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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, Robe rt W. Luce, Elfreida (Freddie) Roth 
and G. Park Rouse, III of Cre sheim 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 liste d in Appe ndix I to whom we wish to e xpress 
our appreciation. More than 100 p eople 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 c omme nts and confidential information on u 
not-for-attribution basis, so we have had to omit e ntire cat 3-
gories of people while acknowledging to them personally our in­
debtedness. 

Roberts. Mayo Jame s E. Barre tt Robe rt J. J e nny 

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 
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ABBREVIATIONS AND ACRONYMS 

BART Bay Area Rapid Transit Authority, San Francisco 

BuMines Bureau of Mines, U. S. Dept. of Interior 

BuRec Bureau of Reclamation, U. S. Dept. of Interior 

BWPC Bureau of Water Pollution Control, New York City 

BWS Bureau of Water Supply, New York City 

CTA or Chicago Transit Authority or Urban Transit 
CUT 

C of Eng - Corps of Engineers, U. S. Army 

DOT Department of Transportation, United States* 

DRT Denver Rapid Transit 

FHA Federal Highway Administration 

GCMSD Greater Chicago Metropolitan Sewer District 

JV Joint Venture 

.MAR'I'A Metropolitan Atlanta Rap id Transit Authority 

MBTA Massachusetts Bay Transit Authority, Boston 

METRO Metropolitan Baltimore Rapid Transit 

MWD Metropolitan Water District of So. Calif., Los Angeles 

NYCTA New York City Transit Authority 

NYMTA Metropolitan Transit Authority for New York City Region 

PATCO Philadelphia to Lindenwold, N. J. Port Authority Line 

PATH Port Authority Trans Hudson Lines N. Y. & N. J. 

SCRTD Southern California Rapid Transit District, Los Angeles 

SEPTA Southeastern Penna. Transportation Authority, 
Philadelphia 

SFWD San Francisco Water Department 

TSC Transportation Systems Center of DOT 

UMTA Urban Mass Transit Administration of DOT 

WMATA Washington Metropolitan l'.rea Transit Authority 

* The re are 51 entiti e s r e f e rr e d to a s DOT, as that abbreviation 
is also used at the state gove rnment l evel. 

HARD GROUND AND SOFT GROUND TUNNELS. The r e is considerable dis­
agreement and numerous att e mp ts to arrive at a generally accepted 
definiti o n have not yet borne fruit. For purposes of this report, 
hard gro und is any earth f o rmation that will stand by itself after 
excavation long enough to ge t th e supports in . An :,1 th ing else is 
soft ground. 
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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 problem. 

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 s y stem 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. 
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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 ~y au~or.o~ile ~nd 
truck travel in the countryside on the new highway s 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. 

UNDESIRAELE 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 furiou s opposition. On balance, underground 
construction has been much more acceptable to those affected than 
elevated works. In the dozen large st cities, plans were mad e to 
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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: 

1. 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? Is it 
made up of u~dercapitalized 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 ?rovide 
a general description of the industry. Chapter 3 examines basic 
demand patterns 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 
participant. In the remaining chapters, the relationshi~s 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 key jobs, the extent of innovation 
in equipment and materials, and the entry of new firms into the 
industry. 
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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 underwa y 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 beli e ve that forecasts beyond ten 
years must be viewed skeptically since s o many factors can in­
fluence them. 

EXHIBIT 3-A TU \JNF.L ~! !I LD I ~J G Dr-f1 fV,m u,y !1FCI\DE 

(Expressed in linear feet of tunnel driven) 

Tunnel 1955-65 
End Actual 
Use Ft. 

Rapit Transit 2,900 0.2 
Water & Sewer 902,900 93.3 
Motor Vehicle 46,700 4.8 
Railroad 15,700 1.7 
Other+ N.A. 

Total 968,200 100 

1965-75 
Actual 

Ft. 

211,200 
1,108,300 

28,200 
0 

N.A. 

1,347,700 

16. 
82. 

2. 

100 

1975-85 
Estimate 

Ft. 

346,000 
696,700 

51,195 
5,000* 

29,900+ 

1,128,795 

% 

30.7 
61.8 

4.5 
.4 

2.6 

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 thei r 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 nineteeHth 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 a re on the romantic side of 
heavy construction. They are e xpensive, risky in all dimen­
sions, and have e normous economic and social impact upon com­
pletion. Onc e s uccessfully built, they last a long time. 
Roman water aq ueducts built before the Christian era are still 
in use. The oldest Amer i can tunnel, built on the Union Canal 
near Lebanon, Pa. in 1827, i s still usab le, thoug h it is now 
a civ il eng ineering monument. 

Many railroad tunnels in the 70-100 year-o l d age range are 
still in activ e daily use. Senior among t hese is the Boston 
and Maine Ra ilroad's Hoosac Tunnel throug h the Berkshires in 
western Massachusetts. It wa s begun by a private group in 
1854 and completed by the Commonwealth o f Massachusetts in 
1876. Both dynamite and power drills had their first practi­
cal application in tunnel d r i v ing on the Hoosac job. Freight 
trains us e its 25,000 ft. length dail y . 

The Baltimore Belt Tunnel of 189 1 , prov iding more than a mile 
and a half of underground , doubl e -tracked capacity , is part 
of the main line of the Baltimore and Ohio Railroad. This 
uses a five- r ing brick arch for support. The Haskins Tunnel, 
begun in 1876, sta lled from 1882-1902 for lack o f money, and 
finally c omp leted i n 1905 as par t o f the "Hud son Tubes" is 
still in daily s ervice on the New J ersey to ~1ew York runs of 
the Port Autho rity Trans Hudso n li ne s. 

All o f t he r a p i d tr a nsit tunne ls built in American cities in 
this c e ntury ar e i n us e with mino r e xceptions due to route 
chang es. Transit con s tructio n e ng ineers regard this long life 
as standard and ar e very con ser vativ e 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 
quite reliable, particularly when they related their estimates 
of future work to events of the past f ew 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 
us es (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 e ff e ct 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. In 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. Our sources 
are contractors or their employees. The publicly held firms who 
file reports with the Securities and Exchange Commission all are 
in other businesse s 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 e x pected 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, i t has t o be emphasized again that the planning, financing 
and construct i on cycle for tunnel projects makes information 
for the fort hcoming five years fairl y 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 powe r 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 b e 13,500 fee t and t he discharge tunnel will be 
16,400 f e et, both wi th 21 foo t diameter. Contract value is 
$68,000,000. 

Th e con tinuing supp l y prob l ems in ene rgy and raw materials were 
considered in thes e demand p rojections. After some study, it 
was concluded tha t dire c t impact on underground construction 
will be in ma ter i a ls and equi pme nt costs in the next ten years. 
Beyond that, the ef fec t s of t hes e c hanges are mainly questions 
of economics on t he national scale . 

Ge neral economi c growt h trends and p opulation movements prob­
a b l y will b e of o nly t angential importance to many agencies 
involved in t unn e ling. T~os e engaged in large scale projects, 
such as the Grea te r Ch icago Me tropolitan Sanitary District, 
are probably not expecting any c alamitous change in their 
d emographics and will probab l y no t b e forc e d to mate rially 
change t h e ir p lans . 
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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. 

RAILROAD 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 turinels 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 b e 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 

TUNNELING AS A PORTION 
OF TOTAL 1975 HEAVY a 

HIGHWAY CONTRACT 
VOLUME 

SOURCE=CRESHEIM COMPANY 
CONTRACTOR INTERVIEW 
1975 

E ': ii ~ .. I ': 
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75.6 BILLION 
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75.6 

( IN Bl LLIONS) 

HEAVY 8 HIGHWAY 
INDUSTRIAL 
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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 respective ly. 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 ag e ncies 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. In 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 3-F 

Tunnel Location 

At intersections 

Airports 

Parks and monuments 

Subaqueous 

Topographic 

Miscellaneous 

URBAN VEHICLE TUNNELS OVER 500 FT. 

1975 Actual 1990 Proj. Annual Growth 

18.39 34.58 3.4% 

7.98 11.06 2.2% 

12.84 37.99 7.5% 

51. 24 73.13 2.4% 

28.61 37.94 1.9% 

. 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 a bove 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 bu t not growing e xplosively 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 b y 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 the ir systems. 

Some cities have rapid transit plans in various stages of devel­
opme nt 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 t h e technical staff because of e xcellent geologic condi­
tions e ncoun t ered in construction of wastewater tunnels. Des­
pite t h i s , t he s y stem has not moved b eyond the planning stage 
due to inaction in the state legislature in the past two ses­
sions. Prospects for passage of an act e nabling final design 
and construction apparently are not regarded as good for the 
1976 session. 

Further development of other systems has bee n halted by out­
right voter opposition. In July 1975, t he Cleveland Transit 
System was changed from municipal to a r e gional transit author­
ity , allowing it a direct t a x allocation. As part of this 
packag e , however, the voters a p proved a fi v e ye ar moratorium 
on expansion of systems facilities in an effort to maintain 
fares at their current level. In New Jersey, defeat of a bond 
issue in the November 1975 general elections severely limits 
the prospect for exp ansion of rapid transit in both the northern 
and southern parts of that state. 

Some planners h a v e found that the requirements of other programs 
have e xpande d t o th e point of e xcluding public works construction 
from municipal b udgets. In Newark, N. J., planners have found 
little direc t opposition t o their program to e xpand the sub-
ways in t hat c i ty . A continuing commitment to large scale health 
and welfare p rograms, howeve r, has relegated most public works 
construction to a lower priority, creating a social and poli­
tical dil emma. 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. 

EXHIBIT 3-I METROPOLITAN AREAS PLANNING NEW RAPID TRANSIT SYSTEMS 

NAME 

Minneapolis / St. Paul 

Chicago 

Atlanta 

Detroit 

Buffalo 

Baltimore 

Los Angeles 

Denver 

PLANNED TUNNELS 
(IN MILES) 

36 

12 

10.1 

9.2 

5.2 

4. 5 

2.6 

1. 2 

CONSTRUCTION 

Cut & Cover 

Mainly Cut & Cover 

Cut & Cover & Moles 

Stations: Cut & Cover 
Tracks: Shield 

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. 

2. 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. 

3. 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. 

4. 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. 

5. 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. 

6. 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. 

7. 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. 

8. Impact of Energy Crisis on ridership and route selection. 

9. 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 Litigation 

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 ~JMATA 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 t h is 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 t hen 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 t o 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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These photos illustrate the enormous complexity which contractors for urban 
mass transportation tunnels face when the cut and cover technique is used in 
cities. There are substantial effects on motorists, pedestrians, and the nearby 
general public. 

Cut and cover tunneling in Washington D.C. 



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 

Appr oval 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) 

Assista nce in developing environmental impact statement. 

3. Acoustics Consultant (if none on staff) 

Dete rmination of nuisances during construction and oper­
ation. Evaluation and solutions to problems of noise 
and v ibration. 
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4. Corrosion Consultant (if none on staff) 

5 • 

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

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 
soecifications 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 
limiting their design. 
terial costs and local 
ifications. One thing 
atism when it comes to 
nel. 

operate within as many as a dozen codes 
They must also be aware of relative ma­

work rules or practices in writing spec­
that can be counted on is their conserv­
ensuring long life and safety of the tun-

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!) 

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 descrip t ion 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 

Electrical 

Dewatering 

Muck Disposal 

Acoustics 

Tracks 

(Heating, ventilating, air-conditioning, 
plumbing) 

(All electrical installation and maintenance) 

(Ground water control) 

(Disposal of tunnel muck) 

(Acoustical work) 

(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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Tunnel boring machine for a rock tunnel is shown above. Purchase of these major pieces of 
excavation equipment (known to tunnel specialists as rock moles) are part of the mobilization 
stage of the project. 
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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 important when tunneling machines are con­
sidered. Rock with compressive strengths below 6,000 psi is con­
sidered soft. Over 25,000 psi is "hard" rock, with 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 require­
ments. If the contractor already has a mole of the correct size, 
or if he can rent one at an attractive price, 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 
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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 1inch period, this 
means the men are actually working only 7 hours per shift. In 
some cases, the men are given 9 hours pay for an 8 hour day and 
the shift change takes place right at the face. In 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 suppl y it is common to work 
two 10-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 

EXCAVATION CYCLES 

Remove material from face; 
breasting and mucking 

Shove shield forward 

Shoving and excavation 

Erect liner ring; inject 
pea gravel 

Erecting ring & grouting 

Time required to advance 
2.5 feet 

COMPARATIVE STATISTICS 

Feet advanced per day 

Typical crew for 24 hours 

Length of tunnels involved 

Average footage per 24 hr. day 

Maximum footage per 24 hr. day 

Crew man hours required per 
foot of tunnel excavation 
and lining 

HEADING CREWS 

Heading Engineer 
(Laser Beam Control) 

Shift Foreman 

Operator 

Mechanic 

Electrician 

Face excavation & ring 
erection 

Pea Gravel injection 

Ring erection & unloading 

Hog rods & grout crew 

Motorman & brakeman 

TOTAL 

Source: BART project engineers 

SHIELD DRIVEN 
OPERATION 

30 minutes 

30 minutes 

45 minutes 

105 minutes 

33 

17.5 

6,272 

25 

55 

14.5 

1 

1 

1 

1/2 

0 

4 

2 

6 

2 

17.5 

feet 

men 

feet 

feet 

feet 

man/hr. 

TUNNEL 
MACHINE 

20 minutes 

45 minutes 

65 minutes 

55 

21 

6,970 

40 

105 

12.5 

1 

1 

1 

1 

1 

6 

8 

2 

21. 0 

feet 

men 

feet 

feet 

feet 

man/hr. 
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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 p9ssible 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- dra ined 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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Mining in clay at the face of a soft ground tunnel using a power draw knife. 
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EXHIBIT 4-K HYDRAULIC MUCK-REMOVAL SYSTEM 
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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 & Equipment 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 16' 
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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.,, .... 
Erected primary liner. Cars are the muck train. This photo shows the complexity of work 
operations during the tunneling cycle. Muck must be removed, supplies brought in and 
work speed maintained. 



EXHIBIT 4-0 TUNNEL COST ESCALATION 

1969 

Concrete lined tunnels 1.06 

1975 

1. 92 

% Change 
4/75 to 7/75 

+ 3.2% 

% Change 
7/74 to 7/75 

+ 19.3% 

Source: Bureau of Reclamation of the U.S. Dept. of the Interior (a detailed index of project 
costs on Bu Rec 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. Here is a sum­
mary of those problems in several situations. 

EXHIBIT 4- P TUNNEL PROJECT DELAYS 

A B C D 

Days % Time Days % Time Days % Time Days % Time 
DELAY ITEM Delay Extend Delay Extend Delay Extend Delay Extend 

Changed work 54 27% 97 35% Major 
conditions 

Elevator for 
110 handicapped 

Ground water 118 39% problem 
Interface 

contract 60 20% 
delay 

Machine 
92 31% breakdown 

Materials 
shortage 56 28% 

delays 
Strikes by 

61 31% 
suppliers 

Strikes on 77 27% 
the job 

Strikes by 
99 35% 90 teamsters 

Traffic de-
9 3% tour delays 

Underpinning Major 
problems 

Weather 27 14% 
problems 

Other 32 10% 

TOTAL 198 100% 302 100% 282 100% 225 100% 

A - BART Project K0016 B - BART S0022 C - BART S0031 
D - WMATA C0021 Source: DOT, Systems Analysis of Rapid Transit 

Underground Construction 

Page 4-25 



'U 
OJ 

cQ 
(1) 

~ 

I 
N 

°' 

l 
-:~ 

tW 

Exhibit 4-Q A rarely seen view of the front end of a tunnel shield after holing through. 



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. 
tunnel boss has to live with work rules he inherits.) 

(The 

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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Exhibit 4-R A bored rock tunnel before installing concrete lining. 



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 

1. 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. 

2. 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.* 

3. 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.) 

4. 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. 

5. 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. 

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

7. 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. Industry 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 
O-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 OWNFR-ENGINEER-CONTRACTOR ORGANIZATION 

OWNER 

DEFINITIVE DESIGN 

- CONSTRUCTION 

DESIGN 

I 
I 

ENGINEER 

- CONTRACTOR (S) 

DEFINITIVE 
DESIGN 

CONSTRUCTION 

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. In 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 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 during the approvals and financing stage. Though there 
are provisions for contingencies 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. In 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 cen t uries. 

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 a s a nticipated. 
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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. 

~- 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. In 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 
to do 

Engineering and 
Supervise Construction 

Section Contractors 

(See Exhibit 6-B) 

I Owner I 
I I 

Construction Genl. Engineer 
Manager Consultant 

I I 
I I I 

Contr- Contr- Sec. Section 
actor actor Design Design 

(See Exhibit 6-C) 

The construction manager, as a f irm, 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 staf f 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 

Operations 

Consultants 

PLANS & SCHEDULES 

CONTRAC'rS 

ENGINEERING 

Architecture 

Llect. r:quipment 

Route Development 

Specifications 

Project Director 

Consulting Architect 

Labor Relations 

FINANCE & ADMIN. 

BUDGETS & ESTIMATES 

CONSTRUCTION 

Area Construction 

runnel 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 CONSUL TANT 
PROJECT PERSONNEL CLASSIFICATIONS 

Key Project Non-Key Project 

Managers 
Group 

Engineers Technicians Draftsmen 
Admin. & 

Leader Clerical 

I. ENGINEERING 

System Safety 2 3 1 
Civil 5 11 4 7 
Yards, Shops 

& Trackwork 3 6 2 2 
Structural 6 8 1 1 
Mechanical 3 9 2 5 
Electrical 4 4 3 3 
Utilities 4 7 2 
Systems 4 3 5 3 
Specifications 1 3 2 
Plan Review 

& Coordination 5 
Section Design 

Coordination 1 11 
Environmental i 1 
Materials 1 
Soils & Geology 1 
Office Engineering 1 4 2 
Resiclent Engineer 1 As Req'd 

Dept. Supervisor 4 2 

TOTALS 4 42 69 22 23 2 

11. ESTIMATING & PROGRAM CONTROL 

Scheduling 1 3 1 1 
Estimating 1 10 2 
Billing 
Program Control 
Dept. Supervisor 1 1 

TOTALS 3 13 3 1 1 

111. ADMINISTRATIVE 

TOTALS 2* 12 

GRAND TOTALS 6 45 82 25 24 15 

*Project Management 

Others 

2 

1 

2 

5 

1 

1 As 
Req'd 

1 
1 

3 

8 
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TOTALS 
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PROJECT PERSONNEL CLASS I FI CATION 
Key Project 

Managers Group 
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Leaders Architects Engineers Technicians 
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New organizational 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) 

I 
I I 

GENERAL 
ENGINEERING CONSTRUCTION CONTRACTOR SUPERVISOR CONSULT. 

( 4) 
( 3) 

( 2) 

I 
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 
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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. 

CONCLUSIONS 

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 9. 
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Exhibit 6-H 
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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 aqents 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 t e am 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 

Access Roads 

Power Supp l y 

Water Supply 

Local Codes 

Local suppliers for initial job 
requirements 

Site preparation requirements 

Local subcontractors 

Available work areas 

Muck disposal areas and costs 
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RECHECK OF PLANS FOR SPECIAL REOUIREMENTS, 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 

Changed Conditions Clauses 

Time extension limitations 

Performance bond conditions 

Payment bond conditions 

Construction method limits 

Water pollution restrictions 

Labor union work rules 

Contractors license 

Liquidated damages 

Noise codes 

Billing Conditions 

Owner payments 

Work area adequacy 

Blasting regulations 

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 support 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 develooed. 
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 Ex hibit 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 fo rec~st 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, Includes 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, In 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 conting enc ies 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 1 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 

Stearn 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 
Ambulance 
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 ~uperintendent 

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 
Rodrnen 

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 
Horne 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 
(Per $100 of Insurance Payroll) 

Contractual Liability 
(Per $100 Contract Amount) 

Builders Risk 
(Per $100 of Contract) 

Public Liability Property Damage 

Dishonesty And Forgery Bond 

Pressure Vessels & Boilers Insurance 

Personal Property Taxes 

BID COMPARISONS 

Owner's Protective 
(Per $100 Contract Amount) 

Contractor's Protective 
(Per $100 of Subcontractors) 

Contractor's Equipment Insur. 
(Per $100 of Value) 

Fire And Theft 

Hired Vehicles Contingent 

Transportation Insurance 

Local Taxes 

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, SA, SE, SF, 9B and 10. 
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Bids Received: October 7, 1975 

NAME OF BIDDER 

Approx. 
Quantities 

and Units 
Item Description of Payments 

lA Mainshaft Exca- Lump Sum 
vation Addison 
Street 

1B Mainshaft Exca- Lump Sum 
vation Howard 
Street 

4A Tunnel Excava- 27,750 
tion 30" Dia- Linear 
meter Tunnel Feet 

4B Tunnel Excava- 24,020 
tion 22' Dia- 'Linear 
meter Tunnel Feet 

SA Drilling Grout 66,400 
Holes Linear 

Feet 

SB Portland Ce- 33,200 
ment for Grout Cubic 

Ft. 

SC Sand for Grout 3,320 
Cubic 
Ft. 

SD Fluidifier for 3,320 
Grout Pounds 

SE Placement for 132,800 
Grout Cu. Ft. 

Bids Opened: October 7, 1975 293 Advertisements Mailed 

J. F. SHEA CO. KENNY CONSTR. S. A. HEALY CO. 
4720 MONTGOMERY LA. PASCHEN CONSTR. GREENFIELD CONST. 
BETHESDA, MD. 20014 S & M CONSTR . GORDON H. BALL CO. 

Total Unit Total Unit Total 
Unit Price Amount Price Amount Price Amount 

10,000,000 10,000,000 1,500,000 9,000,000 

10,000,000 10,000,000 19,500,000 9,000,000 

1,000 27,750,000 700 19,425,000 468 12,987,000 

750 18,015,000 557 13,379,140 375 9,007,500 

10 664,000 5 332,000 20 1,328,000 

4 132,800 4 132,800 4 132,800 

3 9,960 1 3,320 2 6,640 

3 9,960 1 3,320 4 13,280 

4 531,200 5.50 730,400 15 1,992,000 
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Item 

SA 

6A 

6B 

6C 

6D 

6E 

6F 

9A 

9B 

10 

NAME OF BIDDER 

Approx. 
Quantities 

& Units 
Description of Payments 

Connections to 5,100 
Grout Holes Connections 

Excavation for Lump Sum 
4' Diameter 
Drop Shafts 

Excavation for Lump Sum 
5'8" Diameter 
Drop Shaft 

Excavation for Lump Sum 
7'2" Diameter 
Drop Shaft 

Excavation for Lump Sum 
9' Diameter 
Drop Shaft 

Excavation for Lump Sum 
12' Diameter 
Drop Shaft 

Excavation for Lump Sum 
15' Diameter 
Drop Shaft 

Rock Bolting 35,000 
Linear Feet 

Rock Dowelling 30,000 
Linear Feet 

Rock Joint 1,500 
Treatment Linear Feet 

TOTAL 

J . F. SHEA CO. 

Unit Total 
Price Amount 

40 204,000 

2,000,000 

2,000,000 

4,000,000 

1,500,000 

3,000,000 

4,000,000 

20 700,000 

10 300,000 

60 90,000 

84,906,920 

KENNY CONSTR. 
PASCHEN CONSTR . 
S & M CONSTR. 

Unit Total 
Price Amount 

25.00 127,500 

800,000 

900,000 

2,000,000 

450,000 

1,600,000 

1,800,000 

9.50 332,500 

2.50 75,000 

33.00 49,500 

63,140,480 

S. A. HEALY 
GREENFIELD CONSTR. 
GORDON H. BALL CO. 

Unit Total 
Price Amount 

100.00 510,000 

2,000,000 

4,000,000 

5,000,000 

2,700,000 

9,300,000 

8,283,000 

20.00 700,000 

12.00 360,000 

50.00 75,000 

76,398,220 
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POST-AWARD CONTRACTOR ACTIVITIES 

Despite continuing intentions to avoid frantic last minute work, 
n€arly 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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EXHIBIT 7-G SECTION SUPPLIES AND SUPPLIERS 
(Example is from one section of WMATA - 489 Suppliers) 

ITEM 

Aggregates 

Architectural 

Bearing Assembly 

Brick Paving 

Building Contractors 

Critical Path Scheduling 

Cast Iron Liner 

Cement 

Concrete Redi Mix 

Concrete Additives 

Curb & Gutter Concrete 

Corrosion Control 

Dewatering 

Drilling & Pre-Drilling 

Electrical 

Erosion 

Excavation & Disposal 

Explosives 

Fence 

Floating Slabs 

Forms 

Granite Curb 

Instrumentation 

Lime 

Lumber 

Mechanical Contractors 

Miscellaneous Equipment & Supply 

Miscellaneous Iron & Steel 

Painting 

Number of Suppliers 

Local Area• Distant 

10 

8 

2 

4 

9 

1 

0 

5 

9 

1 

1 

1 

2 

2 

11 

6 

5 

0 

4 

3 

1 

10 

1 

0 

5 

15 

1 

13 

4 

0 

4 

6 

0 

0 

1 

3 

1 

0 

2 

0 

2 

4 

8 

2 

0 

0 

4 

0 

3 

9 

1 

7 

2 

1 

3 

0 

3 

6 

*Local suppliers are those with telephones in phone area codes 
202, 301 and 703. 

ITEM 

Paving 

Concrete Piling 

Pipe 

Pipe Jacking 

Plumbing 

Prestressed Girders 

Pres tressing 

Railroad Supplies 

Reinforcing Bars 

Rock Bolts 

Roofing 

Sandblasting & Stripe Removal 

Slurry & Slurry Trench 

Structural Steel 

Tunnel Machines 

Tunnel Steel & Liner 

Underpinning 

Waterproofing 

Wrecking Demolition 

Minority Contractors 

Number of ~liers 

Local Area* Distant 

6 0 

5 7 

17 5 

1 0 

30 1 

10 8 

5 3 

8 14 

11 12 

0 4 

1 1 

5 0 

0 3 

19 11 

0 7 

l 3 

7 8 

7 3 

3 3 

22 1 



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 
1. 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 manufact~rers. 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. 

Page 7-15 



'1J 
OJ 

'-0 
(1) 

-.J 
I 

I-' 
O"I 

Exhibit 7- H Portal view of vehicular tunnel. 



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 is 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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Exhi.bi t 8-A J1AJOR TU~·lNEL o~mE.R-DPERAToRs IN THE u. s. 

No . of tunnels by end use No . tunnels by status No. tunnels by decade 
Major of completion 

Owner-Operators Sewer Water Rapid Motor Other Corn- Under Planning 1950- 1960- 1970-
Transit Vehicle :plete Constr. Stage 1959 1969 

Corps of 0 41 0 0 2 (RR) 35 8 0 10 24 3 Engineers I 
BuRec 0 43 0 

! 
0 ! 0 38 3 0 9 12 17 

BART* l 0 13 t 
0 0 14 0 0 0 14 0 I 

WMATA* 0 0 45 

' 
0 0 6 30 8 0 0 6 

MWD/So. Cal. 0 9 0 [ 0 0 7 2 0 0 4 3 
City of Detroit 15 0 l i 0 0 8 3 5 0 4 4 ' 
City of Chicago i 

10 0 0 i 0 0 10 0 0 2 8 0 
1 Greater Chicago 14 0 0 

! 
0 0 5 3 5 0 4 l i i Met. Sanitary ! 

i 
t Dist. I 

! SEPTA (Phila.) 0 0 3 0 l (RR) l l 2 0 0 l 
f California Dept. 
r Water Resources 0 7 0 0 l (RR) 8 0 0 0 8 0 
t Milwaukee Sewer 5 0 ! Comm. 

0 0 0 3 l l 0 0 3 

' Colo. Highway 0 0 0 4 0 l l l l 2 0 
. Dept. 
' 1ffC Bur. Water l 5 0 0 0 5 l 0 0 5 0 Supply 

Rochester, N. Y. 11 0 0 0 0 7 l 3 0 5 2 
& Monroe Co. Pure 
Waters Agency 

*Numbers de note number of tunnel contracts let. 



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 inflationarv 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 ke y 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 e ither the planning or 
financing stages, opponents seize on the opening to try to force 
changes. Even after initial political acceptance, and passage of 
bond issues, the project can face serious attack and possible major 
modification before construction begins. Ex amples 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 sty le 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. 

Page 8-3 



Exhib it 8-B OW~[RS A~D OPERATORS nF TUNNELS I r,1 TU[ Li S 
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AGENCY TYPE '" :,, .. 
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Austin Texas, Const ruction Mgmt. Dept. M X X Oakland Drain Commission (Calif.) R X 

Bay Area Rapid Transit District R IX Omaha Nebraska, Dept. of Public Works M X 

California Dept. of Water Resources s X Pacific Gas & Electric Co. p X 

Ches apeake Bay Bridge & Tunnel Authority s r I X Chess 1e Systems I nc. p 

Pennsylvania Turnpike Authority s X 

Port Autho rity of New Yo rk, New Je rsey R X X 

Chicago Dept. of Public Work s M X X X Port Authori ty Transit (Pittsburgh, Pa.) R X 

Chicago Transit Authority M X Prairie Farm Rehabilitat ion Agency F X 

Chica go Urban Transit Authority s X Rochester New York, Dept. of Public Works M X X 

Colorado Highway Dept . s IX Rochester-Gennessee Rap i d Transit Authority R X 

Co lwnbus Ohio, Dept. of Publi c Works M X X St . Louis Met r opolitan Sewer Di stri ct M X 

Delaware River Po r t Authority R IX Sacramento Met r opol i t an Utility District R X X 

Denver Board of Water commissione r s M X San Francisco Wa te r Dept . M X 

Denver Rapid Transit District R IX 
Se a ttle Washington Dept. of Publ ic Works M X X 

Det roi t Metro Water Dept. M X Southea ste rn Michigan Transportation Auth. R X 

Eastbay Munici pal Utility District (Calif . ) R X X So utheas te rn Pennsy lvania Transportation Auth . R X 

Ft. Hood Texas , Dept . of PuLlic Works M X X Southern California Rapid Transit District R X 

Gr eater Chicag o Metropolitan S anitary Dist ric t R X Southgate Sanitation District (Co l o rado ) R X 

Grea ter Cleveland Transit Authority R 1: Honolulu Dept . of Transporta t i on Servi ces >I 

llouston Texas, Dept . of Publ1c Works M I X X 

Stanfor d University p X 

U.S . Army, Co rps of Engineers F X X 

U . S. Dept. of Interior, Bureau of Reclamation F X X 

Idaho Powe r Co. p 

I 1: In terna tional Boundary & Water Commission F 

U. S . Dept. of Inte rior, National Park Service F X 

Washington Met ropo litan Area Transit Authority R X 

Ma r yland Mass Transit Administration s X West Virgi n ia Highway Dept. s X 

Maryland Transportation Authori ty s I X 

Massachusetts Bay Transpor tation Autho r ity R X KEY 

Massachusetts Tu rn pike Autho ri ty s I !X 

Metropolitan Atlanta Rapid Transit R Ix 
Metropolitan Dist r ict Commission {Bos t on, Ma. ) R X X 

F = Federal Agency 
s = State Agency 
M = Municipal Agency 
R = Regional Agency (controlled by 

Metropolitan District Commis sion (Hartford , Ct .) R X 

Metropo litan Transit Commissi on {Minneapolis- R IX 

p 
several governmental units) 

= Private Enterprise 
MV = Motor Vehicle Tunnels 

St. Paul) RT= Rapid Transit Tunne ls 

Metropolitan Wate r District of Southern Calif . R 1x 
Mi lwaukee Sewer Commiss i on M X 

Minneapolis Minn . , Dept. of Pub l ic Work s M XIX 

Mon r oe County (N . Y.) Pure Wa ters Agency R X 

Newark N.J. , Transpo r tation Office M 

Ix 
I\ New Je rs ey Dept. of Tr ansportat i on s IX 

New York City Boa r d of Water S upply M 

New York City Bureau of Water Poll ution Control M X 

t-o New Yo rk City Transit Authori ty M X 

n., New York Metropolitan Tr ansit Autho ri ty s X 
cQ New York Power Authority s Ix IX (1) 

Nevada Highway Dept . s 
CX) 

Niagara Fronti e r T ransi t Authority R X I 
~ Niagar a Mohawk Power Cc . p 

Ix 
1: Norfolk & Wes tern R. R. p 

No r th Carolina Highway Dept . I s 



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 

II Firms with substantial tunneling involvement 

III Engineers active in the tunneling industry 

IV Firms with some history of tunneling work 

EXHIBIT 9-A TUNNEL END USE EXPERIENCE 
No. Firms No. 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 

Name of Firm 

Amman & Whitney 
Bechtel Corp. 
Century Engineering 
Daniels, Mann, Johnson & Mendenhall 
DeLeuw Cather 

Edwards & Kelcey 
Gannet, Fleming, Gorodry & Carpenter 
Gibbs & Hill 
Greiner Engineering 
Harza Engineering 

Hayes, Seay-Mattern & Mattern 
Hazelet & Erda l 
Henningson, Durham & Richardson 
Howard-Needles, Tammen & Bergendoff 
International Engineering 

Jacobs Associates 
Jenny Engineering Corp. 
Kaiser Engineers 
Keifer & Associates 
Knorle, Bender, Stone 
Lockwood-Kessler & Bartlett 

McGaughy, Marshal & McMillan 
MCA Engineering 
Charles T. Main, Inc. 
C. E. Maguire 
A. A . !,1athews 

Murphy Engineering 
H. D. Nottingham & Associates 
Parsons-Brinkerhoff, Quade & Douglas 
Ralph M. Parsons 
Rummel, Klepper & Kahl 
Sanders & Thomas 

Sverdrup & Parcel 

Headquarters 

New York, N.Y. 
San Francisco, Cal. 
Towson, Md. 
Los Angeles, Cal. 
Chicago, Ill. 

Newark, N.J. 
Harrisburg, Pa. 
New York, N.Y. 
Baltimore, Md. 
Chicago, Ill. 

Roanoke, Va. 
Louisville, Ky. 
Omaha, Neb. 
Kansas City, Mo. 
San Francisco, Cal. 

San Francisco, Cal. 
South Orange, N.J. 
Oakland, Cal. 
Chicago, Ill. 
Baltimore, Md. 
Syosset, N.Y. 

Norfolk, Va. 
Baltimore, Md. 
Boston, Mass. 
Waltham, Mass. 
Arcadia, Cal. 

Chicago, Ill. 
McLean, Va. 
New York, N.Y . 
Pasadena, Cal. 
Baltimore, Md. 
Pottstown, Pa. 

St. Louis, Mo. 
Tippetts, Abbett, McCarthy & 
Transit & Tunnel Consultants 
Tudor Engineering 
URS/Madigan Praeger 

Stratton New York, N.Y. 

David Volkert & Associates 
Vosbeck, Vosbeck , Kendrick & Redinger 
Westenhoff & Novick 
Wiley & Wilson 
Woodward, Clyde Consultants 

Buffalo, N.Y. 
San Francisco, 
New York, N.Y. 

Cal. 

Washington, D.C. 
Alexandria, Va. 
Chicago, Ill. 
Lynchburg, Va. 
San Jose, Cal. 

Classi­
fication 
For This 
Report 

III 
II 

III 
II 
II 

II 
III 
III 
III 
II 

III 
III 
III 
III 
III 

I 
I 

III 
II 

III 
IV 

III 
III 
III 
III 

I 

IV 
IV 
II 

III 
III 
III 

II 
III 

I 
III 
III 

III 
IV 

III 
III 

I 

NOTE: Classifications and associated information arc de tailed 
in Appendix B. 
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EXHIBIT 9-C % OF FIRMS' BUSINESS IN TUNNEL! i~G 
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 raeant 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 

GROUP DESCRIPTION 

I 

II 

III 

IV 

V 

Tunnel Specialists. 

These firms restrict their practice 

solely to tunnel work or it is a 

major part of their total work and 

revenue. 

Substantial Tunneling Involvement. 

These are major engineering firms 

or are smaller firms. What they 

have in common is substantial, on­

going tunnel project work. 

Active In The Industry. 

This category includes firms which 

have had several tunneling projects 

but don't maintain an extensive 

capability continuously. 

Some History Of Act i vity . 

Firms with one or two projects 

involving tunnels either now or 

in the firm's history. 

Not Included. 

Now classified as constructors. 2 

No tunnel experience or interest. 2 
Listed as engineer but all tunnel 
work is subcontracted. 

Described their SF 251 informa- 2 
tion as "p ublic relations - li e s". 

Refused to cooperate. 1 

NO. OF 
FIRMS 

5 

8 

25 

4 

7 

NO. WITH 
WMATA WORK 

3 

7 

19 

2 

0 
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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 

i'.W. OF 
PROJECTS 
1970-75 

0 
1- 10 

10- 50 
50-100 

1965-1970 

0 
1- 10 

10- 50 
50-100 

1~UMBER OF 
1-JO. Firms 
with hard 
rock ex-
perience 

0 
19 

5 
1 

3 
17 

4 
2 

TU,mELI NG PROJECTS 
No. Firms No. Firms 
with soft experienced 
ground ex- in both 
perience 

0 
28 

5 
1 

4 
24 

5 
2 

0 
20 

5 
1 

2 
19 

4 
2 

Total 
No. of 
Firms 

0 
34 

5 
1 

6 
29 

4 
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 

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 

PERMANENT TUNNELING STAFF 

No. Firms No. Firms No. Firms 
with hard with soft experienced 
rock ex- ground ex- in both 
perience perience 

10 17 10 
8 9 10 
4 3 6 
3 4 4 
l l l 

EXPERIENCED TUNNEL STAFF 

5 11 
9 10 
5 7 
4 4 
l l 
2 2 

YEARS I r·J TUNNELi i~G 

3 
13 

9 
l 

4 
18 
12 

l 

5 
5 
5 
4 
l 
2 

2 
16 

8 
l 

DURATION OF TUNNEL CAPABILITY 

Total 
No. of 
Firms 

24 
9 
4 
4 
l 

13 
14 

7 
4 
l 
2 

7 
22 
12 

l 

The large majority of firms have a tunneling capability that 
has existed for at least 10 years. Only five firms have less 
than a five year involvement. 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 comparati~e information about the forty-one 
firms is included in Appendix B. 
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CONCLUSIONS 

1. 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. 

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

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

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

5. 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. 

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

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

8. 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 CO~TRACTORS IN TUNNELING 

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

EXHIBIT 10-A 

Guy F. Atkinson Co. 
Gordon Ball, Inc. 
Bechtel, Inc. 
Brown & Root, Inc. 
Dravo Corporation 
Fenix & Scisson 

FI RMS HIT!! HARD ROC!( TWHffL EXPERI UJCE - 1s 

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'll build ports, dams, tunnels, airports, etc. Important, but 
smaller, 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 

Amer ican Structures 
Armco Steel Corp. 
Gordon Ball Inc. 
C.C. & T. Const. Co. 
Capitol Tunneling 

Cooper Const. Co. 
DiMarnbro Const. 
Dravo Corporation 
Eastern Tunneling 
Fattore Const. Co. 

J. ~- Foste r Const . 
D. J. Franks 
Fruin-Colnon Corp . 

SOFT GROU~!D TLJrHffL CGrff RACTORS - 39 

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. 

!·1ole Const. Co. 
Morrison-Knudsen Co. 
Paschen Contractors 
Perini Corporation 
Re liance Underground 

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

Thall e 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. Co nstruction Co. 

(Subcontracting Only) 
Capitol Tunneling Company 

Andrew Catapano Co. 
Cayuga Construction Co. 
Cementation Co. o f America 

(Mine Shafts, Development 
& Grouting) 

Cooper Construction Company 
Carl Decker Inc. 

(Also builds Moles 
& other equipment) 

DiMambro Contractors, Inc. 

Dravo Corp. 

Fred Early Co mpany 
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, Tex as 
Luthersville, Md. 

Columbus, Ohio 

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

Mt. Clemmens, Mich. 
Detroit, Mich. 

Oak Park, Mich. 

Nev ille Island, 
Pittsburgh, Pa. 

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

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. 

TUNNEL CONTRACTORS IN THE U, S. 

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, Ill. 
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 

Mole Construction Co. 
Morrison-Knudsen Co., Inc. 

P & Z Construction Co. 

Paschen Contractors 
Perini Corp. 
Pioneer Corp. 

HEADQUARTERS LOCATION 

Romulus, Mich. 
Boise, Idaho & 

Darien, Conn. 
Baldenburg, Md. 

Chicago, Ill. 
Framingham, Mass. 
Charleston, W. Va. 

(Formerly Mountain States Construction Co.) 

Raymond International Inc. 
(Primarily Sunken Tubes) 

Reliance Underground Construction Co. 
S & M Constructors 

J. E. Seiben, Inc. 
J. F. Shea Co. 

Slattery Associates 
(Highways, Bridges, Foundations) 

Square Construction Co. 
J. Rich Steers, Inc. 
Thalle Construction Co. 

Tomaro Contractors, Inc. 
Traylor Bros., Inc. 
Nella L. Teer Co. 
Walsh Construction Co. 

CONTRACTOR REVENUES 

Houston, Texas 

Elk Grove, Ill. 
Solon, Ohio 

Leawood, Kansas 
Walnut, Calif. & 

Wash., D. C. 
Maspeth, N. Y. 

Baltimore, Md. 
New York, N. Y. 
Briar Cliff Manor, N. Y. 

Cudahy, Wisc. 
Evansville, Ind. 
Durham, N. C. 
Darien, Conn. 

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 
NO. OF ALL OTHER TUNNEL CONTRACTORS 

GEOGRAPHIC OPERATING AREAS 

15 20 

HARD ROCK WORK 

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

EXHIBIT 10-E PRINCIPAL GEOGRAPHIC OPERATING AREA 

NATIONAL 

EAST 

MIDWEST 

WEST 

INTERNATIONAL 

0 5 
LEGEND: SAME AS EXHIBIT 10-D 

10 15 

.. . . 

20 

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 

1965 

1975 

Contractors who 
have done hard 

rock work 

251 

537 

TUNNEL STAFFS OF CONTRACTORS 

All other 
Tunnel 

Contractors 

386 

1033 

Total 

647 

1470 

The above figures were developed during face-to-face and tele­
phone interviews with tunnel contractors. They should be qual­
ified to include: 

a. Difference in definition. This study probed the num­
ber of permanent or key employees related to their tun­
nel work or capability. This includes key job holders 
as defined in Chapter 7. 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. 

b. 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 qualifying comments above. 

EXHIBIT 10-G 

1965 

Sixty-five contractors 618 
Fenix & Scisson, Inc. 30 
Armco Steel Const. Co. 50 
Bechtel Corporation 50 

*Mostly nuclear-related work. 

TUNNEL STAFF GROWTH 1965-1975 
1975 

1380 
120 
150 
100 

Growth 

762 
90 

100 
50 

% 

123 
400* 
200 
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. 

N. Y., N. Y . 
N. Y., N. Y. 

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 tunn81 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 participate in this market, it is usually to extend 
use of a product which they also sell in other markets. Tunnel 
construction itself is not a sufficient market to support the 
costs of product development normally associated with large com­
pany efforts. 

Interviews with suppliers established the facts reported above. 
A summary of equipment and special supply items and of the com­
panies that furnish them is included in Exhibit 11-2. Those 
suppliers who concentrate in this market act as sources of tech­
nical information and informal communication. Contractors tend 
to spread their business around to assure access to this infor­
mation and so that the suppliers will provide the occasional quo­
tation on a single small item the contractor needs. 

The principal supply problems stem from delivery delays. Except 
for temporary shortages of plywood and steel forms noted above, 
the only persistent difficulty is in the long lead times asso­
ciated with moles (tunnel boring machines). When a major job is 
divided into sections, each contractor handles procurement for 
his own job. There are reports that some owners are considering 
ordering the mole for the job and furnishing it to the contractor 
finally selected to cut that delay. Several engineers (but no 
contractors) have suggested that some supply items be purchased 
and provided as government furnished items. 
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Exhibit 11- A EQUIPMENT USED IN BUILDING TUNNELS 

ITEM 

SHAFTS 

Sinking Frame 

Sinking Hoists 

Shaft Jumbo 

Steel Ribs - Roof Bolts -
Steel Forms 

HAULAGE 

Mine Cars 

Car Dumpers 

Rails, Turnouts, etc . 

LHD (Load-Haul-Dump) 

Belt Conveyors 

LOCOMOTIVES - Battery 

LOCOMOTIVES - Diesel 

MUCK HOIST 

Headframe 

Mine Hoist 

Cage-Skip-Bins 

Measuring Pocket 

Inclined Shafts 

BREAKING ROCK 

Drill Jumbos 

Drills, Booms & Drill Steel 

Explosives 

Air Compressors - High 

LOADING MUCK 

Mucking Machines 

Belt Conveyors 

SOFT GROUND 

Tunnel Shields 

Erector Arm 

Hydraulic Jacks 

Back Hoe 

Pea Shooter 

KEY 

D 
s 
0 
? 

Dedictated: Special 
Standard 
Probably Not Required 
Questionable 

Shot Crete 

-
Soft Rock Metal Coal 

Ground Tunnels Mines Mines 

D D D D 

s s s s 
0 D D D 

s s s s 
D 0 s s 

s s s s 
s s s s 
s s s s 
s s s Battery 

0 0 0 s 

s s s s 
? s s NO! 

D D D D 

s s s s 
s s s s 
s s s s 

s s 

D D D 0 

s s s s 
s s s Permissable 

s s s s 

0 s s s 
s 0 0 s 

D 

D 

s 
D 

s s 
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Exhibit 11-A (Cont.) EQUIPMENT USED IN BUILDING TUNNELS 

Soft Rock 
ITEM Ground Tunnels 

GROUND SUPPORT 

Segments: Iron or Steel D 

Segments: Pressed Steel Liner Plate s 
Segments: Pre-Cast D 

Ribs-and-Wood Lags s 
Steel Ribs 

Roof Bolts 

Shot Cr ete 

CONCRETE LIN I NG 

Stee l Forms D 

Concrete Pump or Gun s 
Agitator Cars s 
Concr ete Ca r s s 
Pnewnatic Grouters s 
Grout Mixer & Pwnp s 
Mixing or Batch Plant s 

SUB-AQUEOUS 

Air Locks - Muck D 

Air Locks - Man or Escape D 

Medical Lock D 

Low-Pressure Ai r Compr es s o r D 

TUNNEL BORING MACHINE 

"Moles" * D * 
Coal Cutters 

* A Tunnel must be at least 1-1/2 miles in length 
before a Mole becomes cost compet itive because 
o f the high initia l cost. 

KEY 

D Dedica ted : Spec ial 
S Standard 
O Probably Not Required 
? QuestionJbl8 

s 
s 
s 
s 

D 

s 
s 
s 
s 
s 
s 

D * 

Metal Coal 
Mines Mines 

s s 
s s 
s s 

s 
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MOLES 

At one time or another since the end of World War II, at least 
seven firms have offered for sale various models of mole (the 
popular industry term for tunnel boring machines). Here is 
their status, as of January 1976. 

CAL-WELD. Made large TBMs. Has dropped out of the business. 

CARL GRAYS . Builds small moles for clay. Popular with Great 
Lakes area contractors. S & M (owners of Jarva) goes to Carl 
Grays for its small mole requirements. 

DRESSER INDUSTRIES. Made one mole for the Navaho tunnel. There 
were operating problems requiring expenditure of considerable 
added f~nds and the company chose to drop the product. 

JARVA MACHINE CO., Salon, Ohio (216-248-0166) is long established 
in the mole business and is currently building a 30' mole for a 
deep tunnel in Chicago. 

LAWRENCE MOLE. The first product was developed in Alaska about 
1950 for coal mines. A second-generation machine was introduced 
in 1959 and worked very well in soft rocks. It did not work well 
on the New York City tunnel between Brooklyn and Staten Island 
because of hard rock encountered. After 750' the machine was 
taken off the job. In 1966, Ingersoll-Rand purchased the then­
troubled Lawrence Company to add to its product lines. They 
currentl y are reported hard at work on vertical raise borers 
but have no near-range plans to develop or market a tunnel mole. 

ROBBINS MOLE, Seattle , Washington (206-767-7150) is the sales 
leader in this country and reports doing considerable export 
business to Europe, Japan and Australia. Their January 1976 
delivery lead time on new machines is f rom eight to twelve 
months, depending o n the size of the machine. The company's 
original boring machine product was brough t out for use in coal 
mines in 1947. The first tunnel mole was introduced in 1952. 

TE RRA-FORM FOOTING CO., Clinton, Michigan (517-456-4161) builds 
moles for use in clay. Their lead time for new machines is four 
to six months. In 1975, they built three machines ranging from 
4-1/ 2' to 15-1/2' and they now (1976) hav e in production a 12-
1/ 2' machine for Navaho to be used in soft sandstone. (Often 
called Scott moles after their builder, Loran Scott.) 

There are several manufacturers in Europe. Only one of their 
machines (a mini-tunneler) is known to be in the U. S ., and it 
is not in use. Overseas manufacturers do market in the U. S ., 
but their prices and delivery delays exceed those of domestic 
sources. 

In Exhibit 11-2 (Specialized Manufacturers) the major explosives 
firms are included , although their product is not restricted to 
use in tunnel wo rk. They provide unique technical services as 
part of the sale . · 
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EXHIBIT 11-B 

ITEMS - SHAFT 

Sinking Frame, Shaft Jumbo, 
Steel Forms 

ITEMS - HAULAGE 

Mine Cars 

ITEMS - LOCOMOTIVES 

Battery, Diesel 

ITEMS - MUCK HOIST 

Headframe, Mine Hoist 

ITEMS - BREAKING ROCK 

Drill Jumbos, Drills, Booms & 
Drill Steel, Air Compressors­
High 

ITEMS 

Exp losiv es 

ITEM - LOADING MUCK 

Mucking Machines 

ITEM - SOFT GROUND 

Tunnel Shields, Erector Arm, 
Back Hoe 

ITEM - GROUND SUPPORT 

Segments: Iron or Steel, Seg­
ments: Pr e ssed Steel Liner 
Plate, Segments: Pre-Cast, 
Ribs-and-Wood Lags, Steel Ribs, 
Roof Bolts, Shot Crete 

SPECIALIZED MANUFACTURERS 

MANUFACTURERS 

Card Car Company, Elgood-Mayo, 
Ray Moran 

Card Car Company, Elgood-Mayo, 
Ray Moran 

Elgood-Mayo, Jeffrey, Mancha, 
National Mine, Plymouth 

Coeur-d-Alene, Elgood-Mayo, 
Nordberg, Wallman-Seavers-Morgan 

Atlas-Copcos, Chicago Pneumatic, 
Gardner-Denver, Ingersoll-Rand, 
Joy Manu f acturing 

duPont, Hercules, ICI America 

Conway, Eimco 

Elgood-Mayo, Memco, Milwaukee 
Boiler 

Armco Steel, Commercial, Repub­
lic Steel, Bethlehem Steel, U. 
S. St eel , San- ~2u : 
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EXHIBIT 11-B (continued) 

ITEM - CONCRETE LINING 

Steel Forms, Concrete Pump or 
Gun, Agitator Card, Concrete 
Cars, Pneumatic Grouters, 
Grout Mixer & Pump, Mixing or 
Batch Plant 

ITEM - SUB-AQUEOUS 

Air Locks-Muck, Air Locks-Man 
or Escape, Medical Lock 

ITEM - AIR COMPRESSORS 
(General and Low Pressure) 

FINANCIAL SERVICES 

SPECIALIZED MANUFACTURERS 

MANUFACTURERS 

Blaw-Knox, Econo-Forms, Elgood­
Mayo, Ewing Record 

Elgood-Mayo, Memco, Milwaukee 
Boiler 

Chicago Pneumatic, Gardner­
Denver, Ingersoll-Rand 

A crucial raw material for tunnel builders is money. Though one 
legendary firm handles very large jobs wholly on a self-financed 
basis, most need to borrow or have other forms of help. The prin­
cipal sources are: 

Retained earnings and equity investment capital 

Progress payments by owners or other contractors 

Project financing or term loans from banks 

Leasing of equipment from third parties 

Fast collections and slow payments to others 

MAJOR SOURCES OF MONEY 

Progress payments and bank financing are the big sources of work­
ing capital to tunne l contractors. The need for cash flow is 
what leads to much of the unbalanced bidding that goes on. (Un­
balanced bidding is explained in Chapter 12.) 

Leasing is a growing money source. It enables contractors to 
have the use of equ ipment without having to purchase it out­
right or finance it and show debt on their balance sheets. 
Commercial firms, bank-related lessors, captive sister firms 
and others with which the contractor is associated are used. 
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The practice of being a "slow pay" is highly developed in the 
industry, but professional cash management techniques are grow­
ing and this is becoming more difficult. 

BANKS VERY ACTIVE IN HEAVY CONSTRUCTION 

For lending in the $10-20,000,000 range 

Most active: 
Also active: 

Morgan Guaranty, Bank of America, 1st of Chicago 
Chase Manhattan 

For lending in the $2-10,000,000 range 

Continental Illinois-Chicago, First National Bank of Boston, 
First Pennsylvania-Philadelphia, Hartford National Bank, 
Republic National-Dallas, Riggs Bank-Washington, D. C., 
State Bank of Albany, N. Y. 

For lending in the under $2,000,000 range 

Local banks with sufficient lending capacity provide most 
loans in the lower ranges. 

BONDING 

The management of risks in tunnel projects requires prior arrange­
ments to prevent losses if possible and to determine who will bear 
any losses experienced. Bonding and insurance companies are among 
the important specialized suppliers involved here. For this study, 
the focus is limited to the role of bonding companies. 

Bonds (or surety arrangements) are required either by owners or 
by financing sources to guarantee both completion of the work 
(performance bonds) and payment of all of the subcontractors, 
suppliers and others involved (payment bonds). Generally con­
tractors are required to post a performance bond with their bids 
for 100% of the bid price. Payment bond requirements vary but 
have a $2.5 million limit at present. 

The prime task of the surety firm (bonding company) is prequali­
fication of contractors for project owners. The general public 
thinks the surety's function is to pay off the owner in case of 
non-performance of the work. However, success for a bonding com­
pany is to avoid certifying as qualified any individual or organ­
ization not likely to perform. The owner will take money as set­
tlement for non-performance if there's no other choice. But what 
owners want is performance: on budget, on time. 

To make these judgments about qualifications for a given job the 
surety firm must know both the business and the contractor well. 
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This leads to long-term relationships. They are like those be­
tween clients and other suppliers of specialized, professional 
services like accounting, consulting or legal work. The bond­
ing company has a great deal of control over the bidding abil­
ity of a small contractor; much less so for larger firms. 

Surety firms participating in heavy construction work are di­
vided into two groups, reflecting price differences. The "bu­
reau" companies use an agreed set of rates that has been estab­
lished using the industry's long-established practices of work­
ing through associations known as rating bureaus. These rates 
are higher than those used by companies that do not partici­
pate in the rating arrangement (at the $20,000,000) point the 
price difference between the traditional bureau firms and the 
independent "non-bureau'' firms pretty much disappears. 

The leading bonding firms in terms of cu~tomers and coverage 
are three bureau member firms (Aetna Casualty, Travelers and 
U. S. F. & G.) and three non-bureau firms (Federal, INA and 
Seaboard). 

EXHIBIT 11-C 

Level of Coverage 

Up to $ 100,000. 

Next 2,400,000. 

Next 2,500,000. 

Next 2,500,000. 

Over 7,500,000. 

RATES FOR CONTRACTOR BONDS 
Bureau 

Rate per $1,000 

$10.00 

6.50 

5.25 

5.00 

4.70 

Non-Bureau 
Rate per $1,000 

$7.50 

5.20 

4.50 

4.40 

4.20 

Non-bureau discount schedules range from a high of 25 % off to a 
low of 10 % of f . Average discounts are in the 15-17 % range. 

Also mentioned as prominent in construction surety related to 
transportation and tunneling were: American ~eneral, Fidelity 
& Deposit, Firemen's Fund, Hartford A & I, Maryland Casualty, 
Reliance and the St. Paul Companies. Most of the surety compan­
ies are affiliates of much larger finance and insurance groups 
of the same name. In some cases the parent or sister companies 
have unrelated names. Here are some examples (the parent or sis­
ter firm is in parentheses): Federal (Chubb); Firemen's Fund 
(American Express); and Seaboard Surety (a subsidiary of Home In-
surance Company which is, in turn, controlled by City Investing 
Company). 
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The major insurance and financial firms active in heavy construc­
tion surety work also are among the world's leading lending organ­
izations. However, there is generally no financing provided to a 
contractor by his surety firm. 

BONDING CAPACITY 
The limit on bonding capacity of any one surety for a given pro­
ject is set at ten percent of its capital and surplus. With the 
increase in size of jobs, and accompanying bond requirements, this 
has stretched tight the capacity of sureties. For example, a firm 
with a limit of $9.5 million faced with a request for coverage of 
$15.0 million by a firm it had qualified, had to pool the re­
sources of three of its sister firms (subsidiaries of the same 
parent) to take the business. 

Because so much heavy construction, and virtually all tunneling, 
is owned or financed by governmental agencies, the u. s. Tread­
ury is involved in establishing surety bonding limits. The U. S. 
Treasury Department publishes a list of companies that are ac­
ceptable as sureties on federal bonds. (See Appen ix F). 

The list shows company names and addresses, states in which the 
firms are properly licensed and in compliance, and their under­
writing limitations. The limit is net on any one risk, not on 
total business. Each July this list is revised and published 
in the Federal Register (Surety Companies Acceptable on Federal 
Bonds) . 

BUSINESS SERVICES 
Like most other businesses, tunnel contractors find that they 
are using more outside services each year and the trend is up. 
Some of these services are to help them manage complex projects. 
Use of computers in purchasing, scheduling and similar applica­
tions is growing. Other services relate to make-or-buy produc­
tivity choices, like the use of rented portable toilets. Still 
others are the by-product of new needs, of which guards with dogs 
is an example. 

CONCLUSIONS 
1. General equipment suppliers supply to the entire construction 

industry. Their potential market is quite large. 

2. The market for some special equipment suppliers is small and 
erratic. This discourages investment in R & D, since the 
probable payoff is not sufficient. 

3. Availability of operating cash and of performance bonds is 
essential to a contractor. Bonding companies have consider­
able influence on small contractor bidding. 

4. Availability of working capital is not a problem to an ex­
perienced, healthy firm, although the interest rate is very 
high. 

5. The surety firm has as its prime task the prequalification 
of contractors for project owners. 
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Exhibit 11- D View of the outside of bulkhead. The man lock is in the upper right , 
the emergency lock upper center and the muck lock lower center. 
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Chapter 12 

BIDDING, BONDING & CONTRACT CONDITIONS 

For tunnel contractors, competitive bidding is a way of life. 
That is the purchasing system currently required for almost 
all public agencies. Pressure is building for changes in this 
approach but no major breakthrough appears to be close to oc­
curing. The long lead time in the major projects and the fact 
that virtually all tunnel construction now is publicly financed, 
means that contractors know about proposed work well in advance 
of the time that the project is officially advertised. 

Three classes of decision are made: 

A marketing and business strategy decision 

Technical decisions and assessments 

A bid-no bid business risk decision 

The approaches to the business risk decision used by ten firms 
are discussed in Chapter 13. 

MARKETING AND BUSINESS STRATEGY DECISIONS 

Bid development is an expensive process. It takes a lot of the 
time of the most talented people in the business and there is 
also out-of-pocket expense for travel, communication, and re­
lated expense. When a developing prospective bid opportunity 
becomes known the marketing questions are: Do we want this 
business during the time the job probably will be active? Do 
we have the money and the people if we get it? 

A company seeking to change its mix either toward or away from 
tunneling will have a market objective. So, too, will one 
which wishes to extend into, or withdraw from, the geographic 
area where the job will be. Business strategy considerations 
will involve the prospective impact of this project on the rest 
of the business and how having, or not having, that work will 
affect other corporate objectives. These sometimes include 
getting into joint ventures or working with specific people or 
firms. 

A firm might not even bid on a job offering normal expected 
profits. (Actual corporate strategies are discussed in Chap­
ter 13.) Let's look at a simple analysis a management might 
make. The planned tunnel project offers an expected profit 
with some degree of uncertainty. To even prepare a bid re­
quires a sizable investment, and to handle the job, if it is 
awarded, will require a substantially larger financial commit­
ment. 
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Other things being equal, the contractor won't consider the job 
unless the rate of return on his investment is equal to or 
greater than the rate for alternative jobs. These other choices, 
for most firms are either other tunnels or heavy construction 
jobs and may be either domestic or international. If the rate 
of return on the job being considered is greater than that on 
other choices, the contractor still might decide not to bid on 
the basis of this job's perceived greater uncertainty. 

Construction firms which have survived and prospered develop a 
conservative approach. They will not bid, or will bid high, if 
they feel there's a serious risk of a loss which could cripple 
or bankrupt the firm. In tunneling, uncertainty is higher than 
in other types of heavy construction, both because of geology 
and the inability to easily correct or adjust operations, due 
to the constraints of tunnel driving. 

So, if the cost of bidding the job will be high and the firm's 
recent bid success rate has been low, and if the firm does not 
have a serious pote ntial cash flow problem, the bid opportunity 
frequently will be by-passed. 

TECHNICAL DECISIONS AND ASSESSMENTS 

The professional and t e chnical judgments begin with the infor­
mation available about the project and its objectives. After 
a job is advertised there is substantial detail available from 
the owners. Estimating decisions have to be made about each 
cost detail to build up field labor, materials, equipment and 
services costs. These will be affected by the way t h e owner 
handles such i terns. For example , some mvners are beginning to 
furnish more items themselves. Others are specifying the unit 
costs for certain supply i terns in advance. (See also Chapter 7) 

If a fixed-price b id is require d, even with labor and materials 
escalation clause s, unfore seen subsurface conditions can create 
havoc and enormous losses. Ris k considerations aside, the sub­
surface conditions also affect equipment, labor and time require­
ments. For example , if water is encountered unexpectedly there 
is a delay while the dewate ring specialists dry the area. Addi­
tional pwnps or different equipment or supplies may have to be 
purchased or rented. La b or time is lost. 

A crucial set of technical decisions involves geological data. 
Good geological data is often expensive to acquire and generally 
not available in large quantities. Even when it is available, 
it must be interpreted by experts and their judgment sometimes 
is fallible. There is increasing pressure from contractors to 
have all of the owner's geological data made available to bid­
ders. The argument advanced is that this would reduce the prob­
ability of encountering surprises and ameliorate the adversary 
climate that so often prevails. 
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"We ran into shale unexpectedly. The core samples had been 
taken improperly and showed clay. It turned out that the 
geologists' field men used a new power auger to drill for the 
core samples. The power auger ground the shale and brought 
it up looking like clay." 

Preparing a bid doesn't commit the contractor to submit it. 
In fact, contractors sometimes have their office people prepare 
bids largely for practice or training. Once the cost estimate 
is prepared, great attention is focused on potential trouble 
areas: water, soil, labor problems or anything that has to be 
considered in the risk premium part of the bid pricing. If 
the technical and operating people are satisfied, their recom­
mendations and data are forwarded to management for administra­
tive,strategic, and pricing decisions. 

PROJECTING THE CASH EFFECT OF A CONTRACT 

The estimating process was described in Chapter 7. When the 
best estimate of costs to undertake and to complete a job has 
been made, some judgments and analysis about office overhead, 
profit required, and risks associated with the job have to be 
made. As part of this task, a projection of cash effects of 
the contract is an essential management practice. All labor 
and materials payments, equipment use charges, subcontractor 
payments, supply and service purchases, and overhead charges 
have to be laid out on a spread sheet. 

Estimates of customer billings, payments, retentions, etc., 
also have to be made. This is a project v ersion of a regular 
corporate cash flow projection. The cumulative cash effect 
of the job at each time period has to be estimated. Properly 
done, this shows how much cash is needed, and at what periods. 
This is essential for good financial planning and cash manage­
ment. A three month segment of a project's cash flow is shown 
in Exhibit 12-A. 

Billings to the owner are made monthly (in this example) on 
the basis of percentage of completion of the job and this is 
subject to verification by the engineer or the owner's in­
spectors. Usually this is computed by comparing cash costs 
for the period (and cumulatively to date) with the agreed total 
estimated cost. In the example in Exhibit 12-A (a small job 
for a tunnel contractor) the cash invested by Week 12 will 
reach $185,000. This assumes a good cost estimate and an 
award on all of the terms planned. 

Does the contractor have enough money to finance this? If 
not, can he borrow it? At what cost? In the 1970's money 
costs of 12-18% for project financing are common and higher 
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Exhibit 12-A 

Week Direct 
Labor 

l 2,500 

2 3,750 

3 5,000 

4 6,250 

5 10,000 

6 10,000 

7 15,000 

8 15,000 

9 15,000 

10 17,500 

11 20,000 

12 20,000 

13 10,000 

Materials 

10,000 

70,000 

20,000 

80,000 

50,000 

PROJECT CASH FLOW FORECAST 

Equipment Subcontracts Supplies & Overhead 
Use Services Charges 

3,750 

6,250 

5,000 

4,000 

7,500 75,000 5,000 4,000 

3,500 

22,500 6,250 3,500 

3,500 

25,000 100,000 7,500 3,500 

3,000 

25,000 8,750 3,000 

3,000 

20,000 100,000 7,500 3,000 

NOTE: This indicates when the money is expected to be paid out. 
It reflects payroll dates, normal supply credit terms, etc. 
Numbers in parentheses indicate receipts or net positive 
balances of cash. The cash problems caused by late pay­
ments by owners are apparent. 

(FIRST THREE MONTHS) 

Planned Net Cash 
Billings Investment 

6,250 

16,250 

26,250 

36,500 

(146,500) 1,500 

15,000 

132,250 

150,750 

(317,000) 4,750 

25,250 

162,000 

185,000 

(417,000) (41,500) 



costs are not unknown. Has the cost of such borrowing been in­
cluded in the bid price? It is a legitimate cost but might 
make the contractor's price too high to win the job. 

The firm may tie up its own money without a return in order 
to get the job. A proper bid should include the cost of money 
on the firm's own funds. That is, the same return it would 
earn if on deposit with full safety, plus the market risk fac­
tor. Contractor surplus funds on deposit in 1975 could earn 
about 8% without risk. Project borrowing, if available, would 
cost about 17%. Thus the market risk premium is 9%. A contrac­
tor who ties up his money without including that 17% cost is, 
in effect, cutting his price. 

Another alternative money source is the owner. Contractors, 
some engineers, and others interested in the industry are urg­
ing that owners provide more of the cash flow requirements. 
Some owners with large continuing construction programs have 
begun to provide more mobilization mone y , reduce retentions, etc. 
Still another source of money is to get a partner. As the size 
of jobs has increased and outrun contractor resources, the ab­
solute number of joint ventures has increased. 

So, the contracting firm considering its cash needs has these 
options: 

1. Use its own working capital to finance the job (with 
or without a return on the funds equal to market rate.) 

2. Borrow the money f rom a bank o r o ther source. 

3. Obtain adv ances (mobilization , e tc.) from the owner. 

4. Joint v enture with anothe r contracting firm. 

5. Obtain funds from the owner by unbalancing the bid. 

UNBALANCED BIDS 

This last option involve s so structuring the bid as to bring 
in money in excess of the amounts being spent and create a 
positive cash flow, or a lessened negative cash flow. 

In Exhibit 12-A t he contractor, billing on an estimated per­
centage of completion method, requires $185,000 in working 
capital for the p roj e ct cash flow at its high point for the 
three-month per iod . This is deriv ed from a time-array of costs 
which origina ll y were estimate d from work items in the specifi­
cations. For example, let's assume there are five work items 



(normally there are many more). Exhibit 12-B shows the work 
items, profit and bid price. This would be before the decis­
ions about uncertainty, competition, etc., which might further 
alter the bid price in either direction. 

Exhibit 12-B WORK ITEM PRICES (COST ESTIMATE) 

Work Estimated Estimated Unadjusted 
Item Cost Profit Bid Price 

A 140,000 14,000 154,000 

B 110,000 11,000 121,000 

C 60,000 6,000 66,000 

D 115,000 11,500 126,500 

E 50,000 5,000 55,000 

TOTAL 475,000 47,500 522,500 

Unbalancing is accomplished by moving some costs or allowable 
billing items ahead in time. It involves manipulating several 
variables. In Exhibit 12-A the work items were broken into 
components such as labor, materials and equipment and spread 
by week of payment. Profits and risk premiums are included in 
that display. 

To unbalance the bid adjustments are made in work items (12-B), 
then are tried for effect on cash flow projections (12-A) until 
the desired combination, or best available, is reached. Exhibit 
12-C shows these computations in part. It is based on taking 
the profit for work items A through E ($47,500) and attributing 
it all to items A and B. The allocation used is to add $25,000 
in profit to Item A, $22,500 to item B, and bid items C, D, and 
E with no profit. Total bid effect is the same, ignoring other 
considerations. 

Exhibit 12-C CASH GENERATED FROM UNBALP.NCED BID 
Work Percentage Balanced Unbalanced Increase In Cash 
Item Completion Bid Price Bid Price From Unbalance 

A 75 % 115,500 134,250 18,750 
B 25 % 30,250 35,875 5,625 
C 10 % 6,600 6,000 ( 6 0 0) 
D 5% 6,325 5,750 ( 5 7 5) 
E 7.5 % 4,125 3,750 ( 3 7 5) 

TOTAL 162,800 185,625 22,825 
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This exercise takes a few hours. The cost of money for $23,000 
for three months is over $1,000, while the cost of an estimator 
to unbalance the bid is probably $50 for the time spent. It's 
an excellent return on the investment for the contractor. A 
growing body of opinion opposes unbalanced bids but the reality 
of cash flow costs and pressures suggests they'll be with us 
for some time to come. Other factors of bid-no bid decisions 
are discussed in Chapter 13. 

RELATIONSHIP OF BIDS TO PROFIT HISTORY 

When a tunnel job to be bid is similar to other work recently 
performed, the contractors' informal but active network is a 
factor in bid preparation. The high rate of transfer of people 
among firms means that everybody has friends working for other 
firms. Secrets are hard to keep. So, an informed opinion can 
be developed as to whether a contractor is doing well on a 
given job. If he is, the bids on a similar job will reflect 
this and will incorporate all that was learned from the bid 
openings of the earlier job. 

Veteran tunnel men say that you can tell that a job is like 
another one that has been profitable when you see a very narrow 
spread of bid prices. Here's an example from the Metropolitan 
Sanitary District of Greater Chicago for rock tunnels and shafts. 
Bids were opened Janunry 6, 1976. 

Engineer's estimate $18,000,000 
Bidder No. 1 21,371,607 
Bidder No. 2 21,420,345 
Bidder No. 3 21,888,113 
Bidder No. 4 21,916,275 

If a contractor is losing money on a job the early signals 
are conversations about the need to modify the contract due 
to changed conditions. If that isn't fruitful, claims usu­
ally follow and may lead to actual litigation. 

ENGINEERING LIABILITY 

The contracting firm is highly sensitive to the fact that a 
key part of the normal bidding process is actually the trans­
fer of risk from the owner to the contractor. This transfer 
is surrounded by various kinds of insurance coverage, per­
formance bonds and payment bonds. Also in the risk picture, 
to a lesser degree, is the engineering firm and all consulting 
and specialty engineers. Errors and omissions insurance cov­
erage used to be optional. 
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Now the engineering firms face a dilemma. Most can't choose to 
be "naked on the risk", i. e., without errors and omissions in­
surance. Owners generally require such coverage. At the same 
time, E&O coverage is increasingly difficult to obtain and its 
costs are escalating. In December 1975, E&O premiums were equal 
to 4% of engineering hourly billing rates in the firms checked. 

A general fear surrounds professional liability insurance. The 
experiences of insurance carriers and state regulators with 
medical, legal and accounting firm losses have led them to be 
wary of architects, engineers and consultants. Anyone handling 
the design, inspection or supervision of a heavy construction 
project is in a risky business. However, tunnel engineers tend 
to believe that the troubles with Boston's John Hancock building 
have as much to do with E&O costs as does the 1975 tunnel failure 
in upstate New York. This is because most carriers don't discrim­
inate among types of design work. 

Principal professional liability insurance carriers are with­
drawing from the field, putting through enormous rate increases, 
and stiffening requirements for acceptance as covered risks. 
In the BART project in San Francisco, engineers' errors and 
omissions coverage was provided as part of a full project "wrapup" 
insurance program developed and paid for by the project owner. 

PERFORMANCE AND PAYMENT BONDS 

The importance of the surety function was demonstrated anew in 
1975 when there was only one bidder for a major tunnel project 
in the northeastern United States. The others who had been ex­
pected to bid could not obtain bonds. Decisions as to whether 
or not a contractor is qualified to perform a given job are im­
portant to four groups: 

OWNERS - who want assurance of performance that is made 
by an independent third party. 

CONTRACTORS - who ar e dependent on bonds to qualify as elig­
ible to bid. No bond, no work. 

FINANCIERS - who need an independent check on firm qualifica­
tions and probabilities that things will go well 
on the project that they are financing, plus a 
contingency cover if things don't go as planned. 

OFFICIALS - public sector executives need to be able to avoid 
political pressures for qualification of the un­
qualified. 

Surety firms maintain close contact with contractors for whom 
they provide bonds. As a bid opportunity becomes known they 
determine how well the contractor can perform. The more im­
portant factor s in their decision are the c ontractor s net quick 
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assets, the proposed project management team, relationship of 
the experience of the people involved and the type of project, 
general operating environment experience of the contractor, an­
ticipated duration of the project, and any social legislation 
objectives involved. 

The so-called acid test of a firm's liquidity and general sound­
ness is the ratio of its net quick assets to its current liabil­
ities. It includes the total of cash, marketable securities and 
accounts receivable, ignoring all other assets. 

Exhibit 12-D NET QUICK ASSETS OF TUNNEL CONTRACTOR 

A Measure of Liquidity ($000 omitted) 

Quick Assets (Cash, Securities & Receivables) 

Current Liabilities 

Quick Ratio (Assets - Liabilities) 

* Source: Annual Report of Dravo Corporation for 1974. 

1974 

111,933 

104,927 

1.07 

1973 

89,998 

91,274 

.99 

After the question "Do they have the money?" (which is answered 
in part by evaluation of net quick assets) comes the question 
"Do they have the people?" Important qualitative judgments must 
be made as to how well and how fast individuals are developing, 
and how devoted they are to this work or this team. The key 
people for the contracting firm are the estimator, project man­
ager, engineers and superintendents, and purchasing specialists. 
Others usually can be hired. The ability to assemble and field 
this team is a crucial part of the contractor's ability to perform. 

Most contractors are cautious and their conservatism is reinforced 
by the surety managers. When a sewer contractor says he wants to 
bid on a cut-and-cover transit tunnel, the surety looks carefully 
at the people and the project. He wants to be sure that the con­
tractor is not taking too large a step beyond his technical ex­
perience or his work-environment experience. Most bonding people 
are relatively comfortable when a competent pipeline or sewer­
building contractor decides to bid a cut-and-cover tunnel. 

They note that the skills of excavations, utility removal, side­
bank stanilizations, and general restoration are much the same 
for both types of job. However, they put a lot of weight on 
differences in environment in which the job will be built, i. e., 
urban vs. rural. 
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One surety specialist gave this example: one of his customers 
is a road builder who works in rural Georgia. For years he has 
had a successful record with roads, sewers, and small bridges 
in the country, including sections of interstate highways, main 
and secondary roads. "He wanted to bid a downtown section of 
MARTA in Atlanta, including a cut-and-cove r tunnel. There's no 
way we'd go along with that. He's a successful country boy but 
doesn't understand cities. He can build the thing but not with 
the complications of city work." The longer the duration of the 
job, the g reater the exposure to problems with people, materials, 
costs and other factors. A native tendency for surety people 
to favor short projects has been magnified by the inflation of 
the Seventies. 

Added complexities of contractor prequalification are due to 
legislative and regulatory changes aimed at social objectives. 
Specific references were made, by people interviewed, to equal 
employment quotas set for specific jobs. While contractors 
are trying to meet the letter and the spirit of the law, their 
actions have the unintende d side effect of reducing competition 
by excluding out-of-towners. 

Another problem is that jobs are getting bigger while bonding 
capacity is shrinking . Ev en after inflation adjustments, 
surety people say job size is growing. (They didn't restrict 
their comme nts to tunnel work, but included other heavy con­
struction, mentioning that sewage treatment plants can now cost 
close to $100,000,000.) Industry capacity has shrunk. On any 
company's bond commitment the limit per project is 10 % of its 
equity and reserves. Several years of inflation, investment 
reverses, and poor loss experience have eroded the industry's 
capital. 

Exhibit 12-E SHRINK IN BONDING CAPACITY 

Example Company 

American Casualty (Reading ) 

American Employers Ins. Co. 

American & Foreig n Ins. Co. 

1974 Capacity 

$5,084 

6,290 

1,734 

Source: Federal Registers, Circular 570, 1974 and 1975. 

1975 Capacity 

$3,159 

3,665 

793 

PERFORMANCE BONDS PROV I DE NEEDLESSLY HI G;-J COVERAGE TODAY, 

This is the unanimous assertion of sure ty people . Th ey conte nd 
that performance bonds covering 50 % of a project's estimated cost 
would be e nough, noting that their worst cas e actua l exposure 
under 100 % coverage is about a 20 % loss. 
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How much of this position is due to the capacity problems noted 
above? Their responses brought out these points: 

a. Premiums for coverage at 50% of estimated project cost are 
the same as for 100% coverage. 

b. Reductions to 50% would indeed improve the capacity situ­
ation of insurance carriers. 

c. In case of a loss of over 50% they expect the carrier would 
pay it anyway so the government won't be tempted to oper­
ate without surety firms. 

d. Their worst case loss is 20% of the face amount of coverage. 

Historically, when a general contractor failed financially on 
a job his subcontractors and suppliers did not get paid. For 
some this caused severe hardship or bankruptcy. The practice 
of awarding jobs to low bidders sometimes increases this risk. 
As a contingency plan, the practice of requiring general con­
tractors to provide a bond for payments up to $2,500,000 arose. 
This added to contractor cost but eliminated most of the need 
for bad debt reserves by suppliers. (These reserves add 2-3% 
to prices.) 

In numerous projects the costs of installed or operating con­
struction equipment exceed $2,500,000. Therefore, the surety 
industry people believe it would be better to have the payment 
bonds guarantee 50% of the cost. They think the premium will 
be about the same either way. 

CONTRACT CONDITIONS AND PRACTICE 

An adversary environment, with enormous amounts of time spent 
trying to outfox the other fellow, frequently prevails. Claims, 
litigation, arbitration, and bankruptcies remain common. Owners 
are angry when they discover or suspect that the contractors are 
unbalancing their bids, playing games with equipment, or doing 
other things to improve cash flow. Requests for data in connec­
tion with this study had to be declined by WMATA officials due 
to pending litigation. 

Contractors are angry when they encounter unforeseen conditions 
(subsurface) and the owner expects them to bear all the extra 
cost. No matter what the contract says, the contractor will try 
to recover it. Engineers, faced with erosion of their tradi­
tional role as the owner's representative, find themselves be­
tween the owner and the contractor and sometimes regarded by both 
as the devil's agent. 

Major federal agencies have been working with some success to 
move away from the adversary environment and toward the team 
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cooperation that projects as large as tunnel building require. 
The Federal Differing Site Conditions clause provides for the 
owner to assume costs associated with subsurface problems that 
couldn't be foreseen. Progress is being made in providing mo­
bilization money at times and in quantities that relieve con­
tractors of financial pressures. Some contractors and engin­
eers had commendatory things to say during our interviews about 
these changes and cited WMATA, BuRec and the Corps of Engineers 
as among those providing arrangements regarded as fair. 

Of increasing concern is the fixed-price contract. This con­
cern seems to be heavily related to inflation. Also of concern 
in bidding decisions is the relatively low level of experience 
of certain state or municipal-owner officials. Where their con­
struction volume is low they can't acquire experience. 

Among common contract provisions which contractors now face 
are: 

Modified definitions of changed conditions. 

Bids stated in cost per linear foot (Schedule A) and 
unit cost (Schedule B). Owners are specifying costs 
on some items such as steel or concrete. 

Escalation clauses intended to cope with inflation or 
changes in labor or materials costs during the project. 

Buying preferences for small business, local business, 
minority firms, etc. 

Modified ways of settling disagreements. There is a 
trend to substitute arbitration for litigation. 

In developing the bid and considering operating conditions on 
the job the contractor must also assess the possible changes, 
delays or costs which might arise from: affirmative action 
rules, community relations activity, environmental rule com­
pliance (noise, dust, mud, air quality), health regulations, 
labor work practices, minority employee groups, operating 
hour limits, safety regulations, security against theft and 
vandalism, and any other conditions which may be imposed con­
tractually or in practice by the owner or which might be en­
forced by regulatory or pressure groups. 

REWARD OFFSET RISKS IN SOME CASES 

The chronic fears of contracting executives that they will 
overlook something crucial which might wreck the company, 
especially in a fixed-price contract, are occasionally offset 
by circumstances which combine good management and luck to pro­
vide a bonanza for the company. Within the last few years there 
has been an example of this that is worth describing. 
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A subaqueous tunnel involving an approach to the water, an 
underwater segment, and an approach on the other side was 
specified by the engineers as requiring compressed air oper­
ation. The contractors bid it on those conditions. After 
work began it became apparent that there was no need for com­
pressed air work in the approaches, though there would be under 
the main body of water. 

The financial impact of this discovery was extraordinary for 
the contractor. Many support costs were eliminated. The per­
missible hours of labor-per-worker-per-shift was double the 
amount in free air that it is in compressed air. The job could 
move much more quickly with associated savings in overhead costs. 
Everyone involved was delighted because of the removal of haz­
ardous work conditions and the other benefits of a free air job 
over compressed air. 

However, it created a political problem for the engineer. Every­
thing was legal and correct, but there would be a loud howl if 
the press learned of the contractor's bonanza. The engineer in­
sisted that the contractor install one lock and keep a little 
air pressure in it. The contractor happily complied. 

CONCLUSIONS 

1. A construction contracting firm makes a decision to bid 
either this job or other alternatives. It is not limited 
to tunneling, or to certain types of tunnels. 

2. Bidding a large tunnel job is a difficult, costly step. 
Contractor capacity to prepare bids is limited. 

3. A contractor includes sufficient risk premium in his bids. 
If he prices at the margin (close to costs), a small num­
ber of bad jobs will ruin him. 

4. Geological data is costly to acquire and generally not 
available in large quantities. Even when it is available, 
its va lidity is uncertain. 

5. Some owners have not been willing to release full geo­
logical information to bidders. This increases the risk­
iness of the job. The contractor must either increase his 
risk premium in the bid or hope for favorable negotiating 
or litigation if difficulties occur. 

6. The timing of cash flow on a job can be as important as 
the final profit margin. 
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CONCLUSIONS (cont'd.) 

7. Contractors have become used to absorbing risk through in­
surance and bonds. The engineering firm has seen a sig­
nificant increase in its risk recently, as demonstrated by 
the practical requirement for errors and omissions insurance. 

8. The bonding decision largely depends on the firm (finan­
cially), the key men (specific experience), and the job 
(overall project circumstances). 

9. In urban tunnels, success depends more on cost management 
than on technical ability. 

10. Tunnel jobs, as other heavy construction jobs, are in­
creasing in size (fixed dollars). 

11. Performance bond coverage requirements are needlessly high. 

12. In the worst of projects, an adversary climate develops, 
where minor changes cannot be reconciled, litigation is 
common, and the owner's engineering consultant loses the 
confidence of both sides. 

13. The fixed price contract incurs problems when unexpected 
soil conditions or rising supply prices occur. 
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Chapter 13 

DECISION MAKING BY TUNNEL CONTRACTORS 

Contractors willing to bid for tunnel work must accept: 

a. Industry risks specifically related to tunnel work, 
which were outlined in Chapter 4. 

b. Job risk, unique to the job being bid, which was out­
lined in Chapter 12. 

c. Financial risks like loss of money and reputation. 

Twenty-three companies were specifically contacted about decis­
ion making and financial analysis. Fifteen were in-depth con­
tacts. Of these, ten were selected as representative of the 
three kinds of tunnel contractors: (a) private companies (small 
and large), (b) public companies (small and large), and (c) con­
glomerates with subsidiaries in heavy construction including tun­
neling. 

Decision making factors in these ten companies are discussed in 
this section and financial comparisons are included in Chapter 14. 

Exhibit 13-A shows decision levels and weighted factors involved 
in decisions to bid. Factors influencing profitability of the 
ten companies are shown in Exhibit 13-D. 

THE PRIVATE COMPANIES 

The level of authority required to bid a tunnel job is highest 
in these companies. The chief operating officer is always in­
volved in the final bid. Decision making in the smaller company 
is oriented around the entrepreneur who founded or runs the com­
pany. Even in larger private companies, decision making is usu­
ally centered around members of the founder's family or descend­
ants who usually occupy most of the executive positions. 

In the smaller private companies specializing in tunnel work, 
the need for business is an often dominant factor. In the 
larger private companies this is replaced by the mix-of-business 
requirement which prohibits a company, by choice, from accept­
ing more than a specific percentage of tunnel work. Because of 
the centralized ownership of these companies within a family or 
a small group of private shareholders, risk is considered as a 
personal thing and these companies are generally conservative 
in their commitme nts to bid. 
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The decision makers in both smaller and larger private companies 
frequently have considerable actual experience working on tunnels. 
They know first hand the kinds of problems which might be en­
countered. As one small private company president said, "When 
everything else is equal, I'll go with my nose." 

THE PUBLIC COMPANIES 
Decision making in smaller public companies is generally made at 
the highest levels, with the final decision made by the Board of 
Directors and/ or the chief operating officer. The most profit­
able smaller public companies rigorously review all bid proposals. 
As the companies get larger, some responsibility is delegated, 
but major decisions to bid are still generally made at the chief 
operating officer and executive committee (or Board of Directors) 
level. 

A decision to bid was described by one company Vice President 
where Board involvement was critical as follows: "The Board 
expects complete position papers, including the final proposed 
bid, internal expectations, critiques of the bid by others not 
involved in its preparation, an analy sis of cash flow, capital 
commitment and financial return, a synopsis of other work done 
for the customer, and a complete evaluation of manpower avail­
able to supervise and staff the job. It's not uncommon for 
our board to table to a subsequent meeting a proposal for bid 
modification so additional information can be obtained." 

All the public companies were orig inally private family busi­
nesses, and share in the sense of personal risk in decision 
making. Quali f ied manpower here provides good cost controls. 

In public companies, the mix of business becomes a more signif­
icant factor. Some companies are unwilling to allow more than 
15 to 20 % of their volume to come f rom tunnel work because of 
the high financial risk. In a ddition, some of these companies 
are unwilling to take on more than one or two jobs at a time, 
because o f the a vailability of qualifi ed manpower. Some com­
panies re f use t o b i d until they have identified supervi s ors 
for a job. 

THE CONGLOMERATE 
A conglomerate with a tunnel d i v ision has a lower level of de­
cision making because of both corporate size and diversity. De­
cisions are usually made by chief operating officers of the sub­
sidiary concerned or by d i v ision v ice presidents or general man­
agers. 

The need-for-business and mix-o f -business factors are less dom­
inant in conglomerates than in the private and public tunnel 
construction companies. In a typical large conglomerate, the 
potential for rev enue scarcely outweighs the risks involv ed 
and is not a critical decision factor. In at least one case, 
a need to keep some conglomerate firm employees with tunnel ex­
perience busy was e x pressed as the principal reason for getting 
involved in tunnel work. 
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Some tunnel divisions attached to conglomerates are well managed, 
with much the same autonomy and operating philosophy they had 
when they were smaller private companies. Others are parts of 
divisions which lost their identity in larger general areas of 
the conglomerate. 

One major conglomerate with corporate sales in excess of $3 
billion had tunnel revenues of less than $10 million "in a good 
year." Its commitment to the industry is marginal and "were it 
not for that fact that we have some equipment and some men who 
are enthusiastic about working in this area (and we don't know 
where we would put the men if we shut down the division), we 
wouldn't be involved in tunnel work at all." 

One of its executives said: "We have a full time inside account­
ing staff that can't tell you, I'm sure, what our overall rev­
enues and net profit from tunnels really are. It's such a 
small line item, with at best a break-even contribution to 
profitability, that we really don't pay much attention to it. 
Why the area of corporate responsibility it is included in is 
two levels below t he point at which we break out revenue cate­
gories for our reports to the Securities and Exchange Commission." 

A second conglomerate with a much higher degree of dependence 
on construction and engineering viewed tunnel work differently. 
"After all, about 75 % o f our revenues come from engineering and 
contracting, so we obviously want to know what's happening here. 
We prioritize all potential contracting projects we consider 
bidding and do substantial risk analy sis." 

"When the job risk is high , we consider joint venturing. When 
we're not sure we have the right p e ople, but see a friendly 
competitor who does have the right people, we consider joint 
venturing. Wh e n the risk is extremely high , and we don't have 
the people or a partner, we do not bid, or if we do, we bid it 
extremely high. 11 

"Even then we might g e t the job and come close to losing our 
shirts. Building twenty feet under the earth, there are always 
plenty of surprise s, even with the best geo logical studies 
available." 

A third conglomerate viewed its par t icipation quite differently. 
Its tunnel revenue s range from l to 5% of o verall corporate 
revenues, with profitability contribution ranging from -6.3 % 
in one year to a recent result of 4. 9%. "We acquired a smaller 
private company specializing in tunnel work that had a good 
track record. We knew it was a risky business." 

"We didn't expect it to lose $10 million in one accounting year. 
Since then we've tighte ned up bidding, cos t accounting, and 
progress reporting. Decisions are made at a hi gher level. We 
thought we could expand more quickly than a ctually wa s possible. 
We couldn't find the right people to supe r v i se the p r o jects, and 
we got burnt." 
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Exhibit 13-A DECISIOi~ MAKI ;~G BY TUNNEL co:nRACTORS 

PRIVATE PUBLIC CONGLOMERATE -

#1 #2 #3 #4 #1 #2 #3 #1 #2 #3 

Level of Decision t o Bid 
- Board of Directors 10 10 8 10 7 
- Corporate CEO/COO 10 10 10 10 10 8 
- Subs idiary CEO/COO 10 8 
- Division V.P. 10 10 10 10 4 10 
- Division Manager 10 10 

Bidding Criteria 
- Need for Business R 8 6 6 
- Mix of Business 10 8 10 

(not to exceed %) 20 % 20 % 20 % 
Joint Venture Invitation 7 8 6 8 8 

- Availability of People 
. to Manage Job 7 5 9 8 10 9 8 

. to Work Job 5 7 6 8 7 5 
- Availability of Equi pment 

. in Company 5 8 7 3 7 

. outside of Company 7 
- Ability to do Job 10 7 10 8 10 8 4 8 

- Cash Flow Projections 9 8 8 8 9 9 6 
- Capital Availability 

to Finance Job 9 8 8 8 9 9 5 

- Location 
in regular marketing area 9 8 4 6 9 7 5 7 

. in area where work is 
currently underway 9 8 4 7 9 

- Need to Keep Employees Working 2 8 
'tj 

- Geologic Info. Available 6 3 6 6 9 7 7 Pl 
LO - Risk Analysis 8 7 8 7 10 9 6 8 
(D 

I-' 
w SCALE: Weight 
I 

assigned range 1-10 (High) 
,j:s. 



"Experience is everything in tunnel work, and there just aren't 
many tunnel experts. We all have a man or two who's worked 
under so and so on a tunnel job, but that's not the kind of 
supervision that is going to save time and money, and have the 
job come in under bid." 

"He's got to know the work, and those who work for him have to 
know the work, and even those in the next level of supervision 
if possible. When our Board of Directors had to put in over 
$15 million to keep the company alive and in the contracting 
business, they told us our jobs were all on the line and they 
weren't going to pour money into somebody else's tunnel." 

JOINT VENTURE ORGANIZATIONS 

In our discussions with management of all three kinds of compan­
ies joint ventures almost always were endorsed enthusias tically. 
It seems to be an effective way to share risk and risk analysis. 
As one company executive Vice President expressed it, 

"We look at joint ventures as an ideal combination 
because we seem to be able to make money on them. 
Maybe it's because a joint venture requires that 
two Boards of Directors ask a lot of questions. 
Maybe it's because two independent auditors look 
at how things are done. Maybe it's because we 
both are more conscious of wasting our partner 's 
money." 

Exhibit 13-B 

Factor 

Ability to handle larger job 
Organization planning 
Risk analysis of job 
Review by accountants 
Review by attorneys 
Review by directors 
Share of job risk 
Job staffing 
Job financing 
Profit probability 

Source: Cresheim Company Interviews, 1975. 

JOINT VENTURE COMPARISONS 

Single 
Contractor 

Varies 
Varies 

One team 
Sometimes 
Sometimes 
Usually 
Full 

Complete 
Complete 

Good 

Joint 
Venture 

Very good 
Very good 
Two teams 

Always 
Always 
Always 

Partial 
Partial 
Partial 

Excellent 

The Associated General Contractors of America, Washington - based 
industry association for all contractors (builders, heavy and 
highway), issued in November 1975 guidelines for its members to 
use in considering and in forming joint ventures. AGC suggests 
principal contractor objectives are to lim it liability , supply 
needed know-how, reduce in-house costs, maximize income from the 
proposed project, or improve the firm's abi lity to compe te. 
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Although AGC's guidelines do not weight the relative reasons for 
interest in joint venturing, interviews with contractors suggest 
that risk and competition are the prime motives, with access to 
know-how, or resources following. Smaller firms also note that 
joint-venturing with a large well-regarded firm enhances the 
reputation of the smaller firm. Competitive considerations 
include: preparation of a better developed bid, access to an 
unfamiliar geographic market (partner supplies local contacts 
and know-how); and reduction in competition. The expanded bond­
ing capacity is vital as job sizes increase. 

Tunnel joint ventures tend to be among tunnel contractors but 
AGC notes that possible combinations include: 

general contractor and architect-engineer 

general contractor and equipment-supplier 

general contractor and traditional subcontractors 

general contractor and developer (real property) 

This suggests for the tunnel industry the fascinating possibility 
of joint ventures including manufacturers of tunnel boring machines. 

EXHIBIT 13-C C~ECKLIST FOR JOINT VENTURES 

AGC suggests contractors follow this checklist in forming joint ventures. 

l. 
2. 
3. 
4 • 
5. 
6. 
7. 
8. 
9 • 
10. 
11. 
12. 
13. 
14. 
15. 

Date venture is established 
Names & addresses of venturers 
Name of joint venture 
Description of project 
Definition of party interests 
Monetary or other consideration 
Termination if losing bid 
Bid deposit and bonding 
Performance bond details 
Insurance coverage details 
Management of the venture 
Share of profits and losses 
Working capital agreement 
Cost of construction 
Equipment rentals 

Source: AGC Joint Venture Guidelines 

16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 

Bank account details 
Bookkeeping procedures 
External audit 
Costs prior to contract 
Distribution of profit-loss 
Bankruptcy of venturers 
Limit on venture projects 
Non-assignment of interest 
Arbitration of disputes 
Not a legal partnership 
Termination other than 7 
Governing laws 
Execution by officers 
Notarizations 
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Exhibit 13-D 

Factors Determining Profitability 

~ 
Pl 

i.Q 
(!) 

f-' 
w 
I 

-..J 

Leve l of Control of Job 
COO - Div. Pres . 
Div. V. F . 
Div. Manager 
Project t1 anager 
Section Manager 

Use of Equipment - Efficient 

Contro l over Expenses 

Good Cash Flow 

Availability of Supervisor 

Avai lability of Labor 

Good Geologic Information 

PROFITABILITY FACTORS OF TU~~.\JEL CO!HRACTORS 

PRIVATE PUBLIC -

#1 #2 #3 #4 #1 #2 

10 7 7 9 
8 9 8 10 

9 8 10 
10 9 9 9 10 

8 1 0 1 0 10 10 

8 8 8 6 8 

9 8 9 8 9 

9 8 9 7 8 

7 6 8 7 9 

7 6 6 6 7 

6 4 8 8 9 

Scale of 1 t o 10 with 

10 = Highly Re levant or Committed 

1 = Minimal Relevance or Commitment 

CONGLOMERATE 

#3 #1 #2 #3 

5 
10 8 
10 8 

9 10 10 
7 8 

8 5 8 

8 6 8 

6 5 8 

8 7 8 

6 5 7 

8 5 8 



CONCLUSIONS 

1. The decision to bid a tunnel job goes beyond the engineer­
ing staff to various levels of corporate management. In 
larger firms a job requires the approval of several levels 
of management who are removed from tunneling per se. This 
places more emphasis on the profitability and riskiness of 
each job. Less emphasis is on personal experience or pro­
fessional pride in tunneling. 

2. Some companies are unwilling to bid tunnel jobs unless 
they can supply all supervisory staff from their own 
people. 

3. The need for work can influence a contractor's decision to 
bid as well as the markup within a bid. When a company 
has sufficient work, it will either avoid new bids or it 
will bid high. 

4. Since tunneling competes directly with other heavy con­
struction, the relative amount of other work available -­
such as sewers, highways, bridges, harbors, and nuclear 
plants -- will directly affect the attractiveness of tun­
nel jobs. 

5. Many firms within the industry have put a limit on the 
amount of tunnel work they are willing to undertake. The 
limit may involve the mix of business (generally a limit 
of 15 to 20% of total volume) or the availability of qual­
ified people to run the job. 

6. There is a definite relationship between the organizational 
level of decision making on bids for tunnel work, the 
organizational level of job supervision, and the profitabil­
ity of a tunnel job. 

7. The firms who were surveyed considered control over expenses 
to be a more important factor than good geological infor­
mation in the profitability of a job. This is generally a 
financial staff view with construction professionals giv­
ing better geological information equal weight with expense 
controls. However, in conglomerates (multi-industry firms) 
the financial staff tends to have more power. 

8. Joint ventures have become a well accepted method of hand­
ling the large jobs. They appear to offer better cost con­
trols than single firm efforts. Their effect on pri~e compe­
tition in bidding has not been determined yet. 
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Chapter 14 

PROFITS, LOSSES, COSTS AND CAPITAL 

In January 1976 Pittsburgh's Dravo Corporation announced that 
it was writing off as a loss its investment of ten million dol­
lars in the Water Tunnel Constructors joint venture. The prob­
lem-plagued tunnel job from Yonkers in Westchester County down 
to New York City had been suspended for more than a year when 
the Dravo announcement was made. 

Of the six joint venture firms, two have announced massive 
writeoffs, two have gone out of business, and two have not been 
heard from publicly. By coincidence the Dravo writeoff on this 
project is equal to all the after tax profits of all Dravo bus­
iness groups for allot the year 1974. One tunnelproject did 
all that damage to six experienced companies. 

So the same sort of bonanza of good luck that resulted when a 
compressed air job could be worked in free air (see Section 12) 
can backlash with brutal force. And the general opinion (Sec­
tion 13) that joint ventures are better managed and more profit­
able than single firm jobs is subject to exception. In 1974 
total liabilities of $526,598,000 were outstanding for the 
1,840 construction firms of all types which went out of business. 
Dun & Bradstreet also reports that through July 1975 an additional 
1,473 contractors were bankrupt or out of business leaving another 
$473,820,000 in liabilities outstanding. These figures, of course, 
include all types of construction, not just tunnel-driving. 

Profits for tunnel contractors are a by-product of management 
skills, good people, and some luck. The nature of the business 
dictates that much of the probability of profit is a result of 
the bid-no bid decision or of errors built into the bid. After 
estimating project costs, overhead, and desired profit, contrac­
tors add a contingency cost to cover the risks they perceive. 
Finally, an adjustment up or down is made based on an estimate 
of what it will take to get the job and how badly the firm wants 
it. 

It is here that a major influence on profits is felt. Errors, 
omissions and emotional involvements all play a part in the 
outcome. One well-known tunnel contractor got an award for 
his $2,500,000 bid and at the bid opening it was apparent that 
something was wrong. All the other bids were several million 
dollars higher. It turned out that his people had estimated 
one of the twin tunnels specified and had forgotten to multiply 
the result by two. Despite extensive reviews, this error slipped 
through. 
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Some of the larger contractors use complex computer aids for 
estimating and bid preparation. However, in our investigations, 
everyone using the computer also prepared a manual estimate. 
The possibility of error and the cost of such errors is so great 
that no contractor will rely on a computer. They use them for 
check estimates only and to store and reproduce large amounts of 
boiler-plate and repetitive data. There is also extensive use 
of computers for scheduling, purchasing and accounting. 

Repeatedly we have been told that competent key people are a 
crucial difference between a profit and a loss. This is dis­
cussed in more detail in Section 15. However, the value of this 
resource is illustrated by another incident. At a bid opening, 
the second bid of $15,000,000 was substantially higher than the 
low bid of $13,500,000. Competitors' initial reactions were that 
the low bidder would lose his sh~t. On second thought they con­
cluded that he probably would either break even or have a small 
profit or loss. 

There were two principal considerations in this conclusion: 

a. The particular project boss involved was worth about a 
million dollars on a job like that one, 

b . They were reasonably certain the winning contractor owned 
all the equipment from a prior job. The value of fully 
depreciated equipment is discussed later. 

TUNNELING IS AN INDUSTRY WITH FEW ORDERS EACH YEAR 

The conventional businessman, with a flow of orders every 
month, can't understand the pressures on a tunnel contractor 
who may have from one to a half dozen orders (awards of bus­
iness) for a full year. 

These contractors are closer in flow-of-business patterns to 
the aircraft or armaments manufacturers. At the beginning of 
this study we wondered, as did others, whether there might 
come a time in the transportation industry when construction 
people would be responding to owners like the car builders. 

For example, in February 1976 Atlanta's MARTA had delayed 
from February 12 to March 17 the scheduled opening of bids 
for its program of 100 rapid transit cars. Rohr Industries, 
builder of transit cars for BART and WMATA complained of "in-
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creasingly unreasonable risks" and said it wouldn't bid. Boeing 
Vertol, builder of light rail vehicles for San Francisco and 
Boston, wasn't bidding and cited "unacceptable risks''. Pullman­
Standard, completing a car order for New York, won't bid and 
General Steel's St. Louis Car division withdrew from the bus­
iness. General Electric Company's "final decision hasn't been 
made". Bidding systems don't function as planned with only 
one bidder. 

Could this situation repeat itself on the construction side? 
After all, the cars are only a small part of a transit system's 
cost. The construction accounts for 75 % or more of the cost of 
most systems. Our conclusion is that there is no danger of a 
similar problem despite the similarity of major projects, orders, 
enormous risks, etc., between these businesses. The differences 
are in the mix of business, mobility, deve lopment investment and 
rate of technological advance. 

This phenomenon of few new orders (awards) for tunnels in a 
given year is a main explanation as to why most such construc­
tion firms have other specialties. Most are in several lines 
of work within the heavy construction field and can employ their 
people, equipment and overhead support systems on various types 
of work in addition to tunnels. Also, unlike the car builders, 
the tunnel people have a portable manufacturing facility. They 
maintain few fixed facilities and mobilize on-site for each pro­
ject. 

Tunnel contractors don't spend money on research or development 
as they can't amortize that investment over a number of jobs or 
gain a competitive advantage that can be held for some time. 
They don't push technological change since it increases their 
risks without markedly increasing their rewards (see Section 16). 
Profit improvement through cost reduction doesn't provide the 
same opportunity to a tunnel contractor that it does to a goods 
maker. Ford Motor Company executives used to point out that a 
saving of $1.00 per car in costs, applied to all their cars, 
amounts to $3,000,000 a year. These economics don't apply in 
tunnels. 

MANAGEMENT SKILLS 

Running a tunnel building job properly calls for leadership, 
technical knowhow, a sense of timing and momentum, and a firm 
set of controls. If a contractor lacks these, evenilgood-­
bid won't make him profitable. An example of this is the vet­
eran tunnel project boss who decided to go into business for 
himself and won a hard-rock job. 

One of the time-consuming and costly tasks in tunnel excavation 
is returning to a previously blasted area to remove "tights". 
These are areas where rock protrudes from the wall and the re­
qnired clear diameter isn't achieved or, i f i t is, the protrud­
ing "tight" will result in the concrete lining be ing thinner 
than planned. 

Page 14-3 



The new contractor's operating experience had demonstrated con­
clusively that good progress in feet-per-day usually led to 
good operating results. Accordingly he instructed his people 
to blast away and move as fast as they could. 

The contractor's people excavated three miles of tunnel in 
record time and with thorough professionalism. As a result 
of completing this job the contractor went broke and is now 
a project boss again for another contractor. What he had 
failed to take into account was that the enthusiastic blasting 
by his people had resulted in "overbreak" of two feet. That 
is, his twelve-foot diameter tunnel required a space fourteen 
feet wide so the one-foot concrete lining on both sides could 
be installed. His people had two feet of overbreak. They had 
blasted it sixteen feet wide, avoiding all the need to go back 
and clean up "tights". 

However, his contract was for a twelve foot tunnel and minimum 
one foot concrete liner on all sides. So, he had to pour more 
than twice as much concrete, use extra labor to do it, and got 
the job off schedule. The resulting $600,000 loss cleaned him 
out. An old tunnel-builder's rule-of-thumb is "10% overbreak 
increases concrete needs by 50%". 

The work environment of a tunnel is such that any loss of 
schedule becomes a remorseless domino-effect problem. For 
example, in the overbreak problem cited above, the contractor's 
plan called for 100 feet of lining per day to be poured. The 
first two shifts of people working would set up the forms and 
the third shift would pour. When it became necessary to pour 
twice as much concrete to fill the cavity that was too large 
for the specifications, the third shift crew could only do 
eighty feet per day . 

This got the whole job out o f s y nchronization. The short-fall 
of twenty f e et pe r d a y dominoed along the 15,000 f eet of tunnel, 
creating hav oc with the interlocked schedules of the various 
crews. Labor and mater ial costs escalated; overhead remained 
the same, and the di f fe rence came out of profit. 

A building contractor or road builder who runs into a problem 
can have someone work o n it while the main force moves on with 
the job. The builder's c rews can be on another side of the 
building or on a nothe r floor. The road crews can work a half­
mile ahead. Tunnel contractors must work around their repair 
or rework crews, t wenty or more feet underground, in a space 
twelve to thirty feet wide that's filled with workers and equip­
ment. Errors and trouble are much more costly . 
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CONTROLS 

Other contributors to poor profits or to losses are gaps in 
controls. Instructions To Auditors, an internal publication 
of a national accountingfirm, warns auditors to look for: 

1. Failure to periodically evaluate contract profit­
ability on a realistic basis. 

2. Inadequate control over estimating and bidding on 
new contracts. 

3. Inadequate contract cost records. 

4. Weakness in billing procedures. 

5. Inadequate control of construction equipment. 

6. Lack of adequate cost records on equipment. 

7. Poor control of job site payroll. 

8. Poor control of disbursements. 

All of the firms we interviewed in depth have fairly tight con­
trol systems, though there have been gaps which led to hugh 
losses on some projects. The professionally managed firms pro­
tect themselves with checkpoints, systems and reviews. The fam­
ily controlled firms have limits beyond which all key family 
members must be involved as a control. 

NEED FOR FINANCIAL MANAGEMENT SKILLS 

The management executive in any construction firm has to be 
aware of the interactions of time, cash, costs and risk. His 
variable costs are generally tied to project field costs. His 
administrative or overhead costs have a high percentage of fixed 
or period cost. With fixed costs related heavily to time per­
iods, while variable costs relate to job performance and rev­
enues, the operating skill is to keep enough jobs moving in 
each time period to prevent the fixed costs from eating up the 
job profits. 

On the financial side, the highest skills are to turn the fixed 
costs into variables, as discussed below, and to maximize cash 
flow. This is what makes unbalanced bidding an every day occur­
rence and leads contractors to insist on amortizing their fixed 
equipment costs on a single job, so they'll be variable costs 
the next time around. 

In the process-plant side of heavy construction, contractors 
have improved their profits and reduced their risk by pulling 
out of fixed-price work. They have an advantage over their 
tunnel-building brethren in usually having patented processes 
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to license as part of the project. One firm's president says 
of process jobs, "with the end of fixed-price contracts, the 
risk-reward ratio of the business has altered". Their return 
on investment for construction is about 85%, using about 15% 
of the firm's capital and providing 28 % of its profits. A 
number of the heavy constructors build process plants, and 
heavy jobs like tunnels. 

IMPORTANCE OF EQUIPMENT DEPRECIATION 

Contract costs include depreciation expense for equipment 
used on the job (or lease expense with the lessor providing 
for depreciation in his price). Most contractors attempt to 
depreciate equipment over the life of a job unless it's a 
short job. Two or three year depreciation schedules are con­
sidered desirable. In cases where fully depreciated equipment 
is owned, it can be redepreciated against another contract. 
This can result in extra income, provide a cushion for risk 
losses, or put a contractor in a position to submit a lower 
bid while · retaining a normal profit. 

Thus, control of fully depreciated equipment gives contractors 
a power position competitively. It also accomplishes the vital 
task of turning a huge fixed cost (equipment purchase) into a 
variable cost and profit source. This result sometimes is ac­
complished by sale of the asset to a related or unrelated com­
pany for lease-back. The rationale behind this was that "if a 
company didn't have equipment, they'd have to go out and buy 
or lease it, in which case an expense for its cost would be 
charged against the contract". 

The use of fully depreciated equipment allows a contractor to 
leverage assets and maximize profitability. He has the oppor­
tunity to build into his bidding the cost of equipment that will 
actually incur minimal costs (maintenance and damages). The most 
profitable company visited, with a return on sales in the range 
of 9%, shows only about 10% of its total assets comrnited to 
fixed assets. However, further examination showed that depre­
ciation already taken on those assets is an additional 34% of 
total assets. This indicates an equipment availability and 
commitment in the upper percentage range of total assets of 
the ten companies studied. 

PROFITS AND LOSSES AMONG JOBS 

The only specific profit or loss histories available on a range 
of jobs was for an eastern U. S. building contractor. This is 
included as Exhibit 14-A to illustrate the swings in profit and 
loss with which contractors routinely contend, even when well 
managed. 
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Exhibit 14-A PROFIT STATUS OF JOBS UNDER CONSTRUCTION 

Job Original Revised Original Current Percent 
Contract Contract Profit Profit of Job 

No. Amount* Amount Estimate Estimate Complete 

1 5,225 6,987 96.3 275. 88% 
2 6,648 7,645 429.7 365. 90% 
3 3,740 4,015 150. 215. 100% 
4 2,300 1,815 100. 100. 100% 
5 10,745 11,073 400. -557 48% 

6 1,341 1,339 30.2 -7 100% 
7 1,922 1,685 65 -14.7 100% 
8 10,935 10,936 1,000. 12.9 44% 
9 2,046 3,693 47.5 47 100% 

10 4,777 5,357 145. -53 85% 

11 834 832 47 47 100% 
12 3,594 3,658 150 150 84% 
13 3,493 349 19 25.5 99% 
14 6,695 6,806 175 245 70% 
15 3,500 3,500 140 140 22% 

16 6,227 6,227 225 255 1% 
17 1,932 1,227 100 100 1% 
18 3,547 3,547 82.5 100.5 23% 

*($000 omitted) Data based on an eastern U.S. building contractor. 

TEN COMPANIES EXAMINED 

The same ten companies examined earlier were studied to compare 
their financial ratios, strength and profitability. The use of 
ratios in the accompanying table, instead of gross dollar amounts, 
makes valid comparisons easier. For example, the ratio of Cash 
and Marketable Securities to Current Assets shows that the 
samller private companies, Private #1 and #2, have significantly 
higher ratios (.667 and .220) than the larger private companies, 
the public companies and the conglomerates. 

We conclude that they tend to keep more cash on hand because 
of the difficulty of obtaining short term loans, and because 
of their smaller cash flow. 
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Exhibit 14-B COMPARATIVE FI~ANCIAL RATIOS 

Current Assets/Tota l Assets 

Curre nt Liabilities/Tot al 
Liabilities 

#1 

. 896 

. 229 

Curren t Assets /Current Liabi lities 3 . 900 

Cash+ t o Current Asse ts 
Mk t. Sec. 

A/R to Current Assets 

Inv/WI P to Cu rrent Assets 

Equ ipment+ FA/Tota l Assets 

Equipment+ FA/Long Term Debt 

Er1uj ;,ment + FA/Ne t Worth 

Current Assets/Net Worth 

A/R to Long Te r m Debt 

: J! 'l' WORTH 

T•J':',,;:__ REVENGES 

t Revenues - Tunnels 

Pro f itability - % of Revenues 

. 667 

. 3D 

.1 03 

. 134 

1.16 4 

B 

B 

95 % 

9 % 

PRIVATE 

#2 

. 543 

. 2S2 

2 .1 53 

. 220 

. 779 

. 331 

. 443 

. 727 

A 

A 

95 9c 

(-3 %) 

#3 

. 6 44 

. 363 

1 .71 2 

.1 57 

. 688 

.047 

. 326 

1. 32 1 

1. 234 

2.439 

1.79 7 

B 

C 

20 % 

6 % 

#4 

• S::'4 

. 36 4 

2.266 

. 023 

. 517 

.264 

.1 55 

. 647 

. 6 1 8 

3 .293 

1. 750 

C 

D 

20 % 

. 6 % 

#1 

.44 4 

.3 38 

1. 314 

.190 

. 490 

.293 

.499 

5 .692 

.989 

.881 

2.484 

C 

D 

18 % 

3.8% 

PUBLIC 

#2 

. 55 7 

.3 05 

1.106 

.057 

.534 

.238 

.194 

.974 

. 659 

1. 923 

1. 520 

C 

E 

1.405 96 

#3 

. 540 

. 356 

1.516 

.030 

.667 

.189 

.401 

1.616 

1.17 5 

1. 583 

1.452 

D 

E 

1.984% 

CONGLOMERATE 

#1 

. 373 

.265 

1. 409 

.067 

. 552 

.259 

.275 

.780 

#2 

.782 

.475 

1. 646 

. 096 

.137 

.699 

.157 

.364 

. 8 72 9.706 

1.183 48.215 

.584 

D 

E 

1.5 % 

5.8% 

6.600 

C 

F 

.03% 

.007 % 

NET WORTH AND REVENUE RANGE CATEGORIES: A - 0 - 3,000 , 000 D - 100,000,000 to 500,000,000 

B - 3,000,000 to 1 0 ,000,000 E - 500,000,000 to 1 Billion 
C - 10, 000 , 000 to 100, 000 ,000 F - 1 Billion to 5 Billion 

#3 

.491 

.276 

1. 778 

.125 

.516 

.359 

.386 

3.001 

.689 

.877 

1. 969 

E 

F 

7% 

4. 719 % 



Meaningful comparisons between various companies meant that 
"generally accepted accounting principles" acquired several 
interpretations. The most consistent use of accounting prin­
ciples was found in joint venture companies, since the joint 
venture agreement was often reviewed by two separate public ac­
counting firms. 

They tend to be more consistent with respect to the work under­
taken by the parties to the agreement, the method used by each 
in charging contract costs to the venture, the method of ac­
counting for contract profits and losses, division of the profits 
and losses between the participants and other areas of financial 
control. 

A small private contractor using a specific method of deprecia­
tion of an asset might affect 10% total net profit, while a 
large conglomerate using the same method for the exact same 
asset might show a net effect on earnings of less than .0001%. 
The public accounting firms were more stringent with small 
private and public companies than they appear to be with large 
public companies. Their tendency not to require the larger 
firms to disclose or clarify certain information on the grounds 
that was not "materially significant" compounded our problem 
in developing consistent comparisons. 

HIGHER LEVEL CONTROL HELPS PROFITS 

Profitability frequently can be related to t he level of decision 
making and the criteria of decision making (as shown in Exhibit 
14-B). Also of interest: 

1. The two small private companies in addition to 
h aving a high Cash to Current Asset ratio are 
also fre e of long term debt. 

2. In all but one company , a combi nation of the 
ratio of Fixed Assets & Accoun t s Rece ivab l e 
t o Long 'l'e rm Debt is better t han 2:1. 

3. In all t en companies, net worth is relative ly 
liquid. In 7 out of 10 cases the ra t io of 
Current As sets to Ne t Worth is be tte r t han 
1:1. In the three cases wh e r e it is b e low 
1:1, non e are lower t han 7:10. 

4. Those companies with h i gher Accounts Re ceivable 
to Long Te rm Debt record their r e venues and 
profi t ability differently (presumab l y for s tock 
market purposes) whic h probably results in a 
longer collection period of the work-in-process 
inventory billed, and b illed accounts receiv­
able which are not yet due. 
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CONCLUSIONS 

1. Most of the companies have access to large pools of capital 
when required. Financial availability of capital to under­
take tunnel work is generally not a problem, and in those 
cases where it might be, a joint venture is created to 
handle the job. Mobilization clauses also minimize the 
need for capital. 

2. Increasing financial strength, even for the smallest com­
panies, appears to be a partial result of probing from 
auditors and bonding companies, who are requiring more de­
tailed, comparable historical data before issuing a bond. 

3. Higher levels of decision making on whe ther to bid a job, 
and in supervising it, are directly related to the ulti­
mate profitability of tunnel contractors. 

4. The demand that contractors face is for a small number of 
very large jobs each year. This, plus the inherent risk 
in the industry, means that the contractor can't apply all 
of the cost management approaches that most manufacturers 
can. 

5. Despite careful screening during the bidding phase, the 
profitability of a job contains a large degree of uncer­
tainty. The rigid work cycle followed in a tunnel job 
will magnify any work description that occurs. 

6. Inclusion of an exceptional project manager is thought 
to strongly affect profitability, probably because of his 
control over daily costs and rate-of-progress, and his 
ability to attract talented staff members. 

7. Most of the firms have been in business for over twenty 
years. Entry into the industry is not easy for new com­
panies, with many failing after one or two jobs. Most 
of the firms are old firms dating bac k to the late 19th 
and early 20th century. Survival in the industry calls 
for well established, financially strong companies, with 
continuity of experienced people . 

8. The number of projects available to bid may not affect the 
number of projects bid by the companies. With manpower 
availability and competence a critical factor and with the 
desire to limit tunnel work to a specific percentage of 
total volume , increasing demand may not be absorbed by 
qualified contractors. 

9. R & Dis impractical for individual contractors because 
they can't gain enough competitive advantage and they 
can't recoup enough profit for their investment. 

10. A sophist i c ~ted construction contracting firm is able to 
use its investment in major equipment to great financial 
advantage . 

11. Ther e is a tendency for the smaller p rivate companies 
to want to "go public" or to be acquired by a conglom­
erate. Of the s mall pub l ic companies contacted, most 
indicated that they felt either alternative strengthened 
a company's ability to t ake on additional work in tun­
neling and heavy construction. Estate taxes are the big 
force here. 
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Chapter 15 

PEOPLE IN THE TUNNEL INDUSTRY 

Tunnel industry people are a colorful lot. They've developed a 
camaradarie like that frequently visible among groups of people 
in other high-risk occupations (bridge-builders, fighter pilots, 
stage and screen actors, and elected politicians). Most learn 
how to balance the risks and rewards of the career. Among such 
occupational groups, history shows that there is a substantial 
exodus from this work as people get older. By the time an in­
divisual is in his thirties, the risk-reward relationship and 
the effects of the job on family life cause many to choose 
other work. 

Those who remain in tunnel or other heavy construction work af­
ter their first decade of employment have a high tendency to 
stay with it all the way. The level of satisfaction of personal 
needs for achievement, power, affiliation, recognition, money, 
etc., is, for them, superior to, or at least no worse than other 
alternatives. This is in the face of a continuous exposure to 
serious injury or death risks while in the field. The rule-of­
thumb in 1975 for tunnel builders is still two deaths per mile 
of job. 

Like the other high-risk occupation groups, tunnel people have 
their own terms for each other. Career tunnel specialists are 
referred to as "tunnel stiffs". The widely used term "sand hogs" 
originally referred to the people working at or near the tunnel 
facings in compressed air excavation work. 

The high mobility of the work (moving from project to project) 
further tends to bind the people to the industry rather than to 
the community in which they happen to be housed. Much of their 
social life is industry-related. Major events in a project are 
traditionally celebrated with a party. One example is the "hol­
ing through" affairs held when a tunnel is broken through at its 
distant end. 

Communication among people in tunneling is maintained via bus­
iness, social and professional organizations and an important 
part is played by suppliers. At the management and professional 
levels three organizations have emerged which are essentially 
social groups but provide an opportunity for informal contacts, 
recruiting, establishment of joint ventures, and the maintenance 
of tribal customs. Largest and oldest of these is The Moles, a 
648 member group founded in New York in 1938. Its winter din­
ners and summer clambakes are widely known and well attended. 

Though The Moles originally intended to have a professional­
social organization, the evolution has been business-social. 
Contractors, consulting engineers, insurance and supply execu­
tives, owners and public officials are the participants at these 
gatherings . Midwestern activity is centered in Chicago with a 
similar organization called The Groundhogs, which dates from 
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about 1940. On the West Coast this function is served by The 
Beavers, which group was organized after World War II. Between 
meetings, industry people rely on newsletters like that published 
by Gardner-Denver's Jack Burke and the bidding information bul­
letins published by Hercules, Inc. 

PROFESSIONAL ORGANIZATIONS AND PUBLICATIONS 
Engineers in tunnel work for the most part rely on ASCE (The 
American Society of Civil Engineers) for professional repre­
sentation and leadership. A lesser number are members of the 
American Institute of Mining Engineers (AIME) reflecting col­
lateral interests. These two organizations jointly sponsor the 
Rapid Excavation & Tunneling Conferences. ASCE's Underground 
Construction Research Council has both hard rock and soft ground 
activities. 

Continuing and ad hoc groups are common in tunneling as in 
other fields. Presently being organized is the American Under­
ground Association which has announced plans to publish a jour­
nal similar to the best known and widely respected British per­
iodical Tunnels and Tunnelling. Established groups include the 
International Tunneling Association, U. S. National Committee 
on Tunneling Technology, UCRC, and Transportation Research Board. 

The people who design and build tunnels can be classified by 
type of work and general motivation. They are engineering 
professionals, heavy construction professionals, tunnel spec­
ialists, and craftsmen or laborers. Engineering professionals 
working in tunnels may be employees of design, inspection or 
management firms or of contractors. Their general specialty is 
civil engineering. After their early career years they will 
usually progress into office engineering, field supervision, 
or a definite specialty area. 

Heavy construction professionals include engineers, managers, 
craft specialists, and laborers who have chosen heavy construc­
tion as their work and main income source. Over the several 
decades of a car e er they will have worked on a variety of pro­
jects including some tunnels. The shifts from job to job some­
times reflect the basic need for steady work and sometimes are 
more related to the distance one is willing to go to be on a 
job. Many of these jobs are in international locations. This 
group tends to be employed by large, diversified, heavy con­
struction firms or to have a key spot in a smaller firm. 

Tunnel specialists are those engineers, builders, craftsmen 
and laborers who prefer tunnel work to all other forms of em­
ployment. To obtain their chosen type of work they will move 
to a distant location, suffer personal inconvenience or hard­
ship, endure fairly long layoffs between jobs while kept on 
partial pay, etc. Generally, they work for tunnel specialty 
contracting firms; to a lesser degree for tunnel specialty en­
gineers. The fourth group - craftsmen and laborers working on 
tunnels - is made up of people who prefer a given locality for 
lifetime residence. They will take any work their skills qual-
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ify them for: tunnels, darns, roads, buildings or plant main­
tenance. A significant number of them have job mobility lim­
its because of their union membership and local labor contract 
conditions. 

NUMBER OF TUNNEL SPECIALISTS 
About 700 tunnel specialists are reported by the forty-one en­
gineering firms surveyed. Since there is every indication 
that these firms are generous in definitions of capability, 
there are probably 200 real tunnel design and inspection spec­
ialists in the United States. At the other extreme, nearly 
2,000 people are employed on tunnel projects by engineers and 
construction managers. However, the majority are doing gen­
eral engineering that happens to be on a tunnel project. 

Contractors interviewed reported nearly 1500 people on their 
tunnel staffs in 1975, which was more than double the 647 re­
ported as on their staffs in 1965. However, there are large 
differences in definition of ''tunnel staff" which were not con­
trollable by the project investigators. Also, the 1965 numbers 
were provided in 1975, in most cases, from memory rather than 
from company records. Contractors report 537 of these people 
as rock tunnel specialists versus 251 in 1965. Rock tunnel 
people reportedly have (roughly) doubled in number while soft 
ground specialists showed a reported 150% increase. This ap­
pears valid since so much of the current work is cut-and-cover 
tunnel construction. 

QUALIFICATIONS AND EXPERIENCE 
Those people who will hold the key jobs (defined below) in­
creasingly have more formal education. The preferred back­
ground is a B. S. in civil engineering, or an approximate 
equivalent. Industry engineering and contracting firms pre­
fer that the young graduate obtain some field experience be­
fore going on to advanced education. Engineering faculty peo­
ple generally advise continuous graduate education after the 
receipt of the bachelor's degree. 

On the contractor side of the business, additional qualifica­
tions for young engineers who wish to advance in the project 
management area involve management and leadership skills. Fi­
nancial management and cost control procedures are very impor­
tant and are learned in junior project jobs and in work on es­
timates and bid preparation. 

Today's boss commands a relatively orderly work force and the 
project manager for a large firm, if he is under 40, probably 
has a master's degree as well as extensive field experience 
and industry contacts. He still is likely to be physically 
large, as were the tunnel bosses of the last generation. They 
had less formal education and a lot rougher work force to man­
age. Many had to carry guns and one man, now in his fifties, 
recalls a job where nearly all of his laborers were ex-convicts. 
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EXHIBIT 15-A 

ENGINEERING FIRM 

Office Project 

Vice-President Proj. Mgr. 

Chief Engineer Proj. Engr. 

Group Leaders Resident Engr. 

Source: Cresheim Company Interviews, 1975. 

KEY TUNNEL INDUSTRY PERSONNEL 

CONSTRUCTION CONTRACTOR 

Office Project 

Vice-President Project Mgr. 

Chief Estimator Project Engr. 

Purchasing Genl. Supt. 

Financial Asst. Supts. 

For all of these key people, experience is much more important 
than is formal education. This experience has to involve a ris­
ing level of responsibility and accomplishment and takes a long 
time to acquire. Even in an industry which has enjoyed consid­
erable growth in the last fifteen years, it is rare to find a 
project manager who is less than forty years old. Most are in 
the age range 45-65. 

As a young executive acquires accomplishments and success, he 
also attracts the attention of others who would like to have 
him help on their projects or of juniors who would like to work 
for him. The high industry mobility makes this characteristic 
an asset for the tunnel executive. If he is offered the oppor­
tunity to manage a job and can put together a management team 
of people largely known to him, that job has a substantial tac­
tical advantage. This fact is consciously reflected in bidding 
and bonding decisions. 

An initial concern in this project was whether or not the re­
cent explosive growth in mining (especially of coal) would draw 
off manpower needed in tunnel work, or whether an increase in 
tunnel construction would impair the energy programs. Appar­
ently there is no need for concern there. Tunnel people are 
civil engineers and their labor market is heavy construction, 
including process plant construction which is very active now 
and is expected to be for some years hence. Mining people work 
in a different environment. For example, a seven foot diameter 
tunnel is regarded as quite small, whereas coal tunnels may be 
only 30" to 48" high. Only nine engineering and contracting 
firms of 146 interviewed reported hiring graduates of recog­
nized schools of mining engineering. 

COMPENSATION 

The key people on the tunnel projects are well paid. Their 
salaries, fringe benefits and bonuses are competitive with 
those in other heavy construction work. At the lower levels, 
engineering salaries are based on going market rates for sup­
ply and demand. For supervisory people, the upward push of 
union wages is a key factor in their pay adjustments. 
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At senior levels compensation relates to the value of one's contri­
bution. For the large firm (publicly owned) executives there are 
good bonuses and eligibility for stock options. In the smaller 
firms, executives usually are owners or have incentive compen­
sation arrangements. 

The only manpower constraint visible at this time or in the near 
future is that it is not easy to quickly expand the number of 
project managers and key personnel. Responsibility for a large 
tunnel project is a truly awesome assignment, and one not easily 
handed along to anyone. Once a project manager has won his spurs, 
he will be able to work as long as there is work. Presently there 
are at least three project managers in their seventies at work. 
Two of them are actually overseeing younger men who haven't fully 
proved themselves. And, in 1975, one project manager in active 
charge of a job in the northeastern U. S. was ninety-two years old. 

SOURCES OF KEY PEOPLE AND INDUSTRY EDUCATION 

Engineers come from a wide variety of schools (see Appendix G). 
At the craft levels, most entry is through apprenticeship programs. 
The pattern of acquisition of people by firms or of jobs by people 
is best described as opportunistic. Few of the firms have organized 
recruiting programs. Informal networks of contacts, "walk-ins", 
word-of-mouth and pure chance are the most common descriptions that 
were given on how this aspect of the industry operates. 

University education is fairly severely criticized by practitioners 
and vigorously defended by the faculty members. It appears that 
the faculty direction is toward more graduate education and the 
practitioners agree with this but pre fer it after field experience 
and probably as part of engineering continuing education. The 
several special area committees of the engineering societies which 
are involved in underground construction maintain liaison and a 
lobbying effort with the appropriate faculty members. 

Apprenticeship programs generally ar e operated by regional or 
local industry advancement groups. These are joint contractor­
union committees with permanent staffs. Their functions include 
apprenticeship training (cooperatively with the Bureau of Apprentice 
Training, U. S. Dept. of Labor), management and supervisory devel­
opment (generally continuing education), provision of assistance 
to vocational-technical and secondary schools, and industry public 
relations work. These projects are financed by payroll levies 
which vary from area to area. Two or three cents per hour for all 
labor payrolls is a fairly common funding arrangement. 

Within allied industries, like suppliers of equipment and services, 
there are also people who become tunnel specialists. This is also 
true of owner staffs and these needs provide opportunity for job 
mobility, or to settle down geographically, or to advance in a 
different direction while remaining in one's chosen industry. 
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Exhibit 15-B IMPORTANT FACTORS IN KEY PERSO~NEL PERFORMANCE 
ENGINEERING FIRMS IN TUNNELIN11 WORK 

KEY 
JOB 

Vice 
Pres. 

Chief 
Engr. 

Dept. 
Head 
or 
Grouc) 
Leader 

Proj. 
Mgr. 

Proj. 
Engr. 

Res. 
Engr. 

DESIRED RESULTS 

Maximize profit 
and enhance 
firm's name. 

Drawings & 
specifications 
technically 
okay. 
Expenses in 
control. 

Proper design 
criteria stan­
dards and pro ­
cedures. Cor­
rect drawings 
& specs for his 
discipline. 

Complete pro­
ject on time & 

budget 

Design com­
p l e ted on time 
and within 
budget. 

Construction 
conforms to 
drawings and 
spe cs . 

REQUIREMENTS & RELATIONSHIPS 

Prime mover on sales efforts 
Handle contact with senior 
Client people. Technical 
degree & P.E. license. Con­
vivial. Reports to chief 
executive. 

Have sufficient and appro­
priate staff. Official 
signer and sealer of draw­
ings. Technical degree & 
P.E. license. Executive 
ability to manage diverse 
tech group. Reports to 
company Vice-Pres. 

Review drawings & specs. 
Assign engineers, technici­
ans or draftsmen to projects. 
Train people. Handle spec­
ial problems. Highly qual­
ified in field. Degree and 
P.E. license usually. 

Obtain scope of work changes 
Attend all job meetings & 
owner meetings. 10 yrs field 
exper. as engineer or supt. 
in underground construction. 
Ability to manage diverse 
peop l e. Technical or busi­
ness background. Contract, 
cost & labor knowhow v ital . 
Reports to V. P . 

Drawings to conform to needs 
Manhour & buaget schedules. 
Progress reports . Trans ­
mittal of shop drawings. 
Technical liaison with owner 
& contractor. B.S. in civil 
or mining engineering. P.E. 
license, local registration. 
Cost, contract & negotiating 
knowledge. Re ports to chief 
engineer and to project man­
ager. Directs enqine ers & 
technicians. 

Assured drawings and specs 
followed during construc ­
tion. Responsible for 
measurement of material 
quantities to be paid for 
on unit price basis. 
Monitors contractor pro­
gress, detailed construc­
tion know how is manda­
tory. Knowl e dge of design 
procedures . Reports to 
Project Manager . Mana ge s 
engineers and inspe ctors 

MEASUREMENTS 

Gross Sales 
Net profits 
Repeat busi­
ness. 
Lack of prob­
lems. 

No manpower 
shortages. 
No cost over­
runs due to 
overstaffing. 
No errors or 
omissions on 
drawings or 
specifications. 

No technical 
problems . 
iJO manpower 
shortages on 
projects . 
No errors or 
omissions. 

% comp letion 
vs . time. 
% completion 
vs. $ 
Client satis­
faction. 

% design comple­
tion vs . time 
and money mini­
mum misunder­
standings from 
drawings and 
specifications. 
Has control of 
design effort. 

Proper per­
formance of 
final prod­
uct. Fair 
unit price 
to contrac­
tor. No 
structural 
or other 
failures 
during con­
struction. 
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CHANGES IN MANAGEMENT EMPHASIS 

Exhibit 15-B illustrates the degree to which management skills 
emerge as more important to key people in engineering firms than 
their technical skills in many aspects of their work. This has 
long been true for large jobs or large firms. The big change in 
recent years has been that, while the management art itself is 
more complex, and the jobs have increased greatly in size, even 
smaller firms get caught up in complex management tasks through 
their roles as subcontractors or joint venturers. 

In construction contractor firms, the major changes at the pro­
ject management and company key executive level have to do with 
increased management skills. Planning and estimating are more 
complex because of the size of the jobs and the web of relation­
ships. Requirements for sophisticated financial skills, a real 
understanding of the intricacies of cash flow, escalation clauses, 
and the like, continue to grow. 

Presently the same uncomfortable blend of old style and new, of 
art and science, which characterizes manufacturing firm manage­
ments is also present in heavy construction firms. As one tun­
nel firm vice-president describes it, "When my whiz kids finish 
up with their computers, I still have to sit in my office and 
decide how much to add to a bid to allow for risk and how much 
to subtract for competition." Thus, the long-experience judg­
ment development cycle will continue. No evidence exists that 
this can be shortened substantially. 

THE PROJECT MANAGER IS THE KEY MAN 

Among all the key peop le liste d, the proj e ct manager is the key 
man after a job has been obtained. All available evidence sug­
gests that the good project managers will continue to be in lim­
ite d supply and relatively mobil e . Hav ing s uch people is cri­
tical to a firm's ability to bid a job and comp lete it success­
fully so that the proj e ct manager group is the most sensitive 
to any incre ases in de mand in the industry . 

Usually after five to t e n y ears of experience, engine ers begin 
to make their key caree r directional decision as to whether they 
will be technical or manag9me nt people in the industry . Of 
course, the job requireme nts are such that the decision may be 
made for them by their emp loyers. 

Those who elect to follo w the management route can benefit in 
today 's environment from a strong continuing education program 
but, for project managers, this has to occur before they take on 
the consuming task of a large, lengthy project. A year of grad­
uat e school with management and technical content would be well 
timed for the manage ment oriented engineer in his thirties. Lim­
ited program o pportunities exist, but the financin g of school for 
a y ear for a 34 year old with a famil y t o s upport, r c,mains a for­
midable problem. 
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CONCLUSIONS 

1. Technical people in the tunneling industry form a strong iden­
tification with it. The good ones are known and are sought 
after for major jobs. Recognition comes about only as a result 
of successful on-site management. 

2. There is job transfer between firms and exchange of technical 
information at a personal, rather than a corporate, level. 

3. The key positions under President all require a long appren­
ticeship on the job. Academic or general business exper­
ience is relatively less important. Running a tunnel job 
successfully requires leadership, technical expertise, a sense 
of timing, and good cost controls. Many of these skills are 
peculiar to the individual or are acq uired on-the-job. 

4. At the present time, the normal construction engineer career 
ladder consists of (1) Entry, requiring a B. S. at most, 
(2) Technical Management, requiring an M. S. at most but 
usually based on successful job performance, and (3) Financial 
Management, requiring no new degrees but instead gradual 
experience in cost contro l and financial planning as a Project 
Manager. 

5. Non-key personnel can be selected from practically any group 
of engineering graduates. A good general background is all 
that is requir e d for entry . 

6. There is no capacity constraint for e seeable in tunnel con­
struction du e t o manpowe r supply or demand. Suf ficient peo­
ple exist to staff the key jobs though there is alway s a 
need for b e tte r p roject managers as j obs g row large r. In 
the non-key j ob s it is possible to hav e shortage s due to 
competing non-tu nne l proj e cts in the loc a l ar e a. (E x ample: 
New York City and the World Trade Ce nter project.) 
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Chapter 16 

Risk And Resources 

INNOVATION, TECHNOLOGICAL CHANGE, ENTRY AND DEPARTURE 

The tunneling industry is accused from time to time of being 
unreceptive to innovation or to technological change. We 
don't think the industry is unreceptive, but its slow acceptance 
rate appears to be related to risk-reward relationships. 

In those aspects of tunnel construction where there is little 
risk, any normal reward seems to lead to innovation. The usual 
stimuli are improved productivity, the saving of time, or in­
creased profit. If we take a seventy-five year view (since the 
turn of the century), we see many changes: concrete has re­
placed brick and stone in materials; drill jumbos and tunnel­
boring machines have improved excavation; locomotives and trucks 
have replaced animals for hauling; front-end loaders have re­
placed shovels; computers now aid timekeepers; and much more is 
known about geology, costs, labor safety, etc. 

This rate of change is nowhere near as dramatic as that in avi­
ation or data processing, for example. We believe that the risk­
reward relationship mentioned above is the controlling factor. 
Any owner, engineer or builder associated with a tunnel is bound 
to feel some kinship with the Romans building aqueducts or with 
Julius Caesar and his much earlier version of the Interstate 
Highways. A tunnel is not a throw-away product like a building 
built to last for thirty years. With apologies to the DeBeers 
diamond people: a tunnel is forever. 

Nearly every tunnel built in the United States in the twentieth 
century is still in use, as are many of the unlined tunnels 
built in the nineteenth century. There is every reason to be­
lieve that most of them will be in use a century from now. They 
are built to last. If they fail, the design engineer is dis­
credited professionally forever, and the contractor will be 
ruined financially. That means a "wait and see" predisposition 
affecting anything impinging on a high-risk aspect of the tunnel. 

Steel is known to corrode so conservative tunnel builders are 
wary of steel reinforcing in concrete. How long will it last? 
It can't be inspected from inside the concrete. One can take a 
small risk with something that is easily inspected. Concrete can 
crack or leak water so there has been a strong tendency to stay 
with metal linings for rapid transit tunnels involving electricity 
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in the third rails. A computer estimate might overlook something 
big, result in a major bidding error, and wreck the company. So 
when computers are used, a manual bid usually is also prepared. 

Thus, risks clearly remove some incentives to innovate. At 
the same time, the nature of the industry limits the rewards 
available to an innovator. A contractor developing a new con­
struction method usually can't get enough protection of the idea 
for a long enough time to gain a windfall profit of the capital­
gains magnitude that inspires inventors. Equipment advances, 
which might be protected by patents, affect too small a market 
to enrich anyone. Engineering ideas become general property 
fairly quickly. 

INNOVATION FROM OUTSIDE THE INDUSTRY 

It is an accepted axiom among management consultants that most 
change in an industry or organization is imposed by market forces. 
Much of the change that has occurred in the tunnel industry in­
volving productiv ity or new technology fits that rule-of-thumb. 
People with equipment or services to sell quickly learn of the 
vast size of the construction industry. Many of those goods 
and services suitable for general heavy construction firms have 
an economic appeal to firms involved in tunnel construction. 
Two large companies supplying special products to the tunnel 
industry were interv iewed. In both cases, the percentage of 
their sales of prod ucts was relatively small in the tunnel in­
dustry (less than 2% and 5% respectively ). One company manu­
factures mining and tunnel contracting machinery, while the other 
manufactures drilling equipment, including a number of expendable 
products. In the latter case, there is a great deal of inter­
changeability of sal e s with the petroleum drilling industry, and 
products wer e being designed primarily f or the petroleum indus­
try, rather than the tunnel industry . 

In the case o f the supplier manufacturing tunnel boring equip­
ment, it is apparent that tunneling is a small segment of total 
business, with l ittle growth expectation. Relative profitability 
as compared with othe r products was lower, and the number of 
units produced is ver y low and c yclical. As a result, the repre­
sentativ e of that manufacturer indicated he "saw no need for a 
company like us in the ind u s try , s ince we're not close enough to 
it to make technolog ical breakthro ug hs in new equipment unless 
they are brought to us." Gen e rally, the breakthroughs come from 
smaller manufacturers, who ar e on the scene and may be involved 
in the job from other perspectiv es, like engineering. 

The profitability of sales rang ed from 10 to 13.5 % pretax, with 
manufacturing costs rising over the last five years from 60 to 
67%. Both companies declined to break down specific industry 
profitability . 
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There is a limited flow of ideas and suggestions from the univer­
sities except in areas of materials. When an idea has some ap­
peal the inertia of the high risk-low reward usually prevents 
the contractor from embracing a major experiment. It seems to 
require either funding by a public agency as a demonstration 
project or sponsorship by an owner willing to assume the risk 
in lieu of the contractor. Two examples on the technology side 
support this view. 

One technique advanced for soft ground excavation has been to 
freeze the soil during excavation, using a network of brine­
filled pipes. It was anticipated that this would make possible 
a free-air job rather than a compressed-air job. It was also 
felt that this application would be successful for the long­
term for underground storage sites in locations with marginal 
soils. One contractor using frozen ground in New York City to 
prevent use of compressed air was bankrupted when brine pipes 
burst, saturated the soil, and flooded the job. A New Jersey 
public utility built a large underground LNG gas storage facil­
ity using frozen ground but had to abandon it after three years 
because of seepage. (There are instances of successful use of 
this technique.) 

A persistent mystery is the known American resistance to the use 
in rapid transit tunnels of precast concrete linings. These are 
widely used in water transmission tunnels. Further, they have 
been used for over thirty years in tunnels of London Transport. 
Why are they not used here? Extensive checking and following­
down of leads to decision makers led to the conclusion that 
there is no incentive for owners, engineers or contractors to 
use this, even though it would be cheaper. The owner has a 
relatively fixed budget and can't use funds saved here for other 
purposes. Engineers, facing increasing errors and omissions 
hazards have no offsetting reward for specifying concrete. Con­
tractors have to bid on what is specified. In nearly every case 
they may not introduce bids for alternate designs or materials. 

The British deserve no credit as innovators on this one. They 
used concrete because they were unable to get steel immediately 
after World War II. However, change ma y occur in the U. S. as 
there is a plan to fund a demonstration section of Baltimore's 
rapid transit tunnels with a short length of precast concrete 
lining. That extra funding and risk assumption may start the 
innovation stream's flow. 

Two additional factors appear to contribute to the lags in devel­
opment of new techniques. Information dissemination is slow. 
Though there are meetings and publications and much job mobil­
ity, domestic firms (engineers and contractors) have little con­
tact with foreign firms. Second, in an aspect of tunnel work 
where there has been a history of acceptance of change (tunnel 
boring machines) the delays in delivery are so long that numer­
ous jobs on which moles might have been used are driven with 
long-standing drill-and-blast techniques. This is an example 
of a need for institutional innovation, which is discussed below. 
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CHANGES IN TUNNELING TECHNOLOGY 

As part of the study of technological change, a three time­
point review of industry practice was conducted. These as­
pects were reviewed to see what the practices were in 1925, 
1950 and 1975: Drilling, explosives, hauling, lining, muck­
ing, shields, and use of compressed air. 

DRILLING. On the Moffat Tunnel in 1927 the chuck tenders had 
to put in a new piece of drill steel every time they had drilled 
two feet of hole. A piece of drill steel would drill two linear 
feet of rock before it had to be sent to the blacksmith's shop 
to be resharpened and retempered. On the Moffat Tunnel, they 
used drill columns and were drilling eight foot holes. The 
chuck tender put in the starter drill and the miner hand­
cranked it into the hole. It was then cranked out of the hole, 
the four foot steel inserted, and the hole drilled another two 
feet. Thus, it took four pieces of steel to drill an eight 
foot hole. Since there were twenty-four holes in the face, 
ninety-six pieces of steel had to be sent out to the black­
smith's shop for resharpening. 

Tungsten carbide was invented in Germany about 1922, brought to 
the United States about 1938, and was first used in machine 
shops for cutting steel. About 1942, it was introduced to 
rock drilling, first being used on boring machines for drilling 
oil wells. Probably in 1947, it was introduced to rock drills 
used in tunneling. Since a piece of drill steel with a carbide 
tip will drill about 1500 feet, thus eliminating the blacksmith's 
shop, it wasn't long before it was widely used. 

1vith this new drill rod, the drill manufacturers quickly devel­
oped drill cradles with long strokes which could, in one set­
ting, drill a hole 10 feet, 12 feet or even 16 feet. These 
were then mounted on hydraulic booms and thus the mechanized 
"drill jumbo", as we know it today, made its first appearance. 

Tungsten carbide teeth made the tunnel boring machine possible 
and the history of that dates from the late Forties, with early 
machines initially built to aid coal mine productivity. TBMs 
in tunnels date from the early 1950s and their growth in use, 
as previously noted, is impeded by long delivery delays more 
than anything. 

EXPLOSIVES. Black powder, used in nineteenth century tunnel 
construction, was superseded by dynamite about 1895. There 
has been a steady improvement in the efficiency of explosives 
but the last days of dynamite are nearing, after a seventy-five 
year dominance. Water gels are being phased in rapidly as its 
replacement. They are safer in handling, transportation and 
storage. They are low in gas. Performance can be varied by 
the use of additives and handling is much improved. For ex­
ample, cartridges of gels of l" diameter to 4-1/2" diameter 
can be shot into the drilled hole with an air gun. n r, it 
can be pumped into large holes if purchased in bulk. 
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HAULAGE. In 1923, on the Holland Tunnel, all the muck had to 
be hauled up hill. Battery locomotives were used right at the 
face, but from about 200 feet back from the face to the air 
locks, trolley locomotives were used. This meant that there 
was a 240 volt trolley wire about seven feet above the rail. 
This was a real hazard to the sandhogs working back in the tun­
nel using long wrenches or crowbars. 

In 1925, in a Chicago tunnel, progress was fifteen feet per day, 
with two shifts devoted to mining and one shift to concreting 
the day's drive. Mules were used for haulage and that was com­
mon on all small tunnels of that day. Even on larger tunnels, 
where they used a locomotive, a mule was used to switch the 
empty car up to the face. A mule would become very efficient 
in this type of work and would stand aside to let a rolling 
car pass. 

Railroad tunnels in the Thirties used steam locomotives for 
haulage during construction. On one job on which Bob Mayo 
worked in West Virginia in 1932, the tunnel objective was to 
double track a railroad main line. The coal smoke was unbear­
able. In an effort to deal with this, a gasoline locomotive 
was introduced. Without any scrubber, it emitted pure carbon 
monoxide. The people on the job made it known that they pre­
ferred coal smoke to carbon monoxide. 

Today, battery locomotives are still used in small tunnels but 
on large jobs, diesel locomotives, equipped with BuMines approved 
scrubbers, are the common locomotion. These require additional 
ventilation of the tunnel, of course. On shorter tunnels, there 
is also extensive use of rubber-tired vehicles. 

MUCKING. In small tunnels this was all done by hand until 1925. 
The exception was railroad tunnels through rock where the stand­
ard steam shovel was adapted by operating it by compressed air. 
About 1925, the Conway Mucker was developed for work in small 
tunnels. It was too expensive for most jobs. Hand mucking in 
a small rock tunnel was hard work. The muck was shot down onto 
steel plates known as "slick plates" where a gang of men shov­
eled it into cars. These were generally small and low cars. 

About 1930, the EIMCO mucker was introduced. This was a small, 
low-cost and efficient muck operating by compressed air. It is 
still on the market and popular for both small and medium sized 
tunnels. 

Today the muck produced from a mole (tunnel boring machine) is 
fed to a conveyor belt or to a train of cars. Where a mole is 
not in use, payloaders and conveyor systems and trains of mine 
cars are most common. However, soft sticky clay may require 
hand mucking. It is too sticky for the machine. A continuing 
operating problem is the interdependence of systems. The drill­
ing cannot go faster than the mucking or the whole job will get 
out of synchronization. 
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SHIELDS. There have been no major improvements in shields in 
the 1925-75 period. There have been productivity improvements 
since modern high-pressure hydraulics permit use of jacks with 
smaller diameters. Shields are now all-welded. 

TUNNEL LINING. There has been considerable conversion to con­
crete linings in tunnels for other than rapid transit uses, as 
discussed earlier. However, much of the San Francisco and Wash­
ington rapid transit systems was built with the same tunnel lin­
ings which were used in 1950, in 1925 and in 1900 fo r transit 
tunnels. 

EXHIBIT 16-A COMPARATIVE TUNNEL TECHNOLOGY USE 
1925 1950 1975 

Drilling Drill steel & Drill Jumbos Machines (moles) 
blacksmiths 

Explosives Dynamite Improved Water Gels 
Dynamite 

Haulage Large Battery locos Battery locos Diesel locos 
Tunnels Trolleys Trolleys Rubber tired 
Small Mules Battery locos Battery locos 

Rubber tired 

Mucking Hand shovel Mucking Ma- Pay loader & train 
chine & Train Conveyor & train 

Precast concrete 

Lining In Cast Iron s egments, Cast Iron 
Cast Iron Fabricated Steel Transit Tunnels O'Rourke block Pressed Steel Plates 

Ribs & Wood Lagging 

Shieldl 

Digger shield (back-

Non-welded Non-welded hoe), all welded 

Large jacks Large jacks Hig h pressure h ydrau-
lies 
Smaller jacks 

Source: Fifty Years of Tunneling, R. S. Mayo, unpublished manuscript. 

USE OF COMPRESSED AIR. Mining by compressed air may have gone 
backwards. In 1925, tunnel bosses said that there was absolutely 
no danger in working under compressed air at p ressures less than 
15 psi. Many jobs used compressed air in those day s even when it 
was not essential. The air served to support the ground and thus 
made the job safer. However, today's safety and labor regulations 
require very short work shifts and a medical lock (with medical 
lock attendant) even when the pressures are onl y 3 psi or 4 psi. 
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As a result of these high labor costs, owners and contractors 
look for every alternative to avoid the use of compressed air, 
even when it would be the safest method. Some of the alterna­
tives used are: dewatering, chemical grout, and freezing. How­
ever, as with other things, the pendulum may begin to swing the 
other way again. At a fall 1975 conference in Milwaukee, Dr. 
Eric Kindwall, a distinguished specialist in Hyperbaric Medicine, 
commented that there was absolutely no danger in working in com­
pressed air at pressures less than 12 psi (pounds per square inch). 

CONTRACTOR INTEREST IS IN CHANGES IN CONTRACTING PRACTICES 

American scholars, scientists, executives and bureaucrats tend 
to be somewhat enamoured with gadgetry and advanced systems, 
perhaps because of the solid record of success in certain sec­
tors. The tunnel industry people, on the other hand, put much 
more stress on the need for economic innovation. Appendix F 
summarizes their comments on, among other things, research and 
development (innovation and technology) for the industry. Of 
66 contractor executives who expressed wishes, 19 put greatest 
weight on changed conditions clauses for contracts and 18 
wanted changes in the way geologic information is handled by 
owners and engineers. Full disclosure was as important to them 
as techniques for getting better geological data. 

Technological innovation was important but somewhat lower. Six­
teen contractors want better teeth for their moles; thirteen 
would like to find a way to combine primary and secondary tunnel 
linings. Clearly, many of the people interested in the advance 
of the industry have been focused on technology, which is a 
second level need, rather than on restructuring the economic 
relationships among tunnel project participants, which is a 
vital first level need. 

ENTRY TO THE TUNNELING INDUSTRY 

Contrary to the expectations of most observers with whom we 
talked at the outset of our study, there are few serious bar­
riers to a determined entrant to the tunneling industry. Forty­
one established firms have been active in tunnel work for more 
than ten years; 31 of them for over twenty years. However, 
eleven have come into the business during the last ten years. 
Here are the ways most commonly used. 

JOINT VENTURE. An experienced contractor finds the key people 
needed to run a tunnel job and bids on the work with them as a 
joint venture. He provides the staff, support, equipment, and 
working capital. They provide specialized know-how and some 
working capital. Example: DiMambro-Majestic. 

Page 16-7 



HIRE THE SPECIALISTS NEEDED. The key people required can be 
employed ''on spec" to provide an in-house capability. This 
enables the firm to prepare a credibl~ bid, obtain the bonding 
company's support, and go after some business. 

SEEK SELECTIVE ENTRY. A number of sewer contractors bid on, 
and won, cut-and-cover jobs in MARTA and WMATA rapid transit 
projects though they had no prior tunnel-building experience 
as firms. The required skills are very similar. See examples 
in Appendix A. 

ACQUIRE ANOTHER FIRM. An easy way to enter the industry is to 
acquire an existing firm which is ready to consider an acquis­
ition or merger for its own objectives. See examples in Appen­
dix C in the column Corporate Affiliations. 

OBTAIN HELP FROM A SUPPLIER. The Insanna Corporation of Ohio 
is the leading example of this route. It obtained a job with 
the condition that a certain mole would be used. The skilled 
operators of the mole were furnished under contract by the man­
ufacturer. (Unfortunately the firm went into reorganization). 

Though these five entries to the tunneling industry have been 
identified, and all have been used in the last five years, 
the statement above that there are few serious barriers to 
entry cannot be taken literally. This is not a business which 
can be entered by a fellow just out of the Army with the help 
of a loan from the Small Business Administration. On the other 
hand, it is a far cry from trying to start a television network, 
a breakfast cereal company or automobile manufacturing. 

DEPARTURE FROM THE INDUSTRY 

Most departures involve disaster, either physical or financial 
or both. The major current example is the joint venture Water 
Tunnel Contractors, a six-firm team in New York. As a result 
of the stopping of that job, two firms have ceased operations, 
two larger diversified firms have taken writeoffs that are size­
able and two are licking their wounds. 

On Page 10-8 is a list of old, well-known firms that have either 
gone out of business or have voluntarily left the industry. 
There are other, lesser-known firms which have disappeared, of 
course. Some withdrew because the work in their area dried up 
and they didn't want to expand geographically. Some were drawn 
into other things and have been fully occupied with them (Mason 
& Hanger), while others remain in construction, but avoid tun­
nels (J. G. White, A. C. Guthrie). Financial failure and lack 
of provision f or management succession appear to be the leading 
factors for loss of firms from the industry. 
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CONCLUSIONS 

1. The profit incentives in tunneling do not encourage broad 
innovation by individual owners, engineers, or contractors. 

2. There is little or no incentive 
known supply item or procedure. 
small, but the costs associated 
and feared. 

to take a risk on an un­
The reward, if any, is 

with failure are known 

3. The market for most specialized suppliers is too small and 
too unstable to encourage innovation. 

4. Contractors are highly concerned with institutional rela­
tionship. 

5. Basic tunneling technology in the U. S. has changed rela­
tively little in the last generation: examples -- TBM's, 
ground stabilization, and high pressure hydraulics. 

6. New entry is feasible in the industry but the rate of 
failures is high. 

Page 16-9 



Page 16-10 



Chapter 17 

CONCLUSIONS AND RECOMMENDATIONS 

This report has developed a new viewpoint on the industry's prob­
lems and opportunities. This approach, coupled with normal spe­
cific technical studies, can lead to improved policy for the 
industry. Many factors which influence capacity and risk-taking 
in the tunneling industry have been identified, including oper­
ating and financial relationships that are not easily visible. 
These range from financing arrangements by owners to decision 
making at various levels of multi-industry companies. 

We consider the U. s. Department of Transportation's main objec­
tive in tunneling to be the reduction of costs so that under­
ground construction can remain an acceptable option for trans­
portation planners. 

The promising cost reduction areas are: innovation in design, 
innovation in materials and equipment, avoidance of supply short­
ages, sharing of risk through contractual practices, improvement 
of operational efficiency, and measurement of productivity. Re­
lated problems and causes have been discussed earlier. 

However, recommendation of a highly detailed program is beyond 
the scope of this work. Though the preceding chapters include 
numerous conclusions, we have limited the actions we urge to the 
use of new incentives for progress in the industry. These recom­
mendations reflect certain general concerns which appeared through­
out the work. They are supported by reasonable amounts of data 
and offer examples of what can be achieved if tunneling is viewed 
as an industry and its people are accepted as rational decision 
makers. We offer the following recommendations to the u. S. 
Department of Transportation and the tunneling industry. 

INNOVATION IN DESIGN. In U.S. transportation tunneling (includ­
ing stations) a system has evolved which strongly discourages in­
novations or changes in practices or design. We believe that 
little improvement in productivity will occur until two major 
interrelated issues are addressed. 

• Where combinations of organizations are directly involved in 
managerial decisions, such as establishing design criteria 
and practice, a system of accountability for decisions must 
be established. 

• With accountability, a better risk sharing system is needed. 
This should encompass decisions made by the owner's staff, 
engineering consultants, and construction contractors. 
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These items are critical in achieving healthy levels of innovation 
and productivity in transportation tunneling. Other types of 
publicly-funded underground construction have experienced owner 
staffs who are able to make decisions involving design and prac­
tice with the help of a review process. Thus, risk is accepted 
by the owner through a process of accountability of decision re­
sulting from effective reviews. This is totally missing in the 
U. S. transportation tunneling industry. In this industry, the 
owner generally relies on a consultant to make major decisions of 
criteria and practice. Current customs raise these questions: 

• WHAT INCENTIVE DOES THE ENGINEERING CONSULTANT HAVE TO 
RECOMMEND COST EFFECTIVE CHANGES IF THE FIRM MUST ACCEPT 
TOTALLY THE RI S KJ Hm'-IEVER SMALLJ FOR THESE CHANGES? 

It appears that traditional design is the most prudent 
course. The consultant has nothing to gain from ac­
cepting the risk attached to any change. 

• \!-/HAT INCE NT I VE DOES THE m·/NER HAVE TO APPROVE COST 
EFFECTIVE CHANGESJ IF THE RESPONSIBILITY ATTACHED TO 
THIS DECISION RESTS WITH ONE INDIVIDUAL OR ONE GROUP 
AND THERE IS NO PAYOFF FOR INNOVATION? 

Currently the owner must exercise judgment based on 
the potential gains or losses from a new design. If 
a risk decision is accepted and implemented success­
fully the particular manager is, by definition, ex­
ercising proper judgment. However, if the risk is 
accepted and the results are bad, then the manager 
has failed, even if the correct and prudent d e cision 
was made. 

Without changing the current organization structure of the indus­
try , the questions of accountability and risk can be dealt with 
by providing a "third party" review system. Critical require­
ments for such a review group would be: 

1. Third party means specifically that members of such a 
review group may not have vested interests with the 
owners (be it the federal government or a local auth­
ority) or the contractor. 

2. Reviews have to be conducted b y people well versed in 
the technology and accepted as peers. 

3. The review process entails no authority other than to 
ask for rational explanations to major criteria or 
practice decisions. Reviewers would then declare that 
the se decisions are prudent and represent a proper ex­
ercise of judgment or publicly disagree witi1 them. 
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If the industry cannot successfully implement this approach with­
in owner organizations, then it is likely that federal officials 
will attempt to establish some group to monitor the cost-effec­
tiveness of federally-funded underground transportation con­
struction. We note that most bureaucratic interventions occur 
after a prolonged period when the industry involved is urged to 
solve its own problems. Industry members, who generally agree 
with our findings, can't expect the responsible federal money­
allocators to put up with the present problems indefinitely. 

INNOVATION IN MATERIALS AND EQUIPMENT. The tunneling industry 
has a relatively slow rate of technological innovation. Recent­
ly the Federal Government has funded a great deal of equipment, 
materials, research and development. Little of this research has 
led to results that are actually used in the industry. 

One problem in guidance and evaluation of such Federal R & Dis 
that no consensus exists as to the products which will be needed 
in future years. We recommend that the Federal government develop 
further knowledge of industry's future needs to identify areas 
of high potential payoff. Then R & D priorities could be estab­
lished on a logical basis. Without such information, each Fed­
eral technical project must be evaluated individually and little 
cross-comparison can be made. 

MINIMIZING SHORTAGES. The demand statistics show that develop­
ment of BART and WMATA occurred at a time of strong demand for 
water and sewer tunnels and created severe demand peaks. These 
peaks triggered price escalation because of bidding practices, 
shortages of key personnel, and shortages in materials and 
equipment. 

The peaks were aggravated by the way planning and scheduling is 
done at the federal level. The projects competed among them­
selves, since there was no mechanism for assessing overall de­
mand or coordinating long-run plans. Also, some owners were 
encouraged to construct entire systems in a brief period of time. 
Both of these practices fostered excess demand and high prices. 
We recommend establishment in the federal government of peri­
odic meetings of key agency people to coordinate but not control 
the federally-funded demand for tunneling. 

SHARING OF CONSTRUCTION RISK THROUGH CONTRACTUAL PRACTICES. 
Risk affects pricing in this industry, as the report has shown. 
Even though individual firms are willing to accept the technical 
and legal risks associated with specific jobs, they charge the 
consumer (taxpayer) for this burden. While risk is unavoidable 
in this type of construction, it does not have to be apportioned 
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as it is at present. Owners, who can spread the risk over a num­
ber of jobs can handle a larger share of it, in a more efficient 
manner, than the construction contractors, many of whom stake 
their survival on a small number of jobs. 

We recommend such risk-sharing devices as subsurface contingency 
clauses, disclosure of fuller geological information, and owner­
supplied key materials. We believe that the sharing of risk 
through such contractual devices will reduce the adversary cli­
mate and accompanying high costs of tunneling. 

IMPROVEMENT OF OPERATIONAL EFFICIENCY. The role of the engineer 
in a construction contracting firm is becoming more difficult 
as jobs get larger, non-technical problems multiply, and manage­
ment responsibilities become more formalized. We have shown 
how critical the skills of experienced engineer-executives are 
to the industry. The y are the ones who must accomplish the jobs 
at a reasonable cost. They are the ones who must actually in­
corporate new technology in equipment, materials, and managerial 
techniques. They are the ones who must "sell" tunnel jobs to 
their firms in compe tition with other t ypes of investment. It 
is imperative that the industry provide sufficient training for 
the future engineering executives. The overwhelming view, in 
our discussions with contractors, was that graduate programs, 
e xcept for a handful, arc of little value to the rising pro­
fessional engineer in this industry as now constituted and used 
by engineers. 

We recommend that the universities recognize the growing need 
for broadly - b ased engineering management training. Their pro­
grams should be closely tied to actual industry needs jn tech­
nical management and financial management and be supplemented 
by specialized technical seminars. Construction firms should 
support the s e efforts b y participating in classroom and seminar 
presentations. Some cr e ativ e financial thinking should be ap­
p lied to the probl ems of working engineers in their thirties 
who have to support families while und e rtaking graduate training. 

:
1IEASUREMENT OF PRODUCTIVITY. Programs aimed at increased pro­
ductivity and innovation must include results that can be ver­
ified or measured . If this cannot be done then accountability 
is impossible in t he p r ogram. At present, .as we have shown, 
almost no aggregate data e x ists for the tunneling industry. At 
a detailed t e chnical leve l, it is all but impossible to comp are 
the r e sults of most technical reports with preciseness, since 
the research i s not grounded in a consistent theoretical pro­
duction fram ewo r k a n d common measures of outputs and inputs are 
not used. 
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The size of the public investment in tunneling and tunneling re­
search calls for a clearer quantitative understanding of what the 
research is buying the public. 

We recommend that the u. s. Department of Transportation initiate 
the development of a consistent methodology for the measurement 
of productivity in tunneling. This research should include both 
the theoretical framework and the empirical data requirements. 

MANAGEMENT OF R & D EFFORTS. Research and development that is 
federally funded and directed should be carried out by industry 
and the universities as well as the government itself. It should 
also include incentives, operating experiments, and matching or 
participation arrangements of a multi-group nature. The manage­
ment, commercial and institutional problems of the industry are 
larger than its technological problems. It is the former for 
which industry participants want and need help. Research which 
does not actively involve owners, engineers and contractors is 
much less likely to lead to realistic, cost-effective results. 
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APPENDIX A 

DEMAND FOR TUNNELING 

The pages that follow summarize the tunnel building demand in 
the continental United States (1955-85). Listed tunnels meet 
the criteria of tunnel definition outlined in Chapter 1. Gen­
erally, underpasses are excluded and the only cut-and-cover 
construction included is related to rapid transit. 

Tunnel length and diameter are expressed in feet. End use 
abbreviations include RT - rapid transit, MV - motor vehicle, 
W - water, S - sewer. Tunnel status is indicated by showing 
the year in which it was completed, UC - under construction, 
or PS - planning stage. Where construction was done in sec­
tions, the number of contracts let or planned is shown where 
known. 

Engineering firms and contractors, where known, are shown. 
Some agencies do their own engineering. In other cases more 
than one firm is involved. Where that information was avail­
able, all relevant firms and roles have been included. 

Tunnels which are included in various plans, but which (in 
the opinion of the owners) are unlikely to be built or under 
construction by 1985, have been ornittfd. In most cases the 
source of the information is the authority which owns and 
operates the tunnel. 

ABBREVIATIONS USED IN DEMAND WORKSHEETS 

BART 
BuRec 
BWS 
BWPC 

COE 
CTA 

GCMSD 

JV 

MARTA 
MBTA 
MWD 

NYCTA 
NYMTA 

PATH 

SCRTD 
SEPTA 

SFWD 

WMATA 

Bay Area Rapid Transit, San Francisco 
Bureau of Reclamation, u. S. Dept. of Interior 
Bureau of Water Supply, New York City 
Bureau of Water Pollution Control 

Corps of Engineers, u. S. Army, Washington 
Chicago Transit Authority 

Greater Chicago Metropolitan Sewer District 

Joint Venture 

Metropolitan Atlanta Rapid Transit Authority 
Mass. Bay Transit Authority, Boston 
Metropolitan Water District, So. California, Los Angeles 

New York City Transit Authority 
Metropolitan Transit Authority for New York Area 

Port Authority (NY-NJ) Trans Hudson, New York 

So. California Rapid Transit District, Los Angeles 
Southeastern Pennsylvania Transportation Authority 
(Philadelphia) 
San Francisco Water Dept. 

Washington Metropolitan Area Transit Authority 
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BOSTON AREA 

Owner 

Mass Turnp i ke 
Authority 

MBTA 

MBTA 

Metro . Distric t 
Commissio n 

Metro. Di s t r i c t 
Commissio n 

Conn. (State) 

Tunnel Name 

----

Wm. F . Ca '. - ~ .:..1. 

South Cove 

Haymar ke t North 

Wachus e tt-
Marlborough 

Do r ches t er 

Bushnell Park 
(Hart fo rd I-8 4) 

Lgth . O.D. Use 

50 70 31'4" MV 

RT 

2x23 5 RT 

14 2250 14 ' w 

33 45 0 11' w 

2000 4 lns MV 

SUMMARY OF TUNNELS, PLANNED, UNDER CONSTRUCTION, AND IN USE 

Construction No. of Engineering Construction 
Statu s Con-

Method tracts Firm Company 

E-M Mole 1 961 Sings tad & Perini 
Baillie 

Cut & Cover 1 9 74 Parsons Brinker- Kiewit 
hoff 

Su.nk en t ube 1975 Bingham Perini 

Drill & Bl as t 1 964 In House Perini-Walsh-
Morrison-Knudsen 

Drill & Blas t 1 9 74 C. T . Main s. J . Groves 
and Lawrence Mo l e 

PS Steinman, Boyn-
ton, Gronq uist 
& London 
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I 
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NEW YORK CITY AREA 

Owner Tunnel Name 

PATH E. 63rd Street 

NYC/BWPC Newton Creek 

NYC/BWS Richmond Tunnel 

NYC/BWS 3-520 

NYC/BWS 3-521 

NYC/BWS 3-522 

NYC/BWS West Side Sewer 

NYMTA 63rd St. Subway 

NYCTA Route 101-13 

NYC/BWPC Staten Island 

NYC/BWS Third Water Tunnel 

l Richmond ~onstructors - a join 
Grove She )pard Wilson & Kruge 

2 Water Tun 1el Constructors - a 

Lgth . O.D. Use 

1510 38' RT 
x36' 

5000 8 ' 6 " s 

250.00 12' w 

17611 26' l.Q' w 

31370 26 '10' w 

23151 22'10' w 

4212 21' s 

3140 box RT 

3097 32xl8 RT 

17000 10' s 

172336 24' w 

It vent lure of Grow 

point ventu:z: e of v; 

SUMMARY OF TUNNELS PLANNED, UNDER CONSTRUCTION, AND IN USE 

Construction No. of Engineering Construction 
Status Con-

Method tracts Firm Companv 

Sunken Tube 1973 Parson, Brincker- Perini Corp. ; 
hoff, Quade, & Brown & Root; 
Douglas; Sverdup, Gordon H. Ball 
& Parcel Assoc.; 
Gibbs & Hill 

Drill & Blast 1959 In House Andrew Catapano 
& Grow Constr.Co. 
Poirer-McLean 

" 1966 " " · Perini Corp. 

" 1969 " " Walsh Const. 

" 1969 " " Walsh Const. 

" 1969 " " Walsh Const. 

" 1968 " " Poirer & McLean 

" 1969 Peter Kiewit Sons 
Co. 

" 1966 Cayoga, Johnson, 
Drake, & Piper 

UC " " Peter Kiewit & 
Richmond Const. 1 

Various UC " " Water Tunnel 
Const. 2 

ttunneling, McLean-t:;rove, Merri son-Knudsen, AndrE w Catapano, 

13-lsh, Dravo, s. J. Grove s, Ari.: ndel, L. E. Dixon, Ostrander 
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NEWARK-NEW JERSEY 

Owner 

Planned subway cc 
levels. City exr: 
months. 

Tunnel Name 

nstruction currently 
ects to finalize trar 

Lgth . O .D . Use 

suspe1 ded de e to l: 
sport, tion I olicy 

SUMMARY OF TUNNELS, PLANNED, UNDER CONSTRUCTION, AND IN USE 

Construction No. of Engineering Construction 
Status Con-

Method tracts Firm Companv 

µdgetary constrain :::s on the pa ~t of government a gencies at all 
during January 197 ~ and begin revised planning i n the following 
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PHILADELPHIA AREA 

Owner 

SEPTA 

SEPTA 

SEPTA 

SEPTA 

* To connect witr 

Tunnel Name 

Broad St. Ext. 

Center City 
Commuter Tunnel 

Frankford El 

Airport Ext. 

existing station. 

Lgth. 0.0. Use 

4000 48 RT 

5000 120 RR 

wide 

1300 40 RT 

1000 RT 
est;.* 

SUMMARY OF TUNNELS, PLANNED, UNDER CONSTRUCTION, AND IN USE 

Construction No.of Engineering Construction 
Status Con -

Method tracts Firm Company 

Cut & Cover 1974 Deleuw-Cather Kiewit-Buckley 
& A. J. Kuljian 

Cut & Cover PS Urban Engineers; 
Day & Zimmerman, 
Sanders & Thomas 

Cut & Cover UC Amman & Whitney Slattery Assoc. 

Cut & Cover PS 
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BALTIMORE AREA 

Owner 

Maryland Mass 

Maryland Trans. 
Authority 

Tunnel Name 

Bolton Hill 

Baltimore Metro 

Baltimore Harbor 

Fort McHenry 

Boulevard 

Fells Point 

Lgth. O.D. Use 

5000 Var. RT 

24000 Var. RT 

7650 44 MV 

6900 8 lns MV 

580 6 lns MV 

2100 MV 

SUMMARY OF TUNNELS, PLANNED, UNDER CONSTRUCTION, AND IN USE 

Construction No.of Engineering Construction 
Status Con-

Method tracts Firm Company 

PS 50- Bechtel (Design) 
100 DMJM (General 
est. · eng. consult) 

Stations: Cut & 

cover tracks: 
shield 

Sunken Tube 1957 32 J. E. Greiner Merritt-Chapman 
.& Scott 

Sunken Tube PS Per Hall, Pulle-
rits, Zollman 
J.V. Rummel, 

PS Klepper and Kahl 

Double decked PS 
Slurry wall 
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WASHI NGTON , D.C. 

Owner 

WMATA 

1 
Bids 5 Feb. 197 

Tunnel Name 

lAOOll 

1A002 1 

1A0031 

1A0044 

1A0043 

1A0061 

1A0091 

1A0101 

lAOll 

lBOOll 

1B0021 

) were rejected. 

Lgth . O.D. Use 

2669 RT 

2669 RT 

1838 RT 

1610 RT 

4018 RT 

10914 RT 

7677 RT 

9056 RT 

112687 RT 

3492 RT 

2400 RT 

SUMMARY OF TUNNELS , PLANNED, UNDER CONSTRUCTION, AND IN USE 

Construction No. of Engineering Construction 
Status Con-

Method tracts Firm Company 

Cut & Cover 1973 Sverdrup & Peter Kiewit 
Parcel Sons' 

Cut & Cover 1973 Tippetts, Abbett, Morrison-Knudsen 
McCarthy & 
Stratton 

Cut & Cover UC Rummel, Klepper Intercounty, 
& Kahl Buckley & 

Conduit 

Rock UC Kaiser Granite Const. 

Rock and Cut & 19 7 3 Kaiser 
Cover 

Rock UC Harza Assoc. Morrison-Knudsen 

Rock psl Ralph M. Parsons 

Rock UC Ralph M. Parsons James McHugh 

Rock and Cut & PS Matthews-
Cover Chatelain-Beall 

Cut & Cover 1974 Ammann & Whitney Ball-Shea-Norair 

Cut & Cover 1974 Greiner Eng. Norair Eng. 

-
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WASHINGTON, D.C. (Cont'd.) 

Owner Tunnel Name 

WMATA 1B0032 

lCOOll 

lC0021 

1C0031 

1C0041 

1C0051 

1C0061 

1C0062 

1C0071 

1C0081 

1C0103 

Lgth . O.D. Use 

557 RT 

1299 RT 

2714 RT 

2115 RT 

6247 RT 

4217 RT 

4925 RT 

1466 RT 

4441 RT 

3482 RT 

1500 RT 

SUMMARY OF TUNNELS, PLANNED, UNDER CONSTRUCTION, AND IN USE 

Construction No.of Engineering Construction 
Status Con-

Method tracts Firm Company 

Cut & Cover 1975 Greiner Eng. p & z -
Mergen time 

Cut & Cover UC MCA Eng. Early-Massman 

Cut & Cover UC Ralph M. Parsons Morrison-Knudsen 

Cut & Cover UC Hayes, Seay, Massman-Kiewit-
Mattern & Early 
Mattern 

Rock & Earth UC Parsons, Brinck- Shea-S & M-Ball 
erhoff, Quade & 
Douglas 

Rock UC Bechtel Corp. Shea-Ball 

Cut & Cover UC McGaughy, Morrison-Knudsen 
Marshall & 
McMillan 

Cut & Cover UC H. D. Nottingham Norair 

Earth and Cut & UC Century Eng. 
Cover 

Cut & Cover UC Hayes, Seay, Peter Kiewit 
Mattern & Sons' 
Mattern 

Cut & Cover PS Vosbeck, Vosbeck, 
Kendrick & 

Redinger 
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WASHINGTON, D.C. (Cont'd.) 

Owner Tunnel Name 

WMATA 100011 

100021 

100031 

100041 

100042 

1D0043 

1D0061 

1D0071 

1D0081 

1D0091 

lEOOll 

Lgth . O.D. Use 

2988 RT 

2030 RT 

2672 RT 

4372 RT 

1065 RT 

698 RT 

5283 RT 

745 RT 

3963 RT 

2466 RT 

4328 RT 

SUMMARY OF TUNNELS, PLANNED, UNDER CONSTRUCTION, AND IN USE 

Construction No.of Engineering Construction 
Status Con-

Method tracts Firm Company 

Cut & Cover UC Daniel, Mann, P & Z - Shea 
Johnson & 
Mendenhall 

Cut & Cover UC David Volkert Swindell-
Assoc. Dressler 

Cut & Cover UC Sverdrup & Slattery-Grow 
Parcel 

Earth UC Praeger- S & M-Traylor 
Kavanaugh-
Waterbury 

Cut & Cover UC Praeger- Mergen time-
Kavanaugh- Steers 
Waterbury 

Cut & Cover UC Praeger- Healy-Kruse 
Kavanaugh-
Waterbury 

Earth and Cut & UC Edwards & Kelcey Healy-Kruse 
Cover 

Cut & Cover UC Wiley & Wilson Norair 

Earth and Cut & UC Henningson, Granite-Groves 
Cover Durham & 

Richardson 

Cut & Cover UC J. K. Knoerle Fruin-Colnon 

Earth and Cut & PS Edwards & Kelcey Fruin~Colnon 
Cover 
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WASHINGTON, D.C. (Cont'd.) 

Owner Tunnel Name 

WMATA 1E001 2 

1E0021 

1F0012 

1F0021 

1F0022 

1F0031 

1G0021 

1K002 1 

1K0031 

1K0042 

1K004 1 

lLOOll 

Lgth. O.D. Use 

2745 RT 

4730 RT 

3892 Var . RT 

4516 RT 

738 RT 

7525 RT 

7790 RT 

3001 RT 

2074 RT 

2988 RT 

1710 RT 

3233 RT 

SUMMARY OF TUNNELS, PLANNED, UNDER CONSTRUCTION, AND IN USE 

Construction No. of Engineering Construction 
Status Con -

Method tracts Firm Company 

Earth and Cut & PS Edwards & Ke lcey 
Cover 

Earth and Cut & PS C. E . Maguire 
Cover Inc. 

Earth and Cut & UC Corddry , Carpen- Dravo Corp. 
Cover ter, Dietz & 

Zack 

Earth UC Parsons , Brinck- Traylor Bros.-
erhoff, Quade & S & M 
Douglas 

Cut & Cove r UC Parsons, Brinck- Volpe-Head 
erhof f , Quade & 
Douqlas 

Cut & Cover PS T.A.M.S. 

Earth and Cut & PS Corddry, Car pen-
Cover ter, Dietz & 

Zack 

Cut & Cover UC Wiley & Wilson Nello L. Teer 

Cut & Cover UC Sanders & Thomas Expressway Const. 

Cut & Cover UC Century Eng. Slattery Assoc. 

Double Box Cut UC David Volkert Morrison-Knudsen 

Cut & Cover and PS Praeger-
Sunken Tube Kavanaugh-

Waterbury 

-
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OTHER EASTERN 

Owner 

No. Charleston 
Service Comm. 

NY Power Auth. 

Chesapeake Bay 
Bridge & Tunnel 

Pa. Turn. Auth. 

Pa. Turn. Auth. 

Pa. Turn. Auth . 

Pa. Turn. Auth. 

Norfolk & Western 
RR 

NJ Hiway Dept. 

National Park 
Service 

B&O Railroad 

WVa Hiway Dept. 

NC Hiway Dept. 

Niag-Mohawk 
Power Co. 

Tunnel Name Lgth . O.D. 

Cooper R. Trunk 730 7'6" 

Blenheim-Gilboa 2838 Var. 

Baltimore Chan 5450 37' 
Thimble Shoals CH 5738 37' 

Tuscarora 5326 38x33 

Kit ta tinny ( 4727 38x3·3 
( 

Blue Mt. ( 4339 38x33 

Allegheny Mt. 6070 38x33 

Elkhorn 7110 32x31 

Rte. 280 Sewer 120380 10' 

Mt. Pisgah Hiway 1000 30xl8 

B&O Tunnel WVa 1900 b.9x27 

Wheeling Hiway 2851 l24x31 

I-40 Interstate 1200 13lx24 

Ninemile Nuclear 1780 12' 
NY 

____ ._ 

SUMMARY OF TUNNELS, PLANNED, UNDER CONSTRUCTION, AND IN USE 

Construction No.of Engineering Construction Use Status Con-
Method tracts Firm Company 

s 1969 C.F.Smith & Son 

w Drill & Blast 1969 Sverdrup & Parcel Perini Corp. 

MV Sunken Tube 1965 Sverdrup & Parcel Tidewater-Merritt 
MV Suken Tube 1965 Sverdrup & Parcel Raymond Kiewit-

Amer. Bridge 

MV Bench & Header 1968 Michael Baker,Jr. Peter Kiewit Sons 
Drill & Blast Inc. 

MV Drill & Blast 1967 ) Michael Baker,Jr. Langenfelder 
) & Bellante & 

MV Drill & Blast 1968 ) Clause Langenfelder 

MV Drill & Blast 1963 Michael Baker,Jr. Merritt Elkman & 
Full Face Inc. Scott 

Drill & Blast 1950 Haley-Chisom 
Morris 

s Drill & Blast 1965 Parsons-Brinker- McHugh 
hoff 

MV Drill & Blast 1963 Blythe Bros. 

RR Drill & Blast 1964 Langenfelder 

MV Drill & Blast 1964 Langenfelder 

MV Drill & Blast 1964 Cowan 

w Drill & Blast 1966 Wilkstrom 
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OTHER EASTERN 

Owner 

Hartford Metro 
District 

Rochester , N.Y. 

" 

" 

" 

" 

" 

" 

Monroe County 
Pure Waters 
Agency 

Rochester-
Genesee Rapid 
Transit Auth. 

Niagara 
Frontier Transit 
Authority 

1 align 

Tunnel Name Lgth. 

Talcott Mtn. 5380 

Norton St. 300 

Keeler St. 2650 

Central Ave. 

Main & Front 

Clarissa St. 

Upper Falls 300 

Upper Falls/Bausch 600 

Genesee-S/W 8000 

Genesee-S/E 11.5850 

Culver-Goodman 126400 

Deep Tunnels t27000 

Metro 1000 

Buffalo-Amhers t 27456 

nent to be finalized :luring 

··-· --

SUMMARY OF TUNNELS, PLANNED, UNDER CONSTRUCTION, AND IN USE 

Construction No.of Engineering Construction O.D. Use Status Con· 
Method tracts Firm Company 

6x7 w Drill & Blast 1963 Frank Fahlquist Square & Marra 

10'6" s Drill & Blast 1965 In House McHugh 

7 I 7" s Drill & Blast 1965 " " " 

8 ' 6 " s 1960 " " " 

8'6" s 1960 " " " 

8'6'.' s 1960 " " " 

10' s 1970 " " " 

10' s 1974 " " " 

16' s Mole UC Erdman Anthony 

12' s Mole PS Charles Sells 

16' s Mole PS Lozier Engineers 

16 '-20 s Various PS 

RT Cut and cover PS 

RT Cut and cover PS 
and moles 

1976 
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OTHER EASTERN 

Owner 

COE 

" 

" 

" 

II 

II 

" 

" 

" 

" 

" 

" 

Tunnel Name Lgth . 

North Fork, Pound 641 
Virginia 

Fishtrap 720 
Kentucky 

Gathright 1181 
Virginia 

Jadwin Dam 554 
Pennsylvania 

J. w. Flannagan 780 
Virgi ni a 

Sutton Lake 555 
West Virginia 

Summersville 1863 
West Virginia 

A. R. Bush 768 
Pennsylvania 

Grayson 390 
Kentucky 

Buford 848 
(four tunnels) 
Georgia 

Carter' s Dam 2405 
Georgia 

Colebrook River 683 
Connecticut 

----

SUMMARY OF TUNNELS, PLANNED, UNDER CONSTRUCTION, AND IN USE 

Construction No. of Engineering Construction 
O.D. Use Status Con-

Method tracts Firm Companv 

8 " w Drill & Blast 1964 In House 

16' w " 1964 " " Cowan Const. 

18 ' w " 1 972 " " 

9' w " 1958 " II 

17' w " 1961 " " 

22' RR " 1958 " " 

30' w " 1962 II " Mntn. States 
Construction 

14' w " 1962 

15' w " 1965 II II 

Var. w II 1958 II " 

24' w " UC II " 

12' w " UC II II 
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OTHER EASTERN 

Owner 

COE 

" 

" 

" 

" 

State of 
West Virginia 

Tunnel Name 

Littleville 
Massachusetts 

No. Springfield 
Vermont 

Union Village 
Vermont 

Ball Mountain 
Vermont 

Worcester Diver. 

Hampton Roads I 

Hampton Roads II 
(I-64) 

Admiral Taussig 
Blvd. (I-564) 
Norfolk 

Craney Island 
(I-664) 

Elizabeth River I 
Portsmouth (I-264) 

Elizabeth River II 

East River Mt. 

--· 

Lgth . O.D. 

285 9' 

600 13 I 

1178 14' 

865 14' 

4300 20' 

7500 2 lns 

7500 2 lns 

665 4 lns 

4250 4 lns 

3500 2 lns 

3500 2 lns 

5700 4 lns 

SUMMARY OF TUNNELS, PLANNED UNDER CONSTRUCTION, AND IN USE 

Construction No.of Engineering Construction Use Status Con-
Method tracts Firm Company 

w Drill & Blast 1965 In House 

w " 1960 " " 

w " 1950 " " 

w " 1961 " " 

w Various 1960 " " 

MV Sunken Tube 1957 Tidewater & 
Merritt-Chapman 

MV Sunken Tube UC Parsons, Bincker- Tidewater -
hoff, Quade, Raymond J.V. 
Douglas 

MV Cut and cover UC Whitman, Requardt 
& Associates 

MV Sunken Tube PS McGaughy, Mar-
shall & McMillen 

MV Sunken Tube 1953 

MV Sunken Tube plus PS 
Cut and cover 

MV Drill & Blast 1974 M. Baker, Jr. 
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ATLANTA AREA 

Owner 

MARTA 

City of Atlanta 

1 
Report on alter 
Final plans con 

Tunnel Name 

Atlanta Metro 

Airport Tunnel 

~ative alignments and 
~ingent upon that ref 

Lgth. O.D. Use 

53328 RT 

800 22'6" A 

modes due J anuary 
prt. 

SUMMARY OF TUNNELS, PLANNED, UNDER CONSTRUCTION, AND IN USE 

Construction No.of Engineering Construction 
Status Con-

Method tracts Firm Companv 

Mainly Cut I UC 40 
Cover 

Shield Grow Tunneling 

1976. 
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PITTSBURGH AREA 

Owner 

Port Authority 
Transit1 

City of 
Pittsburgh2 

1 In addition to 
renovation of a 
Also renovated 
upon consultant 

2 PennDot officia 

Tunnel Name Lgth . 

3696 

Squirrel Hill 3 4200 
(I-76) 

onternplated construe ,~ion, 
bandoned Wabash R.R. [runnel 
nt. Washington Trolle v Tunn 
s report due February 1976. 

says City opposes t h.is. 

SUMMARY OF TUNNELS, PLANNED, UNDER CONSTRUCTION, AND IN USE 

Construction No. of Engineering Construction 
O.D. Use Status Con· 

Method tracts Firm Company 

RT PS 

3 lns MV PS M. Baker, Jr. 

IP.A.T. cornpl ~ted $4.7 million 
for i.; se of 'skybus" route. 

el. Final p 11.ans contingent 

~o fun ;ls inc uded in the six y ear pr Dgrarn. 
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CLEVE LAND AREA 

Owner 

No RT subway cons 
effect allowing J 
System has becomE 
p lan, there will 

Tunnel Name 

~ruction in place or 
% piggyback sales ta, 
the Greater Clevelar 

be a statutory 5 yea1 

Lgth . 0.0. Use 

p lanrn d. Or 7/ 22; 
in C1 yahogc Count 

d Tra1 sit At thori1 
builc ing me ratori 

SUMMARY OF TUNNELS , PLANNED, UNDER CONSTRUCTION, AND IN USE 

Construct ion No. of Engineering Construct ion 
Status Con· 

Method tracts Fi rm Company 

75 tax proposal we nt into 

IY • The Cleveland rrransit 

IY· Also as part c f tax 
!um to help keep fa ires de lwn. 

(;' 
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DETROIT AREA 

Owner 

City of Detroit 

Southeastern 
Michigan Transp. 
Authority 

Tunnel Name 

1st-Hamilton Sec IV 

Schoolcroft 
Relief 

Bedford-Cadieux 

Wyoming Re lief 

PCl- 5 Intercept. 

PCl-6 Intercept. 

PCl-7 Intercept. 

North Intercept. 

PC l-18 Intercept. 

PCl-19 Intercept. 

PCl-20 Intercept. 

PCl-21 Intercept. 

PCl-22 Intercept. 

PCl-29 Intercept. 

PCl-30 Intercept. 

Detroit Subway 

Lgth . 0 .0. 

22000 20 

16000 17 

10791 14'4" 

10494 14' 8" 

14630 16'9" 

13033 16'9" 

13633 16'9" 

5713 22 

15671 15'6" 

12531 17'6" 
& 

15'6" 

12441 17'6" 

ri.6925 17 '6" 

rI.6053 17'6" 

ri,2370 11'4" 

112753 Ill' 4 II 

9.2m. 

SUMMARY OF TUNNELS, PLANNED, UNDER CONSTRUCTION, AND IN USE 

Construction No. of Engineering Construction 
Use Status Con· 

Method tracts Firm Company 

s Mole 1966 DiMambro 

s Mole 1964 Healy-Gagaro 

s Mole 1969 Greenfield-
Mancini 

s Mich. Sewer 1969 Michigan Sewer-
Mole Jay Dee Const. 

s Calweld Mole 1970 Corridor Const. 

s Calweld Mole 1970 Corridor Const. 

s Mernco Mole 1970 Michigan Sewer 

s Decker Mole 1970 Corridor Const. 

s Scott Mole 1::JC Michigan Sewer 

s Calweld Mole UC Gagaro Const. 

s Mernco Mole UC C. J. Rodgers 

s Mole PS 

s Mole PS 

s Mole PS 

s Mole PS 

RT PS 
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CHICAGO AREA 

Owner 

City of Chi c a go 

II II II 

II II II 

II II II 

II II II 

II II II 

II II II 

II II II 

II II II 

" II II 

CTA 

CTA 

Chicago Urban 

GCMSD 
GCMSD 
GCMSD 
GCMSD 
GCMSD 
GCMSD 

Tunnel Name Lgth . O.D. 

NW Inceptor s 5300 26 ' 

Lombard St. s 5300 25'10 11 

Main Drain 9000 11' 
s . Rte Exp ress. 

Sewer 18000 9' 

Lawrence Avenue 12 5 764 13'18 11 

Lawndale Avenue tI.7634 13 1 i0 11 

Crawford Avenue tI.8320 16'10 11 

NW Incep tor 5580 14 I 4 11 

Leamington Avenue 4695 14'4 11 

Normal Avenue tI.2125 15 1 6 11 

Eisenhower Ext. 2896 49' 

Kennedy Ext. 6260 29' 

CATP Development 12 m. 

Inceptor Sewer 7800 19' 
Sewer 5875 Ill' 4" 
Sewer 2000 9' 
Sewer 5500 7 1 6 11 

Expressway Sewer 5995 66" 
Cook Co . Sewer 6450 8' 

----

SUMMARY OF TUNNELS, PLANNED, UNDE R CONSTRUCTION, AND IN USE 

Construction No. of Engineering Construction 
Use Status Con-

Method tracts Firm Company 

s 1 965 In House s. A. Healy Co. 

s 1 9 5 9 II II John Doherty 

s 195 9 II II John Doherty 

s II II s. A. Healy 

s Lawrence mole 1 96 7 II II McHugh, Healy, 
& Kenny 

s Robbins mole 1968 II II Healy & Kenny 

s Jarv a mole 1968 II II S&M Constructors 

s 1965 II II Kenny Construct. 

s 1968 II " Potarelli & 
O'Brien 

s 1968 II II Healy & Kenny 

RT Various II II Healy-McQueen-
Boyle 

RT Cut and cover 1970 DeLeuw Cather Kenny- Consoli-
dated-Arco le 

RT Cut and cover PS Midwest 

s 1965 In House s. A. Healy 
s 1965 II II Geo. Hardin Con. 
s II II Kenny Construct. 
s 1963 II II Kenny Construct. 
s Open cut UC II II Kenny ·Construct. 
s 1968 II II Porter Construct. 

& F.D. May Co. 
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CHICAGO AREA 

Owner 

GCMSD 

GCMSD 

GCMSD 

GCMSD 

GCMSD 

GCMSD 

Tunnel Name 

O'Hare Plant 

73-317-2S 

73-320-2S 

72-049-2H 

Deep Tunnels 

Deep Tunnels 

Lgth. O.D. 

750 8' 

22102 22' 

( 10870 18' 
( 2065 10' 

27750 22' 
24020 24' 

40000 Var. 

97 m. Var. 

----- >--

SUMMARY OF TUNNELS, PLANNED, UNDER CONSTRUCTION, AND IN USE 

Construction No. of Engineering Construction 
Use Status Con-

Method tracts Firm Company 

s PS 

s PS 

s Mole PS 
s Mole PS 

s UC Kenny-Paschen 
s UC 

s Various 1974 Healy-McHugh 

s Various PS 
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MILWAUKEE AREA 

Owner 

Milwaukee 
Sewer Comm. 

Milwaukee 
Sewer Comm. 

Milwaukee 
Sewer Comm. 

Milwaukee 
Sewer Comm. 

Milwaukee 
Sewer Comm. 

Tunnel Name 

Sewer 

233 

239 

865 

866 

Lgth. O.D. Use 

8330 8 s 

7138 8 s 

9200 8 s 

6845 8 s 

5920 8 s 

-----

SUMMARY OF TUNNELS, PLANNED, UNDER CONSTRUCTION, AND IN USE 

Construction No.of Engineering Construction 
Status Con-

Method tracts Firm Company 

1972 Alvord, Burdick R.W. Const. Inc. 
& Howson & w. J. Lazynski 

1973 Alvord, Burdick w. J. Lazynski 
& Howson 

1973 Alvord, Burdick Tomaro Const. 
& Howson 

UC Alvord, Burdick Tomaro Const. 
& Howson 

PS Alvord, Burdick 
& Howson 

_...____ ___ 



:i,, 
I 

Iv 
Iv 

MINNEAPOLIS-ST. PAUL AREA 

Owner Tunnel Name 

City of Minn . 2781-26 

City of Minn . 2782-50 

City of Minn. 2783-06 

City of Minn. 2782-17 

City of Minn. 2782-71 

City of Minn. 2783-19 

City of Minn. 6282 -2 3 

City of Minn. 6282-41 

Metro Transit 
Commission 1 

City of Minnehaha Park 
Minnesota 2 

1 Plans contingen upon State legislat 

2 City council st 1dying a bridge-boule 

Lgth. O.D. 

88 24 Var. 

4346 14 

3465 16 

6509 14 

1593 14 

6587 15 

4400 14 

2303 14 

b..90080 

965 6 lns 

~re's a.ction. 

vard a lterna 

SUMMARY OF TUNNELS, PLANNED, UNDER CONSTRUCTION, AND IN USE 

Construction 
No.of Engineering Construction 

Use Status Con-
Method tracts Firm Company 

w Al Johnson Co. 

w Al Johnson Co. 

w Al Johnson Co. 

w Foley Bros. 
Hurley, Winston 

w Foley Bros. 
Hurley, Winston 

w Delaware VM Mole Delaware Corp. & 

Amer. Struct. 

w Foley Bros. 
Hurley, Winston 

w Foley Bros. 
Hurley, Winston 

RT PS 

MV Cut and cover PS Van Doren, Hazard 
Stallings, 
Schnacke 

ive. 
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OTHER MIDWESTERN 

Owner 

Metro Sewer 
Distri c t 
St. Louis 

City of Omaha 

COE 

COE 

COE 

COE 

COE 

C[)E:. 

qJE 
', 

Prairie Farm 
Rehab. Agency 

Tunnel Name Lgth . 

City Sewer 21000 

Minne Lusa 7500 

Oake 72335 
(6 tunnels) 
s. Dakota 

Wilson 998 
Kansas 

De Gray 1667 
Arkansas 

Gilham 627 
Arkansas 

Broken Bow (2) 2990 
Oklahoma 

Ft. Randall (4) 11.0026 
s. Dakota 

Pomme de Terre 514 
Missouri 

Gardiner 120000 

------ -

SUMMARY OF TUNNELS, PLANNED, UNDER CONSTRUCTION, AND IN USE 

Construction No. of Engineering Construction 
O.D. Use Status Con-

Method tracts Firm Company 

9' s Drill & Blast Traylor Bros. 

12' s 1962 Rocco Ferrea Co. 

Var. w Moles 1958 In House 

14' w 1963 II 

30' w Drill & Blast 1964 II 

12' w UC II 

Var. w 1964 " 

24'- w Drill & Blast 1956 II 

30' 

13' w Drill & Blast 1959 II 

22' K M-K Mole 1969 COE Morrison-
Knudsen 
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TEXAS 

Owner 

City of Houston 

City of Austin 

City of Ft. Hood 

International 
Boundary & 

Water 
Commission 

Tunnel Name 

Storm Sewer 

Crosstown 
Intercept. 

Amisted Dam 

Lgth. O.D. Use 

2840 U'8 s 

3821 10 s 

730 12 s 

57836 8 s 

330 6 w 

1620 15 w 

------- -

SUMMARY OF TUNNELS, PLANNED, UNDER CONSTRUCTION, AND IN USE 

Construction No. of Engineering Construction 
Status Con-

Method tracts Firm Company 

1959 In House Elmer Gardner 

1966 " " Boring & 
Tunneling Co. of 
America 

19 73 " " John G. Holland 

Moles UC A. A. Mathews- Kiewit-Granite 
CRS Design-
Lees, Hill, 
Jewett, Bryant 
& Curington 

Drill & Blast 1969 COE 

Drill & Blast 1970 COE 
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COLORADO 

Owner 

City of Denver 

City of Denver 

Colo. Hiway 
Dept. 

Colo. Hiway 
Dept. 

Colo. Hiway 
Dept. 

Colo. Hiway 
Dept. 

BuRec 

BuRec 

BuRec 

BuRec 

BuRec 

BuRec 

BuRec 

BuRec 

BuRec 

BuRec 

Tunnel Name 

H. D. Roberts 

Williams Fork 

Eisenhower #1 
(West) 

Eisenhow 
(East) 

Glenwood Springs 

Loveland Pass 

Carter Lake 

Rattlesnake 

St. Vrain 

Rabbitt Mt. 

Chapman 

Boustead 

Hunter 

Hunter #2 

Nast 

South Fork 

Lgth. O.D. 

123024 13' 3 

3700 10 

8941 48 

8940 48 

2000 34x· 
26 

8282 11' ll 

5792 8 

8757 9'9 

1200 8 '6 

3145 8 1 6 

114600 7'0 

128500 10'6 

129049 8 1 6 

IL585o 8 1 6 

II.5840 7'8 

II.6250 8'0 

SUMMARY OF TUNNELS, PLANNED, UNDER CONSTRUCTION, AND IN USE 

Construction No.of Engineering Construction 
Use Status Con-

Method tracts Firm Company 

w Drill & Blast 1962 Blue River 
Const. 1 

w Drill & Blast PS 

MV Drill & Blast 1973 Tippetts-Abbett- Straight Creek 
McCarthy- Constructors2 

Stratton 

MV Drill & Blast UC T.A.M.S. Brown & Root-
Kiewit 

MV Drill & Blast Colorado Const. 

MV Drill & Blast 1964 Mid-Valley 
Const. 

w 1952 

w 1:952 

w 1953 

w 1953 

w 1971 

w 1971 

w 1973 

w UC Perini 

w Wirth Mole 1974 Kiewit. 

w 1971 
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COLORADO (Cont'd.) 

Owner Tunnel Name Lgth . 

Bu Rec Azot ea p7892 

BuRec Blanco f1 56 36 

BuRec Oso ~6660 

Denver Rapicl Denver Subway 6350 
Transit Dist . 

Southgate Sani- Orchard 7600 
tation Dist. 

1 . . 
A Joint venture of Mid-Valley Utilit "Cons 
s. A. Healy, C. H. Tompkins, J. A. J::ines, 
Horner, and Col )rado Constructors. 

2 A . . t Joint ven ure of Al Johnson, Gibbo :15 & B 

Kemper, and Wes ern Paving. 

3 Plan subject to approval at public h earing 
Final decision ~ue late March 1976. 

SUMMARY OF TUNNELS, PLANNED, UNDER CONSTRUCTION, AND IN USE 

Construct ion 
No.of Engineering Construction 

O.D. Use Status Con· 
Method tracts Firm Companv 

10' 11 w Robbins Mole 1970 Gibbons & Reed-
Boyle Bros. 

8 '7 w Robbins Mole 1 969 Co lorado Const.-
A. s . Horner 

8 ' 7 w Robbins Mole 1970 Boyle Bros. 

RT Cut & Cover Ps3 

s PS 

tructo rs, 
I\. s . 

eed, 

s. 

.. 
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LOS ANGELES/SOUTHERN CALIFORN IA 

Owner Tunnel Name 

MWD/So. Cal. Balboa Inlet 

MWD/So. Cal. Glendora 

MWD/So. Cal. Newhall 

MWD/So. Cal. Castaic 

MWD/So. Cal. Sepulveda 

MWD/So. Cal. Bernasconi #2 

MWD/So. Cal. Tonner 1 & 2 

MWD/So. Cal. Diemer tunnel 
shaft 

MWD/So. Cal. San Fernando 

So. Cal. RTD L.A. Subway1 

1 Alignment to be determined in 1976. 

Lgth . O.D . Use 

5000 18 '4 w 

34103 18 ' 6 w 

11 8290 25'7 w 

125085 25 w 

7000 11 w 

5000 13 w 

122900 11 w 

1400 11 w 
250 11 

129000 22 w 

ll.3500 RT 

SUMMARY OF TUNNELS, PLANNED, UNDER CONSTRUCTION, AND IN USE 

Construction No.of Engineering Construction 
Status Con-

Method tracts Firm Company 

Kemper Shield 1967 In House Dixon-Arundel 
McDonald-Kruse 
Kiewit 

Drill & Blast 1965 II II J. F. Shea Co. 

Calweld Mole 1966 " " Dixon-Arundel 
et al. 

Memco Mole 1966 " II Delaware-V-M. 

Calweld Mole and 1970 II II Drummond & 
Drill & Blast Brannock 

Drill & Blast 1971 II II J. F. Shea Co. 

Calweld Mole UC II II J. F. Shea Co. 

Drill & Blast u~ II II J. F. Shea Co. 

Robbins Mole 1975 II II Lockheed Ship-
building & 
Const. 

PS 
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LOS ANGELES/SOUTHERN CALIFORN I A (Cont'd.) 

Owner Tunnel Name Lgth . 

Cali fo rn ia Car ley Porter 12 5080 
Dept . Wa t er 
Resources 

" " " An geles 137774 

" " " Tehac hap i 11.6052 

" " " San Bernadina 20123 

" " " Del Valle 1800 

" " " Castai c Dam 3600 
Divers ion 

O.D. 

24 

35 

29 

16 

34 

33 

SUMMARY OF TUNNELS , PLANNED UNDER CONSTRUCTION, AND IN USE 

Construction No.of Engineering Construction Use Statu s Con-
Method tracts Firm Company 

w 1 965 In House Dravo-Atkinson 
Groves 

w 1 966 " " Shea-Kaiser-
Lockheed-Healy 

w Drill & Blast 1966 " " Granite-Bell-
Gatest Fox 

w 1967 " " J. F. Shea Co. 

w Drill & Blast 1967 " " Green-Winston 

w 1967 " " Peter Kiewit 
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SAN FRANCISCO AREA 

Owner 

Dep t. of Army 

BART 

BART 

BART 

BART 

BART 

BART 

BART 

BART 

BART 

BART 

BART 

Tunnel Name 

Berkeley Hills 
Subway 

Berkeley Station 

Subway Contract 
S0021 

Subway Contract 
SOO ll 

Subway Contract 
B0031 

Subway Contract 
M0031 

Subway Contract 
MOOll 

Subway Contract 
K0016 

Subway Contract 
K0014 

Subway Contract 
S0022 

Subway Contract 
K0061 

Lgth . O.D. Use 

790 7x9 w 

1 6 200 20 RT 

2900 18 ' 8 RT 

17580 18'6 RT 

6280 18 '.6 RT 

2800 18'6 RT 

9100 18'8 RT 

6 940 18'8 RT 

3260 18'8 RT 

4170 18'8 RT 

n.0200 17'6 RT 

4874 18'8 RT 

SUMMARY OF TUNNELS, PLANNED, UNDER CONSTRUCTION, AND IN USE 

Construction No.of Engineering Construction 
Status Con -

Method tracts Firm Company 

Drill & Blast 1970 

Drill & Blast 1967 Parsons, Brinck- J. F. Shea Co. & 
erhoff-Tudor- Macco, Kaiser 
Bechtel 

1968 II II II J . F. Shea Co. & 
Macco 

Memco Mole 1967 II II II Delaware V.M. 

Jarv a Mole 1967 II II II Shen, Ball, 
Granite, Olson 

1967 " II II Perini-Brown & 
Root 

1968 II II II Perini-Brown & 
Root 

Calweld Mole 1968 " " " Kiewit-Traylor 

1968 " " " Oakland Wye 
Constructors 

1968 " " II Oakland Wye 
Constructors 

1967 II " II Morrison-Knudsen, 
Perini, Brown & 
Root 

1968 II II II 
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SAN FRANCISCO AREA (Cont'd.) 

Owner Tunnel Name 

BART Subway Contract 
M0042 

BART Subway Contract 
C0041 

BART S .F. Yerba 
Project 

Oakland Co. Eight Mi. Drain 
Drain Comm. 

Stanford Univ. Spe c ial Purpose 

Eastbay Muni c . LaFayette Util. 
Util. Dist. Tunnel 

S.F. WD Crystal Spgs. 

Metro Util. LaFayette Tunn. 
Dist. 

Lgth. O.D. 

3560 18 ' 8 

32400 20' 8 

2500 12 

11.3000 15 

600 15 

4269 13 

117144 12'6 

11.6716 8 

SUMMARY OF TUNNELS, PLANNED, UNDER CONSTRUCTION, AND IN USE 

Construction No.of Engineering Construction 
Use Status Con· 

Method tracts Firm Companv 

RT Calweld Mole 1968 Parsons, Brinck-
erhoff-Tudor-
Bechtel 

RT 1968 " " " Shea, Kaiser, 
Macco 

s " II II Pamco 

w 1963 Healy & Gargaro 

1968 Kemper Const. 

w 1968 J. A. Artukovich 
Sons 

w 1969 Gates & Fox 

w Drill & Blast 1961 Stolte-Early 
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SEATTLE AREA 

Owner 

City of Seattle 

City of Seattle 

COE 

State of 
Washington 

State of 
Washington 

Tunnel Name 

Sewer 

Lake City 

Howard A. Hanson Dan 

Baker Ridge (I-90) 

Mercer Island (I-90) 

--

Lgth . O.D. 

10000 12' 

17000 8' 

880 19'9" 

2100 6 lns 

3000 10 lns 

SUMMARY OF TUNNELS, PLANNED, UNDER CONSTRUCTION, AND IN USE 

Construction No.of Engineering Construction Use Status Con-
Method tracts Firm Company 

s 1967 Pacific Mechani-
cal Contractors 
& Traylor Bros. 

s 1967 fl 

w 1962 In House 

MV PS Howard, Needles, 
Tammen & Borg. 

MV PS Tudor Eng. 
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OTHER WESTERN 

Owner 

Nevada 
Highway Dept. 

Sacrame nto 
Metr. Utility 
bist-

riuba City 
Water Agency 

[daho Powe r Co_ 

bacifi c Gas & 

Electri c Co . 

California Dep t. 
bf Water 
!Resources 

California Dep t. 
bf Water 
!Resources 

Tunnel Name 

Carlin (2) 

Loon Lake 

White Rock 

Lowman Ridge 
Camp tonville 
Colgate 

Hells Canyon 

Pitt-McCloud 
Belden 

Saugus-Casta ic-

Feather River (2) 

Lgth. O.D. 

1426 33x24 

21152 18' 

25800 24' 

19410 14' 
6107 16' 

:23624 24' 

1694 43' 

26 400 26' 

88 30 21' 
441 0 x 30 ' 

··- --

SUMMARY OF TUNNELS, PLANNED, UNDER CONSTRUCTION, AND IN USE 

Construction No.of Engineering Construction 
Use Status Con-

Method tracts Firm Company 

MV 1975 Lockheed Ship. 
and Const. 

w 1966 Walsh 

w 1964 Walsh 

w 1966 Perini 
w 1966 Perini 
w 1966 Perini-Yuba 

w Drill & Blast 1966 Peter Kiewit 

w 1965 Peter Kiewit 
w 1968 Lockheed Ship. 

and Const. 

w 1968 In House Delaware-V-M 

RR 
" RR Drill & Blast 1963 Peter Kiewit 

-- - -
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OTHER WESTERN 

Owner 

COE 

COE 

COE 

COE 

COE 

COE 

COE 

COE 

COE 

Tunnel Name Lgth . 

Ft. Peck 3756 
Montana 

New Melones 3790 
California 

Flathead 35300 
Montana 

Shettisham (3) tl.0432 
Alaska 

Abiquiu Dam 2078 
New Mexico 

Hills Creek (3) 2362 
Oregon 

f 
Green Peter (2) 1050 
Oregon 

Alamo Dam 962 
California 

Dwoshak Dam 1721 
Washington 

SUMMARY OF TUNNELS, PLANNED, UNDER CONSTRUCTION, AND IN USE 

Construction No. of Engineering Construction 0.0 . Use Status Con-
Method tracts Firm Company 

24' w Top Heading & 1960 In House 
Bench 

24' w Drill & Blast 1973 " 

25' RR Drill & Blast 1969 " 
xl8' 

Var. w Drill & Blast 1972 II 

14' w Drill & Blast 1956 " 

14'- w Drill & Blast 1962 " 
24' 

30' w Drill & Blast 1972 " 

13' @ Drill & Blast UC II 

42' w Full Face . UC " 
Excavation 
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OTHER WESTERN 

Owner 

COE 

COE 

COE 

COE 

COE 

COE 

COE 

COE 

COE 

Tunnel Name Lgth. 

Terminus Darn 1060 
California 

Cougar (3) 1979 
Oregon 

Foster 565 
Oregon 

Black Butte Darn 545 
California 

Lucky Peak 1120 
Idaho 

Blue River 1797 
Oregon 

Big Cliff 534 
Oregon 

Painted Rock 925 
Arizona 

Isabella Darn 758 
California 

·--- - ·---

SUMMARY OF TUNNELS, PLANNED, UNDER CONSTRUCTION, AND IN USE 

Construction No. of Engineering Construction O.D. Use Status Con-
Method tracts Firm Company 

13 I w Full Face 1962 In House 
Excavation 

Var. w. Drill & Blast 1964 " 

32' w Drill & Blast UC " 

23' w Various 1963 " 

23' w Drill & Blast 1956 II 

25' w Drill & Blast UC " 

25' w Drill & Blast UC II 

25' w Drill & Blast " 

16' w Drill & Blast 1953 II 
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OTHER WESTERN 

Owner 

Bu Rec 

Bu Rec 

Bu Rec 

Bu Rec 

Bu Rec 

Bu Rec 

Bu Rec 

Bu Rec 

Bu Rec 

Bu Rec 

Bu Rec 

Bu Rec 

Tunnel Name 

Currant 
Utah 

Layout 
Utah 

Starvation 
Utah 

Water Hollow 
Utah 

Camino 

Camp Creek 

Clear Creek 

Carr Powerplant 

Pacheco 

Tailrace 

Spring Creek #1 

Spring Creek #2 

Lgth. O.D. 

8976 12' 

11.6896 12' 

5345 8' 

121571 12' 

2289 8' 

2845 8' 

:,6668 18' 

270 8' 

9540 14' 

567 21' 

8257 20' 

4450 20' 
-- -L-

SUMMARY OF TUNNELS, PLANNED, UNDER CONSTRUCTION, AND IN USE 

Construction No.of Engineering Construction 
Use Status Con-

Method tracts Firm Company 

w Robbins Mole 1975 S. A. Healy Co. 

w Robbins Mole 1975 S. A. Healy Co. 

w Robbins Mole 1968 w. W. Clyde 

w Robbins Mole 1971 Boyle Bros. 

w 1955 

w 1953 

w 1962 

w 1970 

w 1968 

w 1962 

w 1963 

w 1963 
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OTHER WESTERN 

Owner 

Bu Rec 

Bu Rec 

Bu Rec 

Bu Re c 

Bu Re c 

Bu Re c 

Bu Re c 

Bu Re c 

Bu Rec 

Bu Re c 

Bu Rec 

Bu Rec 

Bu Rec 

Tunnel Name Lgth . 

Colb ran/South 2388 

Fre n c hmen Hills 9280 

Na va jo #1 1 0079 

Nava j o #2 25 72 0 

Nav a jo #3 ll.5438 

Nava jo #3A 3312 

Na v ajo #4 4999 

Navajo #4A 564 

Helena Valley U.3985 

Sh e rman 2053 

Glendo Powerp lant 2099 

Fremont 1 & 2 115741 

River Mountains 119970 
Nevada 

-- -

SUMMARY OF TUNNELS , PLANNED , UNDER CONSTRUCTION , AND IN USE 

Construct ion No. of Engineering Construct ion O.D. Use Statu s Con-
Method tracts Firm Company 

8 ' w 1 960 

15' w 1 9 5 3 

20' w Williams Mole 1 96 7 Fenix & Scisson 

20 ' w 1 968 

19' w Dresser Mole 19 74 Fluor 

20' w 1974 

20' w 1974 

20' w 1 9 75 

8' w 19 5 8 

14' w 1 962 

22' w 1956 

20' w 1960 

12' w Jarv a Mole 1971 Utah Mining & 
Construction 
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OTHER WESTERN 

Owner 

Bu Rec 

Bu Rec 

Bu Rec 

Tunnel Name 

Intake/Plant #1 
Nevada 

Buckskin Mtn. 
Arizona 

Frying Pan 
Arkansas 

Lgth . O.D. 

1600 13 I 

36432 23' 

15100 9 ' 

····- - -

SUMMARY OF TUNNELS, PLANNED , UNDER CONSTRUCTION, AND IN USE 

Construction No. of Engineering Construction 
Use Status Con -

Method tracts Firm Company 

w 1 970 

w UC 

w UC 





APPENDIX B 

ENGINEERS IN TUNNELING WORK 

On the next nine pages is the comparative information about the 
forty-one firms. They, and the seven firms omitted for the rea­
sons shown on Page 9-3, are all of the firms listed as engineers 
on tunnel contracts in recent years or claiming expertise on 
Standard Form 251 (U. S. Government Architect-Engineer Question­
naire). 

Quantitative and qualitative questions were developed and asked. 

Number of years in business 

Number of years in tunneling work 

Percentage of firm revenues from tunnel work 

Number of permanent tunnel staff employed 

Number of experienced tunnel people now employed 

Number of tunnel projects during given years 

Types of tunnel construction experience 

End use of tunnels involved 

Role of the firm in its projects 

Attempts to compare tunnel engineers quantitatively are not 
fully successful because of grey areas: 

a. Overlaps in project roles 

b. Number and size of tunneling projects 

c. Size and experience of tunnel staff 

d. Impact of WMATA organization approach 

e. Duration of tunnel capability 

These are discussed in Chapter 9 of this report. 

Page B-1 
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CATEGORY I Transit & Woodward 
Jenny Tunnel Clyde 

Name of Firm Jacobs Assoc. Engineering A. A. Mathews Consultants Consult. 

Years in Business 21 10 22 3 26 

Years in Tunneling 21 10 22 3 26 

% of Business in 25-50% 90% )50% <50% <10% Tunneling 

Size of Permanent 3-4 10 30-40 30**** 6 Tunnel Staff 

No. of Experienced 
18 10 50-75 30**** 80 Tunneling People 

Number 1960-65 50 0 - 50 0 NA 
of 1965-70 70 (40+)*** 75 0 35 
Projects 1970-75 80 125 3 40 

Type Cut & Cover Yes Yes Yes Yes Yes 
of Earth Yes Yes Yes Yes Yes 
Project Rock Yes Yes Yes Yes Yes 

Rapid Transit Yes Yes Yes Yes Yes 

End Vehicle Yes Yes Yes Yes Yes 
- Water Yes Yes Yes No Yes 

Use Sewer Yes Yes Yes No Yes 
Other No Utility & No No No 

Railroad 

Design No Yes Yes Yes No 

Role -
Inspect No Yes Yes Yes Yes 

Spec. Check No Yes No No No 
Consultant Yes Yes Yes Yes Yes 

***Spread over 10 years. 

****New American venture of British-Canadian Firms; believe staff reflects parent firms. 
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CATEGORY II 

Name of Firm 

Years in Business 

Years in Tunneling 

% of Business in 
Tunneling 

Size of Permanent 
Tunnel Staff 

No. of Experienced 
Tunneling People 

Number 1960-65 
of 1965-70 
Projects 1970-75 

Type Cut & Cover 
of Earth 
Project Rock 

Rapid Transit 
Vehicle 

End Water -Use Sewer 
Other 

Design 
R 1 Inspect o e - Check Spec. 

Consultant 

Bechtel Corp. 

78 

45+ 

<10% 

,v 150 

150+ 

10 
31 
24 

Yes 
Yes 
Yes 

Yes 
Some 

Yes 
Recently 

No 

Yes 
Yes 

No 
Yes 

Daniels, Mann 
Johnson & 
Mendenhall DeLeuw Cather Edwards & Kelcey 

29 56 29 

25 20 24 

10-25% 10-25% 10-25% 

10 15-20 3 

25-30 60 8 

3-5 5 5 
3-5 12 5-10 
3-5 25 10+ 

Yes Yes Yes 
Yes Yes Yes 
Yes Yes Yes 

Yes Yes Yes 
Prelim.Eng.Work No Yes 

Yes Yes Yes 
Yes No Yes 

No No No 

Yes Yes Yes 
Yes Yes Yes 

No No No 
No No No 
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CATEGORY II 

Name of Firm 

Years in Business 

Years in Tunneling 

% of Business in 
Tunneling 

Size of Permanent 
Tunnel Staff 

No. of Experienced 
Tunneling People 

Number 1960-65 
of 1965-70 
Projects 1970-75 

Type Cut & Cover 
of Earth 
Project Rock 

Rapid Transit 

End Vehicle 
- Water 

Use Sewer 
Other 

Design 

Role -
Inspect 

Spec. Check 
Consultant 

Harza 
Engineering 

55 

40-50 

10-25% 

5 

150 

5 
6 
8 

Yes 
Yes 
Yes 

Yes 
No 

Yes 
Yes 

No 

Yes 
Yes 

No 
No 

Parsons-
Keifer & Brinkerhoff Sverdrup 

Associates Quade & Douglas & Parcel 

2 90 47 

28 (C. Keifer) 70 25 

50-75% 25% 10% 

10 15-20 50 

10 40 50+ 

3+ 5 
4+ 5 

3 (?) 6+ 5 

Yes Yes Yes 
Yes Yes Yes 
Yes Yes Yes 

No Yes Yes 
No Yes Yes 

Yes No Yes 
Yes No Yes 

No Railroad Railroad 

Yes Yes Yes 
Yes Yes Yes 

No No No 
Yes No No 
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Category III Gannet, Fleming 
Ammann & Century Corddry & 

Name of Firm Whitney Engineering Carpenter 

Years In Business 30* 2* 60 

Years In Tunneling 36 15-20 25 

% Of Business 
In Tunneling (10 % (10% (10% 

Size Of Permanent 
Tunnel Staff 0 30** 0 

No. Of Experienced 
Tunneling People 5+ 30 10-15 

No. Of 1960-65 0 2 1 

Projects 1965-70 3 2 1 
1970-75 4 4 3 

Project Cut & Cover Yes Yes Yes 
- Earth Yes Yes Yes 

Type Rock Not recently No Minimal 

End Rapid Transit Yes Yes Yes 
Vehicle Yes No Minimal 

Use 
- Water Overseas Yes Yes 

Sewer Yes Yes Yes 
Other No No No 

Role Design Yes Yes Yes 
- Inspect Yes Some Yes 

Spec. Check No No No 
Consultant No No No 

* 
** 

Existing firm result of merger of older firms. 
Reflects firms 5 year involvement in WMATA. 

Gibbs & Greiner 
Hill Engineering 

52 67 

5 25-30 

(10% (10% 

0 0 

15 15 

0 2-3 
1 2-3 
3 2-3 

Yes Yes 
No Yes 
Yes Yes 

Yes Yes 
No Yes 
Yes No 
No No 
No No 

Yes Yes 
Yes Yes 
No No 
No No 
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category III 

Name of Firm 

Years In Business 

Years In Tunneling 

% Of Business 
In Tunneling 

Size Of Permanent 
Tunnel Staff 

No. Of Experienced 
Tunneling People 

No. Of 1960-65 
1965-70 Projects 1970-75 

Project Cut & Cover 
- Earth Type Rock 

End Rapid Transit 
Vehicle Use - Water 
Sewer 
Other 

Role Design 
- Inspect 

Spec. Check 
Consultant 

Hayes-Seay-
Mattern & 

, Mattern 

29 

15+ 

(10% 

0 

50 

5 
5 
6 

Yes 
Prelim.Eng.Work 
Prelim.Eng.Work 

Yes 
Yes 
Yes 
Yes 

t -

Yes 
Util.Tunnels 
No 
No 

Henningson Howard-Needles Inter-
Hazelet & Durham & Tammen & national 
Erdal Richardson Bergendoff Engineering 

78 58 61 30 

30-35 10 15 30 

(10% (10% 
I 

(10% 10% 
t 

i 

0 0 1 3 
i 

' 

10 4-5 : 10-15 12 

1 0 5 8 
1 2-3 5 8 
3 5-6 5 8 

' Yes Yes Yes i Yes 
No Yes Yes Yes 

Some No Yes Yes 

Yes Yes No Some 
No Yes Yes Yes 
Yes Yes Minimal Yes 
No Yes No No. 
No No No No 

Yes Yes Yes Yes 
Yes Some No Yes 
No No No Yes 
No No No No 
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Category III 

Name of Firm 

Years In Business 

Years In Tunneling 

% Of Business 
In Tunneling 

Size Of Permanent 
Tunnel Staff 

No. Of Experienced 
Tunneling People 

No. Of 1960-65 

Projects 1965-70 
1970-75 

Project Cut & Cover 

Type - Earth 
Rock 

End Rapid Transit 
Vehicle use - Water 
Sewer 
Other 

Role Design 
- Inspect 

Spec. Check 
Consultant 

Kaiser Knorle, 
Engineers Stone 

34 24 

30 19 

10-25% (10% 

0 8 

6-8+ 15 

4 0 
4 1 
4 3 

Yes Yes 
Yes Yes 
Most Yes 

Yes Yes 
Yes Yes 
Yes No 
No Yes 
No Yes 

Yes Yes 
Yes Minimal 
No No 
No No 

McGaughy, 
Bender MCA Marshall & 

Engineering McMillan c. E. Maguire 

20 28 37 

13 12 19 

(10% (10% (10% 

0 0 0 

6 6-10 25 

? 2 6-8 
6 3 1-2 
9 3- 4 5+ 

Yes Yes Yes 
Yes Yes Yes 
No Minimal Yes 

Yes Yes Yes 
No Yes Yes 
Yes Minimal Yes 
Yes Minimal Yes 
No No No 

Yes Yes Yes 
Yes Some Small 
No No No 
No No Yes 
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Category III 

Name of Firm 

Years In Business 

Years I n Tunneling 

% Of Business 
In Tunneling 

Size Of Permanent 
Tunnel Staff 

No. Of Experienced 
Tunneling People 

No. Of 1960-65 

Projects 1965-70 
1970-75 

Project Cut & Cover 
- Earth Type Rock 

End Rapid Transit 
Vehicle Use - Water 
Sewer 
Other 

Role Design 
- Inspect · 

Spec._ Check 
Consultant 

Charles 
T. Main Ralph M. 

75+ 31 

40+ 10-13 

(10% (10% 

0 3- 4 

30 10-15 

5 0 
5 2+ 
5 3+ 

Yes Yes 
Yes Yes 
Yes Yes 

Yes Yes 
Yes Foreign 
Yes Foreign 
Yes Foreign 
No Yes 

Yes Yes 
Yes Yes 
No No 
No No 

Tippetts 
Rummel Abbett 
Klepper & Sanders & McCarthy & 

Parsons Kahl Thomas Stratton 

56 31 35 

15 5 20-25 

(10% 10-25% 10-25% 

0 0 0 

15 60 15-20 

I 2 0 3 
4 0 4 
5 4 5 

Yes Yes Yes 
No Yes Yes 
No Yes Yes 

' 
T 
I Yes Yes Yes I 
I Yes Yes Yes I 

i No No Yes 
I 
I Yes Yes No i 
I 

No No No 

Yes Yes Yes 
Yes No Yes 
No No No 
No No No 
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Category III 

Name of Firm 

Years In Business 

Years In Tunneling 

% Of Business 
In Tunneling 

Size Of Permanent 
Tunnel Staff 

No. Of Experienced 
Tunneling People 

No. Of 1960-65 

Projects 1965-70 
1970-75 

Project Cut & Cover 

Type - Earth 
Rock 

End Rapid Transit 

use Vehicle 
- Water 

Sewer 
Other 

Role Design 
- Inspect 

Spec. Check 
Consultant 

URS/ 
Tudor Madigan 
Engineering Praeger 

25 47 

15 20+ 

(10% (10% 

0 0 

6 6 

1 2-3 
3 2-3 
5 3-4 

Yes Yes 
Yes Yes 
Yes Yes 

Yes Yes 
No Yes 
Yes Yes 
No Yes 
No No 

Yes Yes 
Yes Some 
No No 
No No 

David Volkert Westenhoff & Wiley & 
& Assoc. Novick Wilson 

so 15 52 

20 2 15+ 

(10% (10% 10% 

0 0 0 

25 4 3-5 

3 0 5 
1 0 5 
5 2 6-7 

Yes Prelim.Design Yes 
Yes Yes Some 
No No Some 

Yes Yes Yes 
Yes No No 
Yes No Yes 
No No Yes 
No Utility No 

Yes Yes Yes 
Yes Yes Yes 
No No No 
No No No 
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Category IV 

Name of Firm 

Years In Business 

Years In Tunneling 

% Of Business 
In Tunneling 

Size Of Permanent 
Tunnel Staff 

No. Of Experienced 
Tunneling People 

No. Of 1960-65 
1965-70 Projects 1970-75 

Project Cut & Cover 
- Earth Type Rock 

End Rapid Transit 
Vehicle use 

- Water 
Sewer 
Other 

Design 
Inspect Role - Spec. Check 
Consultant 

Lockwood-
Kessler & 
Bartlett 

41 

23 

<:10% 

1 

1 

0 
0 
1 

No 
No 
Yes 

No 
No 
Yes 
No 
No 

Yes 
No 
No 
No 

Vosbeck 
Vosbeck 

Murphy H. D. Notting- Kendrick & 
Engineering ham & Assoc. Redinger 

9 20 8+ 

3 3 2 

<:.10% <10% (10% 

0 0 0 

5 10 1 

0 I 
0 0 

1 0 0 
2 1 1 

Yes Yes No 
No No Yes 
No No No 

No Yes Yes 
No No No 
No No No 
No No No 
Pedestrian No No 

Yes Yes Yes 
Some No No 
No No No 
No No No 



APPENDIX C 

CONSTRUCTION CONTRACTING FIRMS IN TUNNELING 

The firms listed in Chapter 10 as Tunnel Contractors are de­
scribed in this appendix in more detail. Included here: 

Name of Company 

Headquarters Location 

Telephone Number 

Type of Ownership 

Corporate Affiliations 

Its Position on the 1975 ENR "400" List 
published by Engineering-News Record 

Number of Years in Business 

Number of Years in Tunnel Work 

Miles of Tunnels Driven 

Percentage of total business in tunnels 

Estimated tunnel-building revenue 

The firms are arranged in alphabetical order and it is believed 
to be a complete list. All information was furnished by one or 
more people in each firm. Only contracting individual firms are 
included. Some contracts are awarded to a named joint venture 
entity but we have included such activity with the joint venture 
participant firms. 
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Name of Company 

American Struc­
tures, Inc. 

Armco Steel Corp. 
Construction Di v . 

John Artukovich 
& Sons 
Arundel Corp. 

Guy F. Atkinson 
Co. 

Roger Au & Sons 

Gordon Ball Inc. 

Balport Con­
struction Co. 

Bechtel, Inc. 

Brown & Root, 
Inc. 

TUNNEL CO~lTRACTING FIRMS 

Headquarters 
Location And 
Telephone 

Company 
owner­
ship 

Place No.Years In Miles Of% Total 
On ENR Business Tunnels Bus. In 

400 Total Tunnels Driven Tunnels 

Annapolis 
(301) 263-8881 

Middletown, 
Ohio 
(614) 451-4470 

Private 

Parent is 
ARMCO 
Steel 
Corp. 
Public 

Paramount, Ca. Private 
(213) 636-3247 
Baltimore Private 
(301) 296-6400 
S. San Francisco Owns 
(415) 761-0600 Walsh 

Box 864, Mans­
field, Ohio 
(419) 529-3213 

Danville, ca. 
(415) 935-2550 

Elmsford, N.Y. 
(914) 592-9231 

Oakland, ca. 
(415) 764-6504 

Const. 
Private 
Private 

Subsidiary 
of Dill­
ingham 
Corp. 

Private 

Private 

15 

4 

Houston 
(713) 616-4481 

Subsidiary 2 
of Halli­
burton 
Corp. 

11 

40 

57 

56 

145 

40 

23 

22 

64 

55 

11 

40 

56 

74 

5 

7 

4 

64 

20 

24 

150(?) 

27 

75-
100 

5 

15 

l 

100 

50 · 

100 % 

100% 
(Const. 
Div.) 

10 % 

15% 

10% 

33 % 

6-8% 

10% 

10% 

Estimated$ 
Tunneling 
Yr. Amt. 

1975 
1974 
1973 
1974 
1973 
1972 

1975 

1975 

1975 
1974 
1973 

1974 
1973 

$ 15MM 
11 
10 

$ 35MM 
30 
25 

$ l0MM 

$ lMM 

$ 80MM 
20Es t. 
20Est. 

$ 2MM 
2MM 

1975 $ l0MM 

3yrs. $200M/ 
yr. 

1975 $100MM 
5yr. 
avg. 50MM 
1975 $113MM 
5yr. 
avg. 20MM 
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Name of Company 

c.c. & T. Con­
struction Co. 
(Subcontracting 
Only) 

Capitol Tunnel­
ing Corp. 
(Formerly Hanson) 
Andrew Catapano 
Co. 
Cayuga Con­
struction Co. 
Cementation Co. 
of America (Mine 
Shafts,Develop­
ment & Grouting) 

Cooper Con­
struction Co. 

Carl Decker Inc. 
(Also Builds 
Moles & Other 
Equipment) 
DiMambro Con­
tractors, Inc. 

Dravo Corp. 

-·- · • -···-- ----------

TUNNEL CONTRACTING FIRMS 

Headquarters 
Location And 
Telephone 

Company 
Owner­
ship 

Place No.Years In Miles Of% Total 
On ENR Business Tunnels Bus. In 

400 Total Tunnels Driven Tunnels 

Luthersville,Md. Private 
(301) 252-2531 

Columbus, Oh. 
(614) 294-5668 

Glendale, N.Y. 
(212) 275-1100 

New York 
(212) 349-0560 
Brampton, Ont. 
(416) 451-1033 

Mt. Clemmons, 
Mich. 
(313) 949-3444 

Detroit 
(313) 892-2336 

Oak Park,Mich. 
(313) 399-1600 

Private 

Private 

Subsidiary 
of Trafal­
gar Invest­
ments, 
London, 
England 

Private 

Private 

Private 

Neville Island, Public 
Pittsburgh 

32 

17 

15 

50 

39 

15 

6 

26 

25 

17 

15 

19 

39 

5 

10 

25 

18 
(small) 

18 

25 

5 

75 
shafts 

7 

20 

35 

100% 

100% 

45% 

35% 

90% 

99% 
mostly 
sewers 

Estimated $ 
Tunneling 
Yr. Amt. 

1974 
1973 
1972 

$2.5MM 
2.2 
2.0 

1975 $2MM 
10 yr. 2MM 

30MM 
34 

average 
1975 $ 
1974 
1975 $ 20MM 

5yr. $ 50MM/ 
avg. yr. 

1975 $ 7MM 
1974 4MM 
1973 3MM 
1972/1971/1970-
$1MM Per Yr. 

1974 $ 4MM 



TUNNEL CONTRACTING FIRMS 

Name of Company Headquarters Company Place No.Years In Miles Of% Total Estimated$ 
Location And Owner- On ENR Business Tunnels Bus. In Tunneling 
Telephone ship 400 Total Tunnels Driven Tunnels Yr. Amt. 

Fred Early Co. San Francisco, Private 37 10 Less 
Ca. than 5% 
( 414) 9'82-5262 

Eastern Tunnel- Columbia, Md. Private 13 13 13 100% 3yr. $ 3MM/ 
ing Corp. ( 301) 730-2440 (small) avg. yr. 
Fattore Con- Warren, Mich. Private 54 40 80 70% 1975 $1.lMM 
struction Co. ( 313) 939-9400 1974 1.1 

1973 0.2 
Fenix & Scisson Tulsa, Okla. Private 25 25 2-3 40% 1975 $ 6MM 
Inc. (Mostly Mine (918) 835-9471 shafts 
Shafts) per yr . 

.... . . ,. - --

Fluor-Utah Corp. San Mateo, Ca. Private 3 so so 20 mi. - 1975 $1.5 
(All Mine Devel- (415) 574-1111 in Peru billion 
opment Now) 

Private Foley Bros. Inc. St. Paul, Minn. 105 - 20 mi. 
( 612) 224-4933 in recent 

yrs. 
J.M. roster Co. Gary, Ind. 28 ? 15 ( 219) 949-4020 . 5% Av. $3MM 

Frontier Con- Arvada, Nev. 10 8 5 100% 1975 $7-8MM 

structors Inc. (812) 426-2741 (incl. 1974 3 
shafts 1973 1.5 

& mine 
"O devel.) 
Pl Fruin-Colnon St. Louis, Mo. Private 103 12 1 (?) 5% I.Q 
CD Corp. ( 314) 997-7750 
() Don Gargaro Co. Detroit Private 40 30 12 90% 1975 $ 6MM 
I ( 313) 544-2512 1974 3MM ,i:,. 

1973 -0-
Gates & Fox Co., Loomis, Cal. Private 27 27 54 100% 1975 $ -0-
Inc. ( 916) 652-7292 incl. 1974 8MM 

shafts & 
under-
ground 
power-
houses 
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TUNNEL CONTRACTING FIRMS 

Name of Company Headquarters 
Location And 
Telephone 

Company 
Owner­
ship 

Place No. Years In Miles Of% Total 
On ENR Business Tunnels Bus. In 

400 Total Tunnels Driven Tunnels 

Estimated$ 
Tunneling 
Yr. Amt. 

Granite Con­
struction Co. 
Green Con­
struction Co. 

Greenfield Con­
struction Co. 
S.J. Groves & 
Sons Co. 

Grow Tunn-eling 
Corp. 

Gunther-Nash 
Mining & Con­
struction Co. 

s. A. Healy Co. 

Intercounty 
Construction 
Corp. 

Jay Dee Con­
tractors 

Watsonville,Ga. Private 
(408) 722-2716 
Des Moines Private 
(515) 244-7251 

Livonia, Mich. Private 
(313) 425-3900 

Minneapolis Private 
(612) 338-6943 

New York 
(212) 586-1760 

St. Louis 
(314) 261-2611 

McCook, Ill. 
(312) 242-2844 
Hyattsville,Md. 
(301) 779-9100 

Livonia, Mich. 
(313) 427-4100 

Subsidiary 
of Alpha 
Portland, 
Inc. 
Subsidiary 
of J.S. 
Alberici 

Private 

Private 

Al Johnson Con- Minneapolis Private 
struction Co. (408) 462-0600 

J. A. Jones Con- Charlotte Private 
struction Co. (704) 364-6280 

53 

320 

134 

128 

18 

52 

43 

33 

70 

30 

8 

53 

43 

10 

75 

85 

15 

25 

33 

10 

30 

8 

53 

35 

10 

25 

25 

15 

6 

64 

24 

8-1/2 

30 
shafts, 

12 
slopes 
300 

4-5 
recently 

45 

25 

25% 

10% 

60% 

10% 

46MM 
-0-
-o-

3yr. 
total$ 
1975 $ 
1974 
1973 
1975 
1974 
5yr. 
avg. 

3MM 
$ 16MM 

21MM 
$ l0MM/ 
yr. 

100% 1975 $ 25MM 
20MM 
15MM 

1974 
1973 

90% 1975 $ 12MM 
shafts & 1974 8MM 
slopes 

90% 

5% 

100% 

20% 

6yr. 
avg. 
1975 
1974 

$ 30MM/ 
yr. 
$200M 

20MM 

1975 $10MM 
7 yr. l0MM 
Average 

1975 $ 9MM 
5yrs. 10-15MM/ 

yr. 
40 zero now 1975 $ -0-

but would 



Name of Company 

Kassouf Con-
struction co. 

Kemper Con-
struction co. 
Kenny Con-
struction Co. 

Peter Kiewit 
Sons Co. 

LaFe-ra Con-
tracting Co. 
c.J. Langen-
felder & Sons 

Lockheed Ship 
Building & Con-
struction co. 
w. J. Lazinski 
co. 
MacLean-Grove 

'"O co. 
Pl 

\.Q 
(1) McHugh Con-
n s truction Co. 
I Mancini Con-O'\ 

struction co. 

He adquarters 
Location And 
Telephone 

Cleveland 
(216) 651-3333 

Los Angeles 
( 213) 870-4838 
Wheeling, Ill. 
(312) 775-0440 

Omaha 
(402) 342-2052 

Newark, N. J. 
( 70 3) 979-1510 
Baltimore, Md. 
( 301) 682-2000 

$,eattle, Wash. 
(206) 932-1692 

Milwaukee 
( 414) 781-8700 
New York 
(212) 687-8996 

Chicago 
( 312) 463-5790 
Warren, Mich. 
(313) 776-7300 

Company 
Owner­
ship 

Private 

Private 

Private 

Private 

Private 

Private 

TUNNEL CONTRACTING FIRMS 

Place No.Years In Miles of % Total 
On ENR Business Tunnels Bus. In 

400 Total Tunnels Driven Tunnels 

52 25 15 75% 

53 53 150 95% 

46 40 35 35% 

25 91 22 38 20% 

42 30 12 10% 

270 53 15 28 15% 
highway 
tunnels 

Subsidiary 12 10 10 50 % 
of Lock-
heed Corp. 
Private 61 51 100 95% 

Private 23 23 25 95 % 

Private 75 20 35 33% 

Private 63 - 55 95% 

Estimated$ 
Tunneling 
Yr. Arnt. 

197 5 $ 4MM 
1974 4MM 
$2MM/yr. prior 
3 -4 yrs. 
Est. $5-l0MM 

1975 $ 5MM 
1974 6 
1973 10 

1975 $100MM 
1974 30 
5yr. avg. $20MM/ 

yr. 
1974 $ 2MM 
1973 23 
1973 $ 28MM 
1971 26 

5yr. avg.$10MM/ 
yr. 

5yr. avg.$10MM/ 
yr. 

1975 two new jobs 
1974 $ 25MM 
1973 l0MM 
5yr. avg.$10MM/ 

yr. 
1975 $1.5MM 
1974 0.5MM 
1973 0.5MM 
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Name of Company 

Mergen time 
Corp. (The) 

Michigan Sewer 
Constructton 
c.o. 

Mole Con­
struction Co. 

Morrison­
Knudsen Co. , 
Inc. 

Paschen Con­
tractors 

Perini Corp. 

Pioneer Co. 
(Formerly 
Mountain States 
Construction 
Co.) 

Raymond Inter­
national Inc. 
(Primarily 
Sunken Tubes) 

Reliance Under­
ground Con­
struction Co. 

Headquarters 
Location And 
Telephone 

Company 
Owner­
ship 

Flemington,N.J. Private 
(201) 782-0500 

Detroit Private 
(313) 775-2490 

Romulus, Mich. Private 
(315) 941-5300 

Boise, Idaho Public 
& Darien, Conn. 
(208) 345-5000 

Chicago, Ill. 
(312) BR 8-4700 

Framingham, Public 
Mass. 
(617) 567-1834 
Charleston, Private 
W. Va. 
(304) 345-1910 

Houston Public 
(713) 623-1107 

Elk Grove Private 
Village, I 11. 
(312) 437-6300 

TUNNEL CONTRACTING FIRMS 

Place No.Years In Miles of% Total 
On ENR Business Tunnels Bus. In 

400 Total Tunnels Driven Tunnels 

7 7 

29 29 

25 25 

13 63 48 

70 55 

40 75 30 

20 20 

41 80 30 

25 25 

2 

40 

7-8 

300 

125 

60 

25 

15 

50 

65% 
mostly 
open­
cut or 
cut & 
cover 

90% 

50% 

6% 

50% 

10% 

50% 

15-
20% 

50% 

Estimated$ 
Tunneling 
Yr. Arnt. 

1975 
1974 
1973 

1975 
1974 
1973 

1975 
1974 
1973 
1975 
1974 
l0yr. 

$ 2MM 
4 
5 

$ l0MM 
4 
4 

$ 3MM 
3MM 

2-3MM 
$ 40MM 

30 
avg.$15MM/ 

yr. 

1975 $ 40MM 
5 yr. 10-12MM 
Average 

1975 $ 14MM 
1974 5MM 

1975 
1974 
1973 

$ -o­
-o-
2MM 

lSyr. avg.$20/MM 

1975 
5 yr. 
avg. 

$ 2.5MM 
l.SMM 
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Name of Company 

S & M Con­
structors 

J.E. Seiben 
Inc. 

J. F. Shea Co. 

Slattery Asso­
ciates (High­
ways, Bridges, 
Foundations) 

Square Con­
struction Co. 
J. Rich Steers, 
Inc. 

Nello L. Teer 
Co. (Highway, 
Little Tunnel 
Work) 

Thalle Con­
struction Co. 

Tidewater Con­
struction Co. 

Tomaro Con­
tractors, Inc. 

Traylor Bros. 
Inc. 

Walsh Con­
struction Co. 

Headquarters 
Location And 
Telephone 

Company 
Owner­
ship 

Solon, Ohio Private 
(216) 248-0376 

Leawood, Kan. Private 
( 816) 79 5-8130 

Walnut, Cal. Private 
Wash., D. C. 
(714) 595-7432 

TUNNEL CONTRACTING FIRMS 

Place No.Years In Miles of 
On ENR Business Tunnels 

400 Total Tunnels Driven 

11 11 32.5 

11 6 4 

75 50 

Maspeth, N. Y. Subsidiary 
(212) 392-2400 of Alpha-

47 48 

Portland 
Inc. 

Baltimore Private 
(301) 732-3456 

New York Private 
(212) 943-3500 

Durham, N.C. Private 
(919) 682-6191 

Briar Cliff Private 
Manor, N. Y. 
(914) 762-3415 
Norfolk, Va. Private 
(804) 420-4140 

188 

78 

43 

62 

43 

8 

66 1935 to 
1945 

30 6 

40 40 

70 

15 

1 

2 

10-12 
Sunken 
Tube & 

% Total 
Bus. In 
Tunnels 

95% 

35% 

33% 

very 
little 

75% 

30% 

Building 
$30MM 
WMATA 
Sect.ion 

15% 

5-50% 

Open Trench 
Cudahy, Wisc. Private 

(414) 481-4000 

Evansville, Private 
Ind. 
(812) 477-1542 
Darien,Conn. Subsidiary 
(203) 655-7711 of G.F. 

Atkinson 

50 

277 29 

76 

25 20 

24 40 50% 

50 60.75 20% 

Estimated$ 
Tunneling 
Yr. Amt. 

1975 
1974 
1973 
1975 
1974 
1973 
1975 
5yr. 

1974 
1973 
1975 

$ 15MM 
21MM 
l0MM 

$ 16MM 
6MM 
2MM 

$137MM 
avg.$20MM/ 

yr. 

$ 2MM 
23MM 

$ 14MM 

$ -0-

1975 $ 2MM 
3yr. avg.$1MM/ 

yr. 
1975 $ 20MM 
1974 40MM 

1975 $11. 5MM 
5yr. avg.$5MM/ 

1975 
1974 
1973 

yr. 
$ 27MM 

28MM 
12MM 



APPENDIX D 

CAPACITY OF CONSTRUCTION CONTRACTING FIRMS IN TUNNELING 

Contractor capacity has several boundaries. As reported in the 
study, a crucial one is having the needed key people available 
in the right numbers. Contractor experience in prior jobs plus 
its financial resources has a great deal to do with its bonding 
support and its job size capacity. One way to increase capacity 
is via joint ventures with other contractors. 

Some contractors have the desire, resources and know-how to op­
erate over a broad geographical area while others prefer to re­
strict themselves to specific regions. These preferences affect 
the supply of contractors~ So, too, do the . prevailing labor 
practices and customs. Comparative information about these 
capacity matters is presented in this appendix for all Tunnel 
Contractors listed in Chapter 10. 

The source of the information is contractor employees. 

Page D-1 
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Name of Company 

American Structures , Inc. 

Armco Steel Cor p . 
Construction Div. 

John Artukovich & Sons 

The Arundel Corporation 

Guy F. Atkinson Co . 

Roger Au & Sons 

Gordon Ball, Inc. 

Balport Construction Co. 

Bechtel, Inc. 

Brown & Root, Inc. 

C. C. & T. Construction Co. 

Capitol Tunneling Corp. 

Andrew Catapano Co. 

Tunnel Staff 
1965 1975 

1 

50 

3 

1 0 

26 

1 50 

3 

10 

3 or 4 7 

-0- 5 

-0- 20 

6 

50 

12 

10 

4 

6 

100 

6 

10 

5 

TUNNEL CONTRACTOR CAPACITY 

Largest Job 
On Own 

$ 18MM 

No Limit 

$ 35MM 

$ 20MM 

$ 50MM 

$ 75MM 

$ 25MM 

$ 12MM 

No Limit 

$ 20MM 

$ lMM 

$500M 

$200MM 

Smallest Job 
Acceptable 

$ 1. 5MM 

? 

$250MM 

$100M 

$ lMM 

$ lMM 

$ lMM 

$ 25MM 

$ lOMM 

$ 4MM 

$ lOMM 

$ lM 

$250MM 

History 
of Joint 
Ventures 

Twice with M- K 

None 

Union 
or Open 
Shop 

Mostly 
Union 

On Large Jobs, Union 
yes, but not 
recently 

App rox. 20 Union 
in recent 
years, mostly 
L. E. Dixon 

Yes, two 
recently 

None 

Ten recently 

None 

Seldom 

Ten recently 

Solely sub­
contractor 

None 

Nearly 
always 

Union 

Open 

Union 

Union 

Union 

Open 

Both 

Union 

Union 

Geographic 
Operating 
Areas 

Eastern 

National 

West Coast 

Mid-Atlantic 

International 

Great Lakes 

National 

Eastern 

National 

National 

Eastern 

Eastern 
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Name of Company 

Cayuga Construction Co. 

Cementation Co. of America 

Cooper Construction 
Company 

Carl Decker Inc. 

Di Mambro Contractors, Inc. 

Dravo 

Driscoll Construction Co. 

Fred Early Co. 

Eastern Tunneling Corp. 

Fattore Construction Co. 

Fenix & Scisson, Inc. 

Fluor-Utah Corp. 

Foley Bros., Inc. 

Tunnel Staff 
1965 1975 

10 

35 

0 

8-9 

2 

7 

10 
subway 
stations 
& some 
sewer work 

3 

8 

30 

-0-

6 

25 

75 

5 

6 

12 

7 

0 

8 

5 

200 

40 

6 

Largest Job 
On own 

$ lOMM 

No Limit 

Smallest Job 
Acceptable 

$500MM 

$ lOM 

all jobs $1/2M 
joint ventures 
with C. J .. 
Rogers of 
Flint, Michigan 

Now mostly making equipment 

$ 12MM $300MM 

$ 25MM $ lM 

N/A N/A 

$ 6MM $ SOM 

$ lOMM $700M 

No Limit $ SM 

History 
of Joint 
Ventures 

3 in recent 
years 

Union 
or Open 
Shop 

Union 

Geographic 
Operating 
Areas 

Eastern 

None 70% Union International 
30% Open 

ALL 

A few 

8 in recent 
years 

Union 

Open 

Union 

None but would Union 

No Tunnel 
Work with­
out joint 
venture 

Union 

None but would Open 

Occasionally 

2 in recent 
years 

3 recently 

6 recently 

Both 

Union 

Union 

Great Lakes 

Michigan & 

W. New York 

Mid-Atlantic 

National 

Eastern 

Great Lakes 

National 

Western 

N.W. & Canada 



Name of Comp any Tunnel Staff Largest Job Smallest Job History Union Geographic 
1965 1975 On own Acceptable of Joint or Open Operating 

Ventures Shop Areas 

J. M. Foster Co. 5 5 No limit $250M 3 recently Union 

Frontier Constructors, Inc. -0- 10 $ 2MM $300M Only with Both Western 
Kemper 

Fruin-Calnan Corp. 4 -0- $ 20MM $ 2MM 10 recently Union National 

Don Gargaro Co. 4 7 $ 4MM $400M 2 recently Union Great Lakes 

Gates & Fox Co., Inc. 5 15 $ 30MM $500M As sponsor Union National 

Granite Construction Co. 5 25 $ 35MM $ 3MM 12 recently Union National 

Green Construction Co. 3 3 $ 25MM $ 3MM Always, on Union National 
(Specializes in large tunnel 
earth moving) projects 

Greenfield Construction Co. 2 5 $ 20MM $ 3MM 3 (Healy, Car- Great Lakes 
ridor & Ball) 

s. J. Groves & Sons, Inc. -0- 5 $ 25MM $ lMM 5 recently Union National 

Grow Tunneling Corp . 10 20 $ 20MM $100MM Nearly all - New York 

ttj Gunthur-Nash Mining & -0- 35 $ 20MM $500MM No but would Both Midwest 
Pl Construction Co. 
lQ 
(D 

t:, s. A. Healy Co. 20 40 $ 60MM $ 5MM Almost always Union National 
I 
~ 

Intercounty Construction 10 10 $ 50MM $200MM 10 in recent Union Mid-Atlantic 
Corp. years 

Jay Dee Contractors 0 8-10 $ 5MM $500M 3 recently Union Chicago Area 

Al Johnson Construction Co. 10 25 $ 60MM $ l.5MM 10 in recent Union National 
years 

J. A. Jones Construction Co. ? A few No Limit $ 20MM 5 recently Union International 



Name o f Company Tunne l Staff Largest Job Smallest Job History Union Geographic 
1 965 1 9 75 On Own Acceptable of Joint or Open Operating 

Ventures Shop Areas 

Kas sou f Cons truc tion Co. - 0- 3 $ 2 0MM $ SOMM 3 rec ently Union Great Lakes 

Ke mpe r Con s truc tion Co . 1 0 1 0 $ SOMM $ lMM 1 2 recently Both Western 

Ke n ny Con s truc tio n Co. 25 40 $ 30MM $500M Often Union Midwest 

Pe t e r Ki ewi t Son s Co . 18 35 $ SOMM $ l MM 10 in recent Union Nationa·l 
years 

La Fe r a Con t r ac t ing Co . 2 6 $ l OMM - Alway s Open Eastern 

c . J . Lan genfe l de r & Son s 30 7-1 5 $ SOMM $ l MM Seldom - Mid-Atlantic 

Lo ckheed Shipbui l d i ng & - 0 - 1 0 No Limit $ 1. SM .. "1 2 r ecently Union Weste rn 
Constru c t ion Co . 

W. J. Laz i n s k i, Inc . 45 45 $ 30MM $500M Never, so far Union Wisconsin 

McHugh Cons truc t ion Co . 1 0 10 $ 40MM $30 0M Seldom Both National 

Mac Lean- Gr ove Co. 6 8 $ 25MM $ SMM Almost all Union Mostly New York 

Mancini Con s truc tion Co . 5 6 $ 20MM $100M 7 in rec ent Union Great Lakes 
years 

"d The Me r gen t i me Cor p . - 0- 3 $ 1 2M.Tl1 $ SOM 4 in recent Union Mid-Atlantic 
Pl y ears 

LQ 
(1) 

tJ Mi chi gan Sewe r Construction Co . 5 20 $ 30MM $ l M Seldom Unio n Great Lakes 
I 

lJ1 
Mole Cons truc tion Co. 5 10 $ 15MM $500M Seldom Both Great Lakes 

Morrison-Knuds e n Co ., Inc. 45 70 $ SOMM $ SMM Frequent; Union International 
65 % recently 

Paschen Contrac tors 0 28 $ 40MM $500M 1 recently Union Chicago 

Perini Corp . 15 5 No Limit $ SOM 12 recently Union International 



Name of Company Tunne l Staff Largest Job Smallest Job History Union Geographic 
1965 1975 On Own Acceptable of Joint or Open Operating 

Ventures Shop Areas 

Pioneer Co . - 20(?) $ 15MM $ lMM 4 recently Union Eastern 

Raymond International, Inc. 5 5 No Limi t $500M 10 recently Union International 

Reliance Underground 10 30 $ 3MM $500M Seldom Union· Chicago 
Construction Co . 

S & M Contractors 2 1 8 $ 30MM $ 2MM 3 recently Union Eastern 

J. E. Seiben, Inc. 3 12 $ 5MM · $100.M None but would Union Midwest 

J. F. Shea Co . 3 20 $1 00MM $ 2MM None at pre- Union National 
sent but 8 in 
recent years 

Sl attery Associates -0- - 0- $ 70MM $500M 6 recent yrs. Union Eastern 

Square Construction Co . 6 1 0 $ 1 5MM $250~ 8 recently - Mid-Atlantic 

J. Rich St eers , Inc. -0- 18 $ 60MM $ 5MM 8 recently Union Mid-Atlantic 

Nella L. Teer Co. - 0- - 0 - No Limit - M-K in San Open International 
Salvador 

"CJ Thalle Construction Co . - 0- 10 $ 5MM $250M 1 recently Union Northeast 
Pl 

'° (D Tidewater Construction 10 12 $ 20MM $ 20M 7 in recent Union National 

tJ Co. years 
I 

(J'\ Tomaro Contractors, Inc. 2 4 $ lSMM $200M Seldom Union Milwaukee 

Traylor Bros. , Inc. 15 20 $ 25MM $500MM 4 recently Union Midwest & West 

Walsh Construction Co. 25 25 $ SOMM $ SOM 6 recently Union National 



APPENDIX E 

SUPPLIER SUPPORT FOR BIDDING 

Specialized equipment suppliers in the mine and tunnel industries 
frequently provide considerable assistance to contractors in the 
preparation of bids. Larger suppliers, or those with narrow prod­
uct lines, usually confine their help to providing a quotation of 
price and terms and sharing information in phone conversations. 

Smaller eq1,J.ipment and service suppliers, especially those in­
volved in fabricating custom equipment, often journey to job sites, 
study bid specifications, and offer suggestions to contractors on 
altern~te ways to accomplish various objectives. One supplier 
furnished copies of material he sends to all firms on a proposed 
job who are prospective bidders (have made a bid deposit or speci­
fically requested quotes for equipment). 

In most cases the contractor who wins the award will split his 
business among several• suppliers, even though one might be able 
to furnish all of the equipment. It appears that the customary 
long-term considerations of maintaining competitive sources and 
supplier goodwill are not dominant reasons for this practice. 
Rather, the supplier representatives, are regarded as sources of 
free technical advice and trade intelligence. Splitting the 
order provides a contractor with access to several such people 
rather than just one. 

On the pages that follow are · the details of equipment quotes 
furnished to bidders. 
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LETTER TO TUNNEL CONTRACTORS April 13, 1971 

SUBJECT: Irondequoit Bay, Monroe County, N. Y. 

Gentlemen: 

Bids are to be taken April 20, on about 30,800 lineal feet of 
tunnel, 12' ID to bore 13'8", which includes 4" for m;i.salign­
ment. I believe you will require two Moles, one working south 
from the Pumping Station (16,500') and one working south from 
Shaft #3, (14,300'), both working "up hill", although this tun­
nel is nearly flat. 

Assuming maximum progress of 12' per hour (happy day!) you will 
product 96-cyd of loose muck per hour. We propose a 6-cyd Car 
which means you will fill an eight-car train every 30 minutes. 
We must be able to hoist a 6-cyd Skip in less than 3-3/4 min­
utes. 

HAULAGE. Based on three s~car trains, you will need 24 Cars 
per heading. The Cars and Car Dumper are shown on Drawing B-
1272A. 

24 - Side Dump Cars, 6-cyd capacity x 30" 
gauge as shown on Drawing B-1272A. 
With 14" wheels, Timken bearings 
and Mayo Rotary Couplers@ $2,320 ea •.•... $55,680.00 
(Weight on one about 3 tons) 

4 - Flat Cars, same as Muck Cars except 
with wood deck, 4'6" x 10' @ $1,205 ea •••• 
(Weight on one 2200#) 

2 - Brookville Diesel Locomotives, 8-ton 
x 30" gauge with Cat D330C Engine, 
Twin Disc 1300 Torque Converter, Elec­
tric lights and starter. May Rotary 
Couplers and Exhaust Scrubber 

4,820.00 

@ $1 7 , 5 0 0 ea . • • • • • • • • • • • • • . • . • . • . . . . . . • • • . 3 5 , 0 0 0 • 0 0 

2 - Tool Trays and Reflectors for Locomo-
tive@ $350 ea. ..•................•....... 700.00 

TOTAL, F.O.B. OUR SHOP OR BROOKVILLE $96,200.00 

ROTARY CAR DUMPER. (Brand) Rotary Car Dumper, a very compact 
unit, is shown on B-1272A and you will note that you can dump 
an entire train, one at a time, without uncoupling. You will 
need one at each working shaft. 

1 - Rotary Car Dumper, complete as shown 
on Drawing B-1272A, including elec-
tric pump ................................. $ 8,300.00 
(Weight about 6 tons) 

Page E-2 



CALIFORNIA SWITCH. We propose to supply two California 
Switches, wheel-mounted as shown on A-517N. These will be of 
40# rail, 30" gauge with a 5'0" track center. There will be 
a diamond turnout on one end only and incline to the main line 
track. There will be 120 feet of double track, enough to load 
an entire eight-car train. If you use a "tripper" on the belt 
you can eliminate a locomotive standing by to switch cars. 

1 - California Switch, mounted on 10" 
wheels, 6f 40# rail for 30" gauge 
track including one turnout, spring 
throw, incline points and 120 feet 
of double track ••••.........•.•••..•..•... $10,600.00 

(F.O.B. Pomeroy, Ohio: Wt. about 11 tons) 

KOEPE HOIST. We propose to furnish a Koepe Hoist as shown on 
D-1436A which has a 6-cyd Skip and a Cage 5'0" X 11'0". This 
will be almost identical to the one we supplied to Perini at 
Roxbury EXCEPT THAT WE INCLUDE A 6-CYD MEAS.URING POCKET AT 
FOOT OF SHAFT. 

1 - Headframe, as . shown on Dwg. D-1436A, 7'6" 
X 17' X 66' high, including ladders and 
wind -1 e g . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . $12 , 6 0 O . O 0 

(Wt. about 16 tons) 
1 - Hoist House and Operator's Booth .•••.•.... $ 2,650.00 

(Wt. about 2 tons) 
1 - Muck Skip, Kimberly Type, 6-cyd capacity .• $ 4,000.00 

(Wt. about 7000#) 
1 - Cage, 5'0" X 11'0" with Safety Dogs for 

four wood guides ...•.•..•.•.•.•••...•..... $ 4,850.00 
(Wt. about 5200#) 

1 - Counterweight, consisting of cast iron 
slabs in a steel frame ..........•.•....... $ 3,700.00 

(Wt. about 21,000#) 
1 - Set of six Hoisting Cables including 

clips and thimbles .........•.........•..•. $ 1,600.00 
(Wt. about 1 ton) 

1 - Measuring Pocket, 6-cyds, with air-
operated gate .....•........•.............. $ 6,650.00 

(Wt. about 6 tons) 
1 - Muck Bin, 33-cyd capacity, including 

air~operated undercut gate ....•.•.••••..•. $ 9,500.00 
(Wt. about 10 tons) 

TOTAL, F.O.B. OUR SHOP, ONE SHAFT .•.•... $45,550.00 

The above price does not include the hoist itself. We propose 
to furnish a 60 HP DC motor with variable speeds from 60 fpm 
to 125 fpm. Included is a M-G set or rectifiers to generate 
the DC current. Also included are the push buttons, limit 
switches and other necessary items. The price is $37,500 
F.O.B. Baltimore and the weight is about 6 tons. 
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STEEL GUIDE FRAME. Attached Sketch A-519A shows a Steel Guide 
Frame for a 15' dia. Shaft. At Roxbury the contractor installed 
the Buntons himself. I belive it would be better and cheaper to 
build this all steel Guide Frame which could be assembled on the 
surface in 28' lengths and lowered into the hole. This runs from 
the Collar to the bottom of the Sump. We include the caged 
ladder but not the wood guides. 

1 - Guide Frame and Ladders for Shaft #3, 
about 11'5 OAL ...•.•..•••.....•...••.....••.. $12,550.00 

(Wt. about 17 tons) 
1 - Guide Frame and Ladders for Pumping 

Station Shaft, about 80' OAL .....•.......•.. $ 9,025.00 
(Wt. about 12 tons) 

STEEL FORMS. Proposed Full-Round Telescopic Steel Forms are 
shown on Drawing B-1275A. We propose to furnish 160 lineal feet 
and one Traveler. These Forms will be built in 20' units and 
the traveler will be fully hydraulic, including hydraulic drive 
on one pair of wheels. 

160 Lineal Feet (a - 20' units) of Full-Round 
Telescopic Steel Form, 12' diameter as 
shown on B-1275A, with Leg Bolts ••.•.•••...• $72,560.00 

(Wt. about 76 tons) 
1 Extra 20' unit of Invert Form ......•.••..... $ 1,875.00 

(Wt. about 2 tons) 
1 Traveler, to telescope a 20' section, 

Arch and Invert, of above Forms. Completely 
hydraulically operated including electri-
cally driven pump ....••.••.......•...•...... $ 8,530.00 

(Wt. about 4-1/2 tons) 

TOTAL, F.O.B. OUR SHOP .........•.......... $82,965.00 

OTHER SIZES. The contractor is offered the option of driving a 
tunnel 12' ID, 14' ID or 16' ID. Even with the larger tunnel I 
doubt if you can exceed 96 cyd/hr of loose muck. For the present 
you can proportion the cost of the Forms if you elect to bid a 
larger diameter. 

Hoping that this will aid you to the successful bid, I remain 

Yours very truly, 

Encls: Engineering Drawings 
B-1272A - B-1275A 
D-1436A 
A-517N - A-519A 
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Example No. 2 SUBJECT: Drill Jumbo East River Mountain 
Tunnel Virginia-West Virginia 

This job will be bid on June 10. Two highway tunnels, each 
5,400 feet in length, will be driven from the Virginia end. 

RAIL MOUNTED JUMBO. You have all seen (I hope) our Drill Jumbos 
working at Big Walker. These are well described in Contractors 
and Engineers Magazine, January, 1969. 

2 - Rail mounted Drill Jumbos, very similar to 
those on Big Walker with provisions for 9 
boom-mounted drills@ $22,500 each •.•...••• $45,000.00 
(Weight on one Jumbo about 40 tons) 

We do not include the wood decks nor the rails. We do include 
the hydraulic rams for raising the "wings" but not the hydraulic 
pump nor hoses. 

RIB SETTER. This job will have 10"-33# steel ribs which are big 
and heavy. We would like to supply a rib-aetting device for 
handling and setting the steel. There will be two I-Beams run­
ning the full length of the Jumbo with three trolleys and 1-ton 
chain hoists on each side to move and set the legs. On the top 
deck, at the rear end, will be a storage rack for holding the 
roof beams. There will be a small traveling car to carry a pair 
of ribs from the storage rack to the front end. In this carri­
age is mounted two air rams for raising the half-ribs until they 
can be bolted. No air hoses. 

2 - Steel Setting Devices consisting of two 
I-Beams, six trolleys, storage rack and 
arch setting carriage@ $4,500 each •...•••. $ 9,000.00 
(Weight on one complete unit 3 tons) 

TRUCK-MOUNTED JUMBO. As an alternate we can offer a Truck­
Mounted Jumbo as shown on our Drawing C-1492. There will be 
two of these units, working side by side, each carrying five 
booms. On completion of the drilling cycle, these rigs are 
backed out of the tunnel and into the other heading. These 
are shown on "Euke" trucks which we do not furnish. 

2 - Truck-Mounted Drill Jumbos as shown on 
Drawing C-1492 enclosed, each to carry 
five boom-mounted drills. Including hy­
draulic rams for wings but no hydraulic 
pump, hoses nor wood@ $19,745 each ......•. $39,490.00 
(Weight on one unit about 28 tons) 

All prices quoted are F.O.B. our shop. We do not include the 
booms, drills, hoses nor hydraulic pumps or manifolds. We do 
include air and water manifolds for both Jumbos. 

RIB SETTER. If you use Eukes, I would suggest you set the steel 
with a "cherry picker" but you should have a truck with a plat­
form so that the miners can reach the crown of the tunnel to set 
lagging and collar braces. 

Very truly yours, 
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Example No. 3. 

Gentlemen: 

Subject: SINKING FRAME - OZARK LEAD COMPANY 

The Ozark Lead Company will take bids January 25 on one shaft at 
Ellington, Missouri. This shaft is 20' ID, 23' OD and 1420' deep. 

The permanent Head Frame is supposed to be used for sinking but 
there is a possibility that it will not be ready in time, there­
fore I am quoting on a Sinking Frame and all the other equipment 
required. I am breaking down this quotation so that, if you do 
have the permanent Head Frame, you can pick out the items you 
will require. 

1 - Sinking Frame, 10' x 22' x 65' high, as shown 
on D-1503 including cages, ladder and three 24" 
sheaves at the top for handling the stage ropes .•••• $ 8,500. 

{Wt. about 17 tons) 

1 - 60" dia. Sheave roller. bearing, pedestal mounted .... $ 1,250. 
{Wt. about 1300 lbs.) 

1 - Kibble Dumper including chute and bent. With two 
8" rams and one Solenoid Valve. No hose ............ $ 5,750. 

(Wt. about 5~1/2 tons) 

1 ~ Pair of Shaft Doors, to give clear opening 7'6" 
x 8 1 8 11

, including two 6" rams and two Solenoid 
valves, no hose ..................................... $ 2,750. 

(Wt. about 4,500 lbs.) 

2 - 3 cyd Kibbles, 5' dia. x 4'4" deep with chain bail 
and dingle ball @$1,325 each ... ••...•..•..•....• .... $ 2,650. 

{Wt. on one about 2800 lbs.) 

1 - Detaching Gilley for rope guides including 

1 -

"torpedo" for 1-1/8" hoist rope ..•....•..•..•.....•. $ 650. -'------(Wt. on one about 800 lbs.) 

Galloway Stage, with two 
Forms of a 20' ID shaft. 
sheaves for stage ropes. 

(Wt. about 10,000 lbs.) 

decks, 10' cc, to pass 
Including four 24" 
No decking ...•.......•.... $ 3,300. 

TOTAL, F.O.B. OUR WORKS EASTERN PENNSYLVANIA ......•.••.. $24,850. 

We have recently shipped several Sinking Frames into 
Missouri and from our experience we believe that the 
trucking bill will amount to about $1500. 

Page E-6 



SHAFT JUMBO: Attached photograph shows a Drill Jumbo which we 
recently built for Muddy Run. We are quoting you on a folding 
jumbo as shown on C-1398, using the same equipment which was 
furnished on Arundel's job. 

1 - Shaft Jumbo, as shown on C-1398, including 
four Gardner-Denver drifters DH99, four 
jibs, etc., with two hydraulic pumps, 
mounted on a 12" pipe supported on four 
folding legs. 
Including hoses and oilers .•.•.•••••.•...... $55,000.00 

This price is F.O.B. our shop, trucking to job 
will be about $450. 

This does not include the assembly of the jibs, drills and 
hoses which will have to be done on the site. 

Very truly yours, 
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APPENDIX F 

BOND CAPACITY REGULATION 

The limit on size of a single performance or payment bond which 
any insurer (surety company) can issue is ten percent of its 
combined equity and reserves. For the convenience of owners, 
and as a control for federal commitments, the U. s. Treasury 
publishes annually a list of companies and their bonding limits. 

Titled Surety Companies Acceptable~ Federal Bonds, the circu­
lar is issued in July as part of the Federal Register. It is 
compiled by the Bureau of Government Financial Operations, Fis­
cal Service, u. S. Treasury. The 1975 issue, which is illus­
trated in sample on the next two pages, listed firms and their 
underwriting limits, stat~s in which licensed, and states in 
which they're incorporated _ or have process agents. 

The full discussion of bonding practices is included 
11 and bonding problems are discussed in Chapter 12. 
F-A below compares the 1975 versus 1974 underwriting 
on twelve companies selected at random. 

in Chapter 
Exhibit 

limitations 

EXHIBIT F-A CHANGES IN UNDERWRITING LIMITATIONS 

COMPANY & PRINCIPAL OFFICE 

1. American Bonding Company 
Los Angeles, Calif. 

2. American Casualty Company of Reading 
Reading, Pa.; Chicago, Ill. 

3. American Credit Indemnity Co. of N. Y. 
Baltimore, Md. 

4. The American Druggists' Insurance Co. 
Cincinnati, Ohio 

5. American Economy Insurance Company 
Indianapolis, Indiana 

6. American Empire Insurance Company 
Watertown, N. Y. 

7. American Employers' Insurance Company 
Boston, Mass. 

8. American Fidelity Company 
Manchester, N. H. 

9. American Fidelity Fire Insurance Company 
Woodbury, N. Y. 

10. American Fire and Casualty Company 
Hamilton, Ohio 

11. American and Foreign Insurance Company 
New York, N. Y. 

12. American General Insurance Company 
Houston, Texas 

1975 
limit 

($000) 

1974 
limit 

($000) 

79 83 

3,159 5,084 

1,712 2,427 

173 340 

3,470 2,396 

1,289 2,118 

3,665 6,290 

418 447 

524 687 

739 782 

793 1,734 

16,880 35,552 
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THURSDAY, JULY 10, 1975 

WASHINGTON, D.C. 

Volume 40 ■ Number 133 

PART Ill 

DEPARTMENT OF 
THE TREASURY 

Fiscal Service, 

Bureau of Government 

Financial Op·erations 

• 

CIRCULAR 570; 1975 REVISION 

Surety Companies Acceptable 

on Federal, Bonds 
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'rj 
Ill 

LO 
(1) 

>rj 

I 
w 

Names of companies and locations of 
principal executive offices 

American Bonding Company, 
Los Angeles, Cal. 

American Casualty Company of 
Reading, Pennsylvania, Chicago, Ill. 

American Credit Indemnity Company 
of New York, Baltimore, Md. 

The American Druggists' Insurance 
Company, Cincinnati, Ohio 

American Economy Insurance Company, 
Indianapolis, Ind. 

American E111Pire Insurance Company, 
Watertown, N.Y. 

American :mployers' Insurance 
Company, Boston, Mass. 

American Fidelity Company, 
Manchester, N.H. 

American Fidelity Fire Insurance 
Company, Woodbury, N.Y. 

American Fire and Casualty Company, 
Hamilton, Ohio 

American and Foreign Insurance 
Company, Hew · York, i~. Y. 

American General Insurance Company, 
Houston, Tex. 

Underwriting 
limitations 

(net limit on 
any one risk) 
in thousands 
of dollars. 

[See note (b)] 

79 

3,159 

1,712 

173 

3,470 

1,289 

3,665 

418 

524 

739 

793 

16,880 

NOTICES 

States and other areas in which licensed to transact 
surety business. [See note (c)) 

Alaska, Ariz., Ark., Cal., Colo., D.C., 
Idaho, Iowa, i(ans., Hiss., Ho., Y.ont., ifobr., 
Nev., N.Mex., Oreg., Utah. 

I 

All except c.z., Guam, Virgin Islands------

Cal., Colo., C9t1n., Del., Ill., Ind., 
Iowa, Ke., Md., Mass., Hirm., Mo., 
N.H., H.J., N.Kex., N.Y., N.C., Ohio, 
Okla., Pa., R.I., Vt., Waah., W. Va. 

Ala., Fla., Ga., Ill., Ind., Iowa, Ky., !-Id., 
Mich., Miss., H.Y., N.C., Ohio, Tenn., Tex., 
Va., w.va., Wis. 

All except c.z., Conn., Guam, Hawaii, Maes., N.J., 
Puerto Rico, Virgin Islands. 

All except Alaska, C.Z., Guam, Puerto Rico, 
Virgin Islands. 

All except Guam, Puerto Ric<>-----------

Conn., Iowa, f-le., Mass., Mias., N.H., R.I., Vt. 

All except Alaska, C.Z., Colo., Guam, Hawaii, 
Kans., Ho., Nebr., N.H., Virgin Islands. 

Ala., Ark., Colo., D.C., Fla., Ga., Kans., Ky., 
La., Md., Miss., Ho., N.C., Okla., S.C., 
Tenn., Tex., Va. 

All except C.Z., Del., Guam, La., Oreg., 
Puerto Rico, s.c., Va., Virgin Islands. 

Mich., Pa., Tex. 

29247 

State or other area in which incorpo­
rate·d (in capitals), and judicial 
districts in which process agents 
have been appointed (letters precedlnz 
names of States indicate judicial 
districts). [See note (d)) · 

NEBR.--Alaska, Ariz., Ark., nesCal., 
Colo., D.C., Idaho, Iowa, sHiss, Mo., 
Mont., Nev., N.Mex., Oreg., Utah, wlolash. 

PA.--All except Guam, Virgin Islands. 

N.Y.--D.C. 

OHIO-D.C. 

IND.--All except C.Z., Guam, Puerto 
Rico, Virgin Islands. 

N.Y.-Ariz., Cal., Colo., Conn., Del., 
D.C., eill,, alnd., nlowa, Ky., He., 
Hd., Mich., Minn., Mont,, Nebr., N.H., 
N.J., N.Hex., N.Dak., nOhio, Pa,, R.I., 
S.Dak., Tenn., Utah, Vt., vWis, 

KASS.-All except Gua■• 

VT .-All except c.z., Guaa, Kana., 
Puerto Rico, Virgin lalanda. 

N.Y.-Ariz., Cal., D.C., nGa., Idaho, 
nlll., La., Md., Mich., Mont., Nev., 
N. Hex., Oreg., Puerto Rico, Utah, 
eVa., Waah., Wis. 

FLA.--Ala., Ark., Colo., D.C., Ga., 
Kana., Ky., La., Md,, Miaa,, Ho., 
N.C., Okla., S.C., Tenn., Tex., Va. 

N.Y.-D.C., Tex. 

Tex.-All except Guam, Puerto Rico·, 
Virgin Islands. 





APPENDIX G 

SCHOOLS CURRENTLY PROVIDING TUNNEL ENGINEERS 

In our survey of 41 engineering firms and 105 contractors, we 
asked where and how they obtain their new engineers. This in­
cluded questions about the schools from which their new engin­
eers graduated, with emphasis on fairly recent graduates (ap­
proximately 0-6 years out of school). 

It should also be noted that experienced engineers and contrac­
tors prefer bachelor-level graduates, preferring advanced study 
to occur after some years of experience. It is the contention 
of these industry people that the school faculties prefer to 
have the students continue graduate school directly after under­
graduate years and that there is a growing communication problem 
between industry and the schools. We did not study this, as it 
was outside the scope of this report, but we do note similar in­
dustry allegations in several other fields where we are active. 

On the following pages, the schools mentioned are listed in al­
phabetical order. 
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SCHOOLS PROVIDING TUNNEL ENGINEERS 

Polytechnic Institute of Baltimore 
Bradley University 
Brown University 

John Brown University 
University of Buffalo 
U. C. L.A. 

California Polytechnic Institute 
University of California - Berkeley 
Carnegie Mellon University 

Case Institute 
University of Cincinnati 
Clarkson University 

Clemson University 
Colorado School of Mines 
Columbia University 

University of Connecticut 
Cooper Union College 
Cornell University 

University of Delaware 
University of Detroit 
Drexel University 

Duke University 
Erie Community College 
Fairleigh Dickenson 

University of Florida 
Fordham University 
Georgia Technical Institute 

Harvard University 
Johns Hopkins University 
University of Houston 

University of Idaho 
University of Illinois 
Illinois Institute of Technology 

Iowa State University 
University of Iowa 
University of Kansas 

NO, OF 
ENGINEERING 

FIRMS 

1 
1 

1 
1 
3 

1 
7 
3 

2 

3 
2 

1 
2 
1 

2 

1 

1 
1 

4 

2 
3 

6 
2 

2 
1 
2 

NO, 
OF 

CONTRACTORS* 

1 

1 

1 

2 
3 

2 

1 
1 

1 

2 
1 
3 

1 
1 

1 
1 
2 

2 
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Kansas State University 
University of Kentucky 
Lehigh University 

Louisiana State University 
University of Louisville 
Lowell University 

MacKay School of Mines 
University of Maine 
Manhattan College 

Marquette University 
University of Maryland 
University of Massachusetts 

Massachusetts Institute of Technology 
University of Michigan 
University of Minnesota 

Mirville University 
University of Missouri 
University of Nebraska 

University of Nevada 
New Jersey Institute of Technology 
City University of New York 

New York Polytechnic Institute 
State University of New York 
North Carolina State 

University of North Dakota 
Northeastern University 
Northwestern University 

Notre Dame University 
Ohio State University 
Old Dominion University 

Oregon State University 
Pennsylvania State University 
University of Pittsburgh 

Pratt Institute 
Purdue University 
Rensselaer Polytechnic Institute 

Rolla School of Mines 
Rutgers University 
San Jose State College 

NO, OF 
ENGINEERING 

FIRMS* 

2 
1 
3 

1 
1 
1 

1 
5 

5 

5 
1 
2 

1 
4 
2 

1 
2 
2 

4 
1 
2 

1 
4 
2 

2 
1 
2 

3 
2 

1 
5 
2 

1 
2 

NO, 
OF 

CONTRACTORS* 

3 

1 

5 

4 
1 
1 

2 

3 

1 

2 

2 
1 
2 

1 

3 

1 
2 

1 
1 

2 
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University of Southern California 
Stanford University 
Southwestern Institute of Technology 

Stevens Institute of Technology 
University of South Dakota 
Syracuse University 

Texas A & M University 
Texas University 
Tufts University 

Valparaiso University 
University of Virginia 
Virginia Polytechnic Institute 

Virginia Military Institute 
Villanova University 
University of West Virginia 

West Virginia Tech 
Washington University 
George Washington University 

University of Wisconsin 
Worcester Polytechnic Institute 

NO, OF NO, 
ENGINEERING OF 

FIRMS* CONTRACTORS* 

3 
7 6 
1 

1 3 
2 
1 

2 
1 

2 

1 
4 
6 2 

2 2 
1 

1 

1 
3 
1 

1 2 
1 

*Numbers denote number of engineering firms and contractors hir­
ing engineers for tunneling work, not the number of engineers 
hired. 
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APPENDIX H 

INDUSTRY COMMENTS 

During our interviews we asked contractors their opinions of 
OSHA and MESA and about the industry's needs for research and 
development. 

OSHA AND MESA 

These comments have to do with the impact or effect of the Occu­
pational Health and Safety Act and its administration. The MESA 
references are to the separate Mine Safety group which is part 
of the Department Of The Interior, Bureau Of Mines. OSHA is 
part of the U. S. Department Of Labor. 

Exhibit F-1 RANGE OF COMMENTS ABOUT OSHA 

Number of contractors in each general category 

Believe it is a 
good thing and 
working well 

41 

Some minor 
problems, but 
not serious 

21 

Believe it is 
causing major 
problems 

6 

Of 68 contractors who commented, 60% think OSHA regulations are 
a good idea. Nearly all of them felt that the inexperience of 
inspectors has been a problem but time and experience presum­
ably will help that. Over twenty contractors felt that state 
inspection using the OSHA code would be an improvement but one 
spoke vociferously in behalf of federal over state. 

MESA was blasted by several as having incompetent inspectors 
in most areas and there appears to be either confusion or contra­
diction between OSHA and MESA rules. Of the half-dozen who men­
tioned MESA, none was complimentary or neutral. 

Several contractors who have long records of good safety prac­
tice felt that a positive aspect of the program is the control 
or elimination of the slipshod competitor who cuts costs and 
prices by gambling on safety. Several wished there was more 
emphasis on the safe worker rather than just the safe work place. 
Estimates of cost increases due to OSHA ciustered at 3%. 
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RESEARCH AND DEVELOPMENT 

Here is a summary of research and development needs for the tunnel­
ing industry developed from contractor firm executive comments 
during our interviews with 118 contracting firms. 

Number of Contractors 
Who Requested It 

19 

18 

16 

13 

9 

7 

6 

6 

5 

5 

2 

2 

1 

1 

1 

1 

Type Research & Development 

Changed conditions contract clauses 

Better geologic forecasts & full 
disclosure 

Better teeth for moles 

Combined primary and secondary 
tunnel linings 

Better bearings for moles 

High pressure water jets or lasers 
to assist moles 

Improved moles 

Improved muck handling 

Improved shaft mucker and slope mucker 

Research on precast segments like 
those in Europe 

Standardization of design of small 
tunnels 

Small, low-cost, easy-to-move mole 

Chemical stabilizer for wet jobs 

Improved noise control on moles 

Continuous concrete with slip forms 

Full face drilling for large shafts 
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AGENCY 

City of Miami, Fla. 

Office of the Mayor, 
Newark, N. J. 

Metropolitan Water District 
of Southern California, 
Los Angeles, Cal. 

Planning Commission, 
Salt Lake City, Utah 

Board of Water Commissioners, 
Denver, Col. 

City of Department of Public 
Property, Philadelphia, Pa. 

City Planning Commission, 
New Orleans, La. 

Maryland Transporation Auth., 
Baltimore, Md. 

Department of Public Works, 
Rochester, N. Y. 

Regional Transportation Auth., 
Chicago, Ill. 

Hawaii Department of Trans­
portation Services, Honolulu, 
Hawaii 

Arizona Department of Trans­
portation, Phoenix, Arizona 

State of Washington 

Regional Transportation 
District, Denver, Col. 

Houston, Texas 

Department of Highways, 
District 10, West Virginia 

United States Department of 
the Interior, Bureau of 
Reclamation, Washington, 
D. C. 

NAME 

Acton, George, Director of City 
Planning 

Bakke, Oscar, Special Consultant 
for Transportation 

Balcerzack, Richard, Principal 
Engineer 

Barney, Dean, Ass't. Director 

Batt, J. A., Chief Design Engineer 

Belfi, Robert, Director of Archi­
tecture and Design 

Bell, Dean P., Chief Planner, 
Transportation Planning Section 

Bender, W. F., Administrator, 
Toll Facilities 

Berger, Manfred, Principal Engineer 

Bernard, Martin J. III, PhD., 
Supervisor, Systems Programming 
& Planning 

Blindauer, Harlan, Mass Transit 
Administrator 

Brechler, Ron, Information Officer 

Bryant, Walter, Highway Engineer 

Butts, Aubrey J., Accounting Direc­
tor, Systems Requirements 

Cape, E. B., Director, Department 
of Public Works 

Caufman, Wayne, Engineer 

Chappeleon, Dess L., Chief, Division 
of General Engineering 
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AGENCY 

Design Section, Monroe 
County District of Pure 
Waters, Rochester, N. Y. 

San Francisco Municipal 
Railway, San Francisco, Cal. 

Maryland Mass Transit Admin­
istration, Baltimore, Md. 

New York City Transit 
Authority, Brooklyn, N. Y. 

Transportation Div., Memphis 
and Shelby County Planning 
Commission, Memphis, Tenn. 

MONDAV Incorporated, 
Seattle, Washington 

Massachusetts Turnpike Auth., 
Boston, Mass. 

Bay Area Rapid Transit 
District, San Francisco, Cal. 

Department of Transportation, 
Trenton, N. J. 

Pennsylvania Department of 
Transportation, Pittsburgh, 
Pa. 

City of Houston, 
Houston, Texas 

Massachusetts Bay Trans­
portation Authority, Boston, 
Mass. 

State of Washington 

Division of Highways, 
Denver, Col. 

Hawaii Department of Trans­
portation, Honolulu, Hawaii 

Interstate Div. for Baltimore 
City, State Highway Admin­
istration, Baltimore, Md. 

NAME 

Clark, Phillip J., formerly 
Associate Engineer 

Cohn, Merrill, Transit Equipment 
Engineer 

Covington, William, Senior Staff 
Engineer 

Culhane, John F., Chief Engineer 

Dent, Sharon K., Associate Planner 

Dingfield, Barbara, Project Manager 

Dixon, Jack, Information Officer 

Fendel, John, Director of 
Construction 

Freidenrich, Jack, Director of 
Engineering and Operations 

Gittens, Michael J., P. E., Ass't. 
District Engineer for Operations 

Goodman, Barry M., Administrator, 
Public Transportation 

Graham, Donald, Project Planner 

Gregson, Paul, Highway Engineer 

Haase, E. N., Chief Engineer 

Harano, Tetso, Chief, Highway Div. 

Heiner, Louis D., Route Engineer 
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AGENCY 

Public Works Dept. 
Minneapolis, Minn. 

Dept. of City Planning 
Richmond, Virginia 

City of Dallas, Texas 
Trans. Planning Section 

City Planning Department 
Albuquerque, N. M. 

Penna. Turnpike Commission 
Harrisburg, Penna. 

Dept. of Public Works 
Bureau of Engineering 
Chicago, Ill. 

Research & Planning Dept. 
Greater Cleveland Regional 

Transit Authority 
Cleveland, Ohio 

Southeastern Michigan 
Transit Authority 

Detro i t, Michigan 

Chicago Urban Transit Dist. 
Chicago, Illinois 

Milwaukee County Transit Sys. 
Milwaukee, Wisconsin 

Metropolitan Dist. Comm. 
Engineering Division 
Boston, Mass. 

Port Authority of Allegheny 
County 

Pittsburgh, Penna. 

The Metropolitan District 
Hartford, Connecticut 

Bay Area Rapid Transit Dist. 
San Francisco, California 

Planning Div., Mid-America 
Regional Council 

Kansas City, Missouri 

Office of Policy Planning 
City of Seattle, Wash. 

NAME 

Hoshaw, Marvin A., Engr. III 

Ingroff, David 
Transportation Planner 

Kelley, Rod 
Director 

King, Rexford V. 
Planner 

Klucher, Robert H. 
Chief Engineer 

Koncza, Louis 
Chief Engineer 

Kraynik, Leonard A. 
Research Analyst 

Kryszak, Diane (Mrs.) 
Information Officer 

Kwan, William 
Project Planner 

Larson, Galen C. 
Asst. V-P & Asst. Mgr. Operations 

Leary, Edward W. 
Deputy Chief Construction Engr. 

Linsenmayer, Robert B. 
former Manager, Procurement & 

Design; Contracts & Scheduling 

Mccurdy, William R. 
Public Information Director 

Mccutcheon, Beau 
Manager of Installations 

McDowell, J. Hampton III 
Director of Transportation 

McNamara, Michael E. 
Sr. Transportation Planner 
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AGENCY 

Department of Public Property, 
City of Philadelphia, Pa. 

Boston Redevelopment Auth., 
Boston, Mass. 

Metropolitan Atlanta Rapid 
Transit Auth., Atlanta, Ga. 

Port Authority of N. Y. and 
N. J., New York City, N. Y. 

Chesapeake Bay Bridge-Tunnel 
District, Cape Charles, Va. 

Public Information Office, 
Rochester-Genesee Regional 
Transit Auth., Rochester, 
N. y. 

Dept. of Urban Planning, 
City of Dallas, Texas 

District of Columbia Dept. 
of Transportation, Washington, 
D. C. 

Massachusetts Bay Trans­
portation Auth., Boston, Mass. 

Southern California Rapid 
Transit Dist., Los Angeles, 
Cal. 

Government Div., Metropolitan 
Tr ansit Commission, St. Paul, 
Minn. 

Office of Construction Mater­
ial and Maintenance, Federal 
Highway Admin., Washington, 
D. C. 

Dept. of Public Works, 
Chicago, Ill. 

Washington Metro Area Transit 
Auth., Washington, D. C. 

Community Development Agency, 
St. Louis, Mo. 

NAME 

Marzullo, Paul, Director of 
Engineering 

Memolo, Ralph, Manager of 
Public Information 

Mollenkamp, Dennis, Manager of 
Special Projects 

Monaghan, John, Public Information 
Officer 

Morris, J. Clyde, Executive Director 

Morris, William, Project Manager 

Morrison, William D., System Analyst 

Moy, Harry, Structural Engineer 

Murdoch, Steven, Project Planner 

Pearson, Brian, Information Officer 

Pearson, Robert L., Project Manager 

Pettigrew, Lester, Construction 
Costs Analyst 

Petzold, Charlie W., Transportation 
Engineer 

Pfanstiehl, Cody, Director, 
Community Services 

Praprotnik, James H., Head, 
Development & Design Evaluation, 
Planning & Programming Div. 
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AGENCY 

Office of Transportation 
Admin., Miami, Fla. 

The Laclede's Landing 
Redevelopment Corporation, 
St. Louis, Mo. 

Niagara Frontier Trans­
portation Auth., Buffalo, 
N. y. 

City Planning of 
Cincinnati, Ohio 

Nevada Highway Department, 
Carson City, Nevada 

Virginia Dept. of Trans­
portation, Richmond, Va. 

Detroit Metro Water Dept., 
Detroit, Mich. 

City of Chicago, Illinois 

State Department of Highways 
and Public Transportation, 
Austin, Texas 

State Highway Admin., Inter­
state Div. for Baltimore 
City, Baltimore, Md. 

Dept. of Transportation, 
City of San Diego, Cal. 

Delaware River Port Auth., 
Camden, N. J. 

Research & Planning Dept., 
Minneapolis Metropolitan 
Transit Auth., Minneapolis, 
Minn. 

Development Dept., Denver 
Regional Transportation Dist., 
Denver, Col. 

Milwaukee Sewer Commission, 
Milwaukee, Wis. 

NAME 

Preston, E. Randolph, Ass't. 
Director for Transit Systems 
Development 

Purcell, Thomas w., Exec. Director 

Schieber, Larry, Community 
Relations Officer 

Sheblessy, John B., Ass't. Director 

Smythe, Frank, Public Relations 
Officer 

Stairs, Forrest H., Engineer 

Suhre, Darrell, Director of 
Engineering 

Suloway, Marshall, Commissioner, 
Dept. of Public Works 

Taylor, Tom H., Director, 
Travel & Information Div. 

Thameen, M. Faysal, Bridge Engineer 

Twomey, David, Associate C. E. 

VanEerden, Lambert T., Director 
of Engineering Planning Div. 

Van Ryswyk, Gary J., Research Ass't. 

von Luhrte, Richard L., Senior 
Route Studies Analyst 

Weiland, Donald, Chief of 
Engineering 
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AGENCY 

Massachusetts Bay Trans­
portation Auth., Boston, 
Mass. 

Board of Water Commissioners, 
Denver, Col. 

NAME 

Wey, George, Project Planner 

Whiteaker, T. R., Chief Engineer 
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Appendix J 

REPORT OF NO PATENTS 

U. S. Department of Transportation regulations require that a 

specific list of patents and inventions associated with, or 

resulting from one of its sponsored projects be included in 

every final report. 

Because this project was a study of the organization, struc­

ture, descriptive economics, and current state of a segment 

of the heavy construction industry, there was no expectation 

that any patents or inventions would result as a by-product 

of the work. 

That expectation was fulfilled. There are no present or pros­

pective patents or inventions as a result of this work. 

Page J-1 





APPENDlX K 

BIBLIOGRAPHY 

American Public Works Association Research Foundation, Feasi­
bility of Utilitr Tunnels in Urban Area, Draft Final Report, 
October 1970, Chicago, Illinois, for the Federal Highway 
Admin., Dept. of Transportation, Washington, D.C. 

Associated General Contractors, Joint Venture Guidelines, AGC, 
Washington, D. c., 1975. 

Baker, Robert F., et al, A Program For Improving The Effective­
ness Of Underground Construction, Preliminary Report from 
the Underground Construction Research Council, American 
Society of Civil Engineers, to the National Science Founda­
tion, Washington, D.C., February 29, 1972. 

Baker, Robert F., et al, The Use of Underground Space to Achieve 
National Goals, American Society of Civil Engineers, Decem­
ber 31, 1972. 

Berry, Donald S., et al, The Technology of Urban Transportation, 
Northwestern University Press, 1963. 

Birkmyer, A. J., Richardson, D. L., Systems Analysis Of Rapid 
Transit Underground Construction Volume 1: Sections 1-5, 
Final Report, December 1974, Prepared for U. S. Department 
of Transportation and Urban Mass Transportation Admini­
stration. Report Nos. DOT-TST-75-72.I and UMTA-MA-06-0025-
74-11.l, National Technical Information Service, Springfield, 
Va. 

Bureau of Reclamation, Tunnels-Machine Excavation-Rate of Pro­
gress Machine Data, February 1972, Engineering and Research 
Center, Denver, Colorado, Report No. REC-ERC-72-9, National 
Technical Information Service, Operations Div., Springfield, 
Va. 

Comparing Urban Travel Costs Essential For Metropolitan Area, 
Civil Engineering-ASCE, December 1973. 

Cook, Earl, et al, The New Dimension - Rapid Underground Exca­
vation, American Institute of Mining, Metallurgical, and 
Petroleum Engineers, New York, 1969. 

Duncan, J.M. et al, Materials Handling For Tunneling, Final 
Report, May 1970, Prepared for Office of High Speed Ground 
Transportation. Report FRA-RT-71-57, National Technical 
Information Service, Springfield, Va. 

ENR Directory of Contractors 1974-75, Engineering News-Record, 
McGraw-Hill, Inc. 1975. 

Appendix K Page 1 



ENR Directory of Design Firms 1974-75, Engineering News-Record, 
· McGraw-Hill, Inc. 1975. 

Fenix & Scisson, Inc., In Assoc. With Arthur D. Little, Inc., 
A Systems Study of Soft Ground Tunneling, Final Report 
May 1970, Report No. DOT-FRA-OHSGT-231, for the Dept. o~ 
Transportation, Office of High Speed Ground Transportation 
& Urban Mass Transportation Admin., Washington, D.C., 
Clearinghouse for Federal Scientific and Technical Inform­
ation, Springfield, Va. 

Fenix & Scisson, Inc., Conventional Tunneling Methods, Volume 
III, Feasibility of Flame-Jet Tunneling Report G-910560-10, 
May 1968, East Hartford, Conn. 

Fondahl John w. Bacarreza, Ricardo R., Construction Contract 
Ma~kup Rela~ed To Forecasted Cash Flow, Departm~nt o~ Civil 
Engineering, Stanford University, Stanford, California, 
Technical Report No. 161, November 1972, Prepared for Cal~ 
ifornia Contractors Council, Inc. 

Fox, George A., Subsurface Construction Contracts - A 
Contractor's View, Journal of the Construction Division, 
ASCE Proceedings, June 1974. 

Gates, Marvin and Amerigo Scarpa, Reward-Risk Ratio, Journal 
of the Construction Division, ASCE Proceedings, December 
1974. 

Greenberg, Max E., Role Of Contract And Specifications In 
Foundation Construction, Journal of the Construction 
Division, ASCE Proceedings, June 1974. 

Institute of Traffic Engineers, Capacities and Limitations of 
Urban Transportation Modes, Report by Technical Committee 
6B(61) of the Institute of Traffic Engineers, May 1965. 

Jenny, Robert J., "Soft Clay Tunnel and Caisson Construction", 
Tunnels and Tunnelling, Sept.-Oct. 1973. 

Juergens, Ralph, "New Developments in Tunneling Machines", 
~onstruction Methods and Equipment, Mar.-Apr. 1966, 
McGraw-Hill, Incorporated, New York. 

Maj~~-~~w York City Subaqueous Vehicular, Rapid Transit and 
Railroad Tunnels, Prepared by The Engineering Department, 
N.Y.C. Transit Authority, A. C. Maevis, Chief Engineer 
April 1970. , 

Mayo, Robert S., Adair, Thomas, Jenny, Robert J., Tunneling -
!~tate Of The Art, Prepared for the U.S. Dept. of 
Housing and Urban Development, Report No. PB 178 036, 
National Technical Information Service, U.S. Department 
of Commerce, Springfield, Va. 1968. 

Appendix K Page 2 



Mayo, Roberts., Practical Tunnel Driving (origi~ally ~ublished 
in 1941 by McGraw-Hill. Revised and republished in 1975 
by the author (Robert S. Mayo, Lancaster, Pa., 17604) • 

Mining Engineering, Volume 27, No. 7, July 1975, A publication 
of the Society of Mining Engineers of AIME. 

Office of the Secretary of Transportation, Transportation Tun­
neling Program & Review, U.S. Department of Transportation, 
Washington, D.C. 1975. 

Organization for Economic Co-operation and Development, Advisory 
Conference on Tunnelling, Springfield, Va. 1970. 

Parker, Albert D., Planning and Estimating Underground Construction, 
McGraw-Hill, Inc., 1970. 

Parsons, Brinckerhoff, Quade & Douglas, Construction Monitoring 
of Soft Ground Rapid Transit Tunnels, DOT/UMTA Report No. 
DOT-TSC-UMTA-75-9.I, November 1974. 

Permanent International Association of Road Congresses, Tunnel 
Operating Survey 1974, Charles H. Taylor, Group Chairman, 
USA, Paris and New York 1974. 

Pratt, H. R., Tunneling Technology, June 1973, Prepared for 
Defense Nuclear Agency, Report TR73-26. 

Pratt, H. R., Tunneling Technology, Terra Tek, Inc., Salt Lake 
City, Utah, TR 73-26, June 1973. 

Richardson, Harold W., Mayo, Robert S., Practical Tunnel Driving, 
McGraw-Hill Books, New York, 1941; Robert S. Mayo, Lan­
caster, Pa. 

Sanders, D. B., Reynen, T. A., with assistance from Bhatt, K., 
Characteristics of Urban Transportation Systems - A Hand­
book for Transportation Planners, Report No. UMTA-IT-06-
0049-74-1 dated March 1974, Prepared by DeLeuw, Cather & 
Company, Washington, D.C. with contributions from The 
Urban Institute, for Urban Mass Transportation Admini­
stration, National Technical Information Service, U.S. 
Dept. of Commerce, Springfield, Va. 

Scannel, Daniel T. et al, Cut And Cover Method Of Subway Con­
struction, New York Transit Authority, 1970. 

Simon, Kenneth A., Frankel, Martin M., Projections of Educational 
Statistics To 1973-84, 1974 Edition, National Center for 
Education Statistics, U.S. Dept. of Health, Education, and 
Welfare/Education Div., U.S. Government Printing Office, 
Washington, D.C., 1975. 

Appendix K Page 3 



Solomon, Richard J., et al, Modes of Transportation, Sources 
of Information on Urban Transportation Report Number 2, 
American Society of Civil Engineers, 1968. 

Spittel, Louis A., Willyard, James C., Tunneling Cost Analysis, 
March 1971, RMC Incorporated, 7315 Wisconsin Avenue, 
Bethesda, Md., Report No. FRA-RT-71-73, Washington, D.C. 
19'73. 

Sverdrup & Parcel and Associates, Inc., Cut-And-Cover Tunnel­
~~g Techniques, Final Report, February 1973, Prepared 
for Federal Highway Administration, Office of Research, 
Washington, D.C. 

U.S. National Committee on Tunneling Technology, Standing Sub­
committee No. 4 - Contracting Practices, Better Contract­
ing For Underground Construction, National Academy of 
Sciences, Washington, D.C., 1974. 

Van Dyke, William, Report On Planned Transit Tunnel Construction 
In The United States, Status Report, Prepared for U.S. De­
partment of Transportation, Office of the Secretary, Wash­
ington, D.C. 

Vetter, Betty M., Supply/Demand Imbalances Of Engineers and 
Scientists For Transportation and Other National Projects, 
January 1975, Report No. DOT-TST-75-73, for Office of the 
Secretary, U.S. Dept. of Transportation, National Techni­
cal Information Service, Springfield, Va. 

Ward, Jack W., Construction Information Source and Reference 
Guide, Construction Publications, Phoenix, Arizona, 
Second Edition, October 1970. 

Washington Metropolitan Area Transit Authority, Office Of Con­
struction Bimonthly Reports, Office of Construction. 

Appendix K Page 4 



APPENDIX L 

Abbreviations 
Abbreviations and Acronyms 
Acceptance and Uses of Tunnels 
Acoustics Consultant 

INDEX 

American Institute of Mining Engineers (AIME) 
American Society of Civil Engineers (ASCE) 
American Underground Association 
Approach: 

Defensive 
Organization: Impact of WMATA 

Areas, Geographic Operating 

Banks - Active in Heavy Construction 
Bidding: 

Conditions 
Process 
Supplier Support for 

Bids: 
Relationship to Profit History 
Unbalanced 

Bonding 
Bonding Capacity Regulation 
Bonding Conditions 
Bonds: 

Payment 
Performance 

Performance, Coverage 
Business: 

Marketing and Strategy Decisions 
Services 

Capacity of Construction 
Cash Effect of a Contract, Projecting 
Classifications, Tunnels 
Companies: 

Private 
Public 

Compensation 

viii 
ix 
4-29 
4-6 
15-2 
15-2 
15-2 

6-3 
9-3 
10-5 

11-7 

12-1 
4-9 
Appendix 

12-7 
12-5 
11-7 
Appendix 
12-1 

12-8 

E 

F 

12-8, 12-9, 
12-10 
12-10, 12-11 

12-1 
11-9 

Appendix D 
12-3 
viii 

13-1 
13-2 
15-4, 15-5 
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Compressed Air, Use of 
Conclusions and Recommendations 
Conglomerate, The 

Construction: 
Claims and Litigation 

INDEX 

Complexity of Urban Transportation 
Conditions - Bidding, Bonding, Contract 
Contracting Firms in Tunneling 
Cost Escalations 
Coverage, Performance Bonds 
Heavy - Banks Active in 
Managers, Engineers, Consultants 
Preparation 
Principal Considerations 
Sharing Risk Through Contractual Practices 
Stage 
Underground 

Contract Conditions and Practice 
Contracting Firms in Tunneling 
Contracting Firms, Tunnel: Key Personnel in 
Contractor Interest in Changing Contracting 
Practices 
Contractors: 

Revenues 
Tunnel 
Tunnel in U.S. 

Tunnel Staffs 
Control of Soft Ground 
Controls 
Costs, Profits, Losses, and Capital 

Decision Making by Tunnel Contractors 
Decisions: 

Business and Marketing Strategy 
Technical and Assessments 

Defensive Approach 
Definitions 
Demand: 

Figures, How Developed 
for Tunneling, Identification 
for Tunnels in the U.S.A. 
Motor Vehicle Tunnel 
Some Background on Tunnel 
Water and Sewer Tunnel 

16-6, 16-7 
17-1 
13-2, 13-3, 
13-4 

4-29 
4-1 
12-1 
App~ndix C 
4-23, 4-25 
12-10, 12-11 
11-7 
6-1 
4-8 
4-10 
17-3, 17-4 
4-10 
3-16 
12-11 
Appendix D 
7-1 

16-7 

10-4 
7-1 
10-2, 10-3, 
10-4 
10-6 
4-18 
14-5 
14-1, 14-10 

13-1 - 13-8 

12-1 
12-2, 12-3 
6-3 
viii 

3-3 
Appendix A 
3-1 
3-10 
3-2 
3-8 
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INDEX 

Depreciation; Importance of Equipment 
Design, Innovation in 
Designers, Section 
Drilling 

Education, Sources of Industry 
Efficiency, Improvement of Operational 
Engineer, Tunnel, Firm Classifications 
Engineering 

Consultant - Incentive 
Firms, Tunnel 
General Consultant 
Liability 
Special Consultants and Their Functions 
Staffing for a Project 

Engineers: 
Construction 
in Tunneling Work, Identification 
Operating Problems for 

Equipment: 
Depreciation, Importance of 
Innovation in 
Moles 
Used in Building Tunnels 

Estimating a Tunnel Job 
Explosives 

Financial Management Skills; Need for 
Financial Services 
Financing: Approval of 
Finns: 

Contracting, in Tunneling 
Engineering, in Tunneling 
With Hard Rock Tunnel Experience 

Geographic Operating Areas 
Ground (Soft): Control of 

Hard Ground and Soft Ground Tunnels 
Haulage 

Incentive - Engineering Consultant, Owner 

14-6 
17-1 
4-7 
16-4 

15-5 
17-4 
9-4 

17-2 
9-1 
4-6 
12-7 
4-6 
6-5 

6-1 
Appendix B 
6-5 

14-6 
17-3 
11-4 
11-2, 11-3 
7-3 
16-4 

14-5, 14-6 
11-6 
4-5 

Appendix D 
9-1 
10-1 

10-5 
4-18 

ix 
16-5 

17-2 
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Industry: 
Comments on Safety and Research 
Innovation from Outside 
Schools Providing Tunnel Engineers 

Innovation: 
in Design 
in Materials and Equipment 

Inspection of Job Site 

Job Site, Inspection of 
Joint Venture Organizations 

Key Man - Project Manager 

Liability, Engineersing 
Litigation and Claims 
Losses, Profits, Cost and Capital 

Management: 
and Operating Problems 
Changes in Emphasis 
of Research and Development Efforts 
Skills 
Skills, Need for 

Manager, Project: Key Man 
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Managing Construction 
Manufacturers, Specialized 
Market, Size of in Money Terms 

to 

Marketing and Business Strategy Decisions 
Materials, Innovation in 
Measurement of Productivity 
Metric Conversion Factors Table 
Minimizing Shortages 
Moles 
Money Sources, Major 
Motor Vehicle Tunnel Demand 
Mucking 

Operating and Management Problems 
Operational Efficiency - Improvement of 
Organization Approach: Impact of WMATA 
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Joint Venture 
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Overview of the Report 
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Section Designers 
Services~ Business 
Services, Financial 
Sewer and Water~ Tunnel Demand 
Shields 
Shortages, Minimizing 
Skills: 

Management 
Management, Need for 

Soft Ground Tunnels 
Sources: 

Industry Education 
Key People 
Money, Major 

Specialized Manufacturers 

INDEX 
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Study of Plans and Specifications 
Summary . 
Supplier Support for Bidding 
Suppliers, Specialized 
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