects in Atlanta from MARTA's

soon-to-begin digging. This series provided a numer of interesting examples

of disruptive effects; it was, of course, a journalistic and not a full-

fledged research effort.

The items from the literature which we examined were divided into

seven categories, as follows:

1. Assessment of Social, Environmental and Economic
(SEE) Impacts and Forecasting Methodologies

Environmental Impact Statements and Analyses2.

3. Studies on Tunneling Techniques

Noise and the Environment4.

5. Social Impact Assessment Methodologies and Survey Results

Articles from Newspapers and Periodicals on Reported
Transit Tunneling Disruptions

6.

7. Background Literature from Books and Technical Journal Articles.

2. 1 SOCIAL, ENVIRONMENTAL AND ECONOMIC (SEE) IMPACT ASSESSMENT AND
FORECASTING METHODOLOGIES

In this section, three major studies are treated that deal with the

methodological issues of SEE impact assessment in urban transportation

tunneling projects. They include reports on both highway and rapid transit

tunneling, as well as a methodological study dealing with the "no build"

alternative in the transportation planning process.

Planning Environmental International, Division of Alan M. Voorhees.
Investigation and Recommer ìation of Guidelines for Reducing Environmental
Impacts Related to Urban Rapid Transit Tunneling. Draft Interim Report,
Office of Research & Development Urban Mass Transportation Administration,
Washington, D.C. February, 1975.

Abstract

The report Drpsents an inventory of the social, economic and environ-

mental impacts associated with rapid transi t tunneling as well as recommended

measur;s which can be adopted to mitigate such adverse effects. The document

identifies its audience as "transit authority planners and consultants, design

and specification engineprs, res ident eng ineers, regulatory agencies,

G
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contractors, and insurance companies and safety consultants," in short, all

those individuals and groups who are involved with the implementation of a

rapid transit tunneling proj ect. While the draft states its recognition of

the trade-offs involved in reducing disruptive impacts versus rapidly com-

pleting the project, there is little discussion of these trade-off issues in

quanti ta ti ve terms.

Relevance

The authors of the report state that it should be thought of as "an

encyclopedia for guidance on reducing environmeiital impacts during the rapid
transit tunneling process." The study does identify the various adverse

impacts associates with each phase of the major types of tunnel construction:

cut-and-cover, soft ground tunneling, rock tunneling and open-water tunneling.

It also aggregates disruptive impacts by type, such as noise, traffic dis-

ruption, ground stability, terrestr3 al biota, etc., and in turn correlates

these with the various construction events from which they stem.
Whi Ie the

effort to catalogue the various disruptive impacts (¡as been exhùustive, the

findings and recommendations are usually of a rather general nature.

One of the real achievements of the report is the identification of

roles and responsibilities of the various actors involved in the tunneling

process along with recommendations for making that process more sensitive to

the issues of impact and more responsi"e to those individuals who are suffer-

ing the disruptive effects. The critical role of building needed regulation

into the bid and contracting phase of the process is discussed; the need to

have the contractor prepare an environmental control plan is mentioned, as

is the need to incorporate into the process mechanisms for monitoring and

inspection to insure that procedures, agreed to in the contract, are carried

out.

The report also makes important recommendations concerning the need

for increased community participation and liaison activity, particularly with

respect to the dispensation of information to those who will be impacted.

Of interest to our study is the analysis of the SEE impacts generated by

both cut-and-covpr and underground tunneling proc('dures. The dollar cost of

implementing the vario'Js recommendations of the ref10rt are also, to some

extent, prov ided.
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!: David A. Crane and Partners/Boston, et al. The No Build Alternative.
Social, Economic and Environmental Consequences of Not Constructing
Transporta tion Facilities. National Cooperative Highway Research Program
of the Transportation Research Board, Washington, D.C. December, 1975.

Abstract--
The research project was commissioned wi th a three-fold purpose:

to define what is commonly referred to as the "no build" alternative; to

clarify its role in the transportation planning process; and to assess the

adequacy of current methodologies used to predict its consequences.
Through-

out the report the "no build" alternative is referred to by the acronym NCTF

which stands for ~ot ~onstructing a !ransportation lacility.
Included in the

report was a literature search which included a thorough review of well over

one hundred environmental impact statements.
The study team also surveyed

state transportation officials throughout the ~ountry relative to the state

of the art for the definition and evaluation of the "no build" alternative.

The authors undertook four comprehensive case studies which examined four

m&Jor NCTF projects, in order to assess the impact of the decision as well

as the role of the NCTF option in the decision-making process.
The end

product of the study effort was a set of guidelines to be used for the defi-

nition and assessment of the ~~TF alternative in the future.

The report contends t~at the state of the art in using the NCTF

alternative both for impact forecasting and analysis and as a component of

the decision m~king process is highly deficient.
The NCTF alternative is

often not seriously consiò~red but used by project planners as a method of

project justification. Further in cases where the NCTF alternative is given

serious consideration, methodologies for prediction of social, economic and

environmental impacts are rarely developed or adequately utilized.

Relevance

The major emphasis of the report, and one which has direct transfer-

ability to a consideration of tunneling impacts, is the analysis of impact

pr~diction methodologies which is included both in Chapter 1 of Part 1 and

in Appendices A, B, and C of Part 2 of the report.
The various methodologies

currently utilized in impact forecasting were rated in the report in terms of

adequacy. Also of importance was the analys is of the plan evaluation process,

in terms of the nrohlems nresented by the superimposition of the personal

p,
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values of the transp0~tation planner in the process.
Of particular interes t

to our study is Chapter 4, which identifies "gaps" in the state of the art

of social and economic impact assessment methodology.

Alan M. Voorhees and Associates, Inc. A Study of Social, Economic and
Environmental (SEE) Impacts and Land Use Planning Related to Urban Highway
Tunnel Location. (Interim Report) Office of Research, Environmental Design
and Control DivJ ion, Federal Highway Administration, Washington, D.C.
April, 1975.

Abstract

The concern of this report is the development of analytical proce-

dures for the identification and assessment of social, economic and environ-

mental (SEE) impacts assoc iated with urban highway tunnel construction.
The

focus of the study is the formulation of a framework in which highway plan-

ners and decision makers can weigh the costs and benefits associated Wl th
tunneling rather than surface construction of highway segments in the ùrban

context. The focus of thi" renort is impacts as received by "non-'-1sers" of

the facility, typically in inner city neighborhood.
Similarly, the type of

facility analyzed is non-local in character, that is providing little or no

service to the area through which it passes.

sis is the neighborhood.

The unit of geography which the study employs for purposes of analy-

Six different types of neighborhoods are presented

according to various socio-economic characteristics for use in impact fore-

casting, for example, "working class single family"
or "skid row." The

its presentation of an index of neighborhood cohesion, complete wi th an

study is heavily oriented toward socio'ogical methodology, particularly in

equation for calculating intra-~eighborhood accessibility.
Using a model

developed for impact prediction, the report i S authors were able to draw con-
elusions such as that ethnic, middle class single familv and working class

single family neighborhoods are among those most disrupted by the barrier

effect of an urban expressway.

Relevance

The model developed in the report is appropriate for eva luating the

extent of disrurti ve or adverse i~pacts of var ious design al ternati ves,
such

as cut-and-cover construction versus earth tunneling. The s ta ted purpose of
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the model is to enable the planner/decision maker to best evaluate the

trade-offs and arrive at the mo~t desirable configuration. A major short-
comir,g of the model is that it fails to incorporat,~ the critical character-

istics of the specific area into the predictive process. For example, an

ethnic middle class single family neighborhood which is characterized by

instability and rapid turnover may be more adversely impacted by an express-

way project than one which is stable. Thus the degree of stability, as

expressed in the turnover rate in the period prior to constructior., is an

important piece of data which should be incorporated in the prelictive

process. Also important, and absent in the report, are the attitudes of

residents toward the proj ect: do they see themselves as potential users or

nonusers or do they have fears that the facility will bring undesirable

elements into the neighborhood?

The study is further limited in its failure to factor in the iSSU2

of time. While the project is concerned with post-construction rather than

construction or pre-construction impacts, nonetheless it fails to acknowledge

I.he fact that the nature of the post-construction impacts will be influenced
by the extent and duration of the construction. Moreover, the pas t-cons truc-

tion impacts may be subject to variation over time. It is reasonable to

assume that they may be different six months or two years after project com-

pletion depending upon a variety of factors.

Despite these limitations, the report is valuable in its considera-

tion of transportation tunneling impacts, in term of its approach to impact

forecasting and assessment. The model which is presented has applicability

to rai 1 transi t tunne 1 cons truction. Further, its concern with quantifying

neighborhood cohesion and its typology of neighborhoods is of utility and

has important transferability in the measurement of the social, economic and

environmental impacts of urban transportation tunnel construction.

2.2 ENVIRON~1ENTA~ I~PACT STATEMDJTS AND ANALYSES

The largest sing Ie source of literature on the SEE impacts of rapid

transit tunneling are the environmental imDact statements and analyses

prepared f0r various rapid transit projects which are currently either

planned or ongoing.

10
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Section 102 (2) (c) of the National Environmental Policy Act (NEPA)

of 1969 specifies that an Environmental Impact Statement be formulated

concerning major federal action which can be expected to affect the quality

of the human environment. Specifically, the Act requires that a detailed

statement be filed which:

1. Identifies the environmental impact, both human and

natural, of the proposed project.

Presents any adverse unavoidable impacts resulting
from project implementation.

2.

3. Presents alternatives to the proposed action, including
the "no build" or no action alternative.

4. Discusses the relationshiD
use of the environmtnt and
and productivity.

between local short-term
its long-term maintenance

5. Discusses the loss of any irretrievable resources should
the project be implemented.

UMTA i s Office of Program Planning issued a memorandinn (Memorandum

UMTA 5610.1), dated February 1, 1972, which established "internal procedures

and policy for the Urban Mass Transportation Administration (UMTA) regarding

the preparation of detailed Environmental Statements on proposals for major

Federal action aignificantly affecti::g the environment."

The memorandum defines the areas of CODcern which need to be

addressed in an environmental impact staterent as follows:

" (1) General. Effects of UMTA actions which ordinarily should
be considered as significantly affecting the environment
include, but are not limited to:
-- actions involving significant taking of land, change

in the use of land (particularly if it requires a
change in zoning), or major construction.

-- material effect on the amount
devoted to tr3nsportation and
the future.

of land required to be
related purposes in

significant increase or decrease of traffic or
congestion levels on streets and highways.

-- division or disruption of an established community;
division of an existing use (e.g., cutting off resi-
dential areas from recreation areas or shopping areas) ,
or disrupting orderly, planned development.

-- a substantial ae~ thetic or visual effect, especially
on areas of unique interest or scenic beauty.

11
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-- displacement of a substantial number of people or
businesses.

-- a noticeable change in the ambient noise level for
a substantial nur~r of people.

-- direct or indirect contribution to substantial changes
in the level, composition or distrj butiûn of air

pollution.
-- destruction or derogation of important recreational

areas not covered by section 4 (f) of the DOT Act.

-- disturbance to the ecological balance of animal or
natural resources.

-- involve a reasonable possibility of substantially
al tering or contaminating public resources, e. g., public
water supply source, treatment facility or distribution
system.

-- substantial physicial disruption during construction.

(2 ) Actions always significantly affecting the environment.

-- any action that is likely to be controversial on
environmental grounds.

-- any action involving the acquisition or use of a
public park, recreation area or wildli fe refuge,
or any land from a historic site.

-- any action falling under section 106 of the Historic
Pre se rva ti on Act."

In its concludiDS section, the Memorandum states that all applicants

for UMTA capital assistance (such as transit authorities that wish UMTA

assistance in building rapid transit tunnels) must submit certification to

support the following findings:

" (1)

(2)

Adequate opportunity was afforded for the presenta-
tion of views by all parties with 'a significant
economic, social or environmental interest.

Fair consideration has been given to the preserva-
tion and enhancement of the environment and to the
interests of the community in which the project is
loca ted .

(3 ) A specific statement that there is no adverse en-
vironmental effect of the proj ect or there is no
feasible and prudent alternative to such effect and
all reasonabl,~ steps have been taken to minimize
such effect."

Additional legislation applicable to the preparation of an environ-

mental imDact statement for a rapid transit construction project includes

12
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Section 4 (f) of the Department of Transportation Act of 1966.
This deals

with projects which will impact publicly owned park or conservation lands,

or properties of established architectural or historical significance. If
such properties are to be impacted by a tunneling proj ect, the impact state-

ment must identify measures planned to minimize any potential harm.
In addi-

tion, a specific statement must be included that there is no "feasible and

prudent alternative" which would avoid impacting the 4 (f) area entirely.

Also to be complied with in the implementation of the proiect as expressed

in the environmental impact statement, are Section 309 of the Clean Air Act,

which accords the Environmental Protection Agency review authority over

project related air pollutants, and Section 106 of the Historic Preservation

Act which stipulates that the Advisory Council on Historic Preservation

grant prior approval of projects which will impact properties listed on the

National Register of Historic Places.

The various environmental impact statements which follow are not

uniform in their consideration of the social, environmental and economic

impacts of tunnel construction. Some of the documents deal with this issue

in only a very brief and geneL~l fashion, while others handle the require-

ment more completely. As a general rule, the impacts most fully considered

are environmental ones, with economic impacts treated less completely, and

social impacts only mentioned briefly.

The EISs reviewed below come from five cit.:.es: Atlanta, Baltimore,
Buffalo, Chicago, and Washington, D.C.

Metropoli tan Atlanta
Environmental Impact
October, 1972.

Rapid Transit Authority, Draft MARTA
Statement, Volume 1. Atlanta, Georgia.

Abstract

This is the first volume in the three volume MAP rA Environmental

Impact series. This volume consists of the Draft Enviror~ental Impact

Statement (EIS) and was prepared in accordance with the relevant federal

laws and guidelines. In addition to dealing with the various items identi-

fied in these regulations, the volu~e also includes, in a synopsis fashicn,

infonna tion on social, economic and environmental impacts of the proposed

13
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project, both short-term and long-term, which are presented in a more de-

tailed manner in Volumes II and III.

In accordance with the statutes, the document considers many of the

larger impact issues of the completed proj ect. These include unavoidable

adverse impacts, irreversible and irretrievable commitments of resources

associated with the project, as well as special consideration of impacts

on historical and environmentally sensitive areas covered under Section 4 (f) .
Project justification and an analysis of short-term versus long-term environ-

mental effects of the project are included. Of special note are two chapters

which deal with citizen participation and the environmental review process

(Sections VII and X) .

Relevance

While construction related project impacts are covered in the docu-

ment, their treatment is often of a brief and nonspecific nature. The

princip~l categories of construction impact discussed are: noise, utility
disruption, vibration, air quality, water quality, and solid waste genera-

tion. Measurement techniques are suggested for the monitoring of excesses

of construction related noise and the use of special equipment designed to

muffle such excesses is stipulated. With respect to project related dust,

the employment of emission controJ. devices and dust suppression measures is

insisted on as part of standard operating procedures.

The most extensively considered construction related impact is the

generation of solid wastes as a by-product of both demolition and excavation.

The report calculates the anticipated volume of excavation debris from the

project, both in aggregate figures and by line segment. The nature of the

waste materials is analyzed and guidelines for its proper disposal are

included. A similar treatment is accordea to the problem of the disposal

of excavation spoils. Existing state and local legislation governing the

disposal of solid waste materials is cited and a model municipal ordinance

designed to safeguard cOiITuni ties from improper dumping is also included.

The report recommt nds that much of the waste material could be safely

utilized as land fill at the Atlanta International Airport, pursuant to

correspondence received from the airport i s director.

14
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Metropolitan Atlanta Rapid Transit Authority, Draft MARTA Environmental
Impact Statement; Volume 2, Technical Appendices. Atlanta, Georgia.
October, 1972.

Abstract

This section of the !1ARTA Ers concerns itself principally with a

socio-economic impact assessment of the proposed rapid transit project.
The

study document places major emphasis on the impacts which the proposed

proj ect will have on land use, with a view toward determining the extent to

which the project will infl uence future growth patterns, causing perhaps an

intensification of activity around various nodes created by the construction.

The consistency of this anticipated development with the long and short

range planning goals of the metropolitan area is also discussed. Further,
instances of possible joint community development and transit construction

are explored in considerable detail with the intent of maximizing opportuni-

ties for enhanci::g existing land use by creating new community facilities

and ameni ties.

Within the body of the report, each station area and line segment

between stations is comprehensively discussed, first in terms of base line

data, including a presentation of existing land use ch~racteristjcs within

a half-mile service area as well as a brief assessment of its social and

economic characteristics. The nature of the anticipated changes which the

transi t line will have on the area in terms of development, as well as an

identification of specific socio-economic impacts, both positive and nega-

tive, associated with these changes is presented. In separate sections the

negative impacts associated with each of these 1 ine segments are analyzed

in more detail, using a phase time frame of pre-construction, construction,

and post-construction activities. Moreover, beside each negative impact

identified according to time phase are recommended ameliorative measures

designed to mitigate such impacts. In presenting negative socio-economic

impacts in this fashion, the report scores some important achievements.
By

breaking out impacts along a time line and by identifying them in a micro,

neighborhood-specific way, t'le recommendations become readily translatable

into the construction plans of the project. Further the endeavor to marry

community development goals with the construction of the project is hig!!ly

is
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significant as an approach to mitigate, in some equitable fashion, those

negative impacts which are unavoidable.

A sensitivity to the needs of those potentially impacted by the

project i s various alternatives is displayed in the relocation section.
Here individual properties are listed in three categories: those to be

possibly taken, those falling outside the taking line but significantly

impacted by construction activity, and those which may be disrupted by

such effects as noise, dust and change in neighborhood amenities. The

report also discusses, in a data specific way, the ability of the metropoli-

tan housing market to provide equivalent housing for those displaced. It
further advises that a diagnostic survey be undertaken to determine the

actual needs of the relocatee families and to pair them with the available

supply.

On a line sgement specific basis, the report identifies the antici-

pated impact of the proposed alternatives on various community services

including the following: primary and secondary educational facilities,

colleges and universities, park and recreational facilities, police

protection, utili ties, health facilities, major public buildings, libraries,

fire protectioi. and social servicE: agencies. In a rather comprehensive

manner, the st ud:' nventories all of the above facilities by location within

the proposed impact area, and identifies what impacts, if anv, might be

anticipated, be they of a positive or negative nature. In addi tion, the

impacts are listed by phase of the project, pre-construction, construction

and post-construction.

secondary or tertiary.

The respective impact is also labeled as primary,

The section on economic impacts is presented in a rather general

macro scale. The chapter is primarily concerned with weighing the impacts

which the finished project will have on the metropolitan economy, in terms

of generating expansion in the numer of jobs and mount of new construction.

While the characteristics, in the aggregate, of the businesses to be dislo-

cated are presented, tha authors never differentiate between businesses to be

tdken versus businesses to be adversely impacted. The problem of persons

left unemployed by dislocation is dismissed with the comment that they will

readily find re-employment in view of the anticipated expansion of the

economy. ".'he problems associated with siiall businesses being "priced out"

16
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of their location because of increases in rental rates is also surfaced as

an "unavoidable" negative impact. Nowhere in the section are ameliorative

measures suggested for the relief of small businesses adversely impacted by

construction activity.

The volume closes with a lengthy chapter on visual impacts.

section takes the reader on a narrative tour of the proposed system.
The

Its
visual impact on the adjacent area is presented, along with recommendations

designed to improve its visual appearance and mitigate against any adverse

intrusion. What is missing, however, is any discussion of visual impacts

associated with construction activity, along with appropriate techniques

for the mi tiga tion of adverse effects, associat 2d with such acti vi ty.

Relevance

This environmental impact statement, though oriented most heavily

toward post-construction impacts, is nonetheless useful, from a methodolosical

point of view, in a consideration of construction-related impacts.

data were generated on the areas and neighborhoods to be impacted.
Exhaustive
A matrix

is then presented which identifies the nature and extent of impacts on major

components of the affected neighborhoods. Both data and matrix would be

useful for the assessment of construction as well as post-construction impacts.

Alan M. Voorhees & Associates, Inc. Baltimore Regional Environmental
Impact Study, Technical Memorandum No.7, SQmmary Analysis and Evaluation.
Interstate Division for Baltimore City, Baltimore, ~aryland. ~arch, 1974.

Abstract

The report is concerned with evaluating the environmental impacts

of various highway and transit alternatives for the Baltimore metropolitan

area. The functional areas used for i mDact assessment were:

i.
2.

Socio-economic and Land Use fu1alysis

Travel Simulation and Traffic fu1alysis
3.

4.

Air Quality Analysis

Water and Solid Waste Analysis

5.

6.
Noise Analysis
Analysis of EnvironmE:ntally Sensi ti ve Areas.

i -,
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In addition to evaluating the various system alternatives with respect to

the above areas listed, the report included separate calculations for both

short term alternatives (1980) and long term impacts (1995).
Se par a te

findings were recorded not only for the City and its suburbs, but also for

various sub-areas called "regional planning districts" in the report and

equivalent in the urbanized area to neighborhood units.

Relevance

The memorandum does not concern itself with the SEE impacts of a

particular segment of transit line or highway in the construction phase

~~; consequently construction related issues are never surfaced inde-
pendently in the documen t. Nonetheless, the report has a degree of trans-

ferabili ty from the poj nt of view of the methodological approach taken.
For

example, the report provides a framework in which to quantify the projected

impacts of the various modal alternatives On traffic congestion within the

regio.. Mean strip speed and traveling tiile for various commutation patterns

within the region were considered in terms of the impact which the different

alternatives would be forecast to have.
In addi tion, user costs were

calculated for each of the different transportation alternatives.
Items

considered were as follows: daily vehicle miles of travel, daily vehicle

daily total travel ~osc and annual travel cost.

hours of travel, daily time cost, daily operating cost, daily accident cost,

This methodology has direct
application to an aggregation of the dollar cost of traffic disruption caused

by a transit tunneling project.

Air ?uali ty. With respect to air quality, the EIS recognizes that

changes in pollution levels wi thin the region will be produced by several

factors, including source controls on vehicular and stationary sources, land

use and development plans, and transportation policy, all of which will in
,

I
turn be affected by the implementation of the State's air quality plan.

Nonetheless, the EIS provided forecasts for anticipated pollution by type,

though on ar. aggregate basis, and by year, 1980 and 1995.
The types of

pollutants considered, on a tons ~er year basis, were carbon monoxide,

hydrocarbons, nitrogen oxides, particulates (all of which are emitted from

motor vehicles), and other project related air pollutants including photo-

chemicals and oxidants.
type is crucial, in view of the fact that some tvpes of pollutants increase

The need to separate out various air pollutants by

1 s
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wi th motor vehicle congestion while others remain fixed.
While the tech-

niques used for forecasting pollution levels are regional in scope, they

could be modified to apply to a smaller area, such as a tunnel impact corri-

dor, by selected data gathering.

Economic Impacts. In discussing economic impacts, the report deals

most in those impacts which are the result of the completed project rather

than the construction phase. As a result, few of the indicators chosen have

transferability to the construction phase of a project,

starts, population and employment shifts, etc.
What does have applicability

in terms of a regional assessment are items such as payrolls, retail purchas-

ing power and retail sales. While such indicators have little real project

related meaning on the metropolitan wide basis, they become significant when

translated to the actual impact corridor. A comparison of the impact area
economy with that of the metropolitan area could be meaningful in that it

could surface the sectors which may be suffering decline, such as a downtown

business/retail area, as compared to those areas which, when considered in

the aggregat~, may be experiencing project-related improvement, such as the

enti re SMSA.

Storm Water Management/Water Quality. The EIS found that the
problems associated with storm water runoff and non-point source water

pollution generated by runoff, the sedimentation of streams, would be

greater with the highway than with the transit alternative.
Transit, when

considered as an alternative to highway construction, produces far less run-

off rela ted environmental proble~s. As regards the construction of transit

tunnels, the cut-and-cover method produces far more sedimentation as a result

of exposing soj 1 to runoff, than tunneling wherein fewer areas are exposed.

American Bechtel, Inc. et al.
Central Area Transit Project.
Chicago, Illinois.

Environmental Impact Analysis, Chicago
Chicago Urban Transportation District,

Abstract

This rather massi ve document consti tutes the formal Environmental

Impact Analysis (ErA) for the ¡.)roposed central area rapid transit nroject
in Chicago, a nroject which includes bot!, a ~':Ub\o3Y and distributor. The

1 C)
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report includes background information on the City's transportation history

as an introduction to the origins of the project.
After a presentation of

the physical characteristics of the system, the project impacts--social,

economic and environmental--are identified both in terms of short-term or

construction related impacts and long-term post-construction impacts.
In

accordance with UMTA guide lines, unavoidable adverse impacts are lj s ted

along with cases involving irreversible resource commitments.
Short-term

and long-term trade-off issues are considered both independently and wi thin

the context of alternatives and modifications to the proposed system.
A

chapter is also included on citizen participation and its role in the environ-

mental review process.

Relevance

Those portions of the EIA most relevant to a consideration of the

SEE impacts of transit tunneling are those which deal with short-term or

construction related impacts. Some impacts are discussed in a more compre-

hensive and specific manner than others. For example, the authors devote

considerable attention to the anticipated economic losses resultant from

construction disruption. The problems associated wi th sDoils disposal are

presented in an equally specific fashion. Of special significance in the

EIA is a forecast of the role which construction time periods play in the

magnitude of adverse impacts, particularly with respect to economic losses.

Presented in a more general manner are such impact categories as noise,

vibration, air pollution, visual quality and quality of life.

While a temporary decline in retail sales within the impacted

area is forecasted, on a metropolitan or regional scale such losses will

be minimal. They will tend to be offset by increased economic activity

generated by the actual project produced through the multiplier effect

of increased construction- rela ted employmen t and purchases.
The EIA

did, however, identify the commercial establishments which face probable

losses because of certain characteristics. For example, establishments

which serve the day-to-day needs of a neighborhood suc~ as laundromats and

corner variety stores, tend to be far less vulnerable than small retail shops

within a commercial district which operate on a narrow margin and are depend-

ent on casual or impul se sales. Eati ng and drinkinq establ ishments largely
dependent on evening trade are also among the mos t 1 ikely to suffer, according

21
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::1 to the report. Such vulnerable conuercial establishments were identified
.: .

in the report both by general location and type.
It is of interest to note

that in many cases the very type of business which suffers most during con-

struction also benefits most after construction because of the advantages of

access to a transit station.

~

The EIA notes that some businesses may either temporarily or

permanently vacate an area to avoid the effects of the construction. The
cOsts which these establishments are forced to bear are rarely calculated in

an assessment of the costs of tunneling disruption despite the fact that

they are very real and can, to a large extent, be quantified.
1:he document

states that in cases where the construction lasts less than six months no

occupancy declines are likely, while in cases where the construction

activity lasts for a year or longer, certain non-prestige office buildings

can expect to experience declines in occupancy (p. 56). Thus, anticipated
losses due to vacancy do not vary linearly with time.

If the rate of
vacancy were plotted on a graph, a critical time period would be identifiable

after which significant numbers of vacancies result.
The sensitivity of the

graph to declines in Occupancy is, of course, a function of several things

whic;. include price, quality and location of competitive space elsewhere as

well as the locational requireirnts of the tenants.
For example, in cities

which are experiencing a boom in office building construction one might expect

that such declines in non-prestige space would be more significant than in

cities which have little office space available and little activity in the

construction of new facilities. This factor was not dealt wi th in the report.

As a met~od of reducing the problem of access to businesses generated

by the construction, the report offers several reconuendations which have

applicability to other cities: Parking spaces might be provided on the
periphery of the central area and a shuttle bus provided to transport

persons between the two points. Other options include transit authority

assistance in organizing car pools as well as the possibility of a free or

reduced fare shopping bus to service the impactRd area.

i
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~
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With respect to the problem of spoils disposal, the report insists

that any plan formulated must conform with existing regional land use plans.

One suggestion offered was the use of spoils to provide fill for the develop-

ment of new recreation areas adjacent to Lakp ~ichigan. In the case of
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dumping spoils into the lake, special precautions should be taken to avoid

pollution. The suggested measures include the use of double-walled imper-

meable breakwaters and an internal pervious diking system for the dewatering

of spoil and treatment of the resulting leachates.
The possibilities of

potential littoral drift depletion resulting from the filling operation

were also considered.

In summary, the report is highly useful in that it considers various

issues associated with impact forecasting, for example, the non-linearity of

time, which are rarely surfaced in such documents.
The level of detail

provided in the identification of both impacts and the ameliorative measures

necessary for the lessening of their effects is also notable.

Environmental Services Department, Bechtel
Applicar.t iS Environmental Impact Analysis.
Authority. June, 1974.

Associates Professional Corp.
Niagara Frontier Transportation

Abstract

in a somewhat quantitative and site specific maner. Also worthy of special
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The report presents, in a concise, comprehensive and logical fashion,

a discussion of the social, economic and environmental impacts, both short

term and long term, of a proposed 11 mile rail rapid transit line (including

8.4 miles of underground construction), in metropolitan Buffalo, New York.

In addition to a discussion of the physical characteristics of the proposed

system, the report provides detailed baseline information relativ~ to the

physical, biological and socio-economic characteristics of the study area.

The Niagara Frontier Transportation Authority (NFTA) study is

notably complete ir. its consideration of short-term or construction related

impacts across the Full range of physical, biological and socio--economic

indicators. Of particular importance is the study i s thorough consideration

of the construction impacts on surface water quality and hydrology, and its

identification of potential soil disposal sites. Construction re lated noise
and ground-borne vibration, along with mitigation techniques, are presented

mention is the effort to employ quantitative measurement techniques to assess

construction impacts on the quality of life through utilizing 14 quality of

life categories as a base line, developed from A Study in Comparative Urban

22
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Indicators: Condi.tions in 18 Large Metropolitan Areas, by Michael J. Flax.
One of F lax i s study areas was metropoJ i tan Buffalo.

Relevance

Adverse construction related economic impacts are insufficiently

considered such as those experienced by businesses which suffer losses due

to impaired access. Unlike the Chicago Environmental Impact Statement i no
effort was made to forecast business revenue losses either by geographic

location and/or by type. Also rather sketchy was the discussion of the

impacts of construction acti vi ty on community services.
While community

services were defined by functional category and in a site specific manner

relative to the established one mile wide corridor, little consideration was

given as to which community services would be impacLed more than others, as

a result of their locational and client characteristics.

The effort to quantify the impacts of the project on the quality of

life through the use of Flax i s index is of great methodological interest.
This particular index, however, is of too macro a scale to be transferable

to the assessment of construction related impacts on a neighborhood.

Wallace, McHarg, Roberts and Todd. Environmental Impact Study: Greenbelt
Route E; Volume 2, Part 3, Section E006 to E008; Appendix. nashington
Metropolitan Area Transit Authority. March, 1975.

Abstract

This studv is part of the Washington, D.C. environmental impact

series. Originally, no environmental impact statements were filed for the

Washington Metro, because Congress had funded the project prior to the enact-

ment of the Environmental Protection Act. Legal action, however, forced

WMTA to prepare environmental impact statements.

Because the series was undertaken after the fact, many of the

elements commonly associated with an EIS were not included, such as the

consideration of the social and economic impacts of the construction activity.

The report does draw attention to four sources of construction related environ-

mental impacts:
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a. Emissions from construction vehicles
"

b.

c.
Construction induced traffic congestion

On-si te earth work and spoils removal

d. Fugitive particulate matter from demolition activity.

Emissions from Construction Vehicles. The report notes that while

construction vehicle pollutants will make an insignificant effect on regional

air quality i localized conditions may be significant, given a heavy concen-

tration of construction vehicles accompanied by adjacent vehicles stalled

in construction related traffic jams. Variables to be considered in fore-
casting such pollutants include vehicle model and year; the more recent the

equipment i the more sophisticated the emission control devices. In view of

the wide range of variables to be considered, the authors of the EIS do

not forecast equipment related pollutant levels. Included, however, is a

chart which presents hourly pollutants by type typically associated with

various models of heavy equipment used in construction.

Construction Induced Traffic Congestion.

that it wiii effect regional levels in a significant way. The localized

The EIS report recognizes

the fact that congestion induced by construction activity has the potential

to increase pollution emissions in the immediate vicinity of construction

si tes. Al though such an increase may have local signi ficance, it 1 s doubtful

increases are due to the fact that automobiles emit more carbon monoxide

at lower speeds than at higher speeds. For example, an automobile traveling

at 15 mph emits 26% more carbon monoxide than while traveling at 20 mph.

Similarly hydrocarbon emissions from automobiles increase by 18% when ;;.'

"

vehicle speed is reduced from 20 to 15 mph. It is also noted that exhaust

emissions of nitrogen dioxide decrease with a decrease in speed while the

levels of suspended particulates remain relatively constant with changes in

speed. Therefore i the report concludes that construction-induced congestion

will create no particular adverse impacts on local or regional concentrations

of suspended particulates or nitrogen dioxide.
"

The critical factor in fore-

casting congestion is the extent to which impacted streets will exceed their

design capacity as a result of tunneling-related delays (v/c ratio). The
report goes on to identify actual street segments which may become severely

congested and consequently may be faced with a signifi.cant increase i.n air
,

pollutants. In fact, one area is identified as anticipating a 423% increase
"
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in such concentrations, while another is forecast as having 0nly a 36%

increase (these increases are expected only during adverse meteorological

condi tions) .
congestion.

A chart is included which related pollutant levels to traffic

The EIS notes, in a general way, that such high localized concentra-

tion levels can be reduced by the adoption of various traffic control mea-

sures. And, further, in view of the fact that such concentrations wi 11 only

be experienced for a short time period, they should be accorded little weight

in a consideration of various design and route alternatives.

On-si te Earth Work and Spoils Removal.
The report states that

segments which involve ancillary parking facilities will have greatest

potential for the generation of fugitive dilst materials.
Such acti vi ty,

particularly when it involves formerly vegetated hillsides, has the added

potential of inducing erosion and storm water runoff which may increase non-

point source water pollutancs in localized streams.

In addition, cut-and-cover techniques were described as producing

higher levels of fugitive dust both from the fact that greater areas of

excavation are exposed and greater volumes of spoil are generated by the

process.

Demoli tion Related Pollutants. Often in the clearing of a right of
way for transit tunneling activity, entire buildings or building foundations

require demolition. A specialized problem may occur when buildings in which

asbestos materials have been used are taken.
The asbestos fibers can pro-

duce harmful effects on human respiratory tracts when they become airborne.

In addition, similar problems have surfaced with respect ~o the demolition

of steel structures w.1~ch have been repeatedly painted with toxic lead-based

paint. The federal government has outlined special regulations governing

workers safety in working around such areas. These have been published in
the Federal Register No. 66, Vol. 38, April 6, 1973.

Methods of Impact Mi tigation. The EIS identifies four methods by

which fugi tive air pollutants (dust) can be controlled and reduced:

a. restriction of vehicle flow on unpaved surfaces,

watering twice a day during periods of highwinds
and construction activity,

b.

25



c. minimizing the period during which the cleared and
regraded lands are exposed, and

minimizing the period when spoils are stored in the
immediate vic ini ty of the construction site.

d.

Relevance

Even though the report does not consider the full range of social,

economic and environmental impacts associated with tunnel construction, it

is very useful for its discussion of the impact on air quality of the four

sources listed above. In particular, the ef ~ort to disaggregate and quantify

different types of air pollutants is significant. The discussion of impacts

derived from building demolition is important, as is the consideration of

the problem of asbestos fibers and toxic lead-based paint, not discussed in

other EISs.

2.3 STUDIES ON TUNNELING TECHNIQUES

Four reports are presented in this section. They serve both to

familiarize the reader with the physicial steps involved in the tunneling

process as well as the nature of the primary impacts associated wi th the

various elements in the construction process. Two of the reports deal with

state-of-the-art issues in the construction process while the other two are

technical studies which assess the feasibility of various tunneling techni-

ques for the construction of particular rapid transit projects. Considered
iii each are the parameters of cost, technical feasibility and impact.

Sverdrup & Parce 1 &
Office of Research,
February, 1973.

Associates, Inc. Cut-and-Cover Tunneling Techniques.
Federal Highway Administration, Washington, D.C.

Abstract

This report consists primarily of a state-of-the-art review of

var ious cu t-and-cover tunneling techniques as practiced both in the u.:i ted
States and abroad. The study was undertaken with the supposition that

despite the advances in earth tunneling technology which have occured in

recent years, cut-and-cover will continue to be used in future years in a

variety of situations where other methods, principally earth tunneling, are

2G

'=--''''t-''':-~-:/..~~~j~-:''':: ",":.-,' "':~';:"_;;--;:~)-;~.L:â-,~;---~' .~ -'.CO''',. ,- ~':ïii'~--""'-"Úh~""d\.,,,~j,dQ:"'-;.';""':",,,,¿"''"¿''''''''íìf'''i''~'''ák''''''';' ". ',:"" "," '';i'' - ", , , ," . ,"" ,,',' ," _.,
. j' ".=' . '.i"="'~\R""-~£:¡-" "'~'.1"""\gä:~i:#~.£J;bi1ì.)~:'';/i¡;::~~~~''lL:t~~:k!i.:t11.~t~r;.~.:..-';Ô"~--~\d;¡,~~



infeasible. In the case of rapid transit tunneling, these include the

excavation of line segments with shallow configurations, and station con-

struction.

The underlining purpose of the study was in part to contribute

toward the wider usages of new technology which typically is drawn from

European examples throughout the report. The study looks at various methods

of achieving ground-water r.ontrol, ground-wall support, (including freezing

and chemical injection methods) excavation, structural control, permanent

structure construction and restoration. Various decking techniques, of both

a temporary and permanent nature are fully explored. Further, each of the

various alternatives is analyzed according to cost and attendant problems

associ ated with each.

Relevance

A brief chapter in the report is devoted to methods for the abatement

of primary and secondary construction impacts, including techniques for

mitigating construction related noise, dust and vibration. Pertinent
regulatory statutes relating to disruption associated with construction

activities are identified, including laws governing payment of damages to

businesses that suffer losses as a result of such disruptive activity, as

we 11 as various health, safety and environmental laws.

Data used in the preparation of the report were gathered from two

principal sources, a review of existing literature and interviews with a

numer of individuals who have had practical experience in the construction
process. According to the authors, the interviews were valuable in that they

included information on construction techniques not yet written about in

available literature as well as negative information concerning the draw-

backs of the various construction techniaues. The report is liberally

ill ustrated wi ~1 photographs of the di fferent technques discussed.
photographs add much to an understanding of the methods presented.

The

The utilitv of the report to a study of the SES impacts of transit

tunneling is twofold. First, integral to such a study is an un¿erstanding

of the tunne ling process. This report contributes in a significant way to

the development of such an understanding. Secondly, many of the disruptive

effects of the tunneling process can be mitigated through the use of improved
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technology, and this study provides important information, often drawn from

foreign sources, concerning new techniques.

Metropolitan Atlanta Transit Authority, Evaluation of Alternative
Construction Modes for MARTA i S Central Line: Marietta Street to North
Avenue. 1975.

Abstrac.t

~'his report was prepared after the storm of controversy which arose
in Atlanta over the decision to build the central segment of the new !:apid

transit system using cut-and-cover techniques. In an effort to justify the

decision to recommend cut-and-cover rather than earth or rock tunneling

techniques, the document analyzes the three alternatives according to a

number of criteria. The various criteria could be grouped as follows:

(a) transit system requirements,

tion requirements and costs.

(b) environmental impacts, and (c) construc-

Items included under operational requirements were the functional

aspects of the vehicle, its speed, heat generated, station interface require-

ments and needed support faci Ii ties. Also considered under system require-

ments was patronage--basically the logistics involved in moving passengers

from street level to platforms.

three types of primary impacts:

Considered under environmental impacts were

soil stability and the need to underpin

various structures, utility dislocation, and spoils removal. Under the
heading of construction requirements and costs, the bearing capacity and

general sui tabili ty of the subsurface material relative to the various con-
struction al ternati ves were analyzed, along with the grade variance require-
ments dictated by the design of the system as a whole. Finally the estimated

costs associated with each of the construction alternatives were calculated

for comparison purposes.

Re levance

The major recommendation of the study is that the Broad Street por-

tion of the line in the downtown area should be constructed by cut-and-cover

techniques in view of the tremendous cost differential, estimated at either

$19 or $36 million less than the two tunneling alternatives. The authors
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were also of the view that while cut-and-cover does result in greater surface

level disruption, tunneling in this instance carried with it the high prob-

ability of subsurface complications such as foundation settlement and utili-

ties disruption. Overall station and system design and grade problems Wére

a final justification for the cut-and-cover reccmmendation.

The study provides an excellent example of the issues that are in-

volved in a decision whether to use cut-and-cover or tunneling techniques.

The report could perhaps be criticized for its failure to incorporate all of

the disruptive impacts, such as traffic disruption and loss of business,

associated with cut-and-cover methods rather than tunneling. Nevertheless,
some of the costs which it did consider, such as those of underpinning build-

ings which primarily are incurred with tunneling, are important in developing

a better understanding of the trade-offs involved in such a decision.

Sverdup & Parcel & Associates, Inc. Preliminary Tunneling Studies Report
for Red Line Extension Camridge-Somerville. ~1assachusetts Bay Transit
Authority, Boston, Massachusetts. April, 1972.

Abstract

This report, which was completed in April of 1974, provides d

technical assessment of the feasibility of tunneling the extension of the

Red Line rapid transit line beyond Harvard Square, Cambridge via three al ter-

na tive routes to Alewife Brook Parkway in Cambridge. In considering the

var ious alignment alternatives, one of which included a routing through
Davis Square in Somerville, the authors evaluated the suitability of various

tunneling and construction techniques as appropriate to each alternative.

Cost estimates for each of the vario~s construction alternatives were also

provided for integraticn with the previously prepared socio-economic-

environmental studies undertaken by the Boston Transportation Planning

Review, specifically the ?rogram Package Evaluation ~eport and Draft

Environmen tal Impact Statement for the Northwest Region.

The maj or emphasis of the study is tunneling technology, with

considerable attention paid to tunne ling design issues, subsurface investi-

gat ion both in terms of the suit2bility of subsurface soils and rock to

the various types of construction contemplated and to the special problems
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generated by utility lines requiring relocation. Special attention was

also paid to the problems of foundation settlement and tht need to underpin

adjacent buildings.

Relevance

While the entire study is valuable in a consideration of the SEE

impacts associated wi th rapid transit tunneling from a case study point of

view, of particular importance are three Appendices, which present state-of-

the-art information on transit design criteria, subsurface construction and

impact problems, and new developments in tunnel construction technology.

The major emphasis of the investigation was on subsurface conditions as

re lated tc the sui tabili ty of cut-and-cover versus deep-bore tunne ling

techniques. Indeed, twenty-four test borings were taken in the study area

to supplraent tl1e existing data ")ase in order to provide more complete source

mateyial for tl1e techni cal evaluation portion of tl1e study.

Like the previous Atlanta report, tl1is studv is useful in developing

an understanding, tl1rough consideration of an actual project, of ¡e issues
involved in the decision to use eitl1er cut-and-cover or boring techniques.

Inc luded is a valuable discussion of certain cost-saving tecl1nological advan-

ces in the boring process.

3echtel Incorporated/San Francisco et. al, Systems Analysis of Rapid
Transi t Underground Construction i Volume I, Sections l-5 i Volume II,
Sections 6-9. U. s. Department of Transportation, Offi ce of the Secretary and
Urban Hass Transportation Administration, h1ashington, D. C. September, 19 74.

Abstract

The major empl1asis of t:.is two part study of the rapid transit

tunneling process is the presentation in a sequenced fashion of the various

stages involved in the actual construction of an underground system. The

process is highly coirmlex and its v::rious steps are often difficul t for the

lai~an to understand. The study 9resents the Drocess along a linear time

line which COrL elates with illustrations of the actual construction activi ty.

Eac:: step is numbered on both the flow charts and illustrations to assist in

comDrehens ion.
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Tho two volumes also loolç at the various techniqL'es of tunneling,

ine luding not onl y cut-and-cover and earth tunneling but also various types
of earth tunneling techdiques, including manual and machine excavation. A

goal o~ the study was the imorovement of the cost and efficiency of the

cnti r" i)roc..ss. To this ond, each technique is evaluated according to these

criteria. Indeed, models are included for the purpose of identifyinq the

sensiti\';ti..c; to cost and time of the maior comjJonents of the construction
proc~ss . Attention j c; also paid to the physical chacacteristics of the
C'nv ironm0nt i n '",hi ('Ìì the r)ro j ect takes place.

Factors such as ground con-
ditioJ!c-i, ~l t i 1 i t: v :J i' n sit v , trafÇi~ condi tions and settlement prohlems of

ddjacent bui ldinos JU' discèL3sed within the context af alternative construc-

t ion tpc~~!l i 'rups and: ¡ro,'cdures.

TIl~ seconò vol ume deal s primarily with the planning and institutional

factors which eff0ct proieet time tables an:) costs. Some of the insti tutional

factors wh i ch ~r0 ~ i ~ ~u~sed inc lude pre-construction planning, right-of-way
acquic:ition, projeet Q'heduling, material and equipment supply, agency roles

and re srronsibi li t ii's, and labor aqre0ments and productivity.
In addi tion to

describinq in i1 detai let- manner, t~e institutional processes required for

~Jrojt:ct imp 1 e me n t .=, t i 0 r, , the authors make important recoITendations for the

streamlininq of thAt process. ;'1any of the recoITpndations have important
implÜ'atioTl in j-he mitic¡ation of disruptive construction impacts through both
reducing constructi('rJ time and improving the ability of the sYStem to respond

to pf'riodii' :roblf'ms ',:!iich may arise.

L'íjr- C..:-=i' :-; t1Ir-': L 1.JrposC's , the authors present five tunnel cons truc-

tic' fì ;'.rni' .,.ts, t ~l ri -, ~-l~(_\:' the ~j\RT svs;tcm and t\.¡o from \'MATA in Washington,
~. ~'\-JP i n::i ..rj,-l'il- ~ rruiects 'v..erc ana lyzed wi th reSDect to thei r adherence

to t im'. e;,.i-¡,,'du i ns, r'-,'"t prui.:.etio::s .'ind the s0nsitivity to physical and
in" t i I- U (' i ,-,¡,.il ;,,) r ar::c l- ,. ¡-~, . na''.n ~r-()m the five case studies were also utili zed
i n ~ hi) ~- C' !-;;: J 1 (1 ~ i ;: .~): i:n 1 "t i ' a 1 mock is dcsiqned for the ev;iluation of vari-
au:; ~. ':ì-~-~~l-U -'f: :,--.r¡ ~(:'-':i~-¡l¡~ ;i''S ".,~ J-~,. res; prt to costs and impacts.

R(~ iC~vtin 'C'---- -

-~l-¡r-. -Jo,'ur~i 'n ts -1 r" i 1 ~ ( := 'j 1 t () t 1, C. l 'm sid c rat ion 0 f construction related
I- r:: ),1 (' +- ~~ ì Ii t ~1" S ":ì:-:,' L \"'_1 L (-In ir1:)rn'J._1r¡¡'~nt of the efficiency nf the t~nneling

r)rn,__" '.:; c~... , :!1 1-,
- ...- ,..... "': 1. '.., -,. 'd ¡ ,11 ì ~-~ in~-it i l-_it ion3.1 sí,hercs, will most often result

in :-1 Iìf" ~ r t ,,-; . l :_~ t 1 () ~l '-i :- 'C;!1,;l-i-'¡ction rt'latcd d 1 srupt ions, ~oneth~ less, di rect
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disruptive impacts resulting from construction are only briefly toucheê

upon. It is fu. ~her important to be mindful of the fact that efforts tc.
improve the cost and operational efficiency of the transit tunneling prQC, =5

are not always consistent with measures designed to reduce construction

rela ted disruption.

A major achievement of the two volumes is the consideration of

probability with respect to scheduling and costs. For example, the real

cos t in cut-and-cover construction mav often be higher than antic ipated
because of delays which resul t from inclement weather condi tions i d~:ays
in materials del iveries, etc. Technic¡f"s suggested for factoring in such

probabili ties can be useful in forecasting disruption-related impacts.

The analysis of the institutional process is valuable. Impro',' i ng

this process will not only reduce project time and cost, but also veri

often rpdu~e disrupt i vo impact s, because of the critical nature of time as

an impact element.

2.4 NOISE AND THE E!NIRí)!J1'1EN''

One of the mo~t significant and thoroughly researched disruptive

impacts associated with transit tunneling is noise. Several large ci ties
have recently enacted noise abatement ordinances, which stipulate allowable

leve Is of dBA i S for construction activity. These levels often vary by zone,
depending on the density and land use characteristics of the zone. In
addi tion, the Occupational Health and Safety Act (OSHA) has established noise

1 e ve 1 limi ts for workers on construction si tes.

Two studies dealin:r wi th construction related noise are presented
in this section. They deal both with noise impact assessment and with

methods of lowerinq exces~.;ive levels. The other study is a technical manual

for implementing environmental control measures in the planning and con-

struct ion of underground rapid transit systems.
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Foster-Miller Associates, Ine. A Preliminary Assessment of the
Enviromnental Impact of Mechanical Equi~ment Associated wi th Urban
Transnorta tion Construction. U. S. Department of Transportation,
TransDorta tiùn Systems Center, Cambr~dge, Massachusetts.

Abstract

The ourpose of this study was three-fold: (1) to assess the adverse

environmental noise. impact produced by equipment in the transi t tunneling

process and by various methods and processes currently employed; (2) to
analyze techniaues available to reduce excessive noise impact in order to

conform with curren t standards (th~se options include modification of exist-

ing equipment, substitution of alternative equipment and the use of new

types of equipment designed to meet current requirements); (3 ) to cr i tiaue
new re0ulations and J egislation governing allowable noise levels associated

wi th the urban transportation tunnel ing process.

Within the report, noise generation was classified according to

sEvera 1 schemes. First, noise produced in the various phases of the

construction orocesses was discussed, from ini tial site preparation to the

restoration of pavement. :Jpxt: , noise generation was discussed in terms of

types of cnuinment emnloved. A number of measurement techniques including

on-site measurement ~cre utilized to arrive at figures. Noise genera tion
Dc-oeluced b",' a con:~truction si te in aggregate at various distances from the
sourcps was also cons idered" Thes2 data were then plotted on a curve and

compared with the curve of communi ty reactions to equivalent noise levels.

The authors also comfJared noise generated by different construction tech-

niaues. Althouah onlv cut-ana-cover was considered, five cut-and-cover

methods were analvzed both in t~rms of noise qe~erated by phase of ~le

Drocess and in the aaGreaate.

Re le'!anci'

A major strength of the study is its consideration of the human

environment in which the construction activity takes place. For example,

in its consiòerati cm of "equipment management techniques," the studv is

sensitive to the time of day and to location in their effect on acceptable

noise' level as viewed by the conuunity. Simi.larly important is the uti liza-
tion of tne proviolJsl? mentioned community noise acceptance curve as

reflpctina the orientation of the report.



The report identifies pile drivers as the major source of excessive

noise produced in cut-and-cover operations. The authors evaluate alternative
approaches to effecting reductions in this source, including the use of

newer, quieter equipment or alternative techniques including ~ùbstituting

the slurry wall method. TIie various alternatives are evaluated with a
measure of pragmatism as are the effectiveness of different noise abatement

regulations. The report i s finding is that while such legislation has been
responsible for the nevelopment of newer, quieter equipment on a cost-

compo tit ive basis, such regulations wil I! however, be ine ffective in case s

..!wre su:table quieter equipment is not available on the market or where

its cost is prohibitive.

Bolt, Beranek and Newman, Inc. Regulation of Construction Activity Noise.
U.S. Environmental Protection Agency, Washington, D.C. November, 1974.

Abstract~--~
This report was prepared to assist the Environmental Protection Agency

in the formulation of a strategy for the reduction of excessive noise

associar.ed wi th construction activi ty, pursuant to the provisions of the

Noise Control Act of 1972. Nine different strategies For the achievement of

nolse reduction were analyzed by the authors of the reDort with respect to

determining technical effort and cost required. The target of the effort
was to achieve a reduction in noise levels in residential areas to an annual

outdoor day-night equivalent sound level (Ldn) of no more

an annIJa 1 L of (,S dBA in commercial districts.dn -
strategies identi fied in the report, which include options

than SS dBA and to

The nine public policy

such as the
requi reiænt of sound reducing barriers and the regulation of the internal

combustion engi ne, we re evaluated according to nine cri te ria wh ich incl uded
costs to manufacturers and end users, ease of enforcement, timeliness, and

hurden placed on the nation's resources.
teristics, relativp to noise production,

Information concerning the charac-

of twenty-two types of heavy

equipment used in construction activitv was included as data.

r.:i' Ii 'vance---------
;')1(' i n'- orma t ion ¡;rn'Jl.1p! on the noi'~c' cmission cllarar:t"ristics of

t u :: n to i i n' ¡ opp rat ion s ish i '' h i \' r c i (' van tin thehC\dV'/ ('\:U j t ;m(\nt usc,j in



considera~ion of construction related environmental impacts. So, too, is
information contined in Section 3 of the report which looks at the noise

levels generated by various types of equipment in di fferent phases of the
construction process. In Chapter 4 a mathematical formula is developed

for forecasting the impact of construction noise on areas of di fferent
population densi ty within a metropolitan context.

Transi t Development Corporation, Inc. et al. Subway Environmental Design
Handbook! Volume I, Principles and Applications. Office of Research and
Development, Urban Mass Transportation Administration, Washington, D.C.

1975.

Abstract

The publication is intended as a manual for the implementation of

environmental control measures in the construction of underground rapid

transi t systems. The environmental criteria discussed include temperature,

air qual i ty, humirli ty, ai r ve loci ty and rapid pressure change as well as
noise and vibration. The report includes di fferent design criteria for the

various environmental parameters in the different segments of the system

(stations, tunnels, vehicles). In addition to establishing environmental

yuidel inps, t:H- r.~nurt inc'l'-ci.~s methorlolog ies for the computation of the

achievement of desi0n standards.

The intended reader of the document is the decision maker who has

little technical background in the engineering components of the design

process, as well as the technical person who is involved in system planning

and construction.
75% of the material included is of a highly technical nature.

Though the work is intended for both readers, approximate ly

For example,
Part 1 of the report provides background information and current operational

characteristics of existing subway systems in both the U.S.A. and abroad,

whi Ie in 1a to?r C)¡31,t"Lò, r.atheic,atical methods of calculating the equiDment
r.:cu i r '-'f'P ¡ J t s r ()r ~ìl-:a tiny, .-'()uli n'.. and venti lation are provided.

Re I ev eJ nc,'

','¡nile '.'11, work is important in the development of an understandino

of th0 operatinnal ch~ractcristi~s of an underground rapid transit system,

it providEs iittle in th0 way of data on construction related impacts.
To

the st:Jdent of constnictJ on imudct, information concerninu the siting
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requirements and operational characteristics of ventilation shafts can,

for example, be important in the development of an enviroruentally sensi-

tive system design. A plan which both respects the esthetic standards of

the community and at the same time serves the functional reauirements of

the system can emerge through the dispensation of such information to both

planners and community groups alike.

2.5 SOCIAL IMPACT ASSESSMENT METHODOLOGIES AND SURVEY RESULTS

This section first reviews three works on social impact assessment

methodologies. Then follows a sumary of the findings of two social impact

surveys dealing wi th tunnel construction for the San Francisco Bay Area

Rapid Transit System (BART). Finally, some works dealing with ~he social

impacts of relocation are reviewed.

2.5. 1 Social Impact Assessment Methodologies

Braddock, Dunn and !1cDonal d. A ;1ethodology for Analyzing Social Impact
Public Policy. Vienna, Virginia. May, 1975.

Abstract

While the usual social impact analysis is undertaken concurrently

with environmental and economic impact assessment as well as the assessment

of technica 1 feasibi 1 i ty and legal constraints, the methodological approach
nresented in this paper assumes that these other types of analysis have been

completed and that data from each cf these functional areas can readily be

used as inputs into the social impact analysis. For example, economic data

identified include changes in sdles, costs, operating income, employmen t,

investments, and industry structures for those industries which might be

either directly or indirectly affected by a public policy action. Al 1 0 f

these factors may result in changes of prices and products available to the

consumer. Thus the authors include in their methodolgoical process economic

input/output models for the assessme::t of possible economic "ripple effects."

The method developed also requires the id2ntifi~ation of the roles and

respon~ibi 1 i ti es of re levant governmental agencies.

The approach of the monograph i s authors is that policy assessment

should be carried out in a cyclical rather than linear fashion, with a first
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assessment undertaken in the initial phases of the project, and perhaps two

assessments occuring in later phases of the project. This technique is

justified as a device to provide the researchers with insight as to what

data are most critical. The var ious steps in the process of analysis are

similar to those specified in A Methodology for the Analysis of Social Impacts

prepared by the same firm, wi th the exception that trend analysis of relevant

~haracteristics, both nationally and regionally are included as step four in

projects whose imnlementation time line is ten years or longer.

Rpl pvance

Though the monograph does not deal wi th tunnel construction, it is

relevant insofar as j t presents a methodological approach which is meant to

be used in the ~ssessment of sac ial impacts.

Finsterbush, ~urt,
Analysis of Social
Vi rq inia.

and \'Ieitz,.l-O'¡'jeil, Patricia A. A :-ethodology for the
Im~acts. 8raddock, Dunn and McDonald, Inc. Vienna,

Abstract

The work r,rovides a j'.'scription of a methodology for the analysis
of the social impacts of var ious energy conservation measures, as developed

by Braddock, DlJnn and t-1cDonald, ~he methodology is characterized by its

combination of a techniquc and an implementation program, which the authors

ca 11 TIP (Tec!1nirrup Imnlementation Program). The methodology is sufficiently

general to have ~ransferability to policy assessment in a variety of areas.

The core of t!1e r'ror:ess presented in the Dapc'r are four sequential steps as
f0110\,,0; : " 1 . Tf-i' determination of social impacts on 11ouseholds, communities,

organizations, aroups and societal insti tutions. 2. The estimation of the

responses of tf-e imnacted Dart ies and the conseauences of these responses.
l. Tf-c development of pol icv adjustmpnt options designed to ameliorate

some 0 f the unde's i rab lc' impacts. 4. A final step after several TIPs have

been studied by steps 1-3 is the analysis of long term societal trends as

they òffect and arc affected bv the set of TIPs as their consequences"

(¡,ev¡e 1). ~aior emphasis is ~laced on item 2.

In addition to discussing the parameters of the TIP methodological

arnroaC!1, t h'-' r:a r"~' r incl udes information on a tvpe of attitudinal survey
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which depends on a relatively small sample size, developed by the authors.

Called the Mini Survey Bayesian Test (MSBT), the technique is intended for

situations where surveys are needed but where time and financial resources

are limited. The technique relies upon Bayesian statistics rather than

classical statistics and draws its data from a mini survey whose sample size

is between 15 And 100 respondents. In addition to utilizing survey results,

the TIP methodology obtains inputs from the statements of experts as well

as a rev iew of literature from which a set of probabilities is developed for

the forecast i ng of ci tizen atti tud inal responses.

Relevance

Like the previous monograph, this report is of interest insofar as

it presents a methodological approach for an assessment of social impacts.

Fi tzs immons, Si.eph(.n .--., Stuart, Lorrie I., and ivolff, Peter (Abt Assoc iates
Inc. ). The :30cial l,sse.3sment Manual: A Guide to the Preparation of the
~ocial Well-being Account. Bureau of Reclamation, U.S. Der~rtment of the
InL'rior. July, 1975.

Abs tract

The Social Assessment Manual establishes procedures for conducting

research and analyzing data to forecast probable future impacts of imple-

menti ng al ternati ve water deve lopment plans (or no plan) and assessing their
beneficial and adverse social effects upon people and their communities. The

procedure produces a Social Well-Being (SWB) Account.

The ~anual is designed to meet the requirements of the U.S. Water

Resources Council's Principals and Standards, which mandate a four-account

system to assess water deve lopment plans in terms of their Social Well-Being,

National Economic Deve lopment, Regional Development, and Environmental Quality

Effects.

The SWB Account is built upon the orientation, theory, research, and

methodo logy of sociology and social psychology, systems analysis , multiple

objectives planning, and forecasting (See Fitzsimmons, S. & Salama, 0.,

~nn and Water - A Socia 1 Report. Denver, USBR, 1973).

The SWD Account is organized into five components, each containing

various f'va luatioJl categories wi th speci fied data:

j ~.;



a. Indi vidual, Personal Effects (Life, Protection, and Safety,
Health, Family and Individual Attitudes, and Environment);

Communi ty, Institutional Effects (Demographic, Education,
Government Operations and Services, Housing and Neighborhood,
Law and Justice, Social Service, Religion, Culture, Recreation,
Informal Organizations, and Institutional Viability);

b.

c. Area, Social-Economic Effe cts (Employment and Income, We lfare and
Financial Compensation, Communications, Transportation Econumic
Base, Planning and Construction);
National, Emergency Preparedness Effects (Water Supply, Food
Production, Power Supply, Water Transportation, Scarce Fue Is,
Population Dispersion, Industrial Dispersion, Military, and
International Treaties); and

d.

e. Aggregate , Social Effects (Quality of Life, Relative Social
Position, and Social Well-Being).

Comple tion of the SWB Account requires five steps:

a. Description of the history
the functions, activities,
alternati ve water plans;
Description of the planning area to be affected in terms of
its history, present-day social profile, and Ii fe-style;

of water resourc~s of the area, and of
impact area, aDd schedule of

b.

c. Identification of the future social impacts attributable to
each alternative plan for each of the components and their
evaluation categories;
Comparison of the future beneficial and adverse social effects
of the al ternati ve plans; and,

d.

e. Recommendations of the plan with optimal future social well-b9ing
effects on the plan area.

Ultimately, the optimal water development will be a function of the combined

regional, environmental, and regional effects.social, economic,

Relevance

The Social Assessment Manual was developed in order to prepare the

social well-being account for water dp.velopment projects, in the context

of the Bureau of Reclamation's multi-objective planning. The manual is

also useful, however, for th~ assessment of social impacts arising from any

large scale construction nroject i including rapid transit tunnels; for

example i in order to prcDare an environmental impact statement.
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2.5.2 BART Survevs

Gruen Associates, Inc.,
Env ironmenta L Project,

~1arch, 1975.

De Leuw Cather & Co. Preliminary Draft
BART Impact Program Pre-BART Data Analysis.

Abs trac t

The information contained in the report was obtained during the course

of surveys conducted in June and July of 1972, subsequent to most of BART i s

constru=tion but prior to its operation. 2531 respondents were ~, . veyed on

a random basis within one mile of the entire system, while 616 individuals

were polled in 30 special si tes usually wi thin 1/8 mi Ie of the line. Survey

resul ts expr, 'ssed by impact element were as follows.

Res idential Turnover. Al though reports of moving in the study area

were very s~bstantial, virtually none were reported as being BART related

(r. 3. ) .

Pre~uency of Ant i-BART Actions. The greatest frequency of anti-BART

actions took place within an eighth of a mile of station construction which

included adjacent oarking lot development. These actions run counter to an

overall majoritv of pro-BART activity. On the whole the more property

tak ings i nvol ved in Dark ing lot construction, the grea ter the opposi tion.

Respondents i view was that the parking lot rerresented a loss of a !)ortion

of the ne ighborhood, that it imposed a physical barr lor to access and that

it resulted in anticipated negative traffic and environmental effects.

~cidence of ReportE.d ~~e~;;tive Impacts Associated wi th Tunneling.

Respondents located near tunnel ing construction were as much as twice as

likely (up to (,') 'c) to report negative impacts. Thi s contras ts wi th a very

low i ncicJcI\~t" uf such report,"ct impacts in either at-grade or aerial segments.

It is further of interest to note that the frequency of reported negative

impac ts \Va s 10\Vcst at aerial configurations, with at-orade alignments falling

between the other two.

rorrelation between Perceived Impact and Distance from Construction.

Virtud 11 vall pot,orted construction imrracts tended to subsije with increased
distance from BART. Por most tvpes of anticipated impact, there was a marked

decr¡~ase in fnoc¡uencv about 1/4 mile from BART. Beyond that point the level

1 "



of concern becmne insignificant. For future surveys, the author conc ludes

that a distance of 1/4 to 1/2 mile is probably adequate. It is important to

note that respondents were far more concerned with the existence of a line

near their home either at grade or elevated than they were with a subway.

The incidence of negative responses toward the completed line among those

living near subway portions did not vary either appreciably or consistently

wi th distance.

Traffic Impact Incidence (Auto). The only impact element which

showed no correlation wi th loca tional factors was traffic. This implies

that the construction acted as a barrier to both local and regional auto

trips with origins and destinations throughout the entirE area of study,

rather than affecting only those who lived or worked near the alignment.

Correlation of Anticipated Use with Attitudes toward System and

Sensitivity to Constructic 1 Impacts. Persons expecting to use BART tended

to be much more optimistic than others concerning the nature of both the

construction imDacts and the impacts to be generated when the system came

on linf'. Indeed, thi s findii~ was one of the strongest and most consistent

of the entire survey, tending to overshadow other factors in formulating

opinions.

The group which expressed negative atti tudes toward BART i S impacts

was disproDortionately reDresented by non-users (antic ipated) . In general

25% of the rest)ondents not expecting to use the system felt that BART was a

bad idea, in contrast to less than 5% of those expecting to use it. In
addi tion, probable non-users tended to be much more critical of the adverse

impacts during the construction p~ase than expected users.

Correlation of Age and Status with Perceived Impacts. Respondents
anticiDating more urban development as a result of BART tended to be youT'ger,

renters rather than o\\rners, and live closer to BART stations than others.

Expectat ions that BART would improve an area i s physical amenities

tended to come from th0se who were older and planned to use BART more than

others.

Fears of BART related "neighborhooò drc:terioration," i. e. , more

traffic, dust, litter and unciesirable people moving in, tended to come from

vounqer individuals who did not expect to use BART and who lived closer to
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railroads than did others in the same general proximity to stations. This
general attitude of pessimism also was found among poorer, less educated

persons who felt less able to effect changes in their community, and who

also primarily were renters living in more crowded dwellings near freeways,

railroads and BAF~ stations.

Environmental Impacts. Concern over environmental impact issues

because of residence very near the BART lines and stations was not a dominant

factor, even in the a tti tudes of those not expecting to use the system. There

was no meaningful evidence that correlrttes with a belief that BART would cause

a significant reduction in either freeway traffic or automobile related air

pollu tion. Concern over noise impact tended to be greatest among those most

exnosed to the impact as a result of locational factors, and who felt least

able to inf luence it.

Relevance

This study is highly significant in that it constitutes one of the

few sources of "hard" data concerning public perceptions of the impacts of

con~ ruction. ~any of the report i s findings are highly significant, such as
the role of potential r iderS\1 ip to the at ti tudes expressed toward the extent
of d isruntion caused by the construction. The definition of the parameters

of the impact corridor by perception of impact is also important, as are

the disaggrega te corrè la tions of impact perception by age, length of residency
and home ownership. Many of the findings have important implications to the

development of strategies and guidelines for impact mitigation.

Nasatir, David. The Social Consequences of BART i S Environmental Impact:
Some Preliminary Considerations and Hypotheses. Metropolitan Transportation
Commission. Berkeley, Califcrnia.

Abstract

The thesis of this paper is that dis~dvantaged persons, the elderly,

poor and minorities, suffer most from the disruptive effects of transit

tunnel ing despi te the fact tha t such groups often nave difficulty in

articulating their concerns through conventional channels. The author bases

hi s hvpothesis on data obtained from the results of a BART sponsored survey

entitled Urban Residential Environmental Studv. One of the major findings of
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the study was that persons whose family income is under $10,000 are more than

twice as apt to report that the ir ability to get to places on foot was made

more difficult by the construction than those with incomes over $10,000 (po 3) 0

In the same study, for 17 out of 18 different kinds of inconvenience

and disruption about which residents were questioned, long term residents, a

high proportion of whom were elderly, often reported adverse effects 0

one exception was access to work 0

The

In so far as the impact of the construction on crime is concerned,

while few respondents overall saw any correlation, long term residents tend

to make the association more often than those whose lenqth of resident

was shorter.

This paper claims that since control over the environment has been

a tradi tional symbol of pri vi lege in Western society, uncontrollable intrusion,
particularly if it is man-made, is personally debasing 0 However, to the

extent to wh i ch the individual identifies with the origin of the intrusion,

it may seem neutral or posit i ve.

In qen~ ral, perception of BART induced environmental changes will

result, the author says, in attitudinal and behavioral adjustments that tend

to compensate for any associated losses in se If-perceived status 0

Relevance

This studv, ~ike the previous one, documents the importance of

attitude toward a project in influencing perception of impacts. This has

important implications for the critical role of cOTIllni ty relations and

public partie ipation in proj ect design.

2.5.3 Social Impacts of Relocation

One of the social costs associated with most tunnel projects is the

imDact of reloca tion. Though t~nne 1 construction, by its nature, usually

involves far less re loca tion than construction of an at grade facility, still

takings are often required at station locations and other sites where prJper-

ties conflict with the system design. Current statutes and regulations do

much to adequately compensate persons whose residence is taken. Businesses
are less adequate 1 y protected, because they must often absorb the temporary
costs of lost busj ness resultant from the move 0
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The literature presented below is useful in developing a greater

understanding of the relocation process and its costs. Extens ive survey ing

was involved in two of the studies, which contributed to the development or

a data base f~om which many of the conclusions concerning the long-term

psychological effects of relocation can be drawn.

Fitzgerald, Ellen et al. Social Services and the Effects of
A Comparison of Intervention Strategies; Relocation with and
Intensive Social Services.

Relocation:
wi thou t

Abstract

1~0 of several unpublished reports based on research conducted by

t.he Division of Psychiatry at Uni versi ty Hospital, Boston, and the Boston
Redeve lopment Authority 0;) re location in Boston l s Southwest Corridor between
1967 and 1972.

The research, sponsored by the National Institute of ~.1ental Healt."
focused on the extent to which relocation and associated family problems

could be mi tignted b:' the r-,rovision of intensi ve soci al services. The studies

found that no matter how j nte nsi ve the social services, the re location program
was of limited usefulness because it depended, in the final analysis, on

the existing housins market.

The study is useful in illuminating various kinds of disruption

experienced by reloca~(Ps, h\1t sho'JJd be EXHrrned in the light of the fact

that the ~rGiect for which they were displaced W'3S a highly controversial

highway, and the housing ITarket into which the families had to relocate was

an extremely tight one.

VVilson,'u.es çy. "r.ric/incc for a Lost Home," ~drbeen Pnnewal:

and the Controversy. M. I . T. Press, Cammr id:¡e, ~';.J ssachuse t ts .
The Record----

lCJG7.

Abstract

This study 0 f the psy~hoJ og iea 1 ef fects of re locat ion on former

residents of Boston's West End Vrban Penewal area has become a elassir in

relocation literature. ~he subjects of the stud; were lOnq-time residents



of a closely-knit community. Although displacement for a transit project

would not be likely to involve an entire neighborhood, as urban renewal often

did, the impacts on households are often very similar.

Hogey, John et al. Social Effects of Eminent Domain. r-1assachusetts
Department of Public Works and Boston Redevelopment Authority. .July, 1971.

Abstract

This ~xhaustive study examined a wide range of residential, demo-

1raph ic and soc i~ 1 character i st ics of households displayed by publ ic action
in Boston's Southwest Corridor. Soc ial svs tern theory was used as a framework
for analysis. The uni t of study and analysis was the householò, which was

studied at two points in time: before and after relocation. Project data

ava i lab 11_' in aqency files 'lias used, supplemented by direct interviews. In

1969, SSü "before" inLr!rviews '.¡ere completed--the total number for which
proj ect records i.;ore ¿¡va i 1ubl i'. Only 102 were available for an "after"

interv ie\'/, because of the mora tor' i urn on hi qhi.;a'! construction and further

involuntaxy relocation de:::lau'd by Governor Francis Sarc¡ent on February 2,

1970. These 102 households cnnstL~u ~d the panel and data analysis focused

on them,

Statistical t c'ch ni quI' s used were factor analysis and regression

ana 1', S 1 S .

The study found t~a t re 10cat ion is fol lowed by four independent
types of change: changr' in social contentment, changes in anomie, change

in hous i nq condition, c'hanqe ir1 sociabi litv.

It also found that no change toc' place in many household character-

is tics which had been cXDected to change in the relocation planning phase of

the hiahway t"'roli'ct. '~:Jme va!'jables in wl1Ìch no siccnificant chanqe was found

were: hC,Jsehold size or comi'osii:ion, number of rooms lived in, distance from

community facilities, Ì1ouSC'Ìio ld tnnurc, occunations or journey to work. Sig-
n i f i can t C :1 d ng ',~ s rl id o~cur, however, in the prolJortion of income spent on

hous i ng cos t ~ .

'; '1 .' r (' DC r t ~~ddp ~ ~iunificant con~ribution in its identification of

the mo'.;t r'o,..erç,..1 ,~X¡ l.in,itor'i 'J¿H'iables. It found that relocòtion variables
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which rLr',rred to aspects of the relocation service were the most powerful

and that the strongest predictors of change care from certain combinations

of predispos ing and relocation variables.

for further pri~ary data research.

It indicates possible directions

Relevance

All three studies in this section point out that there are certain

social costs which individuals bear when they are relocated, and that certain

types of individuals are more vulnerable to the social and Dsychological costs

than others. The elderly and the poor are among those who have the 0reatest

difficul ty in adjusting to a move and often require the follow-up services

of a social worker.

2.6 NEWSPAPER ARTICLES

!ictual examples of the disruptive effects of transit tunneling are

rarely found in the literature. Recentl y, however, some articles have

appeared in newspaDers and í)er iod ica 1 s wh ich offer such exampl0s, though
the trod tinent is, of course, iournalistic in style.

io'!'1ARTA'--R','ady or Not," The Atlanta ,Journal, June 15-22,
1975.

Thi s spec ia 1 series, which appeared in both the daily and Sunday

edi tions of Atlanta's newspaper, provides a wealth of information i much of it

of an anecdotal nature, on actual and anticipated social and conomic impacts

associated with transit tunnel construciton. 1~e actual examples are drawn

from a series of interviews which the Atlanta Journal i s reporters conducted

in Washington, D.C. am0~q individuals whose business ur residence was located

adiacent to the construction activity. Fears of anticipated disruptive

impacts were articulated by members of Atlanta's downtown business cornwwity

anò its public officials who, in the wake of the Washington experience, forsaw

simi lar di f ficult ie S occuring in At lanta' s pending project. !'1any of the

construction related oroblems discussed elsewhere in the literature are

cited in the context of speci fic examples. Problems such as the out-migration

of business('s in anticipatinn of construction, and the loss of coiierce due to

the problem of poor access are mentioned. Examples of disrupted pedestrian,

bus, aut0 and truck traffiê are included. ctS are cases of excessive noise

.J "
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and dust in neighborhood areas which serve to make them less tenable. The

reporters a Iso discuss, in a genera 1 way, the impacts associated with various

tunneling techniques, i.e., cut-and-cover, open-trench, and deep bore. The

de ficiencies of temporary sidewalks and wooden street decking are frequently

surf aced, as are the problem of mud, dust and unesthetic construction

equipment within the impacted retail district.

It is important to observe that the data contined in the newspaper

series were of a journalistic rather than a scientific nature. Many of the

comment.s, acr.ordingly, are somewhat sensational and many reflect a degree

of exageration which is not uncommon in such interviews. Notably absent were

the remarks of Dorsons within downtown Washington who felt little adverse

impact from the construct ion, such as the Connecticut Avenue merchants

near the Mayflower Hotel. Despi te this journalistic biase, the series is

useful in providing documpntation of a subject area rearly covered in the

med ia.

"Atlanta's Transit Plan Hits :';nag," The New York Times, November 12, 1975.

Many of the financial, labor and impact problems which are currently

facing ~he Metropolitan Atlanta Rapid Transit Authority (MARTA) in its effort

to implement its rapid transi t project are touched upon in this article.

In part i cu lar, the fears of di srupting the downtown busi ness communi ty

through impacts resulting from open trench or partically covered cut-and-cover

t unne 1 inQ te chn ique s are high Ii ghted. The speci fic issue of the type of

t:jnnel ing method utilized downtown, was the subject of a special study
undertaken by "\ARTA in respor.se to communi ty pre ssure. Indeed, as the

article points out, the ;rowth of new problems facing the Authority has

succe(~ded in ,~. roc; l. in milch of its previous public support.

II t, t i ant a 1sT ran S 1 t ~:' i. a um a , II B'.~s ¡ness \'¡eek, August 18, 1975.-------
':'hl1 :-'r i in,ì!"... i ~;:~'lf"" 'llS'''..ssC'd in the artlr'lC' is the financial unccr-

ta 1 nt-q s'J~-rn\,ln¡-~ i!:: t:¡. r() :~1h'~ rS0mr~r: t- lc".'('ls \oJhic:h "V\FTl\ can anticinate in

t'il' '., ,~'-; t !_.: - 1- " i~~'; ~~~~~:i: ~~ransit s~'stC'm. Th i c; uncerta i ntv, as the
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L rticle points out, has somewhat clouded the real estate development market

in midtown Atlanta's Peachtree Center area. There is also concern among

downtown retail establishments relative to the impacts of construction on

their future planning schedu les.

The issue of cut-and-cover versus open ditch construction of the

downtown portion of the subway is also brought up, particularly with respect

to t:1e impact which the loss of front door access will have on the many busi-

nesses which have only a single entrance. Addi tional concern is evident,

through interviews, over the duration of adverse construction impact, which

is estimated at approximately two and one-half years.

2.7 BACKGROUND LITERA'lURE

TUNNEL CONSTRUCTION

Peauignot, Clifford A., ed., Tunnels and Tunneling.
Press, 1963.

London, H:Jtchinson

A basic textbook on tunnels. One chapter describes cut-and-cover

process (wi th example of Toronto subway) and" tube" or bored tunnels.
Fairlv easy to understand and includes diagrams: examples of subways and

their various SiZES, carrying ~apaci ties, etc. are given.

"Tunnels," j~1cGraw-Hiii Encyclopedia of Science and Technology, VoL. 14,
pp. 161-163. McGraw-Hill Publishers, New York, 1971.

Three pages giving overview of tunnel construction and relevant terms.

Mdrc, R. C., "The UnderGround Routing of Urban Highways," Roads and Road
Construction, V. 49, Nos. 578-9, March 1971.

Arlvan tage s of 'J!derground higr.',.ays and the problems --how deep, access,

shape of tunne 1 and method of construction venti lation, lighting, terminals.

Only interesting for ge!ìeral information.
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SOCIOJ~GY OF NEIGHBORHOODS

Lee, Terence, "Urban Neighborhoods as a Socio-Spatial Scheme," Human Relations,
VoL. 21. 1968.

Sociological article discussing how to define a neighborhood. Inter-
views were conducted of residents of Cambridge, England, and residents òrew

maps of the area which they considered their neighborhood.

de fini tion of different types of neighborhoods.
Useful for

Warren, Roland L., Studying Your Community, Free Press, New York, 1955, 1965.

Checklists for the community planner or organizer on how to define

economic, political, social, etc., characteristics of a given community.

Use ful for genera 1 in formation.

MEASURING COMUNITY VALUES AND ATTITUDES

Stein, Martin M., "Application of Attitude Surveys in Transportation
Planning and Impact Studies: A Case Study of Southwest ~lashington, D. C. II
Traffic Quarterly, January 1 975.

One example survey reveals relationship between attitudes toward

freeway and distance from it, and attitudes and different physical designs

of freeway. Discussion of telephone survey vs. personal interview. Good

basic article on surveyiLg citizen attitudes and applying results to trans-

portation planning.

Weiner, Paul, and Edward J. Deak, "Non-user Effects in Highway Planning,"
sponsored by Committee on Social, Economic, and Environmental Factors of
Transportation and presented at the 50th Annual f.1eeting, Highway Research
Record, No. 354, 1971.

A methodology is given for measuring citizens' concerns and the

trade-offs among concerns for highway projects. Thirty impact ca tegor ies
were used, drawn from public hearings, attitude surveys and academic work.

A questionnaire was administered to regional planners and to community

representa ti ves, 1n which they ranked the importance of various impacts,

categorized into aesthetic, economic, political, land use, health and safety,
and soc ia 1 -psycho log ica 1 imnacts. These impacts were the~ classified as

stable, cond it iona 1, or vOId ti Ie and important or unimportant. A somewha t
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detailed analysis of the resul ts of this methodology used in one state

(Connecticut) is given. 'rhe impact categories and ranking system are trans-
ferable to considerat ions such as tunneling.

Shaffer, Margaret T., "Attitudes, Community Values, and Highway Planning,"
paper sponsored by Commi ttee on Community Values, Highway Research Record,
187, 1968.

Di fferentiates between citizen opinions and attitudes and suggests

survey tpchniques to get at attitudes which are more stable and reliable

than opinions.

Fie lding, Gordon J., "Structuring Ci tizen Involvement in Freeway Planning,"
sponsored by the Committee on Social, Economic, and Environmental Factors
or Transportation, Highway !1esearch Record, # 380, 1972.

Propo,;es methods for "value analysis." Appendix gives lists of

possible impacts in sociaL, economic, traffic and àesiqn.

Appleyard, DonaIs and Mark Lintell, "Environmental Quality of City Streets:
The Residents' Vie\--point," sponsored by Committee on Social, Economic, and
Environmental Factors of Transportation and presented at the 50th Annual
Meetinq, Highway Research Record.. ;I 356, 1971.

Three streets with varying traffic levels in San Francisco were

observed and residents were interviewed. On an anecdotal basis certain

genera lizations are made about how certain groups react to noise, hot rodders,

and heavy traffic. Residents were also asked about their sense of privacy

and home territory, neiahboring and visiting and identify and interest of

heir neighborhood. Results were fairly predictable: higher sense of

ccmmuni ty in neighborhoods wi th less traffic, frustration of residents at

noise in heavily-trafficked neiqhborhoods. Diagrams of residents' movement

patterns arow1d the street may prove usefuL.

Socio-economic Study of a Proposed Rail-Like
St. Louis l'letropolitan Area. Volume I & II,
CounciL, St. Louis, rÜssouri, February 1972.

Rapid Transit System for the
East-West Gateway Coordinating

Discusses user and non-user anticipated impacts and community reaction

to pro¡)o~ed rapid transit system. Non-user effects di scussed are land value

chanqes, increase in employment for construction, environmental effects and

augm01.tation of ,:ivil Dcf"i:se shelter capacity.
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INNOVATIVE TUNNELING TECHNIQUES

"Traffic Goes Up as Tunnel Goes Down," Engineering News-Record, Septemer 22,
1966, p. 43.

'I'he article describes the technique during the construction of a cross-
town highway tunnel in Paris, France, wherein the existing traffic was

temporarily diverted onto a special elevated structure built above the walls

which line the banks of the Seine Ri ver .

"Two Canadian Cities Go Separate Ways in Building Their Subways," Engineering
News-Record, April 30, 1964, p. 26.

The two relatively new subway systems in Canada, Toronto's and

Montreal's, were each constructed in a sharply di fferen t manner. On e ha s

made heavy use of cut-and-cover construction while the other relied more

exclusively on boring.

in this article.

Some of the reasons for their divergence are explored

"Victoria Subway Sparks New Tunnel Making Methods," Engineering News-Record,
April 30, 1964, p. 26.

Improved methods at bored tunneling as well as the use of the so

called "umbrella" method for constructing a station via cut-and-cover were

first used in the construction of London i s Victoria line as presented in

this journal article.

BART IMPACT SERIES

'lhe BART impact series, which is still in its production phase,

consists of a numer of reports prepared over several years. These attempt
to analyze many of the social, economic, and environmental impacts of the

entire project. The focus is usually on the pre- and post-construction

phases of the project.

The two reports of the BART series which deal with construction

impacts have been previously reviewed in Section 2.5.2. Other elements of
the series which were considered as part of the literature search, but

which have little relevence to the subject matter of this study, are listed

below for reference purposes.
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Environment Project, Preliminary Findings: Barriers, March 1975. Gruen Assoc.

A Review of Some Anticipated and Observed Impacts of the Bay Area Rapid
TTt Systems, Peat, MarwiCk, Mitchell and Co., May 1974.

Shepherd, Morris,
the Public Policy
April 1974.

Identification and Appraisal of Methodology for Assessing
Impacts of BART, Metropo1i tan Transportation Commission,

Strategic Plan, Metropolitan Transportation Commission, Berke ley, California

Operations Plan: Fiscal Year 1974, MTC, Berkeley, California. August 1973.

Program Design, MTC, Berkeley, California. Novembe r 1972.

Environment Project: Phase I Work Plan, Gruen Assoc., June 1974.

Environment Project, Preliminary Findings:
Berkeley, California. March 1975.

Sound, Gruen Assoc., MTC,

Backman, Susan, Data Summary, MTC, Berkeley, California. July 1974.
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3. BACKGROUND FOR AN ASSESSMENT OF DISRUPTIVE EFFECTS
ASSOCIATED ¡'HTH URBAN TRANSPORTATION TUNNEL CONSTRUCTi:ON

In this chapter, We shall cover background considerations that have

~o be taken into account when identifying and measuring effects of urban

transportation tunnel construction. In later chapters we will deal with the

groups that are affected and wi th the causal agents that bring aLJut disrup-

tions (Chapter 4), with some actual economic effects (Chapter 5), with some

actual social effects (Chapter 6), with measurement of effects (Chapter 7),
and with the aggregation of effects (Chapter 8). The considerations in the

present chapter precede all of these by setting the context within which the

identification and meas,¡rement of efff,cts Lah" place.

The following topics will be discussed in this chapter:

3.1

3.2
The impact area
Alternative construction methods and the "No Build" alternative

3.3

3- 4

Primary disruptive effects

Secondary disruptive effects

3.5 Some special considerations

J. 5. 1

3.5.2
3.5.3
J. 5.4
J . 5.5

r~' i ¡rli'

Uncer~ainty
Sclledu 1 i nq probabil i ties

¡'¡ork schedules
Construction benefits.

J.l THE r:~F!\\_'1 :\: ,-.~/\: 1 ; :,,- c; TUXn ,)1; Fh j(JR '~', Cr):J:-èTFUCTI(,';

The first ste!, 1 n =in imDact assessment is a description of the speciëil

character ist lCS of the impact area. This assumes that the precise location
of the tunnel has alr~adv been determined. Frequently, however, the assessment

of anticipated imDacts wi 11 itself be an important factor in the choice of

the final route; in such a case the anticipated im!ìclcts for several different

rout~:s W 111 :lavp t ì ; ,'L' ~1 S ~-;¡:-' s sc-d .

Thus, Lhe initi,11 rles::ription may covr'r Uì!ee or more different impact
c",rr¡!ors. 1 t i s' ~ -.1 r-: t ':.; :JVv"c::ij'hasizc tJH' :;::¡Jortancc of this initial descrirtion.

:'; \ 1 S 1" the i ,.IC,'
"t- ',":Ji~'1: all s;",c:IC1l nvciJliaritics of an area will !,n noted--

all tho:,.,' U1inqs W'1¡ ';', .ii'cordiwi to L:ie rcsidents, ~ako the area under

, ():: ~-: i -1 (. 1~ (1 t 1 (j n d "-; ¡(" 1 " " " l~,:1d" !1C' iqhborhood. Thi s i S ,i 1 :, 0 t h (' nlcccc \'1h"1'e
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it will be noted whether the impact area is economically depressed, whether

it is primarily commercial or residential in character, what its demographic

characteristics are, etc. In short, the description of the area will provide

the baseline from which forecasting beqins.

Part of the description will be an analysis of what the construction

is going to do: that is, what the functions of the finished project are going

to be, together with a description of the various structures that have to be

built (stations, ventilation shafts, entrances and exits, etc.) in order to

perform those functions.

An important consideration is the determination of what the impact

area is for any given tunnel route. How far, and in what direction do the

construction effects extend? According to a study undertaken by the Metro-

politan Transportation Commission in Berkeley, California, the width of the

corridor impacted by tunneling construction is usually less than 1/4 of a

. L 1mi e. Residents were interviewed as to whether and how much they were

bothered by noise, di rect, etc. resul ting from the construction ¡residents

more than 1/4 mile away from the construction reported no appreciable effect.

The impact area may be extended somewhat at those places where

intersections are blocked or are significantly reduced in size (and, therefore,
useabi li ty) . At places like this, traffic circulation in the side streets

paralleling the construction corridor will be forced to carry more traffic

than they did before cons truction began.

Some of the construction impacts however, may be experienced beyond

the 1/4 mile impact corridor, to include the larger neighborhood, ~ity or

reg ion. For example, if the barrier effect of the construction retards the

transportation of people and goods undertaking trips with both their origin

and destination points outside the impact corridor, then construction impacts

will be experienced in this wider area. Indi viduals from outside the impact
area may experience delays in mail delivery or traveling times to wOLk. Suc1~

delays can be particularly significant if a major surface transit line is
2

disrupted enroute through the imoact area.---
IThe Social Conseouences of BART's Environmental Impact: Some Preliminary

Considerations and Hvpotheses. Prepared by David Nasatir of the Metro-
poJitan Transportation Commission, Berkelc'/, California, !-iarch 1975, p. 5.

2See Atlanta Journal, June 16, 1975. The article deals wi th the anticipated
delavs for commuters into t'1e Central Business District wIH:'n buses, espe-
cially express buses, will have to be rercutL'd Ix,cêlccse of ¡.jAR';'!\ construction.
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In addi tion, ruptures in public utili ties, such as telephone and electric

service, may be experienced throughout a wide area as a resul t of a construction

mishap during tunneling.

Thus, the precise definition of "impact area" becomes important. It
may not be possible to give such a precise definition until after all the

possible impacts have been examined, but at least a preliminary definition

must be given early on, in order for the analysis to get started.

It is probable that a working definition of the impact area may define

it as consisting of three parts: (l) the corridor of the construction itself,

i .e., the area which is torn up for cut-and-cover tunneling, or the area

beneath which boring is going on and which is periodically pierced by ventila-

t ion shafts, access shafts and by storage areas for equipment and perhaps

temporary storage of spoils (if they are hauled away only at night, say);

(?) ~10 area extending to about 1/4 mile on each side of this corridor, and

(3) the larger area affected primarily by the barrier effect.

3.2 AL':ERNATIVE CO:~STRUCTION :IETHODS AND THE "NO BUILD" ALTERNATIVE

For each of the routes to be considered, the different construction

possibi lities must be considered, i. e., will the tunnel be constructed by the

cut-and-cover method, or by boring (either soft-earth or deep-rock). Diffr:re:it
construction methods will result in different degrees of impacts. I t may,
of course, be the case that one or another of the possible routes is such

t!1at '¡ome of the construction alternatives are not feasible from an engineering
point of view. In that case they need not be considered.

An important ~l ternative to consider for each of the proposed con-

struction routes is that of no construction at all. Al though impacts arising
from construction are presumably transient (at least most of them), tunnel

construction is sufficiently complex so that it may last as much as five years.

That is a significant amount of time during which there will be social,

env inmmentetl and economic changes in the" impact area" (i.e., in what
would be the impact area if the tunnel were constructed) even without any

construction at all. In the course of five years, the demographic characteris-

tics may change Co.g. , it may hocome more cOlTUiorcial), fraternal organizations

may come or go, store front c~urches may arise. etc.

.,
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In the same period of time, there will probably also be significant

economic changes in the area: employment trends may be observable that will

likely continue; property values may go up or down without the construction,

and so forth.

There may also be environmental changes, even without any construction.

For ~xample, the area under consideration may be one through which .nore and

more cars travel in order to get to the downtown section of the ci ty. In
that case, air pollution may increase. On the other hand, if--because of

economic stagnation--automobile traffic ia anticipated to remain the same

as it is now, this would mean that air pollution levels will remain what

they are now (as far as this cause is concerned). External causes may change

these results: with the same amount of automobile traffic or even with more

traffic, air pollution five years from now may be less because of more

stringently enforced laws concerning automobile emissions.

It is not always easy to ~etermine what present social economic and

environmental trends are and to forecas t what the area wi 11 be like wi th "no
constr"Jction. " The mere fact that a construction project has been planned, or

talked about, may have set into motion certain social and economic trends that

confuse the "no construction" al ternati ve. I.e. , the mere announcement of a

subway going in may have caused land speculation, or may cause residential

properties to be put up for sale, or retail businesses to sellout. Ideally,
therefore, the "no construction" al terna ti ve should be considered from the

point of time when there was not yet any inkling of the possibili ty of subway

construction. The anticipated effects of the "no construction" alternative

will provide a basis wi th which to compare the effects of one or several of. . 3the construction alternatives.

3A study dealing with the "no build" alternative has recently been completed.

(The No-Build Alternative. Social, economic and environmental consequences
of not constructing transportation facilities. December 1975. The study
was done by David A. Crane & Partners/DACP, Inc.; Economics Research Asso-
ciates, Inc.; Alan M. Voorhees & Associates, Inc.) It found that the no-
build alternative has not received all the attention it should. As recently
as 1972, "fi~lly 33 percent of the EIS's reviewed did not mention the alter-
nati ve of not going ahead wi t:1 the proj ect" (p. 24).
The no-build alternative ha.5 not been given the important role which we have
advocated for it:

While few agencies viewed the NCTt' (Not Constructing a Transportation
Facility) as a real alternative for decision-making, many (63 percent)
used the no-build option as a baseline against which to evaluate other
"build" options. r-1ore recent pn"ject studies and EIS's were likely to
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3.3 PRirinRY DISRUPTIVE EFFECTS

Primary effects are those that are caused directly by the tunnel

The study
. . 4began by examining five ways in which tunnel construction may cause disruption :

construction, without the intermediation of any other causality.

a. It creates a barrier. Because of ~~~ sonstruction, a barrier
is or may be created along the right () -: "i"'Y. The barrier may
last more or less time, depenGing on tr.~ length of the construction.
The actual length and severity of the barrier may also vary,
depending on the type of construction employed. The barrier will
probably last longer if the tunnel is constructed by cut-and-cover
methods than if it is constructed by boring. For certain periods
of time, the barrier may be total 5, while r\t other times the
barrier mav be onlv Dartial, Darticularlv if the contractor is
required to maintain a certain number of lanes for traffic and/or
emergency vehicle access. 6

b. It displaces businesses and residences
Such property may have to be taken for
Less important because less d~sru~tive
easements across some properties.

in the right of way.
purposes of construction.
is the requirement for

include a~ NCTF option in response to increasing recognition of budgetary
restrictions, intérmodal funding competition dnd impact-related probl~ms
associated with highway construction. However, about 21 percent of the
agencies stated that current usage amounted to "pro forma" compliance
with environmental requirements or the develop;;.è'nt of "strawman" argu-
ment.3 to make projects look better. (ibid., p. 26)4 .

These were suggested in the Work Statement of Contract DOT-TSC-IOl8, pursuant
to which this study was conducted.

5 h . .
T e intersection of Washington and Kneeland Streets
closed for six weeks during the construction of the
Orange Line. (Notes from a visit to the South Cove

in Boston was completely
southern extension of the
Station, July 16, 1975.)

6
Contractors, however, do not always live up to such requirements. In Washing-
t,on.. D.C. the \vaterfront station on IVL Street, S.W. is being constructèd by cut-
and-cover methods. ~lerchants and residents in the nearby are.) were promised
that two lanes of traffic would be kept going at all times. The contractor,
however, maintained that this requirement would add unreasonable time and costs
to the construction and only one lane of traffic in edch direction is available.
(Intervie'w with Walter :-Ien¡elsberg, construction supervisor for the \-1aterfront
station Eor \vt-lATA, October 17, 1975.)

7Tunnel concitruction is ablE to avoid takings more easily than other construction

projects, because t'L' routes usual ly follO\.¡ pul,lic rights-of'-way. Some takings
are unavoidable. however. (See Draft Report, London Transport Executive, pp. I,
6.) In Washinqton, D.C:., when W'lATA puts stat;on entrances into existing com-
mercial bui Idinqs, it buys, or obtains easements for, three "cube.." of space
in and under the buildinc¡. (Convet-sation ,,'i':h Nicholas Roll, WMATA real estate
division, October 17, 19;5.) In London, where most of the construction is by
borinq, the subsoil is bought at 51 per rU!lI1inq foot. (C':mvcrsation with nr.
Spencer Ki nq, Lor-,don Trùnsport Estates Division, October 29, I 975. ì
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c. It ma;;és recrea~iona) arcas unusabl¿'. This has :i direct social
iPlpacc. on the healt!i of the- n(:ieJ:-.1H)!hnoc: rt_~sid~r.t:-~. It i~: possible
to extenå this category by includinc¡ ii~ it tb. rakir.:; of aiiy land
or structures that perform a fwiction of the i~pact ~r03. That 1S,
if a fraternal club's bui1dinq has been ëdkei~, or if a schoo) has

to be taken, this would have irrediatc social and economic 1rnpac:ts,
as much as, or more thari, if a pai'" i'3 têìkél,.F ¡'¡heu: I'os;:itle, of
course, the tunnel route \.¡ill be ej'c'sICjI,eù so t;:~at; l,l: ¡;inJ of
taking 1S hc,ld to a minimum. ¡''1!'k ¿¡i;d n:c~eaë ion ar,:,::;, ÌìI)\_'CVer,
are a prime iaF;et for taking bccau:òc th,,,'; a¡-; aln:ù.ì'¡ ; ',.1Ll; 1)'
owned and their social benefit is not so H:adil': aFI,areL~ (::ur,

c)'

therefore, the social costs of removinc them).

d. It stops and/or i-c-stricts tra: fi --- t:()VE;In0L+- ''':~''L'!-. f( i lO'...'l Lf-! exist ~ nc.
surface routes. If t!!e tunnel l-(.1u:e folIo'.." d': I,c'xist1nQ st,reet,
traffic alonr; that st-rcet-- v:iJl be :C':~"~-lCt~r,(~ J:1C1 o(..ca;~::~~i.,)ll',: com-

pletely stoppE-d. TrJff~,~' at. cro~:.~_') .--'rt'e~-:-: ~;¡ee':' ¿¿lsi L,: rc ~lictt:d.-
All of thi.: v:j.ll res~-.l t in ~ra::i;'_~ ~la\'irr(: ',-_0 ~ i:-;~j n(~t.' i-()ute~), 1!.

cars beinq ,.:')we:d èown (witn cor.se',.Je:,t i::crease.~ 1:, air pollu~i()n)
and in traffic \'ol\lme i:-jcreasinq or. s'_rc(-ts troût foimerJy '.-rL-re
residential or carrieJ Ciiil'~' li'~tle traF"'ic. ìJ

(.- -~on::j t l JC ~ ione. It forces rnOVi2me:nt of :-L'si-1e:1t.~-: f:~.-:" 3i-1-L-S J.i~-',-l_"=:,t~--------------+--"'-------"-
site due +:- pX-'C:~~Si':I-' ~-¡'---ise Ol:- -~-J:-;~ "- ! "'.1.:, 1::'¡C¡~"::-- ri::.:: i d(.:t:ce5-----~----~---~- --- -,

',11 . ,--, :-~ rj b i e ,are not take:¡ :-''01 t~i'- ::n:";~l::~"_'l:i(-~:'" ':l'~':'
anl y because ~ 7 :IC':) ~t" --~~~~: j~s~--, . . - il (-
and per~)dl'~ f:-or;, ''::11~ T~i:::('i-Lll 'J:-,~' ::. -:r .1:
duri:;ci ccinst !"',Jct l'~;., 11
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There is an unverified contention that crime goes up, because
the many piles of construction materials, shacks and the like
provide hiding places for would-be criminals. There is the
opposi te thought that crime goes down, because the presence of
people (construction workers) in the evening makes the area
safer. There is little doubt that aesthetically a construction
site is not pleasing, even if fences are painted green.

These five suggested ways in which tunnel construction causes impacts

to be ignored.

overlap i~ some areas; at the same time, some environmental causal agents seem

The fOllowing list of causal agents includes all of the ways

suggested in the work stdte~ent, while avoiding ~ome of the overlaps:

a. TYaffic interference. This includes both the barrier effect and
traffic interference. That is, traffic may have to be completely
rerouted as a result of the barrier, or it may be slowed, temporarily
detoured, and the capacity of a street may be diminished as a result
of construction going on under it.

b. Takings. This includes takings of businesses, of residences,
and also of recreational areas, pe!rks, playgrounds and the like.
There seems to he no reason to separate the taking of a park
from tlle takincc of a bui lding, al though these takings may differ
in the number of persons 3ffected and the sEverity of the impact.

c. Envirorunenta L effects. Such phenomena as increased noise,
increased air pollution and others translate themselves into
social and economic effects. Among the most prominent of these
is that bui.dinc¡s (both residential and commercial) will be
untenable or less desirable as places to work or live than they
were bef'JL c.

d. LJtiliti' c~sniptions. Like traffic interference, tllis is an
unav~idable, even if undesirable, effect. These disruptions can
be anrl ar0 planned for, but still result in disruptive effects.

In Chapter 4 below, these four kinds of causal agents are used to

~ons truct a matr ix which locates the costs of disruptions (caused by these
four kinds of aoents)

3. 4

to various affected oroups.

.::EC-)t-;DAFY == r .~PUt-'T ;:'.r:~

:-ri_-' t~ose

:-:F~!::C--'.-'

~.. econda r':" e r .- L'-~ t s impa(_'t~ ',,':.,:.:::, are n()~ c:a\lsed directly by
the construction, bu: rather by the i nt0ractio~ of priffarv construction effects

impact corr idor.
(takinas, barriers, nGise, ctc.) i.¡it', the s!J('cial,

¡-rimary effocts as noise

local characteristics of the

:~;,)r 0Xc1r-r 1 t~, ti.,'_, l,resenc'; c.,f such

the loss of ::,ar1.Í!1: S¡.,v,:cs for tenants and the Í!~ai~il:ty of
to aet close to ~h0 0ntr3n-cs of the buildinas. (Interview
Manaaer, Town Center rlilza, ~;ovemher 5, lC\75.ì

r:o'..ing vans
vvi th ~1r. 1\eyman,
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and dust in the central business district may result in a significant loss

of bus iness and a large number of bankruptc ies. A primary effect such as a

traffic barrier may force redrawing of attendance districts for schools,

creating a secondary social effect for the children of some residents, viz.

an involuntary change of school.

The same primary effect mav produce different secondary effects,

depending on local conditions. Thus, the noise and ~ust that produced a

large number of bankruptcies in one central business district may have inter-

acted wi th the fact that the area vvas already in a state of economic decline

and instability; in a retail district of considerable stability, the same

primarv effects might have produced much less damaginu secondary effects.

Examples of such di fferent secondary effects arising from the same

primary effect occurred in Washington, D.C., during the Metro ~onstruction.

Retail establishments in the downtow~ G Street area were far more severely

impacted than similar establishments on Connecticut Avenue in the vicinity 0f
12

the Mayf lower Hotel.

Secondary impacts or ('ffects can be experienced across a wide range

of functional areas. c'or2xample, the loss of valuable recreation area in a

densely populated urban neighborhood as a result of its eXDropriation by

contractors for storage may have a significant effect on Uie attitudes and

. 13disposition of residents if park space is at a premium.

Furthermore, the construction phase of a tunnel project could ei ther
depress rents and increase vacancy rates, as is currently feared among

14property owners in Atlanta's central business district, or it could spark

increased develonment activity in an area, as was experienced in both Toronto

and Montreal accordinq to olanners in those cities' trclI\sit a'--thori ties. The

critical factor, therefore, in detenninina this secondarv effect may be the

local occupancy ra~c and demand forecasts for certa~n tYDPS of space uses.

12 ., , M " 1 dInterviiëW \'l1t;. ..ir. i,,?onard '-00 ny,
Washington, ~.c. Board of 7rade

.~:~~¡ i .~ ~~ , F.,~' t 1 i 1 BUrC,-11J

:3 rr ~Lon~on i ransport, ~~::?:'t Report, t-. 11, .

14 Atlanta ,'o\lrn.:l, .",) i y J ~ 1,')7 S, " .=l1r',) ~..' i :-;0 .1 .-='~ t'\...'/ì "" . iI

-".',','.:"_:'.",:.~--';',-...~.'.'-,--,-,,-,~.',.-..,-.',': ~'.".~':_".'!,.,'_.',':d".'.':.',".~.,",.:.,.".,,'::':.,.d..'.'d'.':.:',,',"",:..,.",.',.'. :-~""'."_."""":'" ;','...-,:,',.,"'...,:.':'",'".,'.':.".'.~.",'.,..'.:.'.:':,..,'._",'~'.,..,',.;'._':.r'.'.'.'..,i,~,:'-'c,'..
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It is also important to note that the benefits and costs of secondary

effects will not fall uniformly on individuals within an impact area. For

example, the proprietor of a coffee shop within the impact corridor may

experience an increase in business as a result of the presence of construction

workers, while a more expensive restaurant nearby may lose customers as a. 15
resu 1 t of the di EEi cuI ty of access--a primary construction impact Similarly,
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the elderly and handicapped may experience far more difficulty in undertaking

h . f. .. 16needed trips than those without sue in irmities.

1.5 Sí'E SPECIAL C()NSIDEEATI Y;':

In this section, we will coUect some considerations that do not

easily fit elsewhere but which deserve attention. There may be others beside

those mentioned here, but these are offered as examples.

3.5. 1 Time

Tunnel construction results in transient effects--that is, the

construction is not permanent. Rather, the various factors causing di sruption,

like the equipment, ',iill be removed when the construction is finished. However,

it must be questioned whether the impacts resulting from construction are truly

transient or not. Certa i ~ soc i al, economic, or environmenta: effects may be
j

such that if the v exist for a certain length of time, they may then result in

permanent impacts.

The easiest 0xamnles 0f this are economic ones. Construction may

result in lessened reta i i bus iness when access is restricted. Smaller profits,

or even losses, may rf:'sul t for the businesses affected. A large and presently

orofitahle business mav be able anrl willino to sustain sucl! losses until the

construction is over, in anticipati0n of increased business afterwards (due

--~--
1 S

Lond011 Tran;-jport, Dr.):.t: Re:")i-t, ;). f, .

lfj
Th~ London Tr~nsoort Draft ~eport eives e1 snorific example:

1I...it was founà that a blì(ìc1 ccurìle \,;'0re ûn~îble 1:0 make iourneys
to and (ro:n t~:ìt-?' r :-i-)r~(' ne.ir ~h,~\ \.'or~:s ~~'-~.-ù.'JC~':: of thc~ \,'arious foot-
path c1iv(~r~-;ions" '!'c (~"/,~rcomf? t:1is, ~h.--'.' ',ve!~t~ ~rC'v:_dnd wit:ì iJ ta.:,i
~\..'l'~" -i Ja".: ;-O!.- tiii ,L..r;itíon c:-- ~!:i~ ",.J,)r', i:1 their A!-(.'ì. T~1is ",ias
aver'. :3mall ,~ost ()r-¡ tj-1'~ p!.ojí'ct." (:~F . ~-1-2S, ~
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But of course there is no
17guarantee that such increased business will in fact come to be. And

to improved access because of the subway).

for some businesses, the disruptions caused by tunnel construction are the

last straw. This can be seen along G Street in Washington, D.C, where quite

a few empty stores attest to the severe economic impact of Metro construction.

Though some of these stores clearly were marginal with a high rate of failure

to be expected, not all of them \\'ere; some \'¡ere long established and formerly
18prosperous.

Environmental and social effects may also become permanent if they

are sustained beyond a certain length of time. r~oise can cause permanent

hearing damage: vibration can cause permanent structural damage; pollution

beyond a certain point may make a stream irreversibly unclean. Similarly,
certain social disruptions may become permanent if they last beyonj a certain

time: a neighborhood that is split by the barrier of a tunnel construction

project may turn into two neighborhoods and not be able to be united again if

the barrier lasts more than (say) a year. Church going patterns may be per-

manently changed as may many other patterns of social life.

It would be very useful if a figure could be found for the number of

months or weeks that an effect has to last for it to become permanent. It is

unlikely that the length of time can be pinpointed exactly, but we may be

able to discover (i f not in the course of this research then at a later time)
what the maximum ti me is for which certain kinds of disruptions can be sus-

tained before becoming irreversible.

17 f d. Lf i'" h'1\ ter two-an -onc-na ' YOi1rs of cons truction 3.l0ng ;, Street in Was ington,
recover/ did not immediately occur after t!1e street was restored and may
never take plaCf~. "No, our bU:3in0ss has :-..ot begun picking Jp. I don't
expect it wi II ever yet back to where it was, People form all new shopping
habits, ~uyiiig habit~", yo~ know. But I think this is because of the
general rii~aise af:"'-.~iin -3;1 cities toÖay, not just the subway construc-
tion." (Richard Stc,'n, maii:¡qer of Lewis & Thomas Saltz's clothing store,
quoted in "I Lost :':'/ S;lir!~," ,,tlar~~urnal, LTune 17,1975.)

18, ,"laison s,
(; Street
(ibid.~

a tashioriable millinery store, that r.:Jved from one location on
to anott~er because of the construction, cxpects to close soon.
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3.5.2 Uncertainty
'I

One of the most damaging effects of a làrge construction project

(whether it be a twwnel or something else) is the uncertainty as to whether

it is in fact going to take place and if it is, when.

From the moment that a tunnel construction project is announced as
) 9

likely, the economy and the social fabric of the impact area will be affected.

Property values may go up or down, depending on whether the area is thought

to be benefiting from the project or not. Until a precise location for =he

tunnel is determined, the economic disruption will affect all the possible

routes ir. might take, three or four times the finally affected area. Similarly,
the social life of the areas in question will be affe~ted: some persons wi 11

move out, others will form groups to fight the project, some groups will form

to support it. All long-term action, however, is likely to cease until there

is more certainty about what is going to happen. Residential bui Iding wi 11

probably falloff and it is unlikely that any commercial structures will bL

put up until the precise route is determined. Temporary solutions will be

sought for such problems as school overcrowding or lack of some social service

facilities. Fire, police, and garbage services may deteriorate if it is

thought that the neighhorhood wi 11 soon hp in change.

19
The uncertainty about what is going to happen and U1e inability to obtain
precise information is among the most frustrating experiences that
affected residents can have. If these residents do not receive the
information to which they ci~e entitled, they may become sufficiently
enraged to take legal action which, at a minimum, can delay a~d increase
the costs, of a tunnel construction project. In Washington, D.C., some
residents of Tiber Island, an apartment and condominium complex near
the Waterfront station, now being built, first learned of the impending
construction in 1971. By 1974 they felt that they still had not
received sufficient information and filed suit against WMTA. Part of
their complaint reads: " . . . several residents of Tiber Island repeatedly
attempted to contact responsible officials at WM''A for the purpose of
obtaining detailed information concerning plans for the M Street project.
These residents sought to be as well informed as possible. In the event
that WMATA' s plans appeared to jeopardize the health, wpl fare or safety
of Tiber Island or of any of its residents, those concerned ci tizens want~d
to have enough information to enable them to suggest constructive alterna-
tives to WMTA. All efforts aimed at obtaining technical information were
unsuccessful." (Tiber Island Condominium et al. vs. Washington ,'1etropoli tan
Area Transit Authori ty)
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3.5.3 Scheduling Probabili ties

A quite d1ffer~nt kind of ci:,"ertai¡ity Pl,T/'; a role whvn construction
has actually started. Typically, residents and merchants who are affected by

the construction want to know the construction schedule, i.e., what is going

to take place aL what time. i..hat they most dis like is not knowing ",'hat is
going to happen unti 1 a construction crew arrives and starts tearing up the

s t re e t . Residents want to know how long a certain phase--say excavation--is

going to last. Merchants are interested in knowing when access to their

stores will become restricted and how long this will last, so that they can. . 20
plan sales around this and take it into account in orcleri:¡Cj merchand1se.

Thus it is important that someone get in touch with affected persons

and tell them about the construction schedule. But it is also important

to stay in touch with them, to make them aware of sch(~duling changes as they
become necessary due to unforeseen difficulties, strikes, unavailability of

ma ter ia Is, and the 1 ike . If this is not done, the disruptive effects will

be increased in size several times, unnecessarily leading to ill will and

perhaps even to law sui ts .

3.5.4 Work Schedules

We have already indicated that the length of time during which a

disruptive effects lasts may be crucial in Jetermining whether there will be

a permanent impact or not. For this reason, anything that can be done to
21

speed the construction probably shoulJ be done. In a business area that is
severely disrupted by cut-and-cover operations. it Olav be worthwhile to work

20 h.
T 1S was one of the crucial items of information that the residents of
Tiber Island were interested in. See footnote 19.
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21 . k. . dTh1s was one reason \..hy 1"'~\lTT\ went bac' ,:on 1 ts prom1se to res1de:',ts an
merchants along M Street. S.W. to keep two lane? of traffic open 1n each
direction at all t1mes durì:,q the ~'nnstruct_ion. Doing so would have
prolonged the pei'iod of time :-urinq ",h1:h t'.( sLreet wac; part1ally torn
up and would hav~ resulted 11', greater overall -lisruFtions as well as
qreater costs for the ¡Tojec::. Ap¡.ccrcntl', \".e l""ìck !:Ls anò merchants
accepted this ai'quine:~t '.\':IL':~ i:ic: \.:ere i:',:'ollTIcd at zz publ1C meeting that
only onE lant "1- ti:-L\r:-ir- ,,,:'-)~¡ld be- ::¡,-11~-.t,-11:;C ~ ~:. ei.(~-. .:Jl-c'ctic.'L. (Int~r-
vi e\.¡ ....' 1 th \~ a 1 t,,~ r :'ie r';L' ì s bc: rq , -.ünst i-~.i'-::t: ":. de:ij'tr,c:.t ('. I~:",J\TT,. 'lctober

17, 1975. )
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more than one eight-hour shift, in order to get rid of the disruption as

quickly as possible. Since it is a business area, considerations of noise

and light presumably are non-existent or slight.
In a residential area, on

the other hand, there probably should not be work at night, although this is

an option that perhaps should at least be explored with the affected resi-
22dents. They, too, may be willing to put up wi th construction until nine

in the evening, if it speeds the entire construction process up appreciably.

3.5.5 Construction Benefits

Although it is hard to think of environmental benefits arising from

tunnel construction, there may be a few social and economic benefits.

Economic benefits may accrue to some businesses in the impact area

(such as short-order lunch rooms) because of the influx of construction
23workers. There may be a regional economic benefi t in that the construction

provides work for qui te a few people. There may be an economic benefit to
some merchants arising from the economic loss of others:

merchants on F Street
in Washington benefited from increased business that had formerly gone to

merchants on G Street (which was torn up for a long time).

The tunnel construction may lead to a community social benefit: it
may make for greater neighborhood cohesion, or even lead to an area thinking

of itself as a neighborhood, when before it had been divided,
This is a

curious benefit in the sense that it is a strength that arises in response to

22, , , , , " ,
The Tiber Island residents who ini tiated legal action against \vl-1ATA received
an agreement that no trucks would operate between 7:00 p.m. and 7:00 a.m.
and that the noise levels resulting from other construction machinery during
the same hours would be ver~' low, not exceeding 55dBA though short-term
levels of 60 dBA were permitted even between 7:00 p.m. and 7:00 a.m.
(Letter from John R. Kennedy, General Counsel of WMATA, to Thomas H, Truitt,
E';q. re Tiber Island Condominium et 3.1. vs. W~!A'IA, Civil Action N. 74-947,
cJuly 1, 1974.)

23Interviews by Abt Associates staff of merchants in the ivaterside Mallon M

Street, S.W. in \vashinqton indicated that lune!i business increased in the
delicatessen store because of construction workers. nther merchants also
guessed that the People's Drug Store experienced an increase at its lunch
cowiter, but the manager of the drug store was only willing to say that
overall busines'; was down. (Interviews b', Ruth Brannon, ~-Jovember 1975.)
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a pain--like a person in danger discovering strengths he never knew he

had.24 In planning for a laroe-scale construction project, such as a
tunnel, in coping with it, or in fighting against it, the neighborhoo¿ may

begin to discover itself and reveal some strengths that it had but did not

know about.

24 ' :l
The threat of the \.¡~,'tATA ~',etc:) cons+:ruction causec some

of Tiber Island to combine and enqaae in joint action,
18, 20 above,

of the residents
See footnotes 17,
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