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PREFACE

The tunneling industry is an important yet rela-
tively unknown segment of the U.S. heavy construction indus-
try. To effectively plan and organize major transportation
projects for which it is responsible, the U.S. Department of
Transportation had to know more about the structure of the in-
dustry.

Initially, we were concerned with the capacity of
the industry. During the course of the study, we perceived
that greater emphasis should be placed on the risks in tun-
neling. Our technical monitor, Dr. Robert E. Thibodeau of the
Transportation Systems Center, and our sponsor, Russell K.
MacFarland, of the Office of the Secretary of Transportation,
supported this change of direction.

The information contained in this report will be of
interest to governmental agencies, contractors, engineers and
suppliers. It describes where the industry has been, where it
is now, and where it may go. We have found that the personal
experience and judgment of the members of the tunneling fra-
ternity have had a major influence on the development of the in-
dustry. While this condition is not amenable to analysis within
the scope of this study, it is noted and should be considered.

We gratefully acknowledge the assistance of our col-
leagues who provided vital input to the study:

James E. Barrett, III, Robert W. Luce, Elfreida (Freddie) Roth
and G. Park Rouse, III of Cresheim Company.

Thomas E. Krakowski of Jenny Engineering Corporation.

Joginder S. Bhore of Greenfield Construction Company (formerly
of Woodward-Clyde Consultants).

Dennis Lachel of Woodward-Clyde Consultants.

Data on tunnels built and planned was furnished by
the many people listed in Appendix I to whom we wish to express
our appreciation. More than 100 people assisted us in the con-
tractor study: six in the insurance and bonding study; and over
fifty people helped with the engineering firm study. Many of
them provided candid comments and confidential information on a
not-for-attribution basis, so we have had to omit entire cate-
gories of people while acknowledging to them personally our in-
debtedness.

Robert S. Mayo James E. Barrett Robert J. Jenny

Philadelphia, Pa.
May 1976
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DEFINITIONS, CLASSIFICATIONS AND ABBREVIATIONS

Listed below are some words, information classifications and
abbreviations or acronyms used prominently in this report.
The definition which is applied in this report is shown below.

TUNNEL. Webster defines tunnels as subterranean passages. A
recent conference group developed this definition: "Tunneling:
construction by any method of a covered cavity of predesigned
geometry whose final location and use are under the surface

and whose cross-sectional area is greater than two square meters."

This report uses this definition: A tunnel is a subterranean
passage used for transporting people or things which has been
built by tunneling methods: excavating, boring, or cut and
cover. Minimum size is 8 feet outside diameter.

Included are: rapid transit lines, even if box-built in an
open cut; sunken tubes for harbor tunnels built by marine con-
tractors; and underground power plants and facilities that in-
volve combined tunnel building and mine construction. Excluded
are: sewer or water lines built in open cut; highway under-
passes; pipe-jacking types of construction; pipelines; and
storage caverns excavated underground.

USE OF TUNNEL. These classifications are used in this report.

A - Access tunnels

MV - Highway vehicle tunnels

RR - Railroad tunnels, principally freight

RT - Rapid transit rail cars or light rail vehicles
S - Sewer, sanitary, or drainage tunnels

W - Water supply tunnels

CONSTRUCTION METHOD CLASSIFICATIONS

1. Cut & cover tunnels (traffic maintained overhead)

2. Rock tunnels

3. Soft ground tunnels

4. Sunken tubes tunnels (under rivers and harbors)
CONSTRUCTION NOTES. Because of technical and economic interest,
the following are noted when known to be present:

1. Compressed air in use 3. Mole equipment in use

2. Drill & blast method 4, Shield-driven method

Page viii



ABBREVIATIONS

BART
BuMines
BuRec
BWPC
BWS

CTA or
curT

C of Eng
DOT
DRT
FHA
GCMSD
Jv
MARTA
MBTA
METRO
MWD
NYCTA
NYMTA
PATCO
PATH
SCRTD
SEPTA

SFWD
TSC
UMTA
WMATA

AND ACRONYMS

Bay Area Rapid Transit Authority, San Francisco
Bureau of Mines, U. S. Dept. of Interior

Bureau of Reclamation, U. S. Dept. of Interior
Bureau of Water Pollution Control, New York City
Bureau of Water Supply, New York City

Chicago Transit Authority or Urban Transit

Corps of Engineers, U. S. Army

Department of Transportation, United States*

Denver Rapid Transit

Federal Highway Administration

Greater Chicago Metropolitan Sewer District

Joint Venture

Metropolitan Atlanta Rapid Transit Authority
Massachusetts Bay Transit Authority, Boston
Metropolitan Baltimore Rapid Transit

Metropolitan Water District of So. Calif., Los Angeles
New York City Transit Authority

Metropolitan Transit Authority for New York City Regio
Philadelphia to Lindenwold, N. J. Port Authority Line
Port Authority Trans Hudson Lines N. Y. & N. J.
Southern California Rapid Transit District, Los Angele

Southeastern Penna. Transportation Authority,
Philadelphia

San Francisco Water Department
Transportation Systems Center of DOT
Urban Mass Transit Administration of DOT

Washington Metropolitan 2rea Transit Authority

* There are 51 entities referred to as DOT, as that abbreviation
is also used at the state government level.

HARD GROUND AND SOFT GROUND TUNNELS. There is considerable dis-
agreement and numerous attempts to arrive at a generally accepted
definition have not yet borne fruit. For purposes of this report,
hard ground is any earth formation that will stand by itself after
excavation long enough to get the supports in. Anything else is

soft ground.

Page ix
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Chapter 1

SUMMARY

The recent construction experience in transportation related

tunnels has been disastrous. Federally funded projects have

encountered price escalation, delays and disruptions, litiga-
tion, and erosion of local political support. Demand projec-
tions in this report indicate that there will be another ten

years of high demand levels for overall tunneling, given Fed-
eral support. There is now a serious question as to whether

the Government can or should finance more transportation tun-
neling to relieve the urban transportation problemn.

This report assesses the structure and capacity of the U. S.
tunneling industry, with an emphasis on transportation tun-
nels. Historical and future demand is charted for the period
1955 through 1985. Owners, engineering consultants and con-
struction contractors are described. Corporate decision mak-
ing in these firms is examined. Because the report looks at
tunneling as a commercial as well as a technological enter-
prise and because it treats the people as rational decision
makers, it shows clearly that the main problems in the indus-
try are not technological. It is the primary conclusion of
this report that in transportation tunneling, an institutional
system has evolved which strongly discourages innovation in
design or practice. Little improvement in productivity will
occur until two facets of this system are addressed: Account-
ability and Risk Sharing.

As one response to these two facets, the report recommends a
peer review system in the design step, which is probably the
most important step in terms of final costs. Other recommend-
ations include the coordination of Federal R & D with industry
needs, the smoothing of overall demand, the use of contractual
risk sharing, the development of broader graduate programs,

and the development of measurement methodology for productivity.

Page 1-1
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Chapter 2

OVERVIEW OF THE REPORT

The need for this study emerged when it became obvious that current
rapid transit tunneling projects were encountering severe price es-
calation. Could the industry meet great anticipated demand with-
out further inflationary impact? The purpose of this study was to
answer this question by analyzing the capacity of the industry.

Statistical information about tunnels traditionally has been combined
with that about bridges or with information about all forms of
underground construction. Tunnel construction is not a separate
information category, but it is generally known that the mix of
tunnel work has moved from rural to urban jobs and from water to
transportation end uses. Given the differences in these operating
environments, the paucity of good information about the dimensions

of the industry became more important.

There has been a major increase in urban transportation construc-
tion in the two decades from 1955-1975. In the first ten years of
that period the emphasis was on roadbuilding, with much of the
stimulus related to the Interstate Highway program. That vast
enterprise, while largely rural in mileage, included many major
urban segments and connectors. In addition, the states and cities
built expressways and other supporting roads to supplement the
Interstate System.

While the roadbuilding program was underway, it became apparent
that the highway program alone would not suffice for urban areas
as it does in the countryside. The individual choice, speed, com-
fort, flexibility and other advantages offered by automohile and
truck travel in the countryside on the new highways somehow kept
translating themselves into problems in the cities. Building the
highway was not enough; one had to provide parking places for cars
and workspace for trucks as they came off the highways.

UNDESIRAGBLE SIDE EFFECTS IN THE CITIES

As attempts to cope with these undesirable side effects were put
in place, the central areas of many cities began to look as though
they had been ravaged by a war. Cries arose that the automobile
is the enemy of the city and that long declining rapid transit
systems would have to be restored or new ones planned and built.
Surveys and studies repeatedly showed that there would not be
enough ground area in the cities to provide for roads, parking

and related activities. Transportation had to include use of
space either above or below the ground.

A number of elevated highways supplemented those at ground level,
always accompanied by furious opposition. On balance, underground
construction has been much more acceptable to those affected than
elevated works. In the dozen largest cities, plans were made to

Page 2-1



develop or to refurbish rapid transit systems involving trains
and tunnels. By 1965, San Francisco was the scene of a commit-
ment to a major, brand new regional rapid transit system. In
the decade that followed the cities of Washington, Atlanta and
Baltimore committed themselves to build large-scale brand new
rapid transit systems.

As this enormous effort got underway, questions arose. Those
leading to this study included:

l. WHERE ARE THE POTENTIAL BOTTLENECKS IN URBAN TRANS-
PORTATION CONSTRUCTION? There were several answers.
One that was crucial and lacked facts: tunneled con-
struction.

2, HOW MUCH TUNNEL BUILDING COULD THE TUNNEL INDUSTRY
TAKE ON AND COMPLETE IN THE COMING DECADE? Some ear-
lier estimates had indicated that volume might be
quadrupled in a decade.

3. WHAT OTHER DEMANDS FOR THE SAME RESOURCES WILL EXIST
AT THE SAME TIME? Plans for tunnels for water, san-
itary uses, or other functions could compete for men
and equipment. The rapid growth of coal mine demand
due to oil supply changes might affect engineers and
equipment.

4. WHAT IS THE EXPANSION CAPABILITY OF THE INDUSTRY?
Can companies enter tunnel construction work easily?

5. WHAT ARE THE DIMENSIONS OF THE TUNNELING INDUSTRY?
Who is in it? Why? Are they well-managed firms?
Is new technology important? What are the current
and prospective problems of the industry?

6. WHAT TYPE OF ORGANIZATION IS MOST EFFECTIVE?
Individual firms or joint ventures? Public or pri-
vate ownership? Broad-based or specialist?

7. WHO ARE THE PARTICIPATING FIRMS and what types of em-
ployees are on a tunnel project? What are their tra-
ditional relationships? How are these changing? What
overlaps of division of work, technology, or perform-
ance are evident or foreseeable? Can we anticipate
shifts in organizational relationships or modifications
of job classification from current trends?

8. WHAT IS THE ECONOMIC HEALTH OF THE INDUSTRY? 1Is it
made up of undercapitalized firms, supported with too
little enthusiasm by banks, investors and insurers?
Are the larger healthy firms likely to retain a com-
mitment to tunnel work? To what incentives do they
respond? To what degree are they willing to forego
large profits to be involved in technically advanced
projects?
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9. IS THE SUPPLY OF PEOPLE ADEQUATE in competence
and in numbers? How transferable are the skills
involved? Are social trends among young profes-
sionals that show a lessened willingness to accept
family mobility a threat to this industry?

10. HOW HAVE THE INDUSTRY'S COSTS BEEN AFFECTED
RECENTLY? Are they especially vulnerable to
inflation?

Our response to these questions has been to investigate the fun-
damental technological and commercial relationships which influ-
ence the supply of tunneling services. Particular emphasis is
placed on urban transit tunnels. The report consists of 17
chapters.

Chapters 1 and 2 are introductory. Chapters 3 through 7 orovide
a general description of the industry. Chapter 3 examines basic
demand vatterns and describes the important sub-markets, such as
water and sewer tunnels. Historic trends are traced and pro-
jections through 1985 are shown. Chapter 4 explains what hapoens
on a tunnel job and what the responsibilities are for each major
particivant. In the remaining chapters, the relationshios during
a job and the normal sequence of work events is examined in
detail. Different management approaches to tunnel projects,

such as the BART or WMATA methods, are reviewed.

Chapters 8-11 move from a general functional level to a thorough
analysis of the firms (including owners) in the industry. Ex-
tensive material is presented for active owners, engineers, con-
tractors, and suppliers. The general characteristics of these
organizations are shown, as well as the recent trends in their
tunneling activity. These chapters, in effect, list the current
capacity of the tunneling industry.

By now the basic industry setting has been established. The
technology and the market relationships have been described in
simple terms. Chapters 12 through 14 examine the critical
management decisions made in the industry, such as the design of
a tunnel, the bid decision, and the investment in research and
innovation. For each of these decisions the attitude of the
decision-maker and the relative rewards and costs are examined.
Risk, a pervasive element in the industry is considered in some
detail as it affects these decisions. Chapters 15 and 16 present
descriotion and comment on three forces which determine the
industry's ability to expand output. These are the supply of
qualified professionals for the kev jobs, the extent of innovation
in equipment and materials, and the entry of new firms into the
industry.



Throughout the report, factors which influence expansion in the
industry have been highlighted. These items are summarized in
Chapter 17 and their policy implications stated. Policy
recommendations are proposed for DOT which would provide the
proper incentives to increase capacity in the industry.

The report does not, and was not intended to, cover two important
areas. First, although it reviews existing technology and costs
at a general level, it is not a technical report on equipment as
such. Cost models are not developed, nor are cost/benefit ratios
shown for specific technical investments. The authors feel that
there is an abundance of such work being done. The missing re-
search has been in the understanding of why industry participants
behave as they do. No one has accurately assessed, for example,
the rewards and costs to owners, engineers, and contractors re-
sulting from innovative tunnel design. A primary purpose of this
report is to properly describe this and other critical decisions
in the industry so that DOT can use more intelligent incentives
in the quest for efficiency and innovation.

The other omission is the avoidance of the question: Should these
tunnels be built at all? This question is obviously the funda-
mental one in a decision to spend public funds. The authors feel
that insuring a supply of full and accurate information to the
political process is the most important research step at present.
By encouraging efficiency and innovation in the tunneling indus-
try, this work will lead to more realistic prices for tunnel
projects versus other public works. That, in turn, will help in
the political-process decision making.
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Chapter 3

DEMAND FOR TUNNELS IN THE UNITED STATES

The next decade will be a busy one for the tunnel construction
industry. Activity from 1975-1985 will be about the same as

that in the 1965-75 period, but with a substantial shift in end-
use market segments. Transportation tunnels will be up and water
tunnel volume will be down.

On a linear-feet-of-tunnel-driven basis, the 1965-75 period was
the most active for tunneling ever recorded in the United States.
Water supply projects in the west provided the bulk of this work,
with significant transportation contributions from the subway
systems of San Francisco and Washington, D. C. This Volume will
drop from an estimated 1,347,700 linear feet of tunnel driven in
1965-75 to an estimated 1,128,795 linear feet in 1975-85.

However, as Exhibit 3-C shows, this will actually mean rela-
tively similar tunnel excavation volume in the forthcoming ten
years. This is based on cubic yards of tunnel to be built rather
than on the simple total of linear feet of tunnel driven. The
cause is that most 1975-85 tunnel work is in the larger dimen-
sioned rapid transit tunnels underway or planned in Washington,
Atlanta and Baltimore. Rapid transit tunneling is in lusty
health while other end-uses are in sharp decline.

On the basis of present information and estimates, the 1985-95
decade will see less tunnel volume (as rapid transit systems
are completed). However, we believe that forecasts beyond ten
years must be viewed skeptically since so many factors can in-
fluence them.

EXHIBIT 3-A TUNNEL BUTLDING DFMAMD RY DECADE

{Expressed in linear feet of tunnel driven)

Tunnel 1955-65 1965-75 1975-85

End Actual Actual Estimate

Use Ft. Ft. Ft. %
Rapit Transit 2,900 0.2 211,200 16. 346,000 30.7
Water & Sewer 902,900 93.3 1,108,300 82. 696,700 61.8
Motor Vehicle 46,700 4.8 28,200 2. 51,195 4.5
Railroad 15,700 1.7 0 5,000* 4
Other+ N.A. N.A. 29,900+ 2.6
Total 968,200 100 1,347,700 100 1,128,795 100

*The only railroad tunnel now planned is in Philadelphia to connect the Reading and Penn Central
commuter lines into one network. It is therefore a rapid transit link, though in railroad lines.

+Two tunnels for Seabrook, N. H. nuclear power station.

Source: Cresheim surveys. See Appendix A for survey detail.
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SOME BACKGROUND ON TUNNEL DEMAND

Later in this chapter the thirty-year trend lines by end-use
market segment are shown and discussed. However, before study-
ing those, it is useful to consider some unique aspects of tun-
nels and their planning, financing, and construction which in-
fluence the demand for tunnel construction in significant ways.
A brief historical excursion will be worthwhile.

The planning and building of tunnels has been part of the bus-
iness of heavy construction for centuries. Early uses involved
mining and water transmission. Beginning in the nineteenth cen-
tury transportation tunnels for freight and passengers became
economically feasible. These began with canal tunnels in 1820,
progressed to railroad tunnels from 1831, vehicle tunnels in
1866 (Washington St. tunnel under the Chicago River), and urban
rapid transit tunnels about 1890. The only new end-uses since
then have been tunnels for sewers and for power-generation.

Like bridges and dams, tunnels are on the romantic side of
heavy construction. They are expensive, risky in all dimen-
sions, and have enormous economic and social impact upon com-
pletion. Once successfully built, they last a long time.
Roman water aqueducts built before the Christian era are still
in use. The oldest American tunnel, built on the Union Canal
near Lebanon, Pa. in 1827, is still usable, though it is now

a civil engineering monument.

Many railroad tunnels in the 70-100 year-old age range are
still in active daily use. Senior among these is the Boston
and Maine Railroad's Hoosac Tunnel through the Berkshires in
western Massachusetts. It was begun by a private group in
1854 and completed by the Commonwealth of Massachusetts in
1876. Both dynamite and power drills had their first practi-
cal application in tunnel driving on the Hoosac job. Freight
trains use its 25,000 ft. length daily.

The Baltimore Belt Tunnel of 1891, providing more than a mile
and a half of underground, double-tracked capacity, is part
of the main line of the Baltimore and Ohio Railroad. This
uses a five-ring brick arch for support. The Haskins Tunnel,
begun in 1876, stalled from 1882-1902 for lack of money, and
finally completed in 1905 as part of the "Hudson Tubes" is
still in daily service on the New Jersey to New York runs of
the Port Authority Trans Hudson lines.

All of the rapid transit tunnels built in American cities in
this century are in use with minor exceptions due to route
changes. Transit construction engineers regard this long life
as standard and are very conservative in their designs.
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Transportation tunnels respond to desires for ease of movement.
Many of them are ways to connect places otherwise difficult to
reach. Urban tunnels relieve surface congestion. Tunnels
through mountains eliminate the time-consuming trip up, over,
and down the natural barrier between two points. A few tunnels
have major economic and military implications. One of the
leaders in that category is the proposed channel tunnel to
connect England and France: a century-old dream.

Utility tunnels respond to needs to bring in water or to remove
water or sewage. The twin demand forces for these tunnels are
population growth and nature's weather cycle. A prolonged
drought has the same effect on water tunnel work as does con-
siderable population growth.

Substantially all tunnels today are publicly financed projects.
Their enormous costs, cost overruns, and problems related to
scale, site complexity or public doubt about the desirability

of any given project all are continuations of century-old trends.

HOW THE DEMAND FIGURES WERE DEVELOPED

Staff members of financing, grant, and owner-operator agencies
were interviewed. Their estimates of future timetables seem
gquite reliable, particularly when they related their estimates
of future work to events of the past few years. Representatives
of several agencies described their original timetables and re-
visions or abandonments due to defeats of referenda and bond
issues or to lack of legislative support at the local or state
level. )

Levels of construction activity for each of the principal end
uses (see exhibits) are based on information reported to us by
tunnel owners and operating agencies. The graphs illustrate
relative levels of activity for the period 1955 through 1985,
and should not be interpreted as showing actual number of lin-
ear feet driven in any calendar year. Data reported to us was
based on year tunnel was put in service, or year the project
was completed, as determined by the operating agency. There
is an obvious distortion if the entire length of a tunnel is
shown as being the product of one year's work, (that in which
it was finished).

To minimize this effect where the length of the construction
period was known, in round years, the tunnel was recorded as
being built in equal segments during those years. For example,
a 40,000' tunnel reported complete in 1972 and taking 4 years
to build would be recorded as 10,000' in 1969, 1970, 1971 and
1972. 1In cases where the length of the construction period
was not available, two years was used. The area most subject
to errors of omission is the water and wastewater tunnel con-
struction in smaller communities. Any such inadvertent omis-
sions are not believed to materially affect or distort the
trend lines and projections.
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SIZE OF THE MARKET IN MONEY TERMS

Dollar revenue is difficult to develop with accuracy. Using the
high and low ranges of tunnel revenues reported by firms active
in the business (Appendix C) suggests actual revenues for 1975
for U. S. tunnel building of between $1.2 and $2.2 billion.

This would account for 5-10% of all domestic heavy construction.

Contractors traditionally have been very secretive. OQur sources
are contractors or their employees. The publicly held firms who
file reports with the Securities and Exchange Commission all are
in other businesses in addition to tunneling. Where the larger
firms provided line-of-business information it was at the level
of "construction revenues" and not further subdivided. Heavy
construction is expected to have a compound growth rate of 8.7%
in the 1974-80 period, based on Handbook of Economic Statistics
data. This estimate excludes all international work by domestic
firms.

Also, it has to be emphasized again that the planning, financing
and construction cycle for tunnel projects makes information

for the forthcoming five years fairly reliable. This does not
apply farther in the future. As shown in the rapid transit data,
there has been a continuing softening of forecasts of demand in
that area. Water tunnel demand is down now but sharp changes

in birthrates or weather would modify that.

Some nuclear power plants include tunnels and the rate of con-
struction of these is quite uncertain. The forthcoming elec-
tion in California (June 1976) may provide a good indicator
since there is an initiative petition on the general ballot
raising the question of public policy on construction and oper-
ation of nuclear power plants. Some of this construction is
very significant for industry work. A current project, for ex-
ample, is the Seabrook, N. H. cooling tunnels to be built from
the seashore power plant under the Atlantic Ocean. The intake
tunnel is to be 13,500 feet and the discharge tunnel will be
16,400 feet, both with 21 foot diameter. Contract value is
$68,000,000.

The continuing supply problems in energy and raw materials were
considered in these demand projections. After some study, it
was concluded that direct impact on underground construction
will be in materials and equipment costs in the next ten years.
Beyond that, the effects of these changes are mainly questions
of economics on the national scale.

General economic growth trends and population movements prob-
ably will be of only tangential importance to many agencies
involved in tunneling. Those engaged in large scale projects,
such as the Greater Chicago Metropolitan Sanitary District,
are probably not expecting any calamitous change in their
demographics and will probably not be forced to materially
change their plans.
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EXHIBIT 3-C
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In comparing Exhibits 3-B (Linear Feet of Tunnels) and 3-C

(Cubic Yards of Earth Excavated) the reader will note that either
view of industry volume still results in sharp peaks and valleys.
Due to the way the trend lines were developed (described on Page
3-3), some of the peaks and valleys may be sharper than shown.
Those firms participating in the industry adopt policies and
practices that allow them to survive in this environment and
those developments are discussed in detail in Chapters 8 to 16.

RATLROAD TUNNELS

Major tunnel building period for the railroads was 1890-1930.
Since World War II, there has been little tunneling except to
relocate routes. The advent of much larger cars meant that a

few tunnels were abandoned, but most were simply deepened since
the cars are now higher and longer but not much wider. There

has been no construction since the mid 60's and little is planned
except in center city Philadelphia. The Philadelphia rail tunnel
is actually to be part of the metropolitan area rapid transit
system operated by SEPTA. No end-use demand chart is included
for railroad tunnels.

TUNNEL SEGMENT OF HEAVY CONSTRUCTION

GHWAY
BILLION

------
........
---------
...........

TUNNELING
PORTION [2-

g 2.2 BILLION

22-24 BILLION
ESTIMATED FOR
HEAVY & HIGHWAY

75.6 BILLION
REPORTED FOR AL
CONSTRUCTION

TUNNELING AS A PORTION 1974 INDUSTRY CONTRACT
OF TOTAL 1975 HEAVY & VOLUME
HIGHWAY CONTRACT (IN BILLIONS)
VOLUME 20.2 HEAVY 8 HIGHWAY

34.2 [INDUSTRIAL

9.5 GENERAL BUILDING
11.7 OVERSEAS
756 TOTAL 1974 CONTRACTS

SOURCE: CRESHEIM COMPANY SOURCE :ENGINEERING NEWS RECORD
CONTRACTOR INTERVIEWS ENR TOP “400" LIST
1975 APRIL 10,1975
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WATER AND SEWER TUNNEL DEMAND

There are two segments to this part of the market. One is the
tunnels to transmit water for a major distance. These are long
rural tunnels. While transit, rail and motor vehicle tunnels
generally are less than two miles long, water transmission
tunnels often are 15 to 25 miles in length. They're smaller

in diameter, have less costly ventilation and access require-
ments, and offer a relatively simple construction environment.

These tunnels have been associated with economic and agricultural
development programs. The demand charts show enormous linear
footage of tunnel construction of this type in the Fifties and
Sixties. For the present it appears to be adequate. The Metro-
politan Water District in Southern California has deferred until
after 1985 all future construction, based on reduced demand for
agricultural and drinking water.

In major metropolitan areas, water aqueducts help to deal with
population growth and connect to water distribution systems.
Most programs in the East were done in the Thirties as part of
the WPA public works program of the Depression. Activity con-
tinued after WW II at a reduced level. Sewer tunnels are ben-
efiting presently from EPA spending.

The water tunnel demand data in Exhibit 3-E on Page 3-9 assume
completion by 1985 of New York City's Water Tunnel No. 3. This
13.7 mile tunnel project is troubled at present. The con-
tractors have defaulted, citing rising costs and bad ground.
Extensive litigation and municipal money problems make fore-
casting difficult.

Three levels of water and sewer tunnel construction activity have
been projected. The median level is a projection based on data
supplied by operating agencies. The lowest broken line is the
level assuming construction now planned for the next ten years

is stretched out over 15 years, reducing activity levels by one
third. The highest broken line represents current planning with
the addition of new tunneling demand by either the Metropolitan
Water District of Southern California or the California Dept.

of Water Resources.

Both agencies have no new tunnel construction planned for 10 and
5-7 years respectively. If water usage should change within the
next few years, these agencies might consider accelerating their
construction programs. Accordingly, we have increased the level
of activity to reflect a demand for 20,000 feet of tunnel per
year, a rate both agencies have required at various times in the
past 20 years.
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MOTOR VEHICLE TUNNEL DEMAND

The need for such tunnels has always been lesser than that for
railroad or rapid transit systems since automobiles routinely
and easily climb much steeper grades. Serious motor vehicle
tunnel building occurred in the Thirties as the national road
network was substantially enlarged. There was then little
activity until the construction of the Interstate Highway System
dating from the late Fifties.

In the Sixties and early Seventies the earlier routes of the
Thirties frequently were improved by adding twin tunnels to the
original bores. The only significant mountain tunnel job now
under construction is the second bore of the Eisenhower Tunnel
in Colorado. 1In the East, the lower mountain ranges make ele-
vation of the roadway practical instead of tunneling. However,
a half-dozen subaqueous motor vehicle tunnels are either in
planning or construction stages. Those in Maryland and Virginia
involve sunken tube work under Baltimore Harbor, Chesapeake

Bay and various rivers. The U. S. has an enormous road system,
with numerous possible tunnel applications, and Exhibit 3-F
usefully displays this diversity.

EXHIBIT 3op URBAN VEHICLE TUNNELS OVER 500 FT.
Tunnel Location 1975 Actual 1990 Proj. Annual Growth
At intersections 18.39 34.58 3.4%
Airports 7.98 11.06 2.2%
Parks and monuments 12.84 37.99 7.5%
Subaqueous 51.24 73.13 2.4%
Topographic 28.61 37.94 1.9%
Miscellaneous .45 .45 0

Note: Above numbers are lane-miles, the common measure used by
highway professionals. Nearly all other numbers in this report
are in linear feet of tunnel. A 1000' tunnel of four lane width
shows above as 4,000' or .76 lane-miles. Source: Federal High-
way Administration.

From time to time suggestions for vehicle tunnels under major
cities are put forth. For example, some see this as a way to
complete those Interstate routes now left with urban segments
undone due to various conflicts or problems. There is appar-
ently serious effort in Boston to consider demolishing the
elevated Central Artery vehicle expressway and replace it with

an underground highway incorporating rapid transit and the fifty-
year dream of connecting North and South Stations (the city's
commuter rail terminals).
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RAPID TRANSIT TUNNEL DEMAND

Tunnel building activity related to urban rapid transit systems
is buoyant but not growing explosively as had been predicted (or
feared). Expectations now are lower than were projections from
prior years. Events in the intervening years have tended to
reduce the amount of tunneling expected rather than increase it.
However, mass transit construction has a long stormy history.

The spate of urban transit system construction in the 1890-1910
era was followed by another burst in the Twenties which extended
into the Thirties in some areas as part of the depression era
public works program. There was another small round of activ-
ity after World War II. However, the major transit system con-
struction in the last half of the twentieth century is in the
1965-85 period. New systems in Atlanta, Baltimore, San Fran-
cisco and Washington are fully committed or underway. Also,

as part of this surge, Boston, Chicago, Cleveland, New York,

and Philadelphia all have added to their systems.

Some cities have rapid transit plans in various stages of devel-
opment that sit idle awaiting a mandate from a higher authority.
In Minneapolis, for example, plans for regional rapid transit
are well developed. Also, there is quite a bit of enthusiasm
among the technical staff because of excellent geologic condi-
tions encountered in construction of wastewater tunnels. Des-
pite this, the system has not moved beyond the planning stage
due to inaction in the state legislature in the past two ses-
sions. Prospects for passage of an act enabling final design
and construction apparently are not regarded as good for the
1976 session.

Further development of other systems has been halted by out-
right voter opposition. In July 1975, the Cleveland Transit
System was changed from municipal to a regional transit author-
ity, allowing it a direct tax allocation. As part of this
package, however, the voters approved a five year moratorium

on expansion of systems facilities in an effort to maintain
fares at their current level. 1In New Jersey, defeat of a bond
issue in the November 1975 general elections severely limits

the prospect for expansion of rapid transit in both the northern
and southern parts of that state.

Some planners have found that the requirements of other programs
have expanded to the point of excluding public works construction
from municipal budgets. In Newark, N. J., planners have found
little direct opposition to their program to expand the sub-

ways in that city. A continuing commitment to large scale health
and welfare programs, however, has relegated most public works
construction to a lower priority, creating a social and poli-
tical dilemma. The city has now suspended active planning while
an overall policy is developed that will outline some of the de-
cisions to be made.
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Rapid transit operating agencies were interviewed to obtain
data on variables affecting projected construction. In most
cases this took the form of public or legislative approval.
Operating agencies were also asked to assess the probability

of having to defer or cancel construction. Based on that in-
formation three lines were projected representing demand levels
under three circumstances; the most probable; a high estimate,
incorporating marginal or cancellable tunnels; and a low esti-
mate, incorporating construction deferrals and eliminating tun-
nels that have probable alternatives.

The "high" estimate differs from the "probable" estimate by in-
cluding the Dallas rapid transit system and the Queens trunk
line in New York City. It projects construction of the Minn-
eapolis-St. Paul rapid transit system as starting in 1978.

The "low" estimate differs from the "probable" estimate by omit-
ting the planned new tunnel construction in Denver, Detroit,
Honolulu, Los Angeles, Newark, Pittsburgh and Rochester. It

also assumes a two year delay in starting construction in Chicago,
Buffalo, Minneapolis-St. Paul, and Rochester, N. Y.

These delay situations highlight one of the most problematical
areas of construction in the public sector: the need for coor-
dination between the technical staff, the elected and appointed
administration, and the public. In some cases, those responsi-
ble for planning and implementation assume a level of financial
and political support that may not be reached.

exuzBIT 3-1 METROPOLITAN AREAS PLANNING NEW RAPID TRANSIT SYSTEMS

PLANNED TUNNELS

NAME (IN MILES) CONSTRUCTION
Minneapolis/St. Paul 36
Chicago 12 Cut & Cover
Atlanta 10.1 Mainly Cut & Cover
Detroit 9.2
Buffalo 5.2 Cut & Cover & Moles
Baltimore 4.5 Stations: Cut & Cover

Tracks: Shield

Los Angeles
Denver 1.2 Cut & Cover
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The clear trend visible in any study of previous forecasts of
rapid transit construction and related tunnel building is that
various factors interrupt or erode support for these plans and

the overall level of anticipated demand therefore softens.

EXHIBIT 3-J FACTORS AFFECTING TRANSIT TUNNEL DEMAND

1.

Consistency of UMTA Funding - Recent retrenchments on the part
of UMTA, and its impact on systems such as Atlanta, have caused
uncertainty among planners.

DOT Policy - Some cities were leaning towards conventional
heavy steel wheel rail systems. After their preliminary plans
were reviewed at the federal level, light rail vehicles were
suggested as less expensive.

Congressional Budget Changes - Changes mandated by congress
affect major tunnel funders like Corps of Engineers and Bur-
eau of Reclamation, changing their timetables for projects.

Changes in Environmental Policy towards irrigation and muni-
cipal water and sewer needs. As the EPA enforces regulations,
new wastewater systems are restricted in cities like New York
and Austin, Texas.

Financial Problems of Owners - Utilities encounter rate hike
delays; local government does not want to raise taxes; bonds
are difficult to sell; and there is voter resistance to costs.

Changes in Public Interest - To some extent enthusiasm over
mass transit is civic pride manifesting itself in big public
works projects, as stadium building has been over the last
10 years.

Assessments of Technological Improvements - After well publi-
cized tests of PRT and Dial-a-Ride in several localities it
appears that more owner agencies are moving to the bus/subway/
trolley system, a concept dating back to the turn of the
century.

Impact of Energy Crisis on ridership and route selection.

Increased Urbanization and Effects on travel time and cost
from point to point.
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OTHER UNDERGROUND CONSTRUCTION

Owners and planning authorities also were asked about other
underground construction. Here are the highlights:

BOSTON is renovating its Essex, Park Street, South, Summer and
Washington MBTA stations and tunneling under Winter Street (a
pedestrian way) to Washington Station. The objective is to
provide underground access to new and existing facilities. It
is a $220,000,000 program with completion scheduled for 1977.

DALLAS is planning underground pedestrian walkways connecting
Thanksgiving Square's four major buildings. Cost is $4.6
million with completion planned for 1982.

KANSAS CITY plans underground garages and walkways to link a
convention center and hotels. Completion in 1976 is planned.

MEMPHIS's University of Tennessee plans a pedestrian and util-
ity tunnel (380 feet) connecting two sides of the campus.

CONCLUSIONS

1. The Union Canal and Hoosac tunnels demonstrate the unusual
longevity expected of these tunnels. Such a requirement leads
to very conservative design. Although cost is an important
factor, safety and durability are the prime considerations in
these structures. This affects overall demand.

2. The two recent peaks in transit tunneling have coincided
with periods of strong demand for water and sewer tunnels. As
a result the industry was operating at record levels in each
of these periods.

3. Based on present information, total tunneling demand will
drop after 1980. This statement reflects uncertainty about
rail transit, vehicular, and power plant tunnels.

4. The funding of urban transit tunnels has become a Federal,
rather than a local, affair. The relative commitment of mass
transit funds through UMTA can greatly stimulate or depress
the tunneling industry.

5. Transit tunneling projects are unusually large public

projects. In a tight economy, they face sharp competition
for public funds.
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Chapter 4

TUNNEL PROJECT STAGES AND PARTICIPANTS

There are eight definable stages for a tunnel project and
they necessarily extend over a period of several years.

1. Determination of Need

2. Approval of Scope

3. Financing

4. Engineering

5. Construction Preparation
6. Construction

7. Acceptance and Use

8. Claims and Litigatioﬁ

These stages are much the same whether the end use of the
proposed tunnel is for water transmission, sewage or trans-
portation (motor vehicle or rapid transit). The difference
among projects that is critical is not the end use - it is

the environment. Therefore, to show both tunnel project detail
and the potential problems of the environment, the illustration
selected is an urban rapid transit tunnel. It is complicated,
large and long, hardest to finance, controversial, and requires
massive public support over a long period of time if the project
is to succeed.

COMPLEXITY OF URBAN TRANSPORTATION CONSTRUCTION

A major management challenge and risk factor in tunnel con-
struction is the urban environment. For example, a rural

tunnel can be handled essentially as a civil engineering project.
The needed people, equipment and supplies are moved to the job
site and blasting or boring begins. Within broad limits the

only constraints are time, cost, specifications and natural laws.
Tunneling in a city, on the other hand, requires concern for
stability of nearby buildings; great concern for the environ-
ment in matters like noise, vibrations, and dust; adjustment to
neighborhood needs like full maintenance of automobile traffic
or access to nearby stores; and adjustments to urban problems
like burglary and vandalism.

The photograph in Exhibit 4-A illustrates this. The Bureau of
Reclamation's tunnel somewhere in the western United States was
able to use rotating tunnel cars to quickly dump excavated muck
not far from the portal of the tunnel. For contrast we have
Exhibit 4-B showing a WMATA tunnel for the Washington, D. C.,
subway system. The enormous degree of difference in complexity
of the work environment is immediately apparent.
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When a major urban transportation construction project is
being planned and announced, much of the focus is on the
trains or individual cars, the signal systems, fare collection
devices and other items immediately of interest to the riding
public. The improvements in the proposed items over the prior
models, if any, are highlighted. So, too, are the changes in
purchase costs of the new versus the old.

Rarely is much attention paid to the tunnels or the above-
ground sections to run beside highways, or on abandoned and
converted railroad lines, or elsewhere. One solid reason for
this is that they are not news. Passenger cars have graduated
from overhead fans and mechanical support systems to good air-
conditioning and fully electronic operation. Meanwhile, there
is little visible change in the way tunnels are built now as
compared to fifty years ago. Yet, this slowly changing con-
struction part of the transit system may cost 80% of the total
spent, while the cars, signals and tracks account for 20%.

STAGE 1. DETERMINATION OF NEED

The impetus for considering seriously whether or not an urban
transportation project is required may come from one or several
locations: planners, operating agencies, an elected or appointed
official, citizen groups, etc. From one of these sources the
idea will be referred (in this example) to the group responsible
for long-range planning of transit needs. Only rarely is anyone
very surprised by the general concept. Major transit projects
ideas usually have been around for a very long time before
they're built.

The group to initially study the idea may exist, or it may have
to be formed, which is another time-consuming process. This
regular or special agency or commission will need power to per-
form its task and funds to conduct studies. These may be pro-
vided by a state, county, municipality or regional entity.
Consultants are then employed to study origins, destinations,
potential passenger volumes, routes, fare structures, details of
elevated or tunneled portions necessary, and economic feasibility
aspects necessary for long-term financing.

Consideration of the consultants' report may lead to support
for the project; a conclusion that its scope or timing should
be modified; or to non-support and a recommendation that no
action be taken.

EXHIBIT 4-A TUNNELING IN THE OPEN COUNTRY

View of the Bureau of Reclamation’s concrete-lined four-mile-long, 12-foot-diameter tunnel
through River Mountains to carry municipal and industrial water from Lake Mead to the Las
Vegas Valley as part of the $81 million Southern Nevada Water Project. This aerial photograph
shows the outlet portal, construction camp and dumping area for the material.
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The next step is for the local group to forward their report,
presumably with enthusiastic endorsement, to the legislative
group and the local, state and federal fund granting agencies.
Their approval, if obtained, may be conditional and require
certain matching commitments, elements of performance, etc.
This is particularly true in projects involving numerous ci-
ties and towns with regional representation and management.

At this stage things usually move faster in a place with an ex-
isting system than in one with a new system to be built.

APPROVAL OF SCOPE AND FINANCING STAGES

Approval at this stage is of the general need and of a concep-
tual design and preliminary cost estimate. With this support
in hand the agency that will own or operate the project upon
completion can begin serious work. This includes these crucial,
time-consuming tasks:

1. Obtaining the approval of, and financial commitments
from, the affected localities.

2. Obtaining voter approval for a general obligation bond
issue sufficient for that portion of the cost to be
paid by the local communities. This has to be done at
a regular or special election.

3. Engaging a general consulting engineer.

4. Acquiring rights of way if they are not already owned
or under control.

5. Obtaining federal funding commitments.
6. Obtaining state or county funding commitments.
7. Preparing for and negotiating the sale of bonds.

It is important for all participants to realize that at this
point the decision is a political and economic decision rather
than a technical question. Crucial issues that arise during
the scope and financing stages have to do with the relative
participation of various cities, counties or towns and of the
federal and state granting agencies. The basic capital commit-
ment requires some discussion of who is responsible for later
operating deficits if they occur.

Also, the general obligation bond issue will be for a fixed
amount based on project cost estimates. The recent experience
with inflation and cost escalations has made this aspect dif-
ficult and troublesome.
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ENGINEERING

The controlling agency (owner) may act as its own engineer or
engage a general engineering consultant. In most cases public
agencies with an ongoing program of construction maintain a
staff engineering capability. Those owners who are new, or
who have intermittent construction programs, use outside con-
sultants.

General engineering consultants and their supporting special
consultants provide these services for the owner:

GENERAL ENGINEERING CONSULTANT
1. Preliminary design.

2. Selection & definition of standards for design and
construction.

3. Coordination of public agencies and environmental
impact studies.

4. Selection of section designers.

5. Supervision and coordination of design effort.

6. Assistance to owner in preparing contract documents,
advertisement for bids, selection of contractors and

award of contracts.

7. Assistance to owner in supervising construction and
administering contracts.

SPECIAL ENGINEERING CONSULTANTS AND THEIR FUNCTIONS

1. Geotechnical Consultant (if none on staff)

Overall control of soil/rock exploratory program and
defining parameters for structural design, ground-
water control and protection of existing structures.

2. Environmental Consultant (if none on staff)

Assistance in developing environmental impact statement.

3. Acoustics Consultant (if none on staff)

Determination of nuisances during construction and oper-
ation. Evaluation and solutions to problems of noise
and vibration.
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4. Corrosion Consultant (if none on staff)

Definition of potential corrosion problems on structures
and submitting solutions for effective control.

5. Special Tunnel Consultants (if none on staff)

Study and designs, equipment studies, methods, cost es-
timates, advice and recommendations.
a. Design
b. Construction Methods
c. Blasting and/or Mining Methods
d. Materials Handling
e. Cost Estimate
6. Section Designers (Some firms may use the services of

special consultants such as Mechanical, Electrical and
Tunnel Consultants)

The section designers prepare detailed drawings of the tunnels,
stations and associated structures together with very detailed
specifications on how the excavation is to be done and the struc-
tures are to be built. A full set of complete contract documents
for use in the project is also prepared and submitted to the gen-
eral engineering consultant.

Section designers must operate within as many as a dozen codes
limiting their design. They must also be aware of relative ma-
terial costs and local work rules or practices in writing spec-
ifications. One thing that can be counted on is their conserv-
atism when it comes to ensuring long life and safety of the tun-
nel.

Once built, the tunnels have a good safety record. The Washing-
ton Street tunnel under the Chicago River was completed in 1866.
After the great fire of 1871, the tunnel provided the only means
of crossing the river for a long time. English transit tunnels
provided air raid shelters for the citizens of London during
World War II because they're deep. Today, in San Francisco,
citizens anticipating the projected earthquake due before the
year 2000 are planning to try to get to the BART tunnel under
the bay which was built with earthquakes in mind. (Few tunnel-
ers are!l)

In today's environment various pressure groups or other con-
straints may force changes in the design after it has been com-
pleted but before construction begins. Another source of change
is passage of new laws or issuance of new or modified regulations.
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Later, during the construction stage, the section engineer will
provide advice and recommendations on changes. Some of these
occasions will arise from unanticipated conditions while others
may come as requests or suggestions from the contractor. Fre-
quently there are several ways to accomplish an objective. A
contractor may wish to have an interpretation of a specification
or procedure to see if it is acceptable under the contract.
Since the section engineer may also serve as the owner's inspec-
tor, the contractor is well advised to clear such matters in
advance.

Unanticipated changes may require rather sudden and extensive
work for the section design engineer. On the Eisenhower Tunnel
in Colorado (first section) there were extensive design changes
during the project to accommodate geological conditions.

There also were design changes because of shortages of mater-
ials. To keep the job going, new materials acceptable within
the overall design were substituted.

CONSTRUCTION PREPARATION

This stage of the project involves the contract preparations,
bidding or negotiations, awards, and mobilization for work.

It is a stage about which there is considerable industry dis-
satisfaction and a number of efforts to induce change are under-
way or proposed.

Both public agencies and private owners issue contract docu-
ments that include detailed plans and specifications prepared

by the consulting engineer. Public agencies usually issue these
to all contractors who express an interest as a result of pub-
lic notices while bidders are usually prequalified in the pri-
vate sector. That is, their qualifications to perform the work
are investigated and approved before the bidding documents are
issued to them.

The owner's staff engineers or the consulting engineer retained
for the project perform or secure subsurface investigations,
analyze the results (or have them analyzed by engineering geol-
ogists) and prepare designs, plans and specifications, cost
estimates, and performance-time schedules for construction.

Prospective bidders will respond to a firm-fixed-price contract
(most common) or to a cost-plus contract of some type. Present-
ly the contracts still are called "fixed fee" but the prolifer-
ation of provisions for escalation and changed conditions makes
this description less than wholly accurate. Contractors com-
plain that some engineers draw up "win-lose" contracts, leading
to adversary conditions.
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Contractors receive copies of the general contractual provisions
(those applying to all contracts of that type) plus special pro-
visions applying to the specific job at hand. They also receive
the technical specifications for the jobs and sets of plans and
drawings (public owners require a deposit from all bidders who
receive sets of specs and plans).

THE BIDDING PROCESS

Most public agencies are required by law to operate on a sealed
bids basis rather than working with prequalified contractors.

The bids must be backed up by performance and payment bonds to
guarantee completion of the work and payment of all suppliers.
Contractors obtain these bonds from insurance (surety) companies,
or they can deposit cash or cash equivalents in lieu of bonds.
Private owners generally forego the bond requirement.

Public agencies open all bids at a specified time and announce
the engineer's estimate and make all bids available for inspec-
tion. This auction atmosphere compares markedly with the pri-
vate treaties used by private owners. Public agencies gener-
ally will not allow a bidder to qualify or restrict a bid. The
owner's terms will govern.

The low bidder must satisfy the owner after bid opening that he
has a satisfactory record of performance of like work, and the
management capability, financial strength, and equipment avail-
ability to assure performance of the job as specified and on
the agreed schedule. Most public agencies must award the job
to the lowest responsible bidder. Private owners are not bound
to do this.

STRENGTHS AND PROBLEMS OF THE BIDDING SYSTEM

There is little opportunity for unfair favoritism in a pure bid
system. The conditions of operation preclude selection of con-
tractors on any basis but responsiveness to the bid specifi-
cations, lowest price offered, and certification as a responsible
bidder. Therefore, one might be surprised at the rising support
for prequalification of bidders as a preliminary step.

Such a procedure reduces the number of bidders, may restrict
competition, and potentially increases difficulty of entry into
the industry by new firms. Its advocates point out that it also
tends to eliminate low bidders who have a past record of poor
performance, insufficient management, limited financial strength,
not enough equipment, or a well developed inclination to seek
extra money through litigation.

Another problem: many public sector bids don't permit submission

of alternative designs. This can adversely affect costs or in-
hibit introduction of new processes or materials.
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CONSTRUCTION STAGE

The contractor, armed with a signed contract to build the tunnel,
puts his organization to work to mobilize for the project, pre-
pare for tunnel excavation and to line and otherwise equip the
tunnel. He has considerable assistance from subcontractors and
suppliers. Specialty subcontractors include:

Mechanical (Heating, ventilating, air-conditioning,
plumbing)

Electrical (All electrical installation and maintenance)

Dewatering (Ground water control)

Muck Disposal (Disposal of tunnel muck)

Acoustics (Acoustical work)

Tracks (Track laying)

During mobilization he will purchase all of his equipment or make
arrangements for rentals or leases. He will also complete nego-

tiations for supplies and services for the project. Suppliers

of highly specialized tunnel equipment, described in Chapter 11,

usually sell, fabricate or custom build the equipment a contrac-

tor needs. They estimate costs to help him bid and may help him

dispose of equipment after the job.

Mobilization also includes preparations like the erection of
plants and outbuildings; bringing in office, safety and medical
facilities; sinking access and ventilation shafts and completing
job staffing. These preparations are also affected by the choice
of excavation method, the type of tunnel liner to be used, the
ground conditions, and the general tenor of support for the pro-
ject.

PRINCIPAL CONSTRUCTION CONSIDERATIONS

Tunnel excavation involves a tight repetitive cycle of events
which must be carried out on an optimum schedule if the job is
to be effective and profitable for the contractor. Introducing
fast equipment is not useful, in many cases, since the cycle
limits any individual component. For example, the speed of a
tunnel boring machine (mole) is limited by the speed of the
muck removal system. All steps are highly interdependent.

The ground through which the tunnel will be constructed may be
hard rock (east and west U. S. coast and mountain area) or soft
ground (all areas of the country but most common in the midwest).
Pure tunneling may require a Tunnel Boring Machine (T. B. M. but
more commonly known as a "Mole"). If it is a soft ground tunnel,
4000 to 6000 feet in length, a T. B. M. will probably be used.
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HARD ROCK TUNNELING

Most rock tunnels today are driven full face. The entire for-
ward space (heading) being excavated is drilled and then blasted.
Rock includes not only actual rock but soils like hard pans and
glacial tills. Rocks are classified in different ways. The com-
pressive strength classification, measured in pounds per square
inch (psi) is somewhat 1mportant when tunneling machines are con-
sidered. Rock with compres51ve strengths below 6,000 psi is con-
sidered soft. Over 25,000 psi is "hard" rock, w1th the balance
classified as medium.

For lengths of 8,000 to 10,000~-ft. and over, a T. B. M. will of-~
ten be employed in spite of its high first cost and long deliv-
ery time, because of its greater speed and lower labor requlre-
ments. If the contractor already has a mole of the correct size,
or if he can rent one at an attractive prlce, it could be used
for shorter tunnels.

EXHIBIT 4-B DRILL-BLAST-MUCK CYCLE
Drilling Cycle

Move in drill jumbo and connect air and water lines
Set ribs or roof bolts

Drill blast holes

Load powder

Disconnect air and water lines and move jumbo back

Blasting Cycle

Connect blasting leads

Move gang back to safety

Blast

Ventilate (period is known as "smoke time")

Mucking Cycle

Scale roof, clean up fly rock
Move in mucking machine

Muck out the round

Extend track

Move out the mucker

The next five paragraphs are from "Tunneling-The State of the Art"
by Robert S. Mayo, Robert J. Jenny and Thomas Adair.

Blast holes generally are drilled 8 or 12 feet deep. An 8 foot
hole will "pull" about 7-1/2 ft. of tunnel, a 12 foot hole will
pull 11-1/2 ft. On each job, a study should be made to deter-
mine the best method of attaining the maximum footage per 24-
hour day. There are many variables. For instance, a 12 foot
hole will take longer to drill than an 8 foot hole, and powder
consumption will be higher. Also, a longer round will break

Page 4-13



-Juswidinba [9A9) 831y SiY} JO [9A3] dO} 3y} UO SIAIOM jauunl smoys oloyd ayj
-oquuin{ jjLIp € JO asn 3y} S| UONEBABIXS |auun} %001 0} yaeoidde |euonuaaucd ayy

-

[

d-7 ITQTUXd

Page 4-14



out more material, which increases mucking time. Therefore,
the job study must compare the number of rounds that can be ob-
tained per day by different drilling and blasting methods. If
the contractor can produce six rounds with 12 ft. holes, his
overall progress should be slightly better than if he fires
nine rounds with 8 ft. holes. The length of the round should
not be greater than the width of the tunnel (6-ft.-deep holes
probably would be used in an 8-ft.-diameter tunnel). Usually
one drill hole is required for approximately every 6 sq. ft.

of face.

Normally, a rock tunnel in free air (not compressed is driven
in three 8-hour shifts. However, in some areas the "portal-to-
portal"” rule applies. This means that the miners' shift begins
at the portal or on the surface. It may take 20 minutes to
transport the men to the face and another 20 minutes to bring
them back to the surface. With a 30-minute linch period, this
means the men are actually working only 7 hours per shift. 1In
some cases, the men are given 9 hours pay for an 8 hour day and
the shift change takes place right at the face. 1In this way,
the only actual lost production time is the lunch period.

On one recent job, the gangs were organized into four 6 hour
shifts but each shift received pay for 8 hours. The shifts
were changed right at the face and there was no lunch break;
the men ate lunch during a ventilation period after blasting.
With this procedure, in a 12-ft.-diameter, 25,000-ft.-long tun-
nel driven from one shaft end, the contractor progressed at the
rate of six rounds per day. The 12-ft.-deep blast holes pulled
about 11-1/2 feet of tunnel.

When experienced miners are in short supply it is common to work

two 1l0-hour shifts, with the men receiving pay for 11 hours. The
4-hour shutdown period is used for maintenance of equipment, ex-

tending track and installing pipe lines.

SOFT GROUND TUNNELING

Where the soil makes it feasible, nearly all soft ground and some
soft rock tunnels of over 6000 feet in length are candidates for
use of a tunneling machine. The introduction of this mechanical
excavating machinery was expected to have the same positive im-
pact on productivity as the new equipment in use in coal mines
had had. However, the use and accomplishments of the tunneling
machines (known as "Moles") do not yet match the expectations of
their enthusiasts.

One machine used in a clay area of San Francisco had four inde-
pendently activated cutter blades, each operating in a ninety
degree quadrant of the tunnel bore. The cutters scrape the
face of the tunnel operating like windshield wipers. Behind
the cutting arms was a bulkhead through which the material be-
ing excavated was channeled out a conveyor belt and then to a
muck train which removed it from the tunnel.
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EXHIBIT 4-H COMPARISON OF SHIELD DRIVEN AND MOLE TUNNELING

SHIELD DRIVEN TUNNEL

EXCAVATION CYCLES OPERATION MACHINE
Remove material from face; .

breasting and mucking 30 minutes
Shove shield forward 30 minutes
Shoving and excavation 20 minutes
Erect liner ring; inject 45 minutes

pea gravel
Erecting ring & grouting 45 minutes
Time required to advance . .

2.5 feet 105 minutes 65 minutes
COMPARATIVE STATISTICS
Feet advanced per day 33 feet 55 feet
Typical crew for 24 hours 17.5 men 21 men
Length of tunnels involved 6,272 feet 6,970 feet
Average footage per 24 hr. day 25 feet 40 feet
Maximum footage per 24 hr. day 55 feet 105 feet
Crew man hours required per

foot of tunnel excavation 14.5 man/hr. 12.5 man/hr.

and lining
HEADING CREWS
Heading Engineer

(Laser Beam Control) 1
Shift Foreman 1
Operator 1
Mechanic 1/2 1
Electrician 0 1
Face excavation & ring

erection
Pea Gravel injection
Ring erection & unloading 6
Hog rods & grout crew 8
Motorman & brakeman 2

TOTAL 17.5 21.0

Source: BART project engineers Page 4-17



Where soil is not appropriate for machines, hand mining of soft
ground tunnels proceeds with the use of tunnel shields. They
use a couple of dozen shove jacks to shove the shield forward.
Various mucking methods can be used. A backhoe mounted in the
interior framing of the shield can dump material on a conveyor
leading to a muck train. Or, for short tunnels, a rubber tired
loader with a large bucket can carry the material all the way to
a dumping point at the tunnel portal. Or an overhead bucket can
be used to move material from the face to the muck cars.

CONTROL OF SOFT GROUND

If a contractor must build a subaqueous tunnel, as in the New
York river crossings, he will have to use a compressed air en-
vironment. This is also true in some tunneling through soils
in places like Chicago, Detroit and Milwaukee. Compressed air
will be used to prevent inflows of water, mud or quicksand.
Generally, 4.33 pounds-per-square-inch of pressure per foot of
water must be maintained. In clays that do not yield water
readily, little or no pressure may be required. In other situ-
ations, higher pressures may be necessary.

When a tunnel penetrates saturated sand, compressed air will
dry out the sand, which will stand on a vertical face for a
short time and then crumble and fall. Here again, differen-
tial air pressure is an important factor; too much air causes
sand to dry out and fall and too little pressure permits the
moisture-laden sand to flow. If a sand contains considerable
amounts of clay or silt, it is much easier to mine because
there is less loss of air. But it is extremely difficult to
drive tunnels in coarse gravel because open channels through
the gravel allow air to escape. This makes it difficult, if
not impossible, to maintain enough air pressure to keep water
from flowing into the lower portion of the tunnel. "Mudding"
will be required to prevent air from escaping; breast boards
at the face must be set as close together as pgssible and then
any openings between them or at their ends are plastered with
a good plastic blue clay.

Only small areas of the breast boards are removed at one time
to advance the face, and after the advance has been made the
boards are replaced and again caulked with clay. Sometimes
the primary lining is not tight enough and miners must locate
air leaks, plug them with clay and recaulk or grout. If a tun-
nel is driven in this material under an open waterway, a clay
blanket is dumped on the river or bay bottom from barges to
reduce the loss of air. Tunnels can be constructed through
sand or gravel under city streets, without compressed air, if
the soil is pre-drained prior to driving. Fortunately, gravel
and coarse sand in the latter situation can be dewatered eas-
ily with well-points or deepwell pumps.
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EXHIBIT 4-K HYDRAULIC MUCK-REMOVAL SYSTEM
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EXHIBIT 4-0

TUNNEL COST ESCALATION

Concrete lined tunnels

% Change % Change
1969 1975 4/75 to 7/75 17/74 to 7/75
1.06 1.92 + 3.2% + 19.3%

Source: Bureau of Reclamation of the U.S. Dept. of the Interior (a detailed index of project
costs on BuRec projects in the 18 Western states including Alaska. Base year (1.0) is 1967.

Another contribution to costs and to cost overruns and disputes
among owners, engineers and contractors is the various delaying

items which cause a project to get off schedule.

mary of those problems in several situations.

~ TUNNEL PROJECT DELAYS

EXHIBIT 4-P

Here is a sum-

A

B

cC

D

DELAY ITEM

Days % Time
Delay Extend

Days % Time
Delay Extend

Days % Time
Delay Extend

Days % Time
Delay Extend

Changed work
conditionsj
Elevator for
handicapped
Ground water
problem
Interface
contract
delay
Machine
breakdown
Materials
shortage
delays
Strikes by
suppliers
Strikes on
the job
Strikes by
teamsters
Traffic de-
tour delays
Underpinning
problems
Weather
problems
Other

54 27%

56 28%

61 31%

27 14%

118 39%

60 20%

92 31%

32 10%

97 35%

77 27%

99 35%

3%

Major

110

90

Major

TOTAL

198 100%

302 100%

282 100%

225 100%

A - BART Project K0O016 B - BART S0022 C - BART S0031
Source: DOT, Systems Analysis of Rapid Transit
Underground Construction

D - WMATA C0021
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To summarize, there are many potential problems in building

a tunnel. The most complex and expensive in both human costs
and cash expenditures seem to be those listed below. All are
discussed later in this report.

Unexpected ground conditions. Rocks, boulders and water are
three common examples.

Design modifications. An example was installation of ele-
vators to allow the handicapped access to WMATA.

Accidents. A tunnel engineer's rule of thumb in the Sixties
was two deaths per mile of tunnel built. This has lead to
aggressive safety programs.

Strikes that shut down the job or the flow of supplies. (The
tunnel boss has to live with work rules he inherits.)

Cost escalations due to changed conditions or, as has been the
case recently, rapid inflation of prices.

Design constraints that result in difficult construction prob-
lems. (Tunnel men have to build someone else's design.)

Relations with owners or engineers. These may be difficult.
(The tunnel boss is running a fixed price job with provisions
for changes - if they can be agreed.)

Equipment's major problems are of hidden cost. If a new piece
of electronic equipment is purchased, or a complex unit like
an advanced mole, there is a higher initial purchase price
which is visible. That is taken into account in the analysis
of projected output of the unit. Invisible costs are the
maintenance and malfunction down-time.

Introduction of less-than-qualified people in compliance with
various regulations.

Continuance of work practices which often negate the produc-
tive gains of new equipment.

Addition of ancillary jobs to accommodate various financial,
technical and operational requirements of owners or regulating
agencies. These raise costs by increasing the total force.

Project size means that complexity is normal. More sophisti-
cated and expensive planning, scheduling and control systems

are required. Use of computers, while efficient, raises the

contractor's fixed cost base. The project's overall "Cost

of Coordination" advances rapidly.
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ACCEPTANCE AND USE

If all has gone reasonably well, the last 5% of a transit tunnel
can appear to the public to be galloping progress. Actually,
little of it is tunnel builders' work. Track laying, installa-
tion of permanent signal or ventilation equipment, erecting of
signs and installation of station operating equipment all are
handled by subcontractors. When these details are complete

and the consulting engineer and owner have accepted them as
such, the tunnel is ready for opening ceremonies and use.

CLAIMS AND LITIGATION

There tends to be an adversary environment surrounding tunnel
contracting which relates heavily to the fixed price bid sys-
tem and to the still common owner practice of withholding full
details of geological studies. When unexpected conditions are
encountered the contractor or the owner often will enter liti-
gation to seek to enforce his point of view.

Tunnel contractors, engineers and others with whom we talked
were nearly unanimous in predicting the eventual end or major
modification of the fixed-price bid system. They point out
that a fixed-price agreement with a large and intricate number
of escalation clauses will eventually become so difficult to
administer that it will make a cost-plus contract look attrac-
tive.

Similarly, the prevailing informed opinion appears to be that
there will have to be a break in the adversary situation in
which the parties involved in tunnel building spend too much
valuable time and energy on claims and adjudications. Several
commented that the larger public agencies with lots of heavy
construction work are now much better in approaches to this
aspect than they formerly were. They criticize small owners
as lacking the staff or sophistication to proceed in the same
direction.

One example of this is in San Francisco where BART has sued its
general engineering consultant (joint venture) for $85,000,000,
contractors for $50,000,000 and car builders for $96,000,000.
Meanwhile one of the car supply firms which is being sued for
$55,000,000 by BART is asking BART for $15,800,000 it claims is
due because of delays caused by BART and the general engineering
consultant. A California legislator is calling for state en-
gineers to do all this work in lieu of private firms.

In Milwaukee a contractor who encountered gas and artesian water
and was bankrupted is suing to settle under the changed condi-
tions clause. Both the bonding company and AGC (Associated
General Contractors) have filed Amicus Curiae briefs contending
the judge did not correctly interpret the changed conditions
clause. The job was rebid in 1972 and finished by another con-
tractor. Opposing the contractor's case is the National Asso-
ciation of Sewage Plants.
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Undoubtedly the largest lawsuit involving defaults and contractor
failures is New York's Water Tunnel Three. The $223 million job
was half completed when the contractors stopped work. The law-
suits involve claims for $280 million and will be in the news

for some time to come.

CONCLUSIONS

The impetus and support for a new transit tunnel, especially
in a new system, must come from a broad political base. The
acceptance of these projects by public officials is much more
than a technical decision.

The bond issue, along with whatever Federal funds are avail-
able, fixes the dollar amount of the overall project. The
owner knows how much he has to work with. Although this step
can be repeated to expand the budget, it is difficult and
risky to go before the public again.*

The difficulty of obtaining and sustaining political concen-
sus, and the fixed funding, encourage the owner to place an
emphasis on smooth completion of the project. Disruptions
and adverse publicity are to be avoided. (Innovative tech-
niques are somewhat risky and offer less incentives since
the money amount is fixed.)

The engineering firm which handles overall design for the
owner is usually given design limits within which to work.
They also are working under conditions which approximate a
fixed fee. Both of these offer little incentive since the
engineer would (1) run the chance of alienating his employer,
and (2) be paying for this time out of his own pocket.

Alternative designs are not encouraged in public bidding.
Though some owners point to value engineering programs,
little of substance has occurred. Among other impediments
is the notion that alternative designs, if accepted, re-
flect poorly on the engineers who developed the initial
design.

Muck removal is not organized by owners but is an extra
task (and extra cost) for the contractor.

Tunnel excavation functions must be done within a rigid
work cycle: (a) the slowest step sets the pace for the
entire operation; (b) new equipment must be tested on site
to achieve absolutely accurate performance statistics (and
costs).

*UMTA is beginning to change this system with the Baltimore Mass Transit project. Under
the revised approach, UMTA grant money may be used only for construction of system
sections that will be operational as a result of the project funded.
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Chapter 5

ROLE OF TUNNEL OWNERS AND OPERATORS

The owner of a tunnel is almost always a public body. Usually
the same organization operates the tunnel. In most cases

where the operating unit does not own the tunnel the owner

used to operate it. For example, several regional transit
authorities formed since World War II have absorbed city tran-
sit systems that included tunnels. To avoid large bond issues
for purchase of these assets, various leasing arrangements have
been made, with the city remaining the nominal owner of the tun-
nel.

Planning for new tunnels is usually handled by the planning
staff of any owner-operator which has a continuing program

of construction. A relatively continuous stream of projects
makes a permanent staff economically feasible. Examples of
such resident groups of employees are available in the Corps
of Engineers, Bureau of Reclamation, water agencies of the
larger states, etc. 1Industry engineers and contractors gen-
erally credit these resident groups as competent, progressive,
and easy to work with.

In the absence of a continuing construction program, outside
project help is used for planning, engineering, and construc-
tion management. The major states, cities and other units
(like port or transit groups) again generally are credited
with a professional, effective approach. Industry complaints
are aimed at smaller states and cities which have infrequent
projects, relatively small ones, and too little activity to
attract, support or retain the people they need.

For the study of tunnel owner organizations, two transit tun-
nel projects were selected. They are much more complex than
other tunnel jobs, largely due to the urban construction lo-
cation. Many projects involve additions of lines to exist-
ing transit systems. However, those described here are mas-
sive multiple projects for the construction of entire new
systems. The owner organization changes dramatically during
system construction as the exhibits that follow will show.

When the owner or operator is a new entity, much of the plan-
ning is done by someone else at first. It may be a planning
board or some other unit which has its charter broadened tem-
porarily. However, the owner-operator staffs for, and assumes,
these duties as early in its own life as is possible.
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A very important early decision has to do with philosophy of
organization. In the traditional organizational setup, an
engineering firm serves as final design consultant to the
owner and also supervises the contractor. This is called the
0-E-C (owner-engineer-contractor) type organization. The
relationships are shown in Exhibit 5-A. At this writing, the
largest application of such an organizational approach is the
San Francisco BART project. It appears that the Atlanta and
Baltimore organizations will be similar in concept, though
they will vary in detail.

Exhibit 5-A  OWHFR-ENGINEER-CONTRACTOR ORGAHIZATION

OWNER

DEFINITIVE DESIGN

CONSTRUCTION
DESIGN

ENGINEER

CONTRACTORIS)

DEFINITIVE NSTRUCTION
DESIGN CONS

CONSTRUCTION
FINAL DESIGN

Source: Systems Analysis of Rapid Transit Underground Construction

A variant of this form of organization is that selected for the
Washington system (WMATA). It involves engineering firms and
contractors for the various project sections. The section engi-
neers are responsible to the general engineering consultant.
Section engineers and the general engineering consultant do much
of the traditional technical work. In WMATA, a separate firm of
engineers supervises construction. The effect is to add a layer
to the organization. Engineers, contractors, and insurance peo-
ple queried for preferences all stated they prefer the 0-E-C
system used in BART. Suppliers to the project generally have

no preference as to organizational arrangement.
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The owner organization performs four functions over a long per-
iod of time during a transportation construction project. The
tunnels and stations are usually the major portion.

1. OPERATION OF THE TRANSIT SYSTEM. Whether the existing sys-
tem includes rail rapid transit or is only a surface system of
buses, and possibly light-rail (trolleys), it must continue

to provide daily service for its riders.

2. MANAGEMENT PLANNING AND CONSTRUCTION. The extraordinary
size of transportation construction projects, as compared to
other construction (like office buildings or housing) has an
enormous impact on any city where it is occurring. Purchases,
employment, and effects on the travel time of others are meas-
urable economic effects. Though the performance burden is on
the engineer and contractor, the owner has final responsibility.

3. ACQUISITION OF NECESSARY RESOURCES. After initial approv-

als by everyone with a stake in the project, and power to hold

it up, have been obtained, the remaining needed resources are
people and money. Generally the people can be employed or
retained if money is available. The big money comes from fed-
eral agencies. In the case of transportation systems, UMTA
generally provides 80% of the money. The remainder comes from
state or regional grants, local taxes or bonds sold to the public.

4. MAINTENANCE OF RELATIONSHIPS AND SUPPORT. Transportation con-
struction projects that involve tunnels usually stretch over a
decade from planning to dedication. Many changes will occur in
the ten or more years and it is a principal need of the project
that the owner maintain good relationships with the dozens of
pressure groups involved. Their support is necessary for com-
pletion of the project. This activity is a political exercise.

In each of these functions there is an established history of
potential problems sufficient to keep the owner staff fully
occupied. In system operations, the flow of labor relations
incidents, weather effects, and urban special events affecting
traffic load must be handled. 1In the construction activity the
unanticipated includes bad soil, poor rock, accidents, schedule
foulups, lack of supplies, strikes or actions by opponents to
delay the project.

Resources and relationships problems are many. Among the largest
is the lack of continuity of federal funding, coupled with the
intrusions of military actions and recessions which compete for
resources. Because this study is concentrating on construction
economics related to tunnels, the emphasis of detail in Exhibit
5-B is on engineering and construction.
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TRANSIT TUNNEL OWNER ORGAMIZATION
During Extensive System Construction

EXHIBIT 5-B
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Transit tunnel owners finance their projects through a combina-
tion of grants from federal, state and other sources and the sale
of bonds. These arrangements are based on the best estimates
available at the conclusion of planning and they are brought up
to date durlng the approvals and financing stage. Though there
are provisions for cont1ngenc1es like bad soil or labor cost
escalation, the financing is so arranged that most participants
regard it as a fixed amount of money. These arrangements also
inhibit innovations. Owners on a fixed budget can best assess
their contingent risks on a project from historical information,
which isn't available for new methods.

If it proves to be a substantially satisfactory funding, there
is no particular incentive to try to save money. The owner ex-
ecutives cannot be awarded bonuses for good cost performance.
There is, of course, continuing fear that various project cost
overruns will exceed the available contingency funds. That re-
quires a return to the various sources of funds (legislative,
federal or public) hat-in-hand to explain why more is needed
and accept public criticism of one's work. 1In the first half
of the Seventies, a roaring construction cost inflation made
this situation much worse than it had been.

Cost inflation leads to rises in contract costs even when an
owner is covered by fixed-price contracts awarded on bids.

Any contractor who begins to lose money on a job will seek re-
imbursement. If it cannot on regular terms, the tendency is
to file claims or initiate litigation.

CONCLUSIONS

1. Owners of tunnels are involved in building very durable ma-
jor works. Some tunnels last for centuries.

2. Owners with continuing programs of tunnel construction tend
to have in-house staff engineering groups and internal re-
view boards which build competence and provide decision-
making mechanisms to deal with risk and innovation. Owners
with new, or occasional, projects find it more economical
to use outside consultants.

3. The owner's organizational philosophy appears to be impor-
tant, particularly as it affects the engineer consultant's
role and responsibility. While hard evidence is not avail-
able, bidding programs seem to be tending toward the BART
approach. Engineers and contractors look with favor on the
organizational form that has the fewest layers and clearest
lines of authority.

4. Public sector bid conditions generally do not encourage the
submission of alternative designs. This may adversely af-
fect costs or inhibit introduction of new processes or mater-
ials. Value engineering programs intended to overcome these
problems generally have not been as successful as anticipated.
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CONCLUSIONS (CONT'D.)

5. The owner begins the project with a fixed amount of funds
and a fixed set of contracts. There is little incentive
to be cost-effective, since unused money will not be re-
turned.

6. The owner has to perform many other tasks besides admin-
ister the construction; the existing system must be oper-
ated and plans prepared for future projects.

7. Urban tunnels, in particular, have very high visibility.
Besides the sidewalk superintendents, there are numerous
VIP visits and recurrent reviews in the press of fiscal
matters and all problems that emerge during planning and
construction. The maintenance of support from all inter-
est groups is a very important continuing task for owners.

NOTE: Discussion of current owners is in Chapter 8.
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Chapter 6

CONSTRUCTION MANAGERS, ENGINEERS AND CONSULTANTS

In major transit construction projects the engineer supervises
the contractor as is true in nearly all construction arrange-
ments. For smaller projects there is only one engineering firm
while the large, system-wide jobs necessarily have more people
and a more complex organization. Two general organizational mo-
dels have emerged as noted in Section 5. In BART's more central-
ized model, all section contractors were supervised by a central
construction management and engineering group. Most engineers
and contractors interviewed favor this arrangement.

In Washington, WMATA elected to use a construction manager who
supervised an engineering firm for each section of the job.

Those firms, in turn, each supervised a contractor. 1In addition,
the construction management firm in WMATA has the broad assist-
ance of a general engineering consultant. For smaller transit
additions and most water-sewer tunnel projects, the traditional
owner-engineer-contractor organization prevails. Some owners
with continuing construction work use staff engineers.

EXHIBIT 6-A COMPARATIVE ENGINEERING ORGANIZATION MODELS
CENTRALIZED MODEL DECENTRALIZED MODEL
Joint Venture Owner
to do I
Engineering and . .
Supervise Construction Co;:gg;:ilon Gegéﬁsgggigier
1 |
L J | 1
. Contr- Contr- Sec. Section
Section Contractors actor actor Design Design
(See Exhibit 6-B) (See Exhibit 6-C)

The construction manager, as a firm, usually has a number of pro-
jects underway or in preparation at any given time. It must bal-
ance its workload and revenues to hold its staff together and
make a profit, or at least break even. Typically, the firm will
have internal groups, organized by specific disciplinary field,
and project groups. When more heads or hands are needed they re-
cruit people, subcontract, or joint venture with others.
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From a project point of view, the key people in an engineering
firm are the vice-president or partner-level executive in gen-
eral charge of the project, the project manager, project and
resident engineers, and those group leaders in the firm's offices
providing substantial project support. These people are easily
identifiable in Exhibit 6-B, which is based on specific transit
tunnel engineering firms.

The task forces organized and deployed by the engineering firms
perform all the functions outlined for engineers in Section 4,
doing the work directly or through consulting engineers whom
they engage. Generally, they have both professional and commer-
cial motivations. As a firm, and as practising individuals,
their desire is to do a thorough, professional job worthy of

the praise of their peers. From a business viewpoint they would
like to earn a fair profit and definitely avoid a loss.

Engineering fees may be negotiated or be a percentage of the
estimated cost, of the job, or arrived at on some other basis.
One tunnel engineering firm showed us estimates for its services
which were built up for several jobs. These were then compared
with the cost curves published periodically by the American
Society of Civil Engineers so there would be some indication of
how close they were to averages. This is a defensive check to
see if anything has been missed. As it turned out, preparing
the fee estimate by build-up happened in these cases to be
extremely close to the traditional percentage fee.

DEFENSIVE APPROACH

The approach of most engineers is cautious and conservative, like
that of the owners and contractors with whom they work. There
is little room for styling in a tunnel, so the free-flowing
imaginative design freedom occasionally available to an archi-
tect is never available to a tunnel design engineer. Design is,
or might be,influenced by a very cautious approach to new mater-
ials. One transit project engineer told us of being reluctant
to use steel-reinforced concrete because they don't know enough
about the life of the steel embedded in the concrete. Instead,
they relied on mass, specifying a six foot thickness of concrete
to obtain the strength desired.

During the study of the introduction of new technology (discussed
in Section 16) it became apparent that the lack of incentive for
engineers and owners to experiment is a major barrier. The con-
tractor can build to the specifications, but engineers specify-
ing for a tunnel that fails will be ruined professionally and,
probably, financially.

A defensive approach is apparent, too, in joint ventures, which

nominally enable the partners to handle together a job too large
for an individual firm.
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Exhibit 6-C JOINT VENTURE ORGANIZATION

Joint Venture Control Committee

Project Director

Operations t—Consulting Architect
Consultants : l—Labor Relations
PLANS & SCHEDULES FINANCE & ADMIN.

CONTRACTS BUDGETS & ESTIMATES

ENGINEERING

CONSTRUCTION

Architecture -
blect. Lquipment =

Route Development—

Specifications -

—Area Construction

—-Tunnel Project
—Subways
—Tunnel Project

—Central Office

—etc.
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ENGINEERING STAFFING FOR A PROJECT

A study was made of a general engineering consulting firm's
staffing for a large transportation construction project. A
section design engineering project also was studied. The to-
tals of people required are shown in Exhibit 6-D.

Exhibit 6-D TUNNEL PROJECT ENGINEER STAFFING
GENERAL ENGINEERING FIRM SECTION
DESIGN
Engrg. Estimating Admin. FIRM
Groups & Control Staff TOTAL TOTAL
Key-job engineers 46 3 2 51 12-13
Non-key engineers 69 13 82 5-12
Engin. technicians 22 3 25 3-12
Draftsmen 23 1 24 2-8
Clerical & Other 7 4 12 23 2-3
TOTAL 167 24 14 205 24-53

In examining the personnel statistics in Exhibit 6-D it is im-
portant to note that this is project staffing and does not re-
present company staffing. Details by job are included in Ex-
hibits 6-E and 6-F which follow. Key personnel are those with-
out whom the firm would not wish to be responsible for the work.
Non-key people can provide the needed work whether they come
from the firm's regular staff or are hired at an operating lo-
cation.

Results required of key personnel, together with their require-
ments for appointment, job responsibilities, work relationships
they have to maintain, and the usual job success measurements
are included in the Key Personnel Descriptions in Section 15

on People. Information recruiting, education, professional
associations, and on industry communication is also in Section
15.

OPERATING PROBLEMS FOR ENGINEERS

Most operating problems relate to new technology, new materials,
new procedures, new organizational arrangements, schedule con-
flict or human error. Tunnel engineering does not involve much
new technology or new materials and only a few new procedures.
Schedule conflicts and human error abound, which is why inspec-
tion and control is an important function of the engineering
firm on the project.
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Exhibit 6-E

GENERAL ENGINEERING CONSULTANT
PROJECT PERSONNEL CLASSIFICATIONS

Key Project

Non-Key Project

Managers

Group
Leader

Engineers

Technicians

Draftsmen

Admin. &
Clerical

Others

I.  ENGINEERING

System Safety
Civil
Yards, Shops

& Trackwork
Structural
Mechanical
Electrical
Utilities
Systems
Specifications
Plan Review

& Coordination
Section Design

Coordination
Environmental
Materials
Soils & Geology
Office Engineering
Resident Engineer
Dept. Supervisor

4

=hbhwhhw ON

(4]
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TOTALS

4

42

69

22

23

. ESTIMATING & PROGRAM CONT

ROL

Scheduling
Estimating
Billing

Program Control
Dept. Supervisor

1
1

TOTALS

13

ADMINISTRATIVE

TOTALS

2*

12

GRAND TOTALS

45

82

25

24

15

*Project Management

Page 6-6



Exhibit 6-F
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TUNNEL CONSTRUCTION COSTS

In hard rock tunnels the principal costs (about 60%) are related
to excavation. Equipment, drilling, blasting and related activ-
ities overshadow other costs. In a soft ground tunnel, major
expenditures cover excavation and primary lining.

Hard rock tunnels are often self-supporting. In the nineteenth
century they were either lined with brick or left unlined. In-
deed, some railroad tunnels still in main line service have no
linings. Today, of course, all transit tunnels are lined. Since
the cost of a permanent lining is a major element in total costs
for soft ground tunnels, we asked R. J. Jenny to provide data to
compare different linings. From recent tunnel projects, he de-
veloped the information shown in Exhibit 4-M.

EXHIBIT 4-M SOFT GROUND TUNNEL COSTS
Labor, Mat'l. 10% Con- 15% 1975 Estimates
Type Liner & Bquipment tingency Profit Cost/Linear/Ft.t
Ribs & Lagging* $ 3,760 380 620 4,760
Cast Iron Lining 4,360 440 720 5,520
Fab Steel Pan 4,570 460 750 5,780
Precast Concrete 3,750 370 620 4,740
Horseshow Rib¥* 5,650 570 940 7,160
Fabricated
Structural 5,220 520 860 6,600
Steel
*With concrete secondary lining.
tCost for twin 16' soft ground tunnels in "fair" soil.

COST ESCALATIONS

The severe inflation evident in the early Seventies was particu-
larly difficult for heavy construction. Cost rises delayed sev-
eral tunnel projects and we asked R. J. Jenny to comment. He re-
sponded by sharing with us a 1975 update of a rock tunnel rapid
transit project estimate. Originally in December 1973, the 1l6°'
interior diameter tunnel was estimated at $1040 per linear foot
in December 1973 and at $1340 per linear foot in September 1975.
Twin tunnels are needed so the cost is doubled to $2680 per lin-
ear foot. With his extensive experience in cost work, Jenny then
made adjustments for exceptionally good or poor rock and arrived
at a range of $2180 to $3140 per linear foot of the twin tunnels
for this project.
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New organiZzational arrangements can create confusion, complex-
ity and the opportunity for error. Interestingly, the contrac-
tors report that just this potential problem has led to such
extra care in the formation of joint ventures that those organ-
izations tend to be more profitable than do single-company pro-
jects. (This is discussed in Part V). For example, the inser-
tion of a second layer of engineering firm adds to the steps in-
volved in making a design or specification change. See Exhibit
6-G.

EXHIBIT 6-G DESIGN CHANGES DURING CONSTRUCTION
AUTHORITY
(1)
GENERAL
ENGINEERING cggggggggégN CONTRACTOR
CONSULT. (2)
SECTION
DESIGNER
(5)
CHANGE INITIATED BY SEQUENCE
AUTHORITY 1-2-5-2-1-3 and 4
CONTRACTOR 4-3-1-2-5-2-1-3 and 4
CONSTRUCTION SUPERVISOR 3-1-2-5-2-1-3 and 4
GEN ENG CONSULTANT 2-5-2-1-3 and 4
SECTION DESIGNER 5-2-1-3 and 4

Page 6-8



Engineers, contractors and consultants are critical of that
arrangement. When changes or approval of shop drawings are
requested by the construction contractor, the general engi-
neering consultant must either decide the matter, feeling he
knows enough about the change or shop drawing. This involves
a risk of making the change on incomplete information.

Alternatively, the general engineering consultant can discuss
the matter with the section designer and seek his advice on
whether the change or shop drawing should be approved. This
results in delays and additional costs arise due to an addi-
tional intermediate level of supervision. A better arrange-
ment would be to use individual section designers to super-
vise and inspect work on sections that they designed. If the
resident engineer on the job then requires assistance on a
field problem he can quickly summon his own engineering staff.
They worked on the design and are most likely to know why a
particular operation was specified as shown, or why the mater-
ials specified should or should not be approved.

CONCLUSTONS

1. Big, complex projects have changed the engineer's role.
Administration has begun to dominate jobs. Management
distance has increased between the contractor's men in
the tunnel and the person with the authority to approve
major changes.

2. WMATA's organization form encouraged entry by engineer-
ing firms with minimal prior experience.

3. Most engineering firms balance their workload among a
variety of kinds of work. There are few tunneling spec-
ialist firms.

4, Many engineering firms are confident that they can handle
either the design or management of major tunnel projects.

5. Most engineering firms have their major investment in
senior staff. They are able to expand rapidly by hir-
ing mid-level and junior staff, renting more space, and
engaging expert consultants where needed.

6. As in other industries, there is a limit to the rate of
manageable expansion of firms. During such periods people
are frequently placed in positions exceeding their
capability. This exposes the firm and the project to
some risk.

A description of current tunnel engineering firms is in Chapter

Page 6-9



Exhibit 6-H

Key segment
(optional) All volds to be

tilled (see specifications
section 5.1)

2.50cm galvanized
inserts cast into
segments at 100 cm c/c

40cm min. precast
concrete lining

ISpringing Line —

Handrail ,50 mm
dia. galvanized
steel pipe

2.50

& Tunnel
/Q Track

r25 cm [above top of rail

;L\\ -\J

4}-——¥;—¢%

Class A
concrete
cable channel

Cast recess

% |// TN \|,|\ L in lini
Class C concrete \X#*:" cdd ‘\Z\‘\/A‘ 25 \\/’ |\/\‘-’ [ \ o 2. 5° »"\‘(\,\‘!‘\’f”. S 2 segmen
footstep & WPk R P mm LA ; [

XA ——L = 4‘4’.

IIO mm dfd —
perforated PVC H
- pipe in coarse | o -
_qrovel draln

Class C Concrete

step cast in
place

Hydrostatic pressure

relief holes to be

provided as directed

Compacted gravel or
suitable approved
excavation material

Inverted reinforced concrete pipe
half draln placed in recess and
provided with 50 cm dia.
concrete inspection chambers
every S5O0 m

™ R=35cm

A Double Track Railway Tunnel Design by Jenny Engineering Corporation Page 6-10



Chapter 7

TUNNEL CONTRACTORS

Contracting firms operating in the tunnel industry are of four
general types. Some are divisions or subsidiaries of large
multi-industry organizations. A second group of firms provides
diversified heavy construction services to varied end-users,
including tunnel owners. The third group is made up of people
specializing in large excavation projects and underground work.
Groups two and three are generally sizeable business: most are
still owned by an individual, a family, or a management group,
but some are public companies. The fourth group of contractors
is made up of smaller local or regional firms which do tunnel
work. Details on these firms are provided in Chapter 10 and in
Appendices C and D.

At the project level, their organization for the job is much the
same from firm to firm. On large jobs joint ventures are in-
creasingly common. For example, The Chicago Addison Street
Tunnel involved three bidders: two were joint ventures and each
joint venture involved three firms. In enormous transit tunnel
jobs like WMATA in Washington, where the entire project was split
into smaller sections, it is more common for firms to work alone.

These firms attempt to maintain a diversified balance of work to
provide fairly steady cash flow and reasonably stable employment.
They also generally have to be involved in various work segments
of the heavy construction industry because there are sharp peaks
and valleys of activity. This is visible for tunneling in the
data in Chapter 3 on Demand. It also applies in other types of
heavy construction work. Small firms may have only one active
project at a time and may have periods when the company is "be-
tween projects" and has to live on its capital.

KEY PERSONNEL IN TUNNEL CONTRACTING FIRMS

Contractors will not bid for jobs if they lack certain people to
help run the project should it be awarded to them. Indeed, their
bonding agents will not issue performance bonds if the necessary
people, in whom the surety firm has confidence, are not either

on the payroll or under agreement to join. The key people have
this in common: they are not easy to replace.

In relation to a specific tunnel project, the executive responsi-
ble at company headquarters (usually a vice president or the
president of a smaller firm) is the key person. The estimator,
or head of the estimating team is a key office person, supported
by finance and purchasing specialists. In the field, the proj-
ect manager who will boss the job is the key person, supported
by his project engineer, superintendents for each shift, and
field specialists in purchasing, surveying, safety and labor
relations. These are shown in Exhibit 7-A on the next page.

All other people on the job are non-key.
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ESTIMATING A TUNNEL JOB

As described in Chapter 4, the contractor's first decision is
whether or not the firm is seriously interested in a particu-
lar project scheduled to be put out for bids. If the decision
to prepare an estimate is made, it does not commit the firm to
bid, but it does commit it to a considerable expenditure of
talent, time and money.

On larger tunnel projects separate estimates may be made and
their results compared. In joint ventures each of the joint-
venture members generally prepares an estimate. The results
may be compared against figures prepared by a professional
estimator or consulting engineer. Estimates may be prepared
manually or by computer. In the manual process the estimator
sets down all computations; with a computer, production rates,
crew sizes, wage rates and other basic factors are stored in
the computer which produces a tabulated estimate. Often, an
estimate is prepared both ways as a check.

Following are the steps taken in estimating a tunnel. All are
interrelated. Continual review of the various steps is essen-
tial. Decisions made during the estimating process may require
re-evaluation of steps completed previously.

FORM TEAM AND OBTAIN PLANS. Selection of the estimator for a
tunnel project is actually the appointment of a team leader,

since several people's efforts are required for weeks or months
in order to properly prepare an estimate. As soon as plans or
specifications are available, the firm obtains these from the
owner, making a deposit payment. On a Fall 1975 project for
bidding, the owner collected $710,000 in bid deposits from pros-
pective bidders.

STUDY OF PLANS AND SPECIFICATIONS, The team studies these in
some detail to gain an understanding of the total job; to iden-

tify potential changes or trouble spots based on its experience
in other jobs; and to judge, generally, how well drawn the spec-
ifications are.

INSPECTION OF JOB SITE. The estimating team travels to the job
site to observe local conditions and obtain current local infor-
mation. They are particularly interested in these points:

Labor Rates Loca} suppliers for initial job
requlirements

Access Roads Site preparation requirements

Power Supply Local subcontractors

Water Supply Available work areas

Local Codes Muck disposal areas and costs
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RECHECK OF PLANS FOR _SPECIAL REAUIREMENTS, With the site visit
information and conclusions in hand, the team goes over the plan

again to be certain nothing really important has been missed. Of
particular concern are:

Prequalification requirements Contractors license
Changed Conditions Clauses Liquidated damages
Time extension limitations Noise codes
Performance bond conditions Billing Conditions
Payment bond conditions Owner payments
Construction method limits Work area adequacy
Water pollution restrictions Blasting regulations
Labor union work rules Traffic regulations

PREPARE CHECK LIST. From the specification, a reference list of
all special requirements is made up for easy use. This will be
an important judgment tool later where uncertainty decisions are
made in the bid-no-bid decision and in pricing.

REVIEW SUBSURFACE INFORMATION, Reports of geological conditions
relevant to the job are studied carefully. All other information

which the team can obtain about ground conditions in the area of
the job site is studied, discussed and assessed. Anyone who
might know anything is interviewed.

DECIDE ON UNDERPINNING AND FOUNDATION SUPPORTS, In some soils,
and in all urban transportation construction, the question of

support of adjacent structures becomes an important one. For
estimating purposes the contractor may be working with specified
levels of supvort which the owner's engineer has included in

the plans. Or the support may be optional, with the contractor
required to fix damages resulting from construction of the
tunnel. Some contractors have their people obtain options to
buy the more doubtful buildings. The option cost plus demolition
estimate provide a known expense exposure versus an uncertain
one.

PLAN METHOD OF CONSTRUCTION, Some construction choices will be
dictated by the owner's specifications and some by the soil con-

ditions. Usually there is some room for alternative approaches
within each job and the decision as to which way to do it must
be made before costs can be estimated. One factor currently
plaguing contractors in this aspect of estimating is supplier
lead time for delivery of tunnel boring machines, commonly re-
ferred to as moles. Though the choice might be to use a mole
for excavating, another method may have to be used because
delivery of new moles takes too long (9-18 months).
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DEVELOP INITIAL SCHEDULE. The general schedule of work for the
scope of job and construction method chosen has to be developed.
How long it will take to build the tunnel can have a dramatic
effect on costs, as can any delays encountered after work begins.

SELECT EQUIPMENT. The types and numbers of units of general and
special equipment required must be divided. General equipment
includes items like dump trucks or fire extinguishers which are
not unique to tunnels; special equipment includes drill jumbos,
shields or muck cars, for example. Equipment selection is in-
fluenced by what the contractor now owns and has available, how
much used equipment is around, and what the lead time is for
delivery of equipment.

ESTABLISH CREW COMPOSITION, For each operation, the crew makeup
has to be established to fit the contractor's work methods and

any specified work rules which apply.

PREPARE QUANTITY TAKEOFFS, The actual quantities of each supply
item or work task that will be involved in the project must be

taken from the plans and specifications and arranged so the
estimator can identify and cost every job aspect.

SOLICIT SUBCONTRACTOR AND MATERIALS PRICES., Each of the sub-
contractors potentially to be engaged must be approached, a

prospective agreement developed and priced, and a deal reached
which is firm contingent on the prime contractor's being successful
in the bid. The same must be done with the materials and equip-
ment suppliers. This can be a sensitive task as the bid being
prepared is competitive and subcontractors and suppliers, not
knowing who will win, may make contingency agreements with

several contractors. An example of the detail provided by a
special supplier is included in Appendix E, Supplier Support
Documentation.

ASSIGN PRODUCTION RATES, When the estimator (or team) has a
firm grip on what has to be done and how many people will be
required to staff each crew or type equipment, the next crit-
ical consideration is how fast the work will be done. Many
things affect this and the choices are important as these as-
sumptions can have major effects on costs.

CALCULATE OPERATION COST BY PAY ITEM, Labor cost by direct,
fringe, tax, insurance, or overtime premium item is calculated

for each operation. This will show direct and indirect costs
plus the ranges of decision for extra staffing versus payments
of overtime premium pay.

OTHER ALLOWANCES. Estimates must be developed for overall costs

of various types of insurance, payroll taxes, sales taxes, small
tools, consumables, like office supplies, etc.
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DEVELOP TOTAL DIRECT COSTS. With direct cost components iden-
tified and the crew composition, production speed, and quanti-
ties established, the estimator can develop direct costs in
these categories:

1. Surface logistical requirements and costs.
2. Tunnel excavation costs.

3. Temporary support requirements and costs.
4., Tunnel lining labor costs.

5. Tunnel lining material costs.

DEVELOP INDIRECT COSTS. Most project estimators use one or more
checklists for this since there is considerable detail. A Plant
Cost checklist is included as Exhibit 7-B; Field Overhead Cost
checklist is Exhibit 7-C; Insurance Cost checklist is Exhibit 7-D.

PREPARE CASH FLOW FORECAST. A complete forecast of project spend-
ing, based on the estimates of direct and indirect expense is pre-
pared to show when cash will leave the company. As an offset, the
expected dates and amounts of payments from the owners will be laid
out on a spread sheet. (This process is illustrated in Section 12,
Exhibit 12-A). The cash flow forecast cannot be completed until
the job has been priced but it must be partially prepared so that
financing needs can be identified. This results in borrowing,
switching from purchases to leasing, or shifting funds in other
ways.

SUMMARIZE TOTAL ESTIMATED COSTS: The combination of direct, in-
direct and estimated project financing costs, when summarized, is
part of the basis for the bid-no-bid and pricing divisions dis-
cussed in Sections 12-14. Other cost factors are escalation, con-
tingency and profit, and the absorption of corporate indirect costs.

CORPORATE OVERHEAD. 1Includes all indirect expenses not in the
field overhead related to a given job or metropolitan area.
(Sometimes field overhead can be shared among jobs if there is
more than one job active in a metropolitan area away from the
company's headquarters location.)

ESCALATION AND CONTINGENCY., 1In most instances the team will de-
velop various factors or alternatives for handling the escala-
tion of costs during a job. There will also be a full list of
potential contingencies with their possible cost effects. These
amounts (for escalation and contingency) are judgmental and will
be reserved to the senior executives for decision.

ARRANGEMENT OF THE BID TO THE OWNERS' PROPOSAL FORMAT is the last
task of the estimating team, if there will be a bid. Then there
is the management decision, agreement by the bonding and financial
people to support the bid, and submission of the bid to await an
award.
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EXHIBIT 7-B

CHECKLIST FOR PLANT
COST ESTIMATING

PLANT INSTALLATION

Site preparation

Roads and bridges
Buildings

Water supply

Generating station
Sanitation arrangements
Air distribution
Electrical distribution
Steam distribution
Railroad sidings and switches
Wharfs and docks
Cableways and gantries
Concrete plant

Concrete delivery

Batch and mix
Refrigeration plant
Equipment installation

Freight costs for above items

GENERAL PLANT OPERATIONS

Automotive - cars and jeeps
Pick-ups and station wagon
Flat trucks

Ampbulance

Air and water expenses
Generator operating costs
Roads & bridges operation
Electric operation
Equipment repair shop
Carpenter shop

Yarding and rigging

Bull gang

EXHIBIT 7-C

FIELD OVERHEAD COST
ESTIMATING CHECKLIST

SUPERVISION

Project manager
Assistant manager
Administrative assistant

General superintendent
Asst. general superintendent
Carpenter superintendent

Excavation superintendent
Tunnel superintendent
Steel superintendent

Electrical superintendent
Mechanical superintendent
Quarry superintendent

Equipment superintendent
Concrete superintendent
Batch & cooling superintendent
Cure & clean-up superintendent

PURCHASING & WAREHOUSING

Purchasing agent
Chief Warehouseman (Bottom
staff, etc.)

Receiving clerks
Administrative clerks
Expeditors

SECURITY - SAFETY EXPENSE

Director
Chief Guard
Guard
Watchmen

Safety clothing
Safety expense
First aid cost

Pre-employment physicals and
doctor retainer

Fire equipment

Barricades and signs

Security expense
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EXHIBIT 7-C (Cont'd) FIELD OVERHEAD COST ESTIMATING CHECKLIST

ADMINISTRATIVE

Office Manager
Accountant
Cost accountant

Personnel specialist
Labor relations spec.
Cost allocator

Paymaster
Timekeeper
Payroll clerk

Voucher clerk

Radio - telephone operator
Telephone operator

Typist

Administrative clerk
Secretaries

SAFETY AND FIRST AID

Safety engineer
Doctors

Nurses

First aid men

ENGINEERING

Project engineer
Field engineer
Office engineer

Cost engineer
Design engineer
Materials engineer

Layout engineer
Draftsmen
Printing machine operator

Party chiefs

Instrument men
Rodmen

WAREHOUSE EXPENSE

Warehouse stock loss
Misc. warehouse supplies

COMMUNICATIONS

Telephone & teletype
Radio

GENERAL EXPENSE

Land rental or purchase
Office rent
Move employees & families

Executive travel - this job
Entertainment & donations
Drinking water

Recreation
Home office charges
Sanitation & janitorial

Permits & fees
Utilities (light, heat & power)

PROFESSIONAL & ADMIN. EXPENSE

Legal - Audit
Office supplies & expense
Office furniture & equipment

Labor Relations expense
Bank charges
Project scheduling consultants

Consulting fees

Photographs & reproductions
Office equipment & supplies
Field equipment & supplies

Source: Tunnel Contractor
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Exhibit 7-D INSURANCE AND TAX COST CHECKLIST

In estimating costs for a tunnel project the contractor will have
to develop costs for these kinds of insurance unless the owner
specifies different arrangements.

Compensation and Liability Insurance Owner's Protective

(Per $100 of Insurance Payroll) (Per $100 Contract Amount)
Contractual Liability Contractor's Protective

(Per $100 Contract Amount) (Per $100 of Subcontractors)
Builders Risk Contractor's Equipment Insur.
(Per $100 of Contract) (Per $100 of Value)

Public Liability Property Damage Fire And Theft

Dishonesty And Forgery Bond Hired Vehicles Contingent
Pressure Vessels & Boilers Insurance Transportation Insurance
Personal Property Taxes Local Taxes

BID COMPARISONS

When bids are opened by owners, the contractors all examine the bid
items and compare them. The engineer's estimate is also available
and there is substantial comment if a contractor's bid is much below
the engineer's estimate. Such a low bid may indicate:

a. There is too little work coming up and the low bidder is
cutting his price to insure that he gets the job.

b. The contractor is in financial difficulty and must have
the next job to survive.

c. Poor bidding preparation or bad luck have led the con-
tractor to leave money on the table (bid lower than
necessary to win).

d. An error has been made and some cost item was forgotten.

The crucial importance of bidding knowhow was demonstrated by one
heavy contractor who decided to enter tunneling. He assigned a

team of several people to prepare estimates and bids on four jobs,
with no intentions of submitting the bids. As each job was awarded,
they studied all the details of all bids. After a year of work they
submitted a well-thought out bid and won the job.

Exhibit 7-E (on the next page) shows actual bid data submitted by
one contractor and two joint venture groups for a Chicago job.

In examining these figures, please note the wide variations in unit
prices offered for items 4A, 4B, 5A, 5E, 5F, 9B and 10.
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COMPARISONS OF BIDS ON CHICAGO
ADDISON STREET TO WILMETTE TUNNEL
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COMPARISONS OF BIDS ON CHICAGO
ADDISON STREET TO WILMETTE TUNNEL

EXHIBIT 7-E (Continued)
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POST-AWARD CONTRACTOR ACTIVITIES

Despite continuing intentions to avoid frantic last minute work,
nearly all contractors have a good bit of hurrying going on in
their bidding process. Generally, the owner allows only a few
weeks from the time plans are available, through a bidders meet-
ing, to the bid submission dates. As a result, the contractor
to whom the job is awarded has mixed feelings. The key people
in the firm are happy to have the work, but they worry that
their bid was lowest because they forgot something important.

Accordingly, the immediate post-bid activity is to review each

critical area to reduce risk and try to improve the probability
of rewards. A checklist is in Exhibit 7-F.

EXHIBIT 7-F POST-AWARD RISK REDUCTION CHECKLIST

1. Prepare detailed site layouts to avoid interference
among operations and provide proper accommodation
for all.

2. Check muck removal system to be sure it exceeds the
peak capacity capability of the excavation procedure.

3. Minimize sequential operations to limit breakdown
impact.

4. Review each procedure to see if it can be simplified.
5. Review equipment to limit the pieces to be in use.

6. Provide for a fully adequate number of initial spare
parts.

7. Consult again with suppliers, who will now be more
open since they have one firm customer versus sev-
eral prospects.

MOBILIZATION STAGE ACTIVITY

All of the post-award activity outlined in Exhibit 7-F goes on
while the purchasing people are buying, leasing or refurbishing
project heavy equipment; the labor people are arranging to fill
the jobs which will use local people; shaft-sinkers and others
with early-stage tasks are at work; and the staff support crews
listed in Exhibit 7-F are organizing, installing and starting
up their activities. In urban transportation construction pro-
jects, the owner and contractor may, at this stage, also have
to deal with individuals or groups opposing the project. Groups
may picket, seek injunctions to stop work, or otherwise pose a
threat of disruption. The recent and growing custom of owners
providing substantial mobilization cash to contractors is a
muck welcomed addition to handling this phase.
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PURCHASING

About one half of the money spent on most tunnels is for pur-
chases of goods and special services; most is for the prosaic
but necessary materials for excavation and lining of the tun-
nel. The scope of the purchasing generally is not fully appre-
ciated by outsiders. For example, on only one section of the
WMATA system in Washington, contractor purchasing people have
to deal with 489 suppliers. These are shown in Exhibit 7-G by
supply or service item, further divided into local or distant
suppliers.

Though purchasing arrangements and prices have to be made in ad-
vance of bidding for the job, it is also necessary to keep a
good bit of flexibility in the arrangement to make it possible
to shift materials or amounts to meet changed conditions. At
the same time, price-inflation has had an effect on the tradi-
tional purchasing practices, as has the changing ways of some
owners. These are discussed in Chapters 8, 11 and 12.

MANAGING THE CONSTRUCTION

Tunnel contractor project managers have three sets of constraints
to deal with which make their management task demanding. These
are: the nature of the tunnel as a workplace; introduction of
changes; and the controlling codes with which they must comply.
Environmental limits imposed by the size and shape of the tunnel
and the complex sequence of events necessary to excavation and
associated work were described in Chapter 4. However, once the
project is underway with excavation proceeding, the project boss
must get his production rates for each operation up to the plan-
ned level and hold them at or above that level.

This means that the complex scheduling of construction and main-
tenance operations underground has to be held. All surface fa-
cilities, support for the tunnel, logistical and supply systems,
have to keep moving smoothly. Details like the size of muck
trains or the spacing of switches must be reviewed and inspected
continuously. Rock tunnels are a bit more forgiving of error as
they do not have to be lined as excavated. That has to be done
in earth tunnels and it limits opportunity for local enlargement
if needed.

Changes may be caused by unforeseen, geologically related events
like incoming water, silt pockets, ground temperatures, fault
zones, unexpected boulders or similar problems. Or the source
of changes may be supply shortages or changes in the design in-
stituted by the owner or the engineer. Examples of this abound
in WMATA as a result of action by pressure groups. Contractors
who were involved in installing elevators in subway stations to
provide for handicapped persons to be able to enter the subway
point out that, for the cost of the change, every prospective
handicapped rider could have been given lifetime free taxi priv-
ileges.
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Surrounding the project manager on a tunnel job is a web of
agreements, specifications, rules and codes. His whole job

is inspected by engineers representing the owner, by his com-
pany (which is exposed to serious risk if he fails) and by num-
erous public official inspectors. At the safety area he may be
inspected by state or federal people operating under Occupational
Safety & Health or Mine Safety Laws. His materials and workman-
ship must meet standards of the uniform building code; the steel
construction industry; the concrete industry, electrical, build-
ing, railroad and fire codes; plus the state, county or munici-
pal ordinances or codes. Further, he must comply with EPA and
minority hiring agreements.

Clearly, running a tunnel project is far from the easiest way to
make a living. That's one of the reasons why the head tunnel
boss is such a scarce commodity and receives such emphasis in
Chapter 15 on people.

CONCLUSIONS

l. Construction contractors in tunneling can generally do many
types of heavy construction.

2. There are relatively small numbers of firms who are experi-
enced in either hard rock or soft ground bored tunnels.
Many construction contractors can handle the technical as-
pects of cut-and-cover jobs.

3. Estimating, bidding, and procurement preparations are very
complex and must be accomplished in a short time. This en-
courages conventional approaches where one can have confi-
dence based on prior experience.

4. Estimating the actual costs of a job is very difficult and con-
tractors face a business-wrecking loss possibility on a large
tunnel job. Contract clauses covering changes of conditions
are spreading in use but only handle some troubles like la-
bor cost escalations, materials or geological problems. With
no such clause, or a poor one, the owner, engineer and con-
tractor fall back to claims and lawsuits.

5. Key people presently employed, or who have agreed to be avail-
able,are a vital ingredient in a contractor's ability to bid.
Equipment owned and available also is an important consider-
ation.

6. A typical tunnel job requires extensive procurements from
both local, generalized suppliers and national special equip-
ment manufacturers. This offers the contractor flexibility
in his job setup but also demands careful supervision of the
logistics problem.

7. A contractor's prospective corporate cash flow (how badly he
needs the work to support overhead and hold his crew together)
has a major effect on his pricing of a bid.
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Chapter 8

TUNNEL OWNER-OPERATORS

Most tunnels are owned and operated by public bodies. Rapid
transit, motor vehicle, water and sewer tunnels are in this
category. Railroad tunnels and those associated with power
plants frequently are owned by capital stock companies. A
summary description of the roles of owner-operators and the
way they are organized 1is in Section 5 of this report.

If demand projections in Section 3 for the 1955-85 period
prove correct, over 200 tunnels will have been completed in
the continental United States in those three decades. Some
of these are, of course, sections rather than independent
tunnels, since the data are based on section contracts.

Major tunnel owner-operators are shown in Exhibit 8-A, with
their tunnels by end-use, construction status, and completion
decade. A complete list of owners for 1955-85 is included in
Exhibit 8-B, with details by tunnel included in Appendix A.

As noted in Section 5, the key functions of owner-operators of
tunnels are (1) to continue operation of their existing system,
whether it is for water, sewage, vehicles, trains, or rapid transit;
(2) to oversee planning and construction of the tunnel and

related facilities; (3) to obtain needed resources, princi-

pally authority to act plus money; and (4) to maintain support

for the construction program among diverse constituencies with
conflicting interests. In all cases this represents a substan-
tial management task, but it is an especially awesome under-

taking in urban transit construction.

HIGH RISK ON ALL FOUR FRONTS

The owner-operator of a new transit tunnel faces high manage-
ment risk on all fronts. Operation of the existing system is
usually partially disrupted by the construction. Too, the
anticipation of change to come within the organization adds
stresses within the work force and related constituencies.
Arrival of the new system will be an opportunity for some but
a problem for others. Similarly, the owner group faces poten-
tial problems and delays in construction due to a variety of
technical or human situations.

Dealing with the federal agencies can be frustrating. As this
is written, the Urban Mass Transit Administration of the U. S.
Department of Transportation is seeking to limit its exposure
to the ravages of construction cost inflation. UMTA's chosen
alternative is to seek agreement that its contribution will

be a fixed amount, in millions of dollars. This represents

80% of the planned cost, which has been UMTA's customary share.
Commonly, the balance is made up of ten percent from the state
and ten percent from the city, region or authority.
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UMTA's motivation is clear. It wants a cap on its contribution.
Any federal agency (or state agency) must be responsive to its
administration's objectives as well as the agency objectives.
Holding to budget limits while managing dozens of commitments
and seeking to provide continuity is a challenging exercise.

So, the tactic of trying to deal with inflationary pressures,
poor local management, or any lack of incentive to hold down
costs by capping the major contribution source is understandable.

However, from the point of view of the owner-operator of a
regional transit authority, such a tactic is unacceptable. If
a project should encounter troubles in construction leading to
a cost increase of ten percent, that would use up the contin-
gency funds planned for the project in most cases. A series

of small events like unexpected water, rocks, or a severe acci-
dent which is self-insured can do that. Further rises, due to
labor or materials inflation might outrun the planned funds by,
say, another 10% over a decade of work.

The important thing to note, from the viewpoint of the owner-
operator, is that the last 10% increase virtually doubles the
cost of the project to the local citizenry. In Philadelphia
the Center City commuter tunnel is budgeted at $300 million,
of which the local share is $30 million. A fixed-dollar con-
tribution by other financial participants means a 10% over-
run would make the local share $60 million.

DIFFICULTY IN MAINTAINING SUPPORT

Perhaps the most difficult of the four key owner functions is

to maintain support for the project and the system over a long
period of time, covering planning and construction. When another
delay of any sort is introduced during either the planning or
financing stages, opponents seize on the opening to try to force
changes. Even after initial political acceptance, and passage of
pbond issues, the project can face serious attack and possible major
modification before construction begins. Examples of this are:

1. Objections by businessmen to cut-and-cover disruptions
in Atlanta and to the effects of this on nearby new
buildings.

2. Proposals by local politicians for a light-rail, mono-
rail style system instead of the planned 8.5 mile sub-
way in Baltimore.

3. Revisions of UMTA support guidelines to make the agency's
80% contribution to Philadelphia's center city commuter
tunnel a fixed-dollar amount, placing the full inflation
burden on the city.
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Chapter 9

TUNNEL ENGINEERING FIRMS

The engineering segment of the tunneling industry is made up of
forty-one identifiable firms. They range from enormous con-
struction and engineering organizations to specialty firms employ-
ing a half-dozen professionals, and can be classified into four
groups:

I Tunnel specialists

I1 Firms with substantial tunneling involvement

IITI Engineers active in the tunneling industry

v Firms with some history of tunneling work

EXHIBIT 9-A TUNNEL END USE EXPERIENCE
No. Firms HNo. Firms No. Firms Total
with hard with soft experienced No. of
PROJECT rock ex- ground ex- in both Firms
END USE perience perience
Rapid Transit 26 33 19 38
Vehicle 20 25 18 26
Water 20 25 16 30
Sewer 14 22 15 21
Other 3 6 6 5

The roles of these firms in tunnel projects vary widely and
they are changing. Principal change influences have been the
project organization decisions by owners of large transporta-
tion systems-under-construction and the blurring of the tradi-
tional definition of engineering firm.

Emergence of full-system simultaneous transportation construc-
tion projects has spurred the organization experiments and de-
cisions. Building an entire system is a radically different
challenge than adding a line to an existing system. San
Francisco, Washington, Atlanta and Baltimore are full system
projects. It is here that engineer and contractor roles
changed. More conventional add-on examples are the Boston,
New York, Philadelphia and Chicago rapid transit projects.
These have used historical organization arrangements.

The shifts in roles of engineers from one major project to
another were described in Section 6 on management of tunnel
projects. Within the broader construction field the trend to
architect-engineer, engineer-constructor, and other full serv-
ice or special hybrid organizations is already well known.
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EXHIBIT 9-B TUNNEL ENGINEERING FIRMS Classi-
fication
For This
Name of Firm Headquarters Report
Amman & Whitney New York, N.Y. IIT
Bechtel Corp. San Francisco, Cal. IT
Century Engineering Towson, Md. IIT
Daniels, Mann, Johnson & Mendenhall Los Angeles, Cal. IT
DeLeuw Cather Chicago, Ill. II
Edwards & Kelcey Newark, N.J. II1
Gannet, Fleming, Gorodry & Carpenter Harrisburg, Pa. ITI
Gibbs & Hill New York, N.Y. III
Greiner Engineering Baltimore, Md. IIT
Harza Engineering Chicago, Ill. 11
Hayes, Seay-Mattern & Mattern Roanoke, Va. I11
Hazelet & Erdal Louisville, Ky. IIT
Henningson, Durham & Richardson Omaha, Neb. III
Howard-Needles, Tammen & Bergendoff Kansas City, Mo. IIT
International Engineering San Francisco, Cal. III
Jacobs Associates San Francisco, Cal. I
Jenny Engineering Corp. South Orange, N.J. I
Kaiser Engineers Oakland, Cal. ITI
Keifer & Associates Chicago, Ill. IT
Knorle, Bender, Stone Baltimore, Md. 111
Lockwood-Kessler & Bartlett Syosset, N.Y. Iv
McGaughy, Marshal & McMillan Norfolk, Va. III
MCA Engineering Baltimore, Md. ITI
Charles T. Main, Inc. Boston, Mass. I1I
C. E. Maguire Waltham, Mass. III
A. A. Mathews Arcadia, Cal. I
Murphy Engineering Chicago, Ill. v
H. D. Nottingham & Associates McLean, Va. Iv
Parsons-Brinkerhoff, Quade & Douglas New York, N.Y. II
Ralph M. Parsons Pasadena, Cal. III
Rummel, Klepper & Kahl Baltimore, Md. IIT
Sanders & Thomas Pottstown, Pa. III
Sverdrup & Parcel St. Louis, Mo. I1
Tippetts, Abbett, McCarthy & Stratton New York, N.Y. IIT
Transit & Tunnel Consultants Buffalo, N.Y. I
Tudor Engineering San Francisco, Cal. III
URS/Madigan Praeger New York, N.Y. ITI
David Volkert & Associates Washington, D.C. I1T
Vosbeck, Vosbeck, Kendrick & Redinger Alexandria, Va. v
Westenhoff & Novick Chicago, Ill. III
Wiley & Wilson Lynchburg, Va. III
Woodward, Clyde Consultants San Jose, Cal. I

NOTE :
in Appendix B.

Classifications and associated information arc detailed
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EXHIBIT 9-C % OF FIRMS’ BUSINESS IN TUNNELING

No. Firms No. Firms No. Firms Total
with hard with soft experienced No. of
% OF rock ex- ground ex- in both Firms
BUSINESS perience perience
Under 10% 15 22 13 29
10-25 8 8 8 8
25-50 2 3 3 2
50-90 1 1 2 2
Over 90 1 1 1 1

IMPACT OF WMATA ORGANIZATION APPROACH

The sheer size of the Washington metropolitan area project, plus
its organizational approach, have had a dramatic effect on the
engineering segment of the tunneling industry. It created, or
substantially enhanced, the tunneling capability of a couple of
dozen engineering firms which, prior to WMATA, had had limited
or no tunneling experience. The WMATA organizational approach
requires three layers of engineering firms. The construction
management firm and a general engineering consultant are sup-
ported by section engineers and station project engineers for
each segment of the system (See Exhibit 9-D).

Representatives of all of the interviewed firms were confident
of their ability to provide engineering services for about any
tunnel project which can be conceived. Talking with engineers
about their specialties and their firm's capabilities is very
much like talking with lawyers and accountants on the same sub-
ject. The tenor of their remarks is that they can be anything
that is required.

We were not able to conclude whether this meant that there is

not much special about tunnel engineering (a majority view among
opinions offered); whether, as in other professions, the defi-
nition of qualifications is highly elastic; or whether, armed with
a contract, they were sure they could find the people they'd need
to do the work.

COMPARATIVE INFORMATION

We were interested in comparing the forty-one firms (actually 48,
but seven were omitted for reasons shown in Exhibit 9-F) and de-
veloped quantitative and qualitative questions.
Years in business No. permanent tunnel staff
Years in tunnel work No. tunnel people now employed
$ of revenues from tunnel work No. tunnel projects in given years
End use of tunnels involved Types of tunnel experience
Role of the firm in projects
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EXHIBIT 9-D TUNNEL ENGINEER FIRM CLASSIFICATIONS

NO. OF NO. WITH
GROUP DESCRIPTION FIRMS WMATA WORK

I Tunnel Specialists. 5 3
These firms restrict their practice
solely to tunnel work or it is a
major part of their total work and

revenue.

II Substantial Tunneling Involvement. . 8 7
These are major engineering firms
or are smaller firms. What they
have in common is substantial, on-

going tunnel project work.

III Active In The Industry. 25 19
This category includes firms which
have had several tunneling projects
but don't maintain an extensive

capability continuously.

Iv Some History Of Activity. 4 2
Firms with one or two projects
involving tunnels either now or

in the firm's history.

v Not Included. 7 0
Now classified as constructors. 2
No tunnel experience or interest. 2

Listed as engineer but all tunnel
work 1is subcontracted.

Described their SF 251 informa- 2
tion as "public relations - lies".
Refused to cooperate. 1
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Attempts to compare tunnel engineers quantitatively are not
fully successful because of grey areas in:

a. Overlaps in project roles

b. Number of tunneling projects

c. Size and experience of tunnel staff

d. Impact of WMATA organization approach

e. Duration of tunnel capability

EXHIBIT 9-E NUMBER OF TUNNELING PROJECTS

No. Firms No. Firms No. Firms Total
NO. OF with hard with soft experienced No. of
PROJECTS rock ex- ground ex- in both Firms
1970-75 perience perience
0 0 0 0 0
1- 10 19 28 20 34
10- 50 5 5 5 5
50-100 1 1 1 1
1965-1970
0 3 4 2 6
i1- 10 17 24 19 29
10- 50 4 5 4 4
50~-100 2 2 2 2

There is a wide variance among tunnel projects. The type,
size, end use, and geological conditions are all important var-
iables. Knowing the number of tunnel projects a firm has won
or completed helps. But it also helps to know whether it was

a two-mile tunnel or a 500 foot job.

Clearly, from a financial viewpoint, classifying employees as
"permanent tunnel staff" is based on assumptions about future
business prospects, capital and cash flow. A number of firms,
active in WMATA projects for some years, now think of their
people as permanent and so describe them. However, many of
these people will have to find other work if their firm's
tunnel volume falls.

"Tunnel experience" is a gray area also. Some real specialists
contend that many engineers working on section projects in
large system construction both need and acquire very little
specialized tunnel experience.
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EXHIBIT 9-F

PERMANENT TUNNELING

STAFF

No. Persons
permanent
tunneling
staff

0
1- 10
10- 25
25- 50
Over 100

EXHIBIT 9-G
No. Persons

experienced
in tunneling

Under 10
10- 25
25- 50
50- 75
75-100
Over 100

EXHIBIT 9-H

No. Years in
tunneling

Under 10 yrs.

10- 25
25- 30
50- 75

No. Firms No. Firms No. Firms Total
with hard with soft experienced No. of
rock ex- ground ex- in both Firms
perience perience
10 17 10 24
8 9 10 9
4 3 6 4
3 4 4 4
1 1 1 1
EXPERIENCED TUNNEL STAFF
5 11 5 13
9 10 5 14
5 7 5 7
4 4 4 4
1 1 1 1
2 2 2 2
YEARS IN TUNNELIWNG
3 4 2 7
13 18 16 22
9 12 8 12
1 1 1 1

DURATION OF TUNNEL CAPABILITY

The large majority of firms have a tunneling capability that

has existed for at least 10 years.
than a five year involvement.

Only five firms have less
In several of the firms with

shorter tunneling experience individuals told us "I have been
in tunneling for 20 years, but the firm has been involved for

only the 5 years I have been with them."

Several others have

an on-going tunneling design capability going back decades

but only recent or sporadic actual tunnel design work.

The detailed comparative information about the forty-one
firms is included in Appendix B.

Page 9-6



CONCLUSIONS

Rising activity in the tunnel industry has made it possible
for additional engineering firms to expand into this segment
of the heavy construction field. It has also enlarged the
volume of work of firms already in the field.

Management considerations arising from this appear not to
be unique to tunneling; rather they are common to engineering.

The increasing size of jobs has made joint ventures and mer-
gers among firms more attractive.

There does not appear to be any serious shortage of people
or capital among the engineering firms. Rather, their eco-
nomic problems relate to scale, like most other professional
service operations.

The cost increments affecting profitability and internal
efficiency are related to size of the firm and support sys-
tems such as data processing, libraries, laboratories, and
testing equipment.

Exposures to liability and the rising costs of errors and
omissions insurance, discussed in Chapter 12, are a major
concern.

The architect~engineer-builder field offers many combinations
and possible permutations for business strategy.

For the next decade, all of the data and interviews suggest

there will be plenty of work, enough new people to enter
the firms, and adequate financing.
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Chapter 10

CONSTRUCTION COMTRACTORS I# TUMNELING

The firms which build tunnels are of four types:

tunnel special-

ists, heavy constructors, conglomerates and tunnel related specialists.
Tunnel Specialists concentrate on tunnels of all types.
Heavy Constructors includes those firms who also do bridge, road

and sewer work.
work:

EXHIBIT 10-2A

Their tunnel work is an extension of their sewer
open cut trenching.

FIRMS WITH HARD ROCK TUNMEL EXPERIENCE - 18

Guy F. Atkinson Co.

Gordon Ball, Inc.
Bechtel, Inc.
Brown & Root, Inc.

Dravo Corporation
Fenix & Scisson

Foley Bros., Inc.
Granite Construction
S. J. Groves & Sons
Gates & Fox

S. A. Healy Company
Peter Kiewit Sons

Kaiser Construction
Lockheed Construction
MacLean-Grove, Inc.
Morrison-Knudsen, Inc.
Perini Corporation
Walsh Construction

Very large heavy construction firms do all kinds of building.

Some have their own extensive engineering and design units as well
as captive suppliers and other related subsidiary operations.

They'1ll build ports, dams, tunnels, airports, etc.

smaller,

Important, but

factors in this industry are the specialized shaft sinkers

and those marine construction firms who can handle sunken-tube

tunnels in harbors.

EXHIBIT 10-B

SOFT GROUMD TUMHEL COHTRACTORS - 39

American Structures
Armco Steel Corp.
Gordon Ball Inc.
c.C.
Capitol Tunneling

Cooper Const. Co.
DiMambro Const.

Dravo Corporation
Eastern Tunneling
Fattore Const. Co.

J. M. Foster Const.
D. J. Franks
Fruin-Colnon Corp.

& T. Const. Co.

Greenfield Const. Co.

S. J. Groves & Sons Co.

Grow Tunneling Corp.
S. A. Healy Company
Intercounty Const.

Jay Dee Const. Co.
Kenny Const. Company
Peter Kiewit Sons Co.
Lockheed Const. Co.
W. J. Lazinski Co.

MacLean-Grove Co.
McHugh Const. Co.
Mancini Const. Co.

Mole Const. Co.
Morrison-Knudsen Co.
Paschen Contractors
Perini Corporation
Reliance Underground

S & M Constructors
J. E. Seiben Inc.
J. F. Shea Company
Schiavoni Const.
Square Const. Co.

Thalle Const. Co.
Tomaro Const. Co.
Traylor Bros. Co.
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The full list of tunnel contractors of all types is included in
Exhibit 10-C below. Every firm on the list is active in tunnel
work or has a history of performance in tunnel building or is

qualified and ready to do such work.

Eighteen firms do hard

rock work and forty-one do soft ground work.

An opportunistic approach, which is necessary in project based
businesses like construction, translates a set of skills like
side bank stabilization and trenching into cut-and-cover tunnel-
ing. To move into the center of town to work, and to maintain
traffic overhead during the work is a major change for a rurally-
oriented road or sewer builder but it can be done. (Entry of
new firms to the industry is discussed in Chapter 16.)

EXHIBIT 10-C

TUNNEL CONTRACTORS IN THE U, S. - 74

CONTRACTOR

American Structures, Inc.

Armco Steel Corp., Construction Div.

John Artukovich & Sons

Arundel Corp.
Guy F. Atkinson Co.
Roger Au & Sons

Gordon Ball Inc.
Balport Construction Co.
Bechtel, Inc.

Brown & Root, Inc.

C. C. & T. Construction Co.
(Subcontracting Only)

Capitol Tunneling Company

Andrew Catapano Co.

Cayuga Construction Co.

Cementation Co. of America
(Mine Shafts, Development
& Grouting)

Cooper Construction Company
Carl Decker 1Inc.

(Also builds Moles

& other equipment)
DiMambro Contractors, Inc.

Dravo Corp.
Fred Early Company

Eastern Tunneling Corp.
Fattore Construction Co.

HEADQUARTERS LOCATION

Annapolis, Md.
Middletown, Ohio
Paramount, Calif.

Baltimore, Md.
S. San Francisco, Cal.
Mansfield, Ohio

Danville, Calif.
Elmsford, N. Y.
Oakland, Calif.

Houston, Texas
Luthersville, Md.

Columbus, Ohio

Glendale, N. Y.
New York City, N. Y.
Brampton, Ont.

Mt. Clemmens, Mich.
Detroit, Mich.

Oak Park, Mich.

Neville Island,
Pittsburgh, Pa.
San Francisco, Calif.
Columbia, Md.
Warren, Mich.
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EXHIBIT 10-C (continued)

TUNNEL CONTRACTORS IN THE U, S.

CONTRACTOR

Fenix & Scisson Inc.

(Mostly Mine Shafts)
Fluor-Utah Corp.

(All Mine Development now)
Foley Bros. Inc.

J. M. Foster Construction Co.
D. J. Franks
Frontier Constructors Inc.

Fruin-Colnon Corp.
Don Gargaro Co.
Gates & Fox Co., Inc.

Granite Construction Co.
Green Construction Co.
Greenfield Construction Co.

S. J. Groves & Sons Co.
Grow Tunneling Corp.
Gunther-Nash Mining

& Construction Co.

S. A. Healy Co.
Intercounty Construction Corp.
Jay Dee Construction Co.

Al Johnson Construction Co.
J. A. Jones Construction Co.
Kassouf Construction Co.

Kemper Construction Co.
Kenny Construction Co.
Peter Kiewit Sons Co.

LaFera Contracting Co.

C. J. Langenfelder & Sons

Lockheed Ship Building
Construction Co.

W. J. Lazinski Co.
MacLean-Grove Co.
McHugh Construction Co.

Mancini Construction Co.
Mergentime Corp. (The)

Michigan Sewer Construction Co.

HEADQUARTERS LOCATION

Tulsa, Okla.
San Mateo, Calif.
St. Paul, Minn.

Gary, Indiana
Westminster, Md.
Arvada, Nev.

St. Louis, Mo.
Detroit, Mich.
Loomis, Calif.

Watsonville, Ga.
Des Moines, Iowa
Livonia, Mich.

Minneapolis, Minn.
New York, N. Y.
St. Louis, Mo.

McCook, Il1.
Hyattsville, Md.
Livonia, Mich.

Minneapolis, Minn.
Charlotte, N. C.
Cleveland, Ohio

Los Angeles, Calif.
Wheeling, Ill.
Omaha, Neb.

Newark, N. J.
Baltimore, Md.
Seattle, Wash.

Milwaukee, Wisc.
New York, N. Y.
Chicago, Ill.

Warren, Mich.
Flemington, N. J.
Detroit, Mich.
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EXHIBIT 10-C (continued) TUNNEL CONTRACTORS IN THE U. S.

CONTRACTOR HEADQUARTERS LOCATION

Mole Construction Co. Romulus, Mich.

Morrison-Knudsen Co., Inc. Boise, Idaho &
Darien, Conn.

P & Z Construction Co. Baldenburg, Md.

Paschen Contractors Chicago, Ill.

Perini Corp. Framingham, Mass.

Pioneer Corp. Charleston, W. Va.

(Formerly Mountain States Construction Co.)

Raymond International Inc. Houston, Texas
(Primarily Sunken Tubes)
Reliance Underground Construction Co. " Elk Grove, Ill.
S & M Constructors Solon, Ohio
J. E. Seiben, Inc. Leawood, Kansas
J. F. Shea Co. Walnut, Calif. &
Wash., D. C.
Slattery Associates Maspeth, N. Y.
(Highways, Bridges, Foundations)
Square Construction Co. Baltimore, Md.
J. Rich Steers, Inc. New York, N. Y.
Thalle Construction Co. Briar Cliff Manor, N.
Tomaro Contractors, Inc. Cudahy, Wisc.
Traylor Bros., Inc. Evansville, Ind.
Nello L. Teer Co. Durham, N. C.
Walsh Construction Co. Darien, Conn.

CONTRACTOR REVENUES

Nearly all of the contractors who build tunnels engage either in
other heavy construction or specialize in underground construc-
tion including other projects than tunnels. Line-of-business
data are not available so the numbers used here are those pro-
vided by the contractors themselves. A company with a five year
average of $10 million per year in tunneling may have had one
$50 million contract award or a steady flow of smaller jobs.
However, within the five years there can be sharp swings in
billings and cash flow.

Tunnel revenue information was obtained from 60 of the 65 iden-

tified contractors. Of these, 51 produce annual tunnel reven-
ues under $50 million.
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exHiBIT 10-0 CONTRACTORS BY ESTIMATED TUNNEL REVENUE
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NO. OF TUNNEL CONTRACTORS WHO HAVE DONE HARD ROCK WORK
NO. OF ALL OTHER TUNNEL CONTRACTORS

GEOGRAPHIC OPERATING AREAS

Some tunnel contractors operate worldwide, others any where in
the United States, and others in specific regions.

exHIBIT 10-E PRINCIPAL GEOGRAPHIC OPERATING AREA
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Prior to 1965, most contractors in the West were in hard rock:
mid-western companies were in soft ground; and northeastern com-
panies were in both (although many northeastern companies spec-
ialized in hard rock before 1960). Many eastern and virtually
all midwest companies are soft ground specialists, and many of
these confine themselves to a small geographic area.

All major hard rock contractors now work in soft ground as well.
Some soft ground companies, particularly the larger ones, now
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bid on hard rock work, utilizing specialists hired on an ad hoc

basis or forming joint ventures.

EXHIBIT 10-F

TUNNEL STAFFS OF CONTRACTORS

Contractors who All other
have done hard Tunnel Total

rock work Contractors
1965 251 386 647
1975 537 1033 1470

The above figures were developed during face-to-face and tele-

phone interviews with tunnel contractors.

ified to include:

a. Difference in definition.

They should be qual-

This study probed the num-

ber of permanent or key employees related to their tun-

nel work or capability.
as defined in Chapter 7.

This includes key job holders
It was suggested that anyone

kept on part-pay during a slow work period be included.

However, definitions used by individual firms vary.
They all include key people as we define them, but
others include all the people they ship to a job from

their headquarters.

One firm staffs its own jobs down

to and including walkers and would not accept a job it

could not so staff,

so they're included.

Underground construction firms, with large growth in

mining and nuclear power plant work distort these fig-

ures if they are viewed as pure "tunnel staff".

The

most extreme example is Fenix & Scisson which went from
thirty "underground" people in 1965 to 160 in 1975.

ASSESSING CONTRACTOR KEY TUNNEL POPULATION

Three firms show the largest growth in numbers of tunnel speci-
alists, within the gualifying comments above.

EXHIBIT 10-G

TUNNEL STAFF GROWTH 1965-1975

1965
Sixty-five contractors 618
Fenix & Scisson, Inc. 30
Armco Steel Const. Co. 50
Bechtel Corporation 50
*Mostly nuclear-related work.

1975 Growth %

1380 762 123
120 90 400%*
150 100 200
100 50 100
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Some adjustments have been made to individual firm numbers which
suggest that in 1965, using the personnel definitions in Chapter
7, there were about 400 tunnel specialists in contractor firms
and that there are about 800 today. However, this must be la-
beled an "informed guesstimate". Further discussion of this is
included in Chapter 15 under Manpower.

Because many contractors commented adversely on the productivity
trends and their claimed relationships to union work rules, they
were asked about union jobs. The following table indicates that
union jobs still dominate. The only trend reported is definite
growth in number of contractors who work "double-breasted" (us-
ing both union and open-shop work forces).

EXHIBIT 10-H UNION AND OPEN-SHOP CONTRACTORS
No. of Contractors No. of all other
who have done Tunnel Total
hard rock work Contractors
Union 15 37 52
Open 1 3 4
Both 1 9 10

OPERATING AND MANAGEMENT PROBLEMS

Presently, and for the next decade, there is as much work avail-
able for the tunnel contracting industry as there has ever been.
As a result, the problems contractors face are different but no
less serious than those they encountered in the Fifties. A trend
toward larger projects is well established. Relationships among
contractors, engineers and owners are being altered, and the risk-
reward aspects of the business remain very difficult. These are
discussed in Chapters 13-15.
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EXHIBIT 10-I

FORMER ACTIVE INDUSTRY CONTRACTING FIRMS

The firms listed were active tunnel contractors in the past. As

indicated, they are either,

to the best of our knowledge, no longer

in business or they are inactive as direct builders of tunnels.

Name of Contractor

Bates & Robers
Booth & Flinn
W. W. Boxley

Tom Connolly
James Coughlin
Geo. H. Flinn

Folk-Snare
Frazier-~Davis
General Const. Co.

A. C. Guthrie
Johnson Drake & Piper
Arthur A. Johnson

Patrick McGovern
Arthur McMullen
Silas Mason

L. E. Meyers

Thomas Nolan

Northern States
Construction

Parker, Graham

& Sexton
Rogers & Haggerty
Rosoff Tunnel Corp.

Sturm & Dillard
United Concrete Pipe
Wenzel & Henoch

J. G. White
Winston Bros. Co.

Headquarters

Chicago, Ill.
Pittsburgh, Pa.
Roanoke, Va.

San Francisco, Cal.

Boston, Mass.
N. Y., N. Y.

N. Y., N. Y.
St. Louis, Mo.
Portland, Oregon

St. Paul, Minn.
N. Y., N. Y.
L. I., N. Y.

N. Y., N. Y.
N. Y., N. Y.
Lexington, Ky.

Chicago, Ill.
Detroit, Mich.
St. Paul, Minn.

Knoxville, Tenn.

Y., N
Y.,

. Y.
N. Y.

N.
N.

Columbus, Ohio

Los Angeles, Cal.

Milwaukee, Wisc.

N. Y., N. Y.
Seattle, Wash.

Status

Still in contracting
Reported out of bus.
Operates quarries

No info available
Reported out of bus.
Reported out of bus.

No info available
Now Gunther-Nash
In Business

Still in Business
Reported out of bus.
Bought by P. Kiewit

Reported out of bus.
Reported out of bus.
Mfgr. of Munitions -

see Mason & Hanger

No info available
Reported out of bus.
Reported out of bus.

Reported out of bus.

Reported out of bus.
Reported out of bus.

Reported out of bus.
No info available
No info available

Building Construction
Still in business
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Chapter 11

SPECIALIZED SUPPLIERS

Suppliers to the tunnel building industry are in four groups:
general equipment and supplies; special equipment and supplies;
financial services and business services.

EQUIPMENT AND SUPPLIES

General equipment and supply items are those considered for many
industries which can be used without modification in tunnel build-
ing. General equipment includes things like dump trucks, air
compressors, payloaders, hand tools or office trailers. General
supplies include items like concrete, timber or office supplies.
Usually there is adequate supply and competition. In recent

years there have been shortage problems with some steel shapes

and with plywood. There may be future problems with gasoline or
diesel fuels.

Special equipment items are unique to tunnels and to related heavy
construction like mines or underground power plants. (These are
listed in Exhibit 11-1.) The market for these specialized items
is relatively small and not especially attractive to large com-
panies. It tends to be served by specialized suppliers. When
large firms particip