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Abstrac t~This  paper describes the following contracting concepts 
applicable to tunnelling and other underground construction work: 
Design-Bid-Build; Partial Design.Construct or Partial Design- 
Build; Design-Build and Turnkey; and Build-Operate-Transfer. 
Advantages, disadvantages, and related risks are summarized for 
each type of contract. Aspects of multiple construction contracts and 
contracting with an association of contractors are addressed. The 
three main methods of  priicing~lump-sum, cost-reimbursable, and 
unit-price--are discussed in detail. Other aspects of compensation, 
such as bonus payments, currency of price, adjustment and revision 
of price, and payment conditions, are also addressed. 

1. General 
n owner who intends to contract for the construction 

f a tunnel or other underground facility has a 
oice of entering into a single contract with a single 

enterprise, which will be responsible for performing all the 
obligations needed for the completion of the construction, 
or dividing the obligations among several parties, entering 
into an individual contract with each party. Within each 
of these two techniques, there are different possible ap- 
proaches to contracting, as discussed below. These ap- 
proaches differ in important  respects, for example, the 
extent of the responsibility of the contractor, the extent to 
which the owner must  coordinate construction, and, in 
many  cases, the total cost to the owner. 

Whether it is advisable for the owner to "enter into a 
single contract or several contracts may depend upon 
several factors. Entering into a single contract places the 
responsibility for the entire construction on a single party. 
I f  several contracts are entered into, and the works upon 
completion are defective, it may sometimes be difficult to 
determine which contractor is liable. Where the technol- 
ogy is highly specialized or is the exclusive property of a 
single supplier, the enl~ire works may have to be designed 
and constructed by the supplier of the technology. The 
owner may wish to enter  into different contracts for, e.g., 
the t ransfer  of technology, the supply of the design, and 
construction of different portions of the works only if he has 
the ability to coordinate and evaluate performance by 
several contractors. 

Mandatory legal regulations in the country of the owner 
may require that  a certain contracting approach be used by 
the owner. For example, those regulations may require 
that  firms in the owner's country be engaged for certain 
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aspects of the construction (e.g., civil engineering design) 
in order to develop the technological capability of the 
country and to conserve foreign exchange. In such cases, 
the owner will have either to contract with a single contrac- 
tor who is prepared to engage local enterprises as subcon- 
tractors, or to enter  into several contracts, including con- 
tracts with local enterprises. In addition, the extent of the 
contractor's liability to taxation may influence the con- 
tracting approach to be chosen by the parties. The parties 
may wish to obtain expert advice on the issue of taxation. 

In the process of creating a functional tunnel or other 
type of underground facility, a contract usually exists 
between the tunnel owner and the contractor. On major 
projects of great complexity, the owner may let several 
contracts to different contractors to accomplish discrete 
portions of the works. Historically, the common contrac- 
tual arrangement  is one in which the owner first develops 
a definition of the facility he wants created and also defines 
the site and the conditions at the site which may influence 
the construction methods, schedule and cost. 

The level of the owner's definition of the tunnel struc- 
ture and ancillary facilities he wants  built has varied, but 
two general practices have been common worldwide. In 
one of these, the design definition is advanced only through 
preliminary design and preliminary specifications, and 
the tenderers propose to perform detailed design and to 
construct. Such a contracting concept is referred to as 
"design-construct" or "design-build'. When the scope ex- 
cludes portions of the project work which are to be accom- 
plished otherwise, the term, "partial design-construct" or 
"partial design-build" are used. 

The other commonly found contractual ar rangement  is 
one where the owner completes the tunnel design includ- 
ing the details and the technical specifications, then calls 
for tenders for construction only. This alternative con- 
tracting concept is referred to as "design-bid-construct"' or 
"engineered design ~. In both of these contracting concepts, 
the terms of reference, as they relate to compensation of 
the contractor, may call for tenders on a firm fixed price 
basis, however, the owner's bid form usually provides a 
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breakdown of the work into cost units to establish better 
bases to negotiate changes to the defined work (see Section 
8, "Compensation Alternatives"). 

The varying risks to the parties under these two con- 
tractual concepts are generally recognized. However, over 
recent years, other contractual concepts have evolved and 
are being elected by more and more owners of tunnels and 
other underground facilities. These concepts pose the same 
and some new risks. In these newer concepts, the owner is 
seeking more from the contractor. In addition to final 
design and construction of a discrete portion of an overall 
project, the industry is experiencing calls for tenders which 
include: 

• A scope of work which is all-encompassing including 
not only the basic tunnel structure but all related 
structures and constructions, equipment procure- 
ments and installation (e.g. ventilation, lighting, 
control systems, finishes) and completion of a ready- 
to-use facility. This contractual concept is referred to 
as "turnkey". 

• A scope which requires the contractor to not only 
complete the design and construction, but start-up, 
operate and maintain the tunnel facility for a speci- 
fied period, train the owner's personnel and transfer 
the facility to the owner at the end of the agreed 
period of operation and maintenance. This contrac- 
tual concept is referred to as 'q~uild-operate-transfer" 
or simply "B-O-T". 

• A scope which is design-build, turnkey or B-O-T but 
which also requires the tenderers to offer financing for 
all or a portion of the contract cost. With the addition 
of a financing requirement, the term "super turnkey" 
has been applied and, in general, the B-O-T contrac- 
tual approach includes financing requirements. 

In summary, tunnel owners have a wide range of con- 
tracting concepts from which to choose when they embark 
on the initial planning and definition of their projects. 
Recognized here are: 

• Design-Bid-Build 
* Partial Design-Construct or Partial Design-Build 
• Design-Build and Turnkey (may include contractor 

financing) 
• Build-Operate-Transfer (includes contractor financ- 

ing) 
All of the two-party agreements listed above contain the 

fundamental terms of scope of the contractor's work, sched- 
ule or time of completion, ~and price, including the method 
or basis of contractor compensation. Each of these con- 
cepts has advantages and disadvantages to each party and 
each carries a different set of risks. Such risks are particu- 
larly prevalent to one or both parties when the owner elects 
to use a contractual concept that  is inappropriate for the 
project circumstances. The advantages and disadvantages 
of each of these concepts give insight to the proper use of 
each concept and to the risks which are presented to the 
parties. 

2. Multiple Construction Contracts 
The owner may divide the construction of the works 

among two or more contractors. The transfer of technology 
and the supply of the design may also be affected by one or 
more of these contractors, or may be affected by other 
enterprises. The owner must coordinate the scope and the 
time of the obligations to be performed under each contract 
so as to achieve his construction targets. The owner may 
bear risk of delay in construction or defects in the works 
resulting from his failure to determine appropriately in 
each contract the equipment, materials and construction 
services to be supplied by the different contractors, and the 
time-schedules to be observed by them. 

"The cost-reimbursable method may 

be appropriate..,  when the extent of 

construction services or materials and 

the kinds of equipment needed for the 

construction cannot be accurately antici- 

pated at the time of contracting.., or 

where a substantial part of the construc- 

tion is to be done by subcontractors and 

the prices to be charged by them are not 

known at the time of conclusion of con- 

tract negotiations." 

In addition to resulting in a lower price, the engagement 
of several contractors for construction could facilitate the 
use by owners from developing countries of local contrac- 
tors to construct portions of the works, perhaps under the 
supervision of an experienced foreign contractor. The use 
of local contractors in this manner may save foreign ex- 
change and facilitate the transfer of technical and manage- 
rial skills to enterprises in the owner's country. 

When several contracts are entered into for construc- 
tion, the supply and installation of equipment and the 
supply and installation of finished materials are often 
effected under one or more contracts, and heavy civil 
design and construction under other contracts. The equip- 
ment may in some cases be installed by the owner's person- 
nel or by a local enterprise under the supervision of the 
contractor. However, the way in which the construction is 
to be apportioned among the various contractors will de- 
pend upon the nature and the size of the works, and the 
national policy followed by the country of the owner. In 
general, the less complex the works, the smaller the num- 
ber of contractors required and the easier it is for the owner 
to coordinate the scope and the time of the construction 
obligations under the different contracts. The risks con- 
nected with coordination increase when a large number of 
parties participate in the construction. 

The risks borne by the owner in coordinating the scope 
and the time of the performance of the obligations of 
severalcontractors could be considerably reduced by em- 
ploying a consulting engineer to advise the owner as to how 
to achieve proper coordination. A consulting engineer (the 
"Engineer") may be employed even if the design-build, 
turnkey or B-O-T approach is used, though his function in 
such cases may be primarily to check the quality and the 
progress of the construction to be effected by the single 
contractor. 

The owner may, as is increasingly the practice, engage 
a construction manager (sometimes called a project man- 
ager) with a wider scope of responsibility instead of, or in 
addition to, a consulting engineer. The construction man- 
ager might also be the designer of the works, or an expert 
with management capabilities. 

The responsibility of the construction manager need not 
be limited to giving advice, but may include integrated 
construction management (e.g., inviting tenders or negoti- 
ating and concluding different contracts for the various 
portions of the works for and on behalf of the owner, 
coordinating all site activities and controlling the construc- 
tion process). If the construction manager is not the de- 
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signer, the contract may obligate him to check the design 
and to assume responsibility for design defects that  he could 
reasonably have discovered. The construction manager  
might also be obligated to advise the owner on the selection 
of contractors. 

The fee paid for the services of a construction manager  
is usually higher than  the fee of a consulting engineer 
because of the wider scope of the construction manager 's  
responsibility. The parties might  agree that  the fee is to be 
reduced according to a specified formula if  the works are 
completed late or if  the cost of the construction is higher 
than  a target  cost, and increased if the works are completed 
early or the cost is less than  the target  cost. 

Another technique that  the owner might wish to adopt in 
order to reduce his risks in coordination is to have one of the 
contractors assume responsibility for some part  of the 
coordination. This contractor may, for example, be obli- 
gated to define the scope of the construction to be effected by 
other contractors to be engaged by the owner, and to provide 
a time-schedule for that  work. He may also be obligated to 
check the construction effected by the other contractors and 
to notify the owner of defects in the construction which he 
could reasonably have discovered. However, in considering 
this approach, the owner should take into account the 
possible conflict of inl~rest which it might create for the 
coordinating contractor, since he has to evaluate the perfor- 
mances of fellow contractors who might be participating 
closely with him in the construction or in construction 
elsewhere. Accordingiy, the owner may wish to adopt this 
technique only in exceptional circumstances. 

A fur ther  approach tha t  the owner might wish to adopt 
in order to reduce his risks in coordination is to provide 
that  one of the contractors is to be responsible for the 
t ransfer  of the technology, the supply of the design for the 
entire works, and the ,construction of a vital portion of the 
works. This contractor may also be obligated to define the 
scope of the construction to be effected by other contractors 
to be engaged by the owner and to provide a time-schedule 
for that  work. 

The contractor may be obligated to hand over to the 
owner at an agreed t ime a completed work capable of 
operation in accordance with the contract, unless he is 
prevented from doing so by the failure of another  party 
engaged by the owner to perform his construction obliga- 
tions in accordance with the design, specifications or t ime 
schedule provided by the contractor to the owner. An 
advantage of this approach for the owner is that  the 
responsibility for the t ransfer  of the technology, the supply 
of the design and the construction of a vital portion of the 
works is concentrated in one contractor. 

Another approach svailable to the owner is to conclude 
a tunnel contract with a single contractor for the construc- 
tion of the entire works in accordance with a design to be 
supplied to tha t  contractor and to engage one or more 
enterprises other than the contractor to t ransfer  the tech- 
nology and supply the design for the works. The design is 
usually obtained by the owner before the tendering proce- 
dure or negotiations for the works contract commence, in 
order that  tenders to construct may be solicited on the 
basis of the design. Since the contractor under this ap- 
proach is responsible for the construction of the entire 
works in accordance with the design supplied by the owner, 
his responsibilities for coordinating the construction pro- 
cess and constructing the entire works are the same as 
those of a turnkey contractor. The contract may obligate 
the contractor to notify the owner if  he becomes aware of 
any inherent defects in the design. 

3. Single Design-Build and Turnkey Contracts 
The contractual concepts whereby a single contractor is 

engaged to perform all obligations needed for the comple- 
tion of the entire tunnel and related works, i.e., the trans- 

fer of the technology, the supply of the design, the tunnel- 
ling, the supply of equipment and materials,  the installa- 
tion of the equipment and the performance of the other 
construction obligations are referred to as the "design- 
build" or the "turnkey ~ approaches. Either approach re- 
quires the contractor to coordinate the entire construction 
process, and, in principle, results in the contractor's liabil- 
ity for any delay in completion of the construction or for 
defects in the works. 

Where the owner chooses the design-build or turnkey 
contract approach, and decides to solicit competitive ten- 
ders to construct the works from potential contractors, each 
tender made by a potential contractor will be based (within 
the parameters  set in the invitation to tender) on an indi- 
vidual design. The owner will thus be able to choose the 
design which is most responsive to his requirements. In 
addition, since the design-build or turnkey contractor is 
himself to supply equipment and to construct pursuant  to 
the specifications contained in the design included in his 
tender, tha t  design may reflect manufacturing and con- 
struction economies and techniques available to the con- 
tractor, and thus result in construction which is economical 
and efficient. On the other hand, it may sometimes be 
difficult for the owner to evaluate and compare the different 
designs and different potential contractors. It  is therefore 
advisable for the owner, when soliciting competitive offers, 
to invite all potential contractors to set forth the specific 
advantages of the design, methods, and construction ele- 
ments of their  offers. 

In preparing the design and construction methods and 
selecting subcontractors, a design-build or turnkey contrac- 
tor sometimes may be motivated more by a desire to offer an 
attractive price than by the need to ensure the durability, 
reliability and ease of maintenance of the works. However, 
a turnkey contractor usually has no incentive to over-design 
the works (i.e., to include in the design unnecessary features 
and technical safeguards to ensure that  the tunnel and its 
equipment perform in accordance with the contract), since 
overdesigning would make such contractor's offer noncom- 
petitive. Where the design is supplied by a separate de- 
signer, there may exist some incentive to overdesign. 

4. Build-Operate-Transfer Contracts 
In some cases, a single contractor, in addition to  assum- 

ing the obligations of coordination ofail  work, may under- 
take to ensure tha t  after the works are completed, the 
facility can be operated and achieve agreed-on efficiency 
using the owner's own personnel or the contractor's per- 
sonnel. This approach is referred to as the '~uild-operate- 
transfer" approach. I t  may be used by the owner as a 
means of making the contractor responsible, not only for 
the completion of the entire works, but  also for a period of 
in-service operation and maintenance followed by an effec- 
tive t ransfer  to the owner's personnel of the technical and 
managerial  skills and knowledge required by personnel for 
the successful operation of the works. 

In contrast  to the case where the contractor merely 
undertakes to t rain the owner's personnel in the operation 

" l t  is . . . advisable for the owner, when 

solicit ing competi t ive offers, to invite al l  

potent ia l  contractors to set forth the spe- 

cific advantages of  the design, meth- 

ods, and construction elements of their 

offers." 
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of the works, this approach requires the contractor to 
ensure that  the training is successful. Accordingly, the 
contract should specify the results that  the contractor is 
obligated to achieve through the training. The contract 
may provide that the training must enable the owner's 
personnel to operate the works during an agreed-on test 
period under the guidance of the contractor's managerial 
personnel. The contract might impose greater responsibil- 
ity on the contractor by providing that the training must 
enable the owner's personnel to operate and manage the 
works independently during the test period. 

The B-O-T contract approach is to be distinguished from 
the turnkey contract, where the turnkey contractor under- 
takes in the contract to apply his own personnel in only the 
start-up operation of the works after its completion. 

A single contractor bears a high degree of risk in per- 
forming all the obligations needed for the completion of the 
works. He may insure against this risk, or provide some 
financial reserves to cover the risk. The costs of adopting 
these measures is usually reflected in the calculation of the 
price. The total price of the works may be lower if several 
contractors are engaged than if a single contractor is 
engaged since, under the approach involving several con- 
tracts, the owner himself effects the coordination of the 
construction process, which, under the single contract 
approach, is effected by the contractor. 

Under the B-O-T contract approach, the contractor not 
only assumes extensive operating, maintenance and train- 
ing obligations, but also bears the risk of failing to achieve 
the agreed-on results. Thus, the contract price ofa B-O-T 
project is likely to be higher than that charged under the 
turnkey contract approach. However, it is difficult to com- 
pare a B-O-T and a turnkey price. 

The final choice by the owner among the various ap- 
proaches may be guided by considerations that go beyond 
the financial costs of the construction. Alternatives to both 
the turnkey and B-O-T approaches may add to the staffing 
needs and the risk costs of the owner. 

5. Contracting with an Association of 
Contractors 

The construction of complex and large-scale under- 
ground facilities may be beyond the technical or financial 
means or the experience of a single enterprise. This may 
be the case, in particular, where all or a substantial part of 
the works is to be constructed under a single contract, such 
as in a B-O-T contract or a turnkey contract. In such 
instances, one possibility may be for a single enterprise to 
enter into the contract as the contractor, and to engage 
subcontractors to perform those obligations which it can- 
not itself perform. 

Another possibility may be for a group of companies to 
combine to perform the obligations of a contractor. A group 
of enterprises may be created, not only for the purpose of 
pooling the experience and the technical and financial 
means of the members of the group, but also to satisfy 
eligibility requirements (e.g., those concerning the nation- 
ality of the contractor) which may be imposed by law, by the 
owner or by a financing institution, or in order to take 
advantage of financial or fiscal benefits available to con- 
tracts meeting certain requirements. 

The terminology used to describe a group of enterprises 
which has combined to perform the obligations of a contrac- 
tor is not uniform in all legal systems. For example, the 
terms "joint venture" and "consortium ~ may sometimes 
describe the same types of arrangements, while at other 
times different types of arrangements are implied by the 
terms. Furthermore, the use of a term in a contract may 
carry with it certain legal consequences under some legal 
systems. Accordingly, where the owner is entering into a 
contract with a group of enterprises, it may be advisable for 
the contract to describe clearly the responsibilities and 

"It falls to the owner to select the 
most advantageous packaging of the 
heavy construction work, related pro- 
curement, equipment installations, fin- 
ish construction, testing, start-up 
preparation and initial operations and 
maintenance .... [E]ach project pre- 
sents unique requirements that influ- 
ence, if not govem, the packaging of 
the owner's work to be contracted 
out." 

liabilities undertaken by the group or its members. 
In some cases, the members of a group of enterprises, 

which have combined to perform the obligations of the 
contractor under a tunnel contract, may form an indepen- 
dent legal entity. In such cases, the contractual provisions 
of the contract will be the same as those in a contract 
between the owner and a single enterprise. The entity 
itself will be fully responsible for the performance of all the 
obligations of the contractor under the prime contract. 

Whether the individual members of the group will be 
responsible will depend upon the nature of the legal entity. 
Some legal systems may have mandatory rules governing 
contracts entered into by an owner with a group of enter- 
prises integrated into an independent legal entity. The 
parties may need to take such rules into account in nego- 
tiating the contract. 

In other cases, the members of the group do not inte- 
grate into an independent legal entity. In such instances, 
there are matters which it would be advisable for the 
tunnel contract to address ~vhich do not arise in contracts 
with a single enterprise or with a group of enterprises 
integrated into an independent legal entity. Firstly, it 
would be advisable for all members of the group to become 
parties to the contract. Secondly, it woulc~ be advisable for 
the contract to set out the responsibilities and liability of 
the members of the group to the owner in the performance 
of the contractor's obligations. 

Under one approach, the contract may allocate specific 
obligations to each member of the group and make him 
liable for the performance only of the obligations allocated 
to him. In this case, the legal positions of the parties will 
be similar to those connected with an approach involving 
multiple contracts. Under a second approach, the contract 
may allocate specific obligations to each member of the 
group, but make the members of the group jointly and 
severally liable to the owner for the performance of all the 
obligations of the contractor under the contract. 

From the owner's point of view, it may be desirable for 
each of the members of the group to assume joint and 
several liability for the performance of all the obligations 
of the members, instead of each member assuming liability 
only for obligations to be performed by him. With joint and 
several liability, the owner would be able to claim perfor- 
mance against any one or a combination of the members of 
the group without having to attribute the failure of perfor- 
mance to a particular member, and each member would be 
personally liable for any such failure. In the event of a 
successful claim, the owner would be able to execute his 
award against the combined assets of the members against 
whom he claimed. It may be noted that  the owner may 

414 TUNNELLING AND UNDERGROUND SPACE TECHNOLOGY Volume 11, Number 4, 1996 



protect himself against the effects of a failure of perfor- 
mances by obtaining performance guarantees from the 
members of the group. 

It  may be advisable for an owner who is contemplating 
entering into a single contract with a group of contractors, 
who have not integrated into an independent legal entity 
to obtain legal advice with respect to the possible conse- 
quences or difficulties which may arise due to the use of 
such an agreement. In addition to matters mentioned 
above, there are a nmnber of other issues which the owner 
may wish to consider when entering into a contract with a 
nonintegrated group of enterprises: 

a. How the difficu~lty of bringing a claim against enter- 
prises from different countries, should a dispute 
arise, may be overcome; 

b. How the settlement ofdisputes clause may be formu- 
lated so as to enable any dispute between the owner 
and several or all of the members of the group to be 
settled in the same arbitrable or judicial proceedings; 

c. How guarantees to be given by third parties as 
security for performance and quality guarantees to 
be given by members of the group are to be struc- 
tured; 

d. How the financial arrangements between the owner 
and the group may be settled, including such ques- 
tions as the manner of payment of portions of the 
price to members of the group; 

e. What ancillary agreements may have to be entered 
into by the owner; and 

f. Whether there are any mandatory rules of the appli- 
cable law governing contracts of this type. 

Should the group not be integrated into an independent 
legal entity, it may be to the advantage of all the parties for 
the owner not to have to deal with each member of the 
group in matters arising during the course of performance 
of the contract. The members of the group may therefore 
want to designate one of their number to be spokesman for 
the group in their dealing with the owner. Thus, notices to 
be exchanged between the parties could be exchanged 
between the owner and the designated spokesman. It may 
be advisable for the authority of such a spokesperson to be 
specified in the contract. The owner will need to know 
whether the spokesperson has any authority to make 
decisions which are binding on all members of the group. 
The group of enterprises may provide the spokesperson 
with certain authority to act on behalf of the group, as for 
instance, in defending a claim made by the owner. 

6. Summary of Advantages, Disadvantages, and 
Related Risks 

It  falls to the owner to select the most advantageous 
packaging of his heavy construction work, related procure- 
ment, equipment installations, finish construction, test- 
ing, start-up preparation and initial operations and main- 
tenance. A tunnel or other underground facility can have 
a wide range of functions, technical complexity, geographi- 
cal extent and impacts on third parties and the environ- 
ment. The span of concepts and uses ranges from a simple 
water supply tunnel for a hydroelectric plant to an opera- 
tional rail transit metro or subway to a complex, fully 
equipped linear accelerator with test chambers. 

Obviously, each project presents unique requirements 
that influence, if not govern, the packaging of the owner's 
work to be contracted out. In some cases, the actual 
tunnelling work and installation of permanent ground 
support systems are a minor proportion of the owner's 
investment, despite the relatively high cost of tunnelling 
or other kinds of underground construction and despite the 
inherent risks in the creation of underground space. 

No summary of the advantages, disadvantages and 
risks or alternative scoping and approaches to contracts 

can be complete; therefore, despite the ITA's distaste for 
disclaimers, the completeness of what follows is hereby 
disclaimed. 

A. Design-Bid-Build 
In many countries, the dominant practice for major 

public sector tunnelling projects has historically been 
linear, i.e., completion of design under direct control of the 
owner using his staff or consultants, followed by a call for 
tenders to general construction contractors. Listed below 
are the apparent advantages and disadvantages to an 
owner of the design-bid-build contracting approach to a 
complex scope tunnel project. 

1. Advantages 
• The owner controls the design process through the 

100% level of design completion and can make in 
progress design changes at  little expense for rework 
or redirection. The owner is assured, in terms of 
project scope and detail, that  his goals are met. 

• The final design process carried out by the owner's 
staff or a consulting engineer occupies time during 
which the owner can complete all or most of his third 
party agreements and resolve third party design and 
construction issues. Rights-of-way can be certified 
early and locked into the design process, and yet 
changes can be accomplished as a result of issues 
relating to site acquisition or evolving site condi- 
tions. This process can involve property owners, 
public agencies, utility entities, and permitting agen- 
cies. In addition, feedback from the equipment sys- 
tems contracts during and after preliminary design 
completion can be readily incorporated into the heavy 
facility design work before tenders are taken or even 
up to the final tender document addendum. 

• This approach permits the owner to choose its final 
design team through accepted professional selection 
procedures. In addition to greater assurance regard- 
ing quality of design work, the owner also has greater 
opportunity to achieve other objectives, as the use of 
local engineering firms. 

• The packaging of on-site construction may be tai- 
lored by the owner to best fit his objectives, such as 
cost effective sizing, reservation of work for small 
contractors, and sequencing of work to accommodate 
third-party schedules. 

• Where the approach is used most often, it is more 
familiar to contractors and design consultants, it can 
use the owner's existing specification and general 
conditions, and it does not force unusual or unfamil- 
iar teaming and alliances. 

2. Disadvantages 
• The approach forces design to be completed on a basis 

general enough to attract a significant number of 
tenderers, regardless of the experience, equipment 
and leadership of each contender. On occasion, 
design alternatives may be prepared and offered to 
tenderers to better ensure competition, but these 
methods increase the cost of, and time for, design. 

• Detailed design and construction are separated into 
distinct phases which in general force a longer period 
for project completion. Although some possibility 
exists to give a priority to critical activities or con- 
tract units--such as advanced site clearing and util- 
ity relocation work, or owner procurement of long- 
lead time items and perhaps even underpinning of 
adjacent buildings--in general, more time is re- 
quired between approved preliminary designs and 
completion of all construction. 
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Contractor financing is less likely to be obtained 
using this contracting approach because of the many 
relatively-small contracts involved. 

3. Risks 

• There is less risk to the contractor(s) under this 
contracting approach. The owner and his design 
engineer establish the total scope of construction and 
all finishing work required by completing detailed 
design and construction specifications, thus resolv- 
ing all functional, aesthetic and finishing require- 
ments. The owner performs constructahility re- 
views. All impacts of construction, including any 
need to make changes in the existing facilities of 
third parties, are identified during design. All rights- 
of-way needed for the permanent facility and its 
operation are likewise acquired prior to contracting. 
There is more time for site investigation, including 
vital geotechnical investigations and related testing. 
Overall, there are more defined bases for tendering 
which should sharpen competition and reduce the 
likelihood of disputes between the owner and the 
contractor. In general, risk is reduced by reducing 
the areas of unknown or poorly defined constraints. 

• Conversely, the owner has taken on the responsibil- 
ity for detailed design and for the coordination of all 
work across the larger number of contract interfaces. 

B. Partial Design-Build 
The combination of detailed (i.e., final) design and 

construction into a single contract-- the so-called Design- 
Build or Design-Construct approach to contract ing--has 
found favor in private industry and is also in common use 
in parts  of the world for public sector l inear projects, such 
as development of a tunnel facility. The te rm "Partial 
Design-Build" is also used; it refers, for example, to the 
application of the contracting method for the heavy civil 
facilities only, leaving the equipment systems and finish- 
ing to be contracted for by a separate  series of contracts 
similar to the design-bid-build contracting approach de- 
scribed above. 

The advantages, disadvantages and risks of this ap- 
proach are given below. 

1. Advantages 
• A driving force behind this approach to contracting is 

reduction in total cost and claims via a competitive, 
fixed-price bid. 

• By combining all civil, structural, architectural and 
related electrical and mechanical design and con- 
struction into a single contract, final design work 
may be tailored to the construction capabilities of the 
contractor, the final design is represented only on 
working drawings, not on completed tender docu- 
ments; and the contractor can fast-track the work, 
ordering materials and mobilizing equipment as soon 
as requirements are known. These conditions reduce 
the overall time needed for design and construction, 
as well as their costs. 

• The combination of all detailed design and construc- 
tion into a single large Partial Design-Build contract 
significantly reduces contract interfaces across which 
coordination must be effected by the owner and his 
Engineer. Many interfaces between design and con- 
struction contracts and among construction contracts 
are removed from the owner's responsibility and be- 
come internal tasks for the sole contractor. However, 
in the Partial Design-Build case, the equipment sys- 
tems contract interfaces remain under the control of 
the owner and his Engineer, including those between 

equipment systems suppliers-instaUers, finish con- 
tractors and the partial design-build contractor. 

• The exclusion of equipment systems work (i.e., ven- 
tilation systems, pumping systems lighting, fire pro- 
tection systems) from heavy construction work avoids 
the combination of dissimilar types of work into a 
single package, forcing strange alliances between 
industries not familiar with their  new associates' 
businesses. Systems work is packaged convention- 
ally, which is, in itself, a form of design-build (actu- 
ally, design-fabricate-install). 

• The monetary value for the large Partial  Design- 
Build contract may offer the owner the opportunity 
to solicit contracting financing, if  that  is under con- 
sideration, while not restricting competition. 

2. Disadvantages 
• The owner advertises and bids the Partial  Design- 

Build contract based on preliminary design tha t  
varies from a 20 to 35% level of design completion. 
Detailed design by the contractor is based on these 
preliminaries plus the owner's design criteria, de- 
sign standards and appropriate standard or defini- 
tive designs. Once the Partial  Design-Build contract 
is bid and awarded on a fixed-price or lump sum 
basis, the owner must  pass through the variations 
clause of the contract before making design changes 
and loses control over design, except as provided in 
the contract. I f  the owner must  make changes in 
criteria or preliminary designs for any reason, it may 
have to negotiate cost and schedule adjustments 
with the contractor, very likely at a premium cost. 

• At the t ime of award, design has progressed only 
through preliminaries, and all third-party issues 
may not have been identified, or resolved. Responsi- 
bilities must  either be assigned to the contractor for 
resolution or retained by the owner. Neither alterna- 
tive is particularly attractive. The contractor usu- 
ally has less leverage than the owner and may have 
to buy his way through unresolved third-party issues 
(a contingency in his bid). The owner will pay dearly 
when it must  address third-party controlled changes 
and contractor delays derived from late resolution of 
these issues by the owner. 

• Professional design work is submerged in the large 
Part ial  Design-Build contract, and the owner has 
much less control over the qualifications of the de- 
sign team and little to say about where and how 
design work is accomplished, unless an approval or 
review power has been reserved in the contract. The 
owner should require legally qualified design engi- 
neers and architects and can stipulate other con- 
straints (e.g., design shall be performed in the local 
area), but these lat ter  requirements add to cost. 
Local and other design professionals find themselves 
unable to seek design work except by association 
with a contractor, the likely prime. They will thus be 
forced to assume a greater  amount of responsibility 
for the project and will have to assist the contractor 
with bid preparation on a market ing basis, for little 
or no remunerat ion This may not be an attractive 
proposition to the local industry nor the engineering 
profession as a whole. 

• The exclusion of systems work from the Partial  
Design-Build contract still leaves many  interfaces 
across which control and coordination must  be ef- 
fected by the owner and his Engineer. As the equip- 
ment  systems contracts are bid and awarded, and as 
those contractors advance their designs, changes to 
the preliminary design given to the Part ial  Design 
Build contractor will have to be made. This is a more 
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serious problem than in the Design-Bid-Build method 
because the increased cost of making changes and 
the probable ihst-tracking of construction by the 
design-build contractor may preclude some changes. 
The size of the Partial Design-Build contract may 
limit the number of national contractors who can 
qualify and be: bonded, but it will likely attract 
international bidders. This is listed here as a politi- 
cal disadvantage. 

3. Risks 

• Preliminary designs and specifications will not be 
detailed enough to give the owner a satisfactory end 
result. The contractor will operate to minimize his 
costs and maximize his profit, hence he might be 
tempted to cut corners wherever he can. Contractu- 
ally, he is free to do this so long as he does not conflict 
with his contract and its reference documents (e.g., 
preliminary design drawings, outline specifications, 
design criteria :rod standards). Among the kinds of 
opportunities the contractor may have are those 
which reduce first cost, but increase operating and 
maintenance costs and reduce life. 

• Changes desired by the owner in order to achieve an 
acceptable product will be owner directed changes to 
be paid for as added cost. A result may be a signifi- 
cantly higher first cost to the owner. 

• The owner will experience a lack of direct access to the 
contractor's design team in resolving final design 
matters and design changes. The contractor's repre- 
sentative will filter and restrict any directions to the 
designers in order to control capital and engineering 
costs and to upgrade and formalize such directions to 
owner caused changes and a change order to be 
negotiated. The owner may want to implement an 
approval or review power over construction docu- 
ments. 

• Any commitments made by the owner to obtain 
rights-of-way and third-party agreements consistent 
with the contractor's programme may fail some- 
where and to some extent. The consequences of such 
failure might include delay claims by the contractor 
and added expense to the owner. 

• Incomplete and inadequate definition of existing 
conditions, especially geotechnical conditions, as in- 
cluded in the tender documents, leaves the owner 
with little basis to oppose a differing site conditions 
claim by the contractor. The consequences may 
include favourable award of claims to the contractor 
and higher cost of the owner's facility. 

C. Design-Build and Turnkey 
Under this contracting concept, all detailed (final) de- 

sign, construction, procurement and system-wide installa- 
tions are packaged together for competitive tendering and 
award. The tender documents are at  level of detail and 
completion comparable to Part ial  Design-Build, but  all 
work is combined into one very large contract. It is normal 
in some jurisdictions to carry the equipment systems and 
system-wide contract components to the level of a com- 
pleted "performance specification." The term "total turn- 
key" could be applied to this approach, except for the many 
third-party interfaces for which coordination responsibil- 
ity must be allocated by the owner. If wholly assigned to 
the contractor, the concept becomes a total turnkey con- 
tract. Certain advantages and disadvantages to the par- 
ties of this type of contract are listed below. 

I .  Advantages 

• The design, construction, procurement, installation 
and testing are compressed reducing the time for 
completion. In addition, the overall cost of work 
should be lower following the allocation to the con- 
tractor of the majority of design and construction 
tasks, which wiU reduce contingencies. Cost reduc- 
tion effects similar to those cited under Partial De- 
sign-Build apply here. 

• The number of interfaces external to the contractor 
where the owner retains coordination responsibility 
are reduced to a minimum. Those remaining will 
tend to be third-party relationships. The likelihood 
of owner-controlled changes and delays is greatly 
reduced, with attendant reductions in overall cost to 
the owner. 

• In maximizing the size ofthe contract, the owner will 
have attracted international contracting competi- 
tion, with:increased possibility of a foreign national 
financing subsidy, if that is of interest in the owner's 
financing plan. 

• Other advantages exist as cited above under Partial 
Design-Build. 

2. Disadvantages 

• By combining dissimilar types of work (e.g., rail 
transit tunnel construction and subway station fin- 
ishing and equipping) into a single contract, the 
owner forces many prospective marriages (joint ven- 
tures and prime/sub arrangements) to be worked out 
on a potentially worldwide basis by contenders. A 
very strong prime entity is hoped for--one that un- 
derstands the spectrum of work and is experienced in 
such a complex management project--but there is no 
assurance such strength will also be lowest respon- 
sible, responsive bidder. It becomes a gamble made 
acceptable by perceived advantages. The owner and 
his Engineer will not want to step in later and become 
the coordinators between the contractor's major sup- 
pliers of equipment and construction. As the bun- 
dling of work and procurement into a total package 
expands, the degree of control by the owner lessens. 

• Disadvantages described under Partial Design-Build 
also apply to this approach. 

3. Risks 

* By using a single turnkey contractor, the owner has 
put all of his eggs into one basket with the attendant 
risk of failure. The owner will not have other contrac- 
tors at hand to step in quickly and pick up where the 
single prime contractor has failed. 

• The complexity of the single turnkey contract de- 
mands a strong management staff to deal with di- 
verse team members and subcontractors. Experi- 
ence has shown that the owner (and his Engineer) 
cannot always avoid participating in the coordina- 
tion of work among subcontractors and component 
suppliers. With a more diverse scope, as in the case 
of a whole-project-turnkey, there is even greater 
need to coordinate among designers, constructors, 
fabricators and installers. There is added risk that 
the contractor will fail to do this and that the owner 
and his Engineer will have to step in rather than 
watch the situation deteriorate. 

• This total project award places much higher impor- 
tance on the contractor selection process. The ten- 
dering process is fraught with risk and must be 
carefully and conservatively handled. Risks atten- 
dant include: 



- -  Selection of a less-than-best consortium due to 
"low-ball" pricing which cannot be upset by quali- 
fication ranking. 

- -  Forced acceptance of a consortium which in- 
cludes good capacity in some areas (e.g., tunnel 
construction) and poor capability in other areas 
(e.g., ventilation system design and fabrication). 

- -  Exposure to project-stopping lawsuits brought 
by one or more tenderers challenging the award 
proposed to be made to one tenderer. 
Need to thoroughly pre-qualify actual tenderers 
through a tight screen which may involve two 
steps and many months before a "safe" call for 
tenders can be made. 

- -  Strong likelihood that tenderers will be interna- 
tional consortia, with the attendant challenges 
of language, idiom, currency exchange risk, and 
legal premises. 

(All of these risks can be found in smaller size contracts; 
however, there is more to fight for in the one total package, 
raising interest among those involved). 

D. Build-Operate-Transfer (B-O-T) 
A B-O-T is a turnkey contract followed by a defined 

period of operations and maintenance by the contractor at 
the end of which control of the facility is transferred to the 
owner. It has also been referred to as "super turnkey." 
Internationally, there is increasing use of B-O-T contracts 
for major undertakings. 

Under this method, the owner not only enters into a 
single contract for total project development up to ribbon- 
cutting, but he also engages the contractor to operate and 
maintain the constructed and tested facility for a specified 
period of time (such as five to ten years), following which 
the contractor withdraws and the owner takes over. The 
more obvious advantages and disadvantages to the owner 
of this type of contract are as follows: 

1. Advantages 

• The contractor must not only complete the total 
underground facility and check out all equipment 
systems, he must actually operate and maintain the 
facility for a specified number of years. The owner 
may be better assured of an efficiently operating and 
easy to maintain/repair unit under the B-O-T con- 
tract approach. 

• The owner is not immediately faced with acquiring 
and training operating and maintenance personnel, 
but has passed this chore on to his contractor, who 
can be required to provide training of the owner's 
staff in advance of the end of his contract. Also, the 
operations and maintenance personnel of the con- 
tractor will likely become employees of the owner. 

• There may be financial advantages to a B-O-T con- 
tract over and above those of the turnkey contract, 
depending on what financial arrangement the owner 
seeks. Once operations commence, user fees or rev- 
enues are collected and operating and maintenance 
costs are experienced. Where facility income cannot 
offset operating and maintenance costs, the contract 
may provide for a subsidy to be paid by the owner as 
well as any amortization of first cost. If  the owner's 
financial resources are deferred or metered, the B-O- 
T contractor could help with cash flow shortfalls, but 
only at a price in interest which eventually must be 
paid by the owner. 

• Other advantages exist for B-O-T as cited above 
under Design-Build or Turnkey approaches. 

2. Disadvantages 
• The owner is removed from the public service being 

rendered by the B-O-T contractor after opening day. 
Although the owner may contract for operating per- 
sonnel who convey a desirable image and for a qual- 
ity of service which is acceptable, control over such 
matters may be wishful thinking. Changes to opera- 
tions and maintenance procedures and quality de- 
sired by the owner may become change orders, at 
added cost to the owner, or matters of dispute. The 
public may not understand or care that  the owner, a 
public agency, is at arm's length from day-to-day 
operations. 

• The B-O-T contractor may be motivated financially 
to contain or reduce operating and maintenance 
costs in order to maintain or maximize profits, with 
resulting deterioration of the quality of service, life of 
equipment and safety. This will be a particular 
concern as the  time for "transfer" approaches. The 
contractor who is leaving the operation and mainte- 
nance will be tempted to "economize", leaving the 
owner with a substandard facility to correct. 

• If  the owner operates and maintains other facilities 
with established agreements with organized labor, 
the operations and maintenance of the next facility 
by the B-O-T contractor could pose problems of juris- 
diction, disparities in wage rates and benefits and 
other conflicts, especially as the time for "transfer" 
approaches. 

• The disadvantages described under Design-Build 
or Turnkey also apply to the B-O-T contracting 
approach. 

3. Risks 
• A B-O-T contract spans many years including time 

for final design, construction, finishing, testing and 
operation and maintenance. There is risk in trying 
to project at the outset the best contractual terms for 
all of the services required of the contractor, includ- 
ing financing all or part of the project. Many public 
works owners have difficulty in making long term 
financial commitments because they are subject to 
annual budget cycles and the vagaries of government 
and public office holders. The owner's funding sources 
may not produce the funds needed for construction, 
operation, maintenance and loan amortization, as 
scheduled. The owner may have to stretch out the 
work with the incumbent added expense of delay or 
develop alternative sources of funding. These cir- 
cumstances could call for additional financing by the 
contractor at less attractive terms than those origi- 
nally agreed. Results include delayed completion of 
work, delay in operations, higher cost of money and 
overall higher cost of the project. 

• The level of operations, availability of service and 
quality of maintenance should be specified in some 
way by the owner, because it will be the owner and 
not the contractor who will be berated if the public 
suffers. However, the operations and maintenance 
period is at the end of the contractual period, when 
the contractor is most concerned about loss preven- 
tion and profit protection. The owner may not have 
adequate influence, even under the contract, to force 
the contractor into more acceptable practices. There 
may not be incentive enough to provide good service 
to the public, except by outright direction by the 
owner at added cost to the owner. 
The final year or so of O&M will pose the greatest risk 
in this regard, when turnover to the owner is ap- 
proaching, and the incentives to maintain are at, low 
ebb. The owner may find it has a facility with a large 
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backlog of undone maintenance and a near-term need 
to begin replacing worn-out or damaged components. 

7. Other Considerations 
A. Management of the Contractors 

In all cases, the owner, either directly or by engagement 
of an Engineer or project management consultant, will have 
to closely monitor its contractors. The use of larger con- 
tracts with fewer intenFaces does not relieve the owner of the 
need to be aware of day-to-day progress in design, construc- 
tion or fabrication. The larger the contract package, the 
more difficult it will be for the owner to remain informed and 
spot trouble as it appears and before it escalates. This is 
particularly true of design work, where the design entity of 
a design-build contractor may be inaccessible except via a 
construction engineer or project liaison staff member not 
necessarily experienced in design. 

B. Financing by the Contractor 
The selection of a method of contracting and the packag- 

ing of work may be largely influenced by the owner's 
perceived need for financing assistance. There are likely 
two or more motives or objectives where this is the case: 

(a) to smooth out the owner's requirements for cash, 
flattening somewhat the peak demand for construc- 
tion/procurement payments and extending such 
payments over a longer period; and 

(b) to obtain funding at rates of interest less than those 
likely to be obtained under more conventional forms 
of borrowing (Refer to Section 8.F(5)). 

In the first case, the; owner "uses" the contractor's funds 
by agreement to defer payments to the contractor, and the 
contractor, in effect, becomes a lender. In many such 
arrangements, a mandated lender (i.e., a bank or other 
lending institution) may be directly involved and may 
actually be a third contractual party. The "collateral" for 
such an arrangements is often guaranteed by the State, a 
national bank, or an equally solvent body. By this mecha- 
nism, the owner avoids selling bonds of some type or 
engaging in some other more direct form of borrowing. 

In the second case, the rates of interest charged the 
owner must be equal to or lower than he would pay via bond 
sales or other direct financing. It is unusual for a turnkey 
contractor to have access to funds at rates lower than that 
of most owners. However, this has been experienced where 
a foreign national government or development bank is 
bankrolling the contractor in order to favour that nation's 
commerce or sale of construction materials and system 
equipment. In other words, the government of a member 

"The use of h~rger contracts with fewer 
interfaces does not relieve the owner of 
the need to be aware of day-to-day 
progress in design, construction or fab- 
rication. The larger the contract pack- 
age, the more difficult it will be for the 
owner to remain informed and spot 
trouble as it appears and before it esca- 
lates. This is particularly true of design 
work. .  " 

nation has a policy of selectively subsidizing project devel- 
opment internationally in order to boost trade and sell its 
national products. Because of these circumstances, a 
tunnel owner can expect international competition when it 
calls for tenders including contractor financing. This 
means lessened home-nation content and contractual terms 
which are international in scope for administration. 

The owner who seeks contractor-financing has the chal- 
lenging proposition of writing the "specification" for fi- 
nancing as well as for the design, construction and possibly 
the operation of the underground facility. The owner must 
also indicate how tenders will be evaluated, including the 
financial offers and the first cost of the tunnel or other 
structure. The owner wants to attract innovative financ- 
ing proposals and yet must have at hand some criteria by 
which these will be compared for relative attractiveness. 
The credit and reliability of the funding source come into 
play. Complications present themselves, such as the owner 
trying to levy liquidated damages for late construction 
completion against its banker. 

Probably the most challenging aspect is the overall 
evaluation of tenders. The tenderer with the lowest (first) 
cost may not be the preferred contractor, once his financing 
offer is considered. Of greater concern is the likelihood 
that a marginal proposal on technical grounds (past qual- 
ity of work, track record, equipment offered, etc.) may be 
selected due to a financing package which offsets the lowly- 
ranked technical proposal. 

8. Compensation Alternatives 
A. General 

There is, in general, no direct or universal correlation 
between the scope of contract and how the contractor is 
compensated for his work under the contract. However, 
there is a correlation between how well the work is defined 
and the site conditions known and how rigid or fixed the 
compensation may be at the time of contracting. The 
objective of both parties to a tunnelling contract should be 
to seek equity in its terms and a par t  of such equity is a 
reasonable allocation of risk" between the owner and the 
contractor. 

The formulation of contractual provisions relating to the 
price to be paid by the owner must  take into account a 
number  of factors. The price will often cover varying aspects 
of construction by the contractor, e.g., the supply of equip- 
ment, materials and services, and the transfer  of technol- 
ogy. A considerable period of time may elapse from the date 
of the contract until the completion of construction, and, 
during that  period, the costs of construction may change. In 
addition, the extent of construction to be effected may not be 
precisely determinable at  the t ime of contracting. The 
parties should decide who is to bear the consequences of 
changes in costs and reflect their decision in the contract. 
When construction of the tunnel is financed by an interna- 
tional lending institution, that  institution may require 
certain issues to be settled in particular ways. 

Throe main methods of pricing are in common use in 
tunnel contracts: lump-sum, cost-reimbursable, unit-price 
methods. However, in appropriate circumstances, two, or 
all three methods may be used in combination for pricing 
different aspects of the construction. 

1. Lump-sum method. Under this method, the parties 
agree on the total amount to be paid for the construc- 
tion. This amount remains constant even if the 
actual cost of construction turns out to be different 
from that  anticipated at the t ime of contracting, 
unless the contract or the law applicable to the 
contract provides for an adjustment of the price. 

2. Cost-reimbursable method. Under this method, the 
owner is obligated to pay all reasonable costs in- 
curred by the contractor in constructing the tunnel, ~ 
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"Three main methods of pricing are 
in common use in tunnel contracts: 
lump-sum, cost-reimbursable, unit-price 
methods. However, in appropriate cir- 
cumstances, two, or all three methods 
may be used in combination for pricing 
different aspects of the construction." 

together with an agreed fee to cover the contractor's 
profit and overhead. 

3. Unit-price method. Under this method, which may 
be used as a complement to the other methods, the 
parties agree on a rate for a unit of construction, and 
the total contract price is determined by the total 
number of units actually used. The pricing method 
may be practical only with respect to certain portions 
of the construction. 

(Each of these three payment methods is described more 
fully under paragraph B. below, "Methods of Pricing~.) 

It is advisable for the contract to specify the price, or a 
method for determining it. Under some legal systems, the 
contract is not valid if it does not do so. Under other legal 
systems, however, the contract is valid, and if the parties 
fail to agree upon the price at a later stage, the price is 
determined in accordance with the rules of the legal sys- 
tem. However, the rules for determining the price may not 
be appropriate for construction contracts. 

In choosing a pricing method and draRing the payment 
conditions, the parties should consider applicable foreign 
exchange regulations and other legal rules of an adminis- 
trative or other public nature. The violation of those rules 
may result in the invalidity of the contract, or of some of its 
provisions, or in the termination of the contract by opera- 
tion of law. Special problems may arise in connection with 
the price to be paid for the transfer of technology. The price 
and the payment conditions relating to the supply of spare 
parts and the maintenance, repair and operation of the 
facility by the contractor after the completion of construc- 
tion my also have to covered by the contract. 

In drafting contractual provisions on price, the parties 
should take into consideration legislation in the country 
where the tlmnel is to be constructed which imposes taxes 
in connection with certain aspects of the construction. 
Under some tax legislation, the owner may be obligated to 
pay, on behalf of the contractor, the taxes for which the 
contractor is liable in the owner's country and may be able 
to deduct the amount of the taxes paid from the price 
payable to the contractor. Practices under other legal 
systems permit the purchaser to undertake to pay the 
taxes on behalf of the contractor without right of reim- 
bursement from him. International treaties on avoidance 
of double taxation concluded between the countries of the 
parties may be relevant to the settlement of some taxation 
issues in the contract. 

B. Methods of Pricing 
1. Lump-sum method 

Under the lump-sum method, the contractor is entitled 
only to the price set forth in the contract, regardless of the 
actual costs incurred by him during the construction. The 
mere use of the term "lump-sum price" may be insufficient 
to achieve this result. Accordingly, it is advisable for the 
parties to include in the contract clear provisions to this 
effect. 

The part ies may wish to provide for an adjustment or 
revision of the price in certain defined circumstances. The 
lump-sum method of pricing may be suitable for use in the 
single contract approach. I t  may  also be used when an 
approach involving several contracts is chosen, particu- 
larly in the cases where, at  the t ime of entering into the 
contract, the extent of construction is known and signifi- 
cant changes in the scope and quality of the works at a later 
stage are not anticipated. 

For practical reasons, it may be advisable to break down 
the lump-sum price into specific amounts payable for 
different portions of the works, or amounts payable for 
equipment,  materials,  different kinds of services and the 
t ransfer  of technology. Such a breakdown may facilitate 
adjustment  or revision of the price in certain cases envis- 
aged in the contract. In addition, a breakdown will be 
needed if  different payment  conditions are agreed upon for 
different portions of the works, or for the performance of 
different kinds of obligations by the contractor. Tax legis- 
lation or other regulations of a public nature may also 
require certain elements of the price to be specified sepa- 
rately, e.g., the portion of the price to be paid for a transfer  
of technology. 

The main advantage for the owner of the lump-sum 
method of pricing is that  he knows the total price that  he will 
be obligated to pay and that  the contractor bears the risk of 
increases in the cost of construction. However, this advan- 
tage will be reduced to the extent that  the lump-sum price 
may be adjusted or revised. Moreover, the owner is obli- 
gated to pay the lump-sum price even if the costs incurred 
by the contractor turn out to be lower than those anticipated 
at the time of contracting. Another advantage of a lump- 
sum contract for the owner is that  the administration of 
such a contract is normally less burdensome than under the 
unit-price method, where the extent of construction com- 
pleted must  be measured in order to determine the price to 
be paid, or under the cost-reimbursable method, where the 
costs incurred by the contractor must  be verified. 

Since the contract price in a lump-sum contract may 
include an amount  to compensate the contractor for bear- 
ing the risk of increases in the cost of construction, the 
price may be higher in some cases than  if the cost-reim- 
bursable pricing method were used for the same construc- 
tion. In addition, the lump-sum pricing method requires a 
precise specification in the contract of the scope of the 
works. I t  might  also be advisable for the owner to monitor 
the performance by the contractor to ensure that  the 
contractor is not tempted to reduce his construction costs 
by using substandard materials  or construction methods. 

2. Cost-reimbursable method 
I f  the cost-reimbursable method is used by the parties, 

the exact amount  of the price is not known at the time of 

"The main advantage forthe owner of 
the lump-sum method of pricing is that 
he knows the total price that he will be 
obligated to pay and that the contractor 
bears the risk of increases in the cost of 
construction. However, this advantage 
will be reduced to the extent that the 
lump-sum price may be adjusted or 
revised." 
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entering into the contract, since the price will consist of the 
actual costs of construction incurred by the contractor, 
plus a fee to cover his overhead and profit. This method of 
pricing requires more detailed contractual provisions than 
does the lump-sum method in order to value the actual 
costs incurred. 

The cost-reimbursable method may be appropriate in a 
limited class of cases. For example, it may be appropriate 
when the extent of construction services or materials and 
the kinds of equipment needed for the construction cannot 
be accurately anticipated at the time of contracting (e.g., 
where the tunnel has not been completely designed be- 
cause of the speed at which construction has to be com- 
menced, or where a substantial part of the underground 
conditions cannot be accurately predicted), or where a 
substantial part of the construction is to be done by subcon- 
tractors and the prices to be charged by them are not 
known at the time of conclusion of contract negotiations. 

This method may also be used in cases where the 
construction presents unusual difficulties (e.g., special 
design or complex engineering) involving many unknown 
factors which affect pricing. In cases such as those, a lump- 
sum alternative might have to include an amount suffi- 
cient to protect the contractor against his risks. This 
amount may often turn out to be high in the circumstances. 

The main disadvantage of the cost-reimbursable pricing 
method for the owner is that he bears the risk of an increase 
in the costs of construction over those anticipated at the 
time of contracting. Financing institutions are therefore 
often opposed to this method of pricing. It is advisable for 
the owner to have a reasonable estimate of the costs of 
construction at the ti~m of entering into the contract. 

a. Methods for Reducing Owner's Risk: 
In order to reduce the risk for the owner, it is advis- 
able for the contract to obligate the contractor to 
construct the works efficiently and economically, 
and to entitle hiro to the costs of construction only to 
the extent that they are reasonable. In practice, 
however, it may be difficult to enforce or apply such 
general obligations. In some cases, the parties may 
agree upon a ceiling on the total amount of reimburs- 
able costs or a system of target costs. Furthermore, 
the fee of the contractor may be structured so as to 
give him an incentive to minimize tb,e costs of con- 
struction (Refer to "c" below). 

As a means to control costs to be reimbursed, the 
contract may require the participation of the owner 
in the selection of subcontractors if they are not 
specified in the contract. Such participation makes 
this pricing method inappropriate for most turnkey 
contracts. An essential aspect of a turnkey contract 
is that the contractor assumes responsibility for 
constructing works which will operate in accordance 
with the contract. The contractor will usually as- 
sume that responsibility only if he is allowed to 
choose his subcontractors freely. 

The risk to the owner of an increase in construction 
costs under a cost-reimbursable contract may be 
limited by providing a ceiling on the total amount of 
reimbursable costs. Another approach may be for the 
parties to agree, at the time of entering into the 
contract, upon an estimate of the costs of construc- 
tion (i.e., a %arget cost"), which is not, however, to 
constitute a ceiling on the total amount of reimburs- 
able costs. The contract might provide that, if the 
actual costs exceed the target cost, the contractor is 
to be paid only a percentage of that excess. The 
contract might also provide that this percentage is to 
decrease as the excess increases. 

Alternatively, the parties may agree that, if the 
actual costs exceed the target cost by a specified 

"The cost-reimbursable method may 
be appropriate..,  when the extent of 
construction services or materials and 
the kinds of equipment needed for the 
construction cannot be accurately an- 
ticipated at the time of contracting.., or 
where a substantial part of the construc- 
tion is to be done by subcontractors and 
the prices to be charged by them are not 
known at the time of conclusion of con- 
tract negotiations." 

b. 

amount or percentage, the owner may terminate the 
contract without being liable to the contractor for 
costs incurred by the contractor incidental to the 
termination. The right of the owner to terminate 
may give the contractor an incentive, however, the 
owner may face the difficult choice of having either to 
refrain from terminating the contract and to proceed 
with construction by the contractor, with an obliga- 
tion to pay him reimbursable costs exceeding the 
target cost, or to terminate the contract and complete 
the construction by engaging another contractor, 
bearing in mind the effect this would have upon 
schedule and total costs. Further, the continuous 
nature of a tunnel drive will usually render imprac- 
tical the changing of contractors in mid-project, ex- 
cept under the direst of circumstances. 

Determination of Reimbursable Costs 
It  may be desirable for the contract to provide a 
method of determining which costs are reimbursable 
and which are to be borne by the contractor out of his 
fees. In order to prevent disputes as to which costs 
are reimbursable, it is advisable either to enumerate 
the costs to be reimbursed and to provide that all 
other costs are to be borne by the contractor, or to 
enumerate the costs which are not reimbursable and 
to provide that all other reasonable costs are to be 
reimbursed. 

The contract may specify which overhead expenses of 
the contractor are to be excluded from the costs 
which are to be reimbursed by the owner. These 
excluded costs may include, for example, the costs 
connected with the operation of the contractor's home 
office. In addition, telephone, postal and cable ex- 
penses may be excluded, even if they are incurred on 
the site. However, wages and other reasonable costs 
connected with the stay of the contractor's personnel 
on the site might be regarded as reimbursable by the 
owner to the contractor. 

In some cases, the cost-reimbursable method may 
not be appropriate for pricing equipment manufac- 
tured by the contractor to be used in the construction. 
In those cases, it is advisable for the contract to 
provide an amount to be paid for that equipment by 
the owner. The cost-reimbursable method may, 
however, be used for supplies obtained by the con- 
tractor from subcontractors and suppliers. 

Routine items of equipment or materials taken from 
the contractor's stocks may have been bought by the 
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contractor at various prices before commencement of 
or during the construction, and disputes may arise on 
how to value them. Such disputes may be prevented 
by stipulating their prices in schedules which form a 
part of the contract. 

The contract might provide that costs incurred in 
employing subcontractors and suppliers are to in- 
clude only costs actually paid by the contractor, 
taking into account discounts granted to the contrac- 
tor by subcontractors and suppliers. However, the 
parties may wish to consider whether discounts 
granted to the contractor against payments in cash 
by the contractor are also to be taken into account. 
They might consider, for example, that  the contrac- 
tor should receive the benefit of cash payments made 
from his own funds, rather than funds advanced to 
him by the owner. 

The smooth progress of construction requires that  all 
the necessary materials be available on the site in 
accordance with the time-schedule. In some cases, 
however, it may be very difficult to envisage the 
precise quantities needed for construction. The con- 
tractor may over-order and may incur losses in the 
resale of unused excess materials. The parties may 
wish to consider whether and to what extent such 
losses are to be reimbursed by the owner. The 
contract might, for example, set a limit to which the 
losses are to be reimbursed. 

c. Fee To Be Paid To Contractor 
The fee to be paid to the contractor might be fixed at 
a specified amount. The contractor may provide for 
an adjustment of the fee in case of variations of the 
extent of construction. Fixing the fee at a specified 
amount gives no particular incentive to the contrac- 
tor to minimize his costs of construction, although he 
may be generally interested in completing the con- 
struction as soon as possible in order to receive the 
fee. It is not advisable for the fee to be calculated as 
a percentage of the actual costs of construction since 
this mechanism may provide an incentive to the 
contractor to increase those costs. Such a method of 
determining the fee is forbidden under some legal 
systems. 

A method of providing for the contractor's fees is to 
specify a "target fee" to be applied in combination with 
the target cost. Ifth~ reimbursable costs are less than 
the target cost, the target fee would be increased by a 
specified percentage of the saved cost. The contract 
might also provide that, as the saved costs increase, 
the percentage payable is also to increase. If, how- 
ever, the reimbursable costs are more than the target 
cost, the contract might also provide that as the excess 
increases, the percentage to be deducted is also to 
increase. 

In addition to the costs of construction, other factors 
might be regarded as relevant in increasing or de- 
creasing the target fee, such as the time taken to 
complete construction, and the performance of the 
completed work. It may be noted that providing an 
incentive to the contractor to lower the costs of 
construction by varying the fee payable may be com- 
bined with an incentive based on an obligation to 
share the costs of construction when they exceed a 
target cost. 

d. Maintenance of Records 
To ensure a smooth operation of the cost-reimburs- 
able method, the contract might require a system of 
record keeping which would accurately give evidence 
of the costs incurred by the contractor. For example, 

the contractor might be required to maintain records 
in accordance with forms and procedures reasonably 
required by the owner reflecting charges incurred 
and payments effected by the contractor, and the 
parties may provide that the owner shall have access 
to those records. 

3. Unit-price method 
Under the unit-price method, the parties agree on a rate 

for a unit of construction. The total price to be paid is 
dependent upon the number of construction units used for 
the construction. The rate fixed for a construction unit 
should include an increment representing the contractor's 
profit. The construction unit may be a quantity unit of 
materials needed for the construction, (e.g., a ton of cement 
for concrete), a time-unit of construction, (e.g., a hour of 
labour in excavation), or a quantity unit of construction 
result (e.g., a linear measure of lined tunnel). Different 
construction units may be appropriate for different portions 
of the construction (e.g., material units for construction of 
an air plant, time-units for installation of equipment). 

The unit-price method may be desirable where the 
quantity of materials or the quantity of construction ser- 
vices needed for a portion of the construction cannot be 
envisaged accurately at the time of entering into the 
contract, and for this reason it is difficult for the parties to 
determine a lump-sum price. In most cases, this method 
can be used only in combination with other pricing meth- 
ods, since it is not suitable for pricing elements of the 
construction which, by their nature, cannot be divided into 
several identical units (e.g., equipment). It may be used, 
for example, for engineering, building and installation of 
equipment. In a contract in which it is difficult to control 
the quantities of units to be used for construction (e.g., in 
a turnkey contract where the techniques of construction 
are left to the discretion of the contractor) it would be 
advisable for the owner to take necessary measures to 
assess a fair price for the construction effected. 

If  the parties choose the unlt-price method, and the 
contract does not provide for a revision of the unit price in 
the event of changes in unit costs, the risk of increases and 
the potential benefits arising from decreases in construc- 
tion costs are divided between the contractor and the 
owner. Since the price per construction unit is firm, the 
contractor bears the risk of an increase of the costs of 
materials and labour for each unit or receives the benefit 
of a decrease in those costs. The risk of an increase in the 
estimated total contract price due to the need to use more 
units for the construction than anticipated at the time of 
entering into the contract is borne by the owner, while he 
receives the benefit if fewer units are needed. 

The ~ owner's risk may be reduced by providing in the 
contract that  the owner is to pay for quantities up to a 
specified maximum, but that  the contractor would have to 
bear the costs, or a specified percentage of the costs, of 
quantities beyond that  limit. In some cases, the contract 
might also provide for an increase or a decrease in the unit 
price where the actual quantity of units exceeds a specified 

"The unit-price method may be desir- 
able where the quantity of materials or the 
quantity of construction services needed 
for a portion of the construction cannot be 
envisaged accurately at the time of enter- 
ing into the contract..." 
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percentage of an est:imated quantity. Since the price 
payable by the owner depends on the number  of units 
needed for the construction, it is advisable to agree in the 
contract on adequate ~md clear methods of measuring the 
quanti t ies used in order to avoid disputes. 

C. Bonus Payment 
In cases where the owner is interested in the completion 

of construction and the commencement of the operation of 
the tunnel as early as possible, he may be willing to pay a 
higher price, in the form of a bonus payment,  if  the 
construction is successfully completed by the contractor 
prior to the date fixed for completion in the contract.  The 
amount  of the bonus may represent  a share of the esti- 
mated mater ial  benefits accruing to the owner from an 
earlier commencemenl~ of the operation of the tunnel. It  is 
not usually advisable to provide for a bonus payment  for 
early completion of constrnction if the cost-reimbursable 
pricing method is used in the contract, since this might 
induce the contractor to incur higher costs in order to 
complete the work quickly and obtain the bonus. 

For the calculation of the bonus, the parties may deter- 
mine the est imated benefits to be gained by the owner for 
each day of earlier completion of the tunnel. This amount 
of money per day may  then be expressed in the'centract as 
a fixed amount,  or as a percentage of the contract price if 
lump-sum pricing is used. Representing the bonus pay- 
ment  as a percentage of the price or fee will enable the 
amount  of the bonus te change if the price or fee changes 
(e.g., due to adjustment  or revision of the price, or cost 
savings in comparison with the target  cost). This would to 
some extent enable the bonus to take account of changes in 
price levels. I f  the unit-price method is used, the amount 
may remain as a fixed amount  per day of earlier comple- 
tion. Whether  the bonus payment  is specified as a fixed 
amount  per day or as a percentage, it may be limited to a 
max imum amount.  

I t  is advisable to provide for payment  of the bonus to be 
due only aider the completed tunnel and any related equip- 
ment  systems have operated continuously for a specified 
period of time. This approach may deter the contractor 
from adopting methods ofcenstrnction which are less t ime 
consuming, but  which result  in defective construction. The 
period of t ime for continuous operation of the works might 
commence at  the t ime of takeover or acceptance of the 
works by the owner. 

D. Currency of Price 
The currency in which the price is to be paid may involve 

certain risks for a part), arising from the fluctuation in the 
purchasing power of the price currency and from the fluc- 
tuation in exchange rates between the price currency and 
other currencies. I f  the price is to be paid in the currency of 
the contractor's country, the owner bears the consequences 
of a change in the exchange rate  between that  currency and 
the currency of his country. The contractor, however, will 
bear the consequences of a change in the exchange rate 
between the currency of this country and the currency of 
another country in which he has to pay for equipment, 
materials  or services for the construction. 

I f  the price is to be paid in the currency of the owner's 
country, the contractor bears the consequences of a change 
in the exchange rate  between this currency and the cur- 
rency of his country. I f  the price is to be paid in the 
currency of a third country which the part ies consider to be 
stable, each par ty  bears the consequences of a change in 
the exchange rate  between this currency and the currency 
of his country. Where a financing institution has granted 
the purchaser  a loan for the construction of the tunnel, the 
owner may prefer the price to be paid in the currency in 
which the loan is granted. 

"The currency in which the price is to be 
paid may involve certain risks for a party 
arising from the fluctuation in the purchas- 
ing power of the price currency and from 
the fluctuation in exchange rates between 
the price currency and other currencies." 

In stipulating the currency in which the price is to be 
paid, the parties should take into consideration foreign 
exchange regulations and international treaties in force in 
the countries of the contractor and the owner, which may 
mandatori ly govern this question. The parties should also 
take into account tha t  under some legal systems, the price 
in an international contract must  be paid in the currency 
in which it is denominated, while other legal systems may 
permit, or even require, payments  in the currency of the 
place of payment,  even if the price is denominated in a 
foreign currency. 

In cases where the parties use the lump-sum or unit- 
price method of pricing, the risk borne by the contractor 
arising from fluctuations in exchange rates will be reduced 
if the price is to be paid in the same currencies in which he 
must  pay for equipment, materials and services connected 
with the construction. I f  this approach is adopted, the price 
for various portions of the works may be payable in different 
currencies. The contractor may also reduce, to some extent, 
the risk of fluctuations in exchange rates by specifying in his 
subcontracts that  the price is to be paid in the same currency 
as that  in which the price under the prime contract is to be 
paid. Even in these cases, however, except when the 
currency is that  of his own country, the contractor will bear 
the consequences of a change in the exchange rate of that  
currency occurring between the date when he bought the 
currency to pay the subcontractor and the date when the 
price under the prime contract with respect to the subcon- 
tractor is paid to him by the owner. 

I f  the parties use the cost-reimbursable pricing method, 
the contract might stipulate tha t  the contractor's costs are 
to be reimbursed to him in the same currency in which they 
are to be paid by him. Alternatively, it might provide that  
the costs are to be reimbursed in the same currency as the 
currency in which the fee is to be paid. I f  this approach is 
adopted, and the costs are payable in a currency other than 
the currency of the fee, the costs will have to be converted 
into the currency of the fee at a particular rate of exchange. 
I t  is advisable to provide in the contract that  this conver- 
sion is to be made at  the exchange rate prevailing at a 
specified place on a specified date. This date may  be either 
the date on which the costs were incurred by the contractor 
(in this case the owner will bear  the risk of a change in the 
exchange rate from that  date until the date when the costs 
are reimbursed by the owner to the contractor), or the date 
when the costs are reimbursed by the owner to the contrac- 
tor (in this case, the risk will be borne by the contractor). 

I f  the country of the owner has scarce foreign exchange 
resources, it may be interested in ensuring tha t  at least a 
portion of the price is to be paid in the currency of the 
country. The contract might provide for the currency of the 
owner's country to be used for payment  with respect to 
those costs of construction which are incurred by the 
contractor in the owner's currency (e.g., payment  of local 
labour or subcontractors, or costs of accommodation of the 
contractor's personnel in the owner's country). This ap- 
proach might be used even in cases where the lump-sum 
pricing method is used in the tunnel contract. Such a 
contract might specify the part  of the lump-sum price to be 
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paid in the local currency, on the basis of an estimate of the 
costs to be incurred by the contractor in that currency. 

Another method denominates the entire lump sum price 
of the contract in a foreign currency, but provides that costs 
incurred in the local currency, after they are ascertained, 
are to be paid in the local currency and deducted from the 
lump sum at a specified exchange rate. The contract might 
also provide for a change in the currencies in which the price 
is denominated where supplies foreseen to be procured from 
local sources become unavailable and imports of those 
supplies from foreign sources are authorized. 

The contract might denominate the price in a currency 
which the parties consider to be stable, but provide that it 
is to be paid in another currency. The effects of such an 
approach may be similar in substance to those achieved by 
a currency clause and restrictions imposed by the appli- 
cable law with respect to currency clauses may also apply 
to such provisions. If this approach is used in the contract, 
it is advisable to agree on the exchange rate which is to 
apply between the currency in which the price is denomi- 
nated and the currency in which the price is to be paid. 

That exchange rate may be defined by references to the 
rate prevailing at a specified place on a given date. If the 
price is formulated on a lump-sum or unit-price basis, the 
contractor may prefer for the contract to specify that the 
relevant date is to be the date when the price is actually 
paid. If the price is determined on a cost-reimbursable 
basis, one of the dates referred to herein above might be 
specified. 

It is not advisable for the contract to denominate the 
entire price for the contract scope in two or more curren- 
cies, and allow either the debtor or the creditor to decide in 
which currency the price is to be paid. Under such a clause, 
only the party having the choice is protected, and the choice 
may bring him unjustified gains. 

E. Adjustment and Revision of Price 
In view of the long-term and complex nature of a tunnel 

contract, the parties may wish to provide for lump sum price 
or rates in a unit price contract to be adjusted or revised in 
specified situations. Since, under the cost-reimbursable 
method of pricing, the owner reimburses the contractor for 
the construction costs actually incurred by him, a provision 
for the adjustment or revision of the price is not needed, 
except in respect of the fee, the ceiling, if any, on the total 
amount of reimbursable costs, or target costs. 

A distinction is made in this paper between "adjustment" 
and "revision" of the price. Adjustment refers to cases 
where construction costs become higher or lower after 
entering into the contract due to a change in the construc- 
tion required under the contract. This change may be due 
to a variation in the works to be constructed or a change in 
the method of construction from that anticipated at the time 
of entering into the contract due, for example, to incorrect 
data supplied by the owner, differing site conditions, or 
changes in local regulations and working conditions. 

Revision of price refers to situations where the construc- 
tion required under the contract remains the same, but 
certain economic factors have changed in such a way that 
the cost of the construction and the price to be paid for it 
have become substantially unbalanced. This may occur, 
for example, due to substantial change in prices of equip- 
ment, material or construction services or in tax regula- 
tions or tariffs after the contract has been entered into or 
due to a substantial change in exchange rates of the price 
currency in relation to other currencies. An adjustment or 
revision may increase or decrease the price, although 
experience shows that an increase is more common. It is 
advisable to limit adjustment and revision of the price to 
situations clearly determined in the contract or provided 
for by the law applicable to the contract. 

The contract may provide for the price adjustment or 
revision to be determined in accordance with certain crite- 
ria specified in the contract. This approach is, in general, 
permissible under most legal systems. The contract might, 
for example, provide for price adjustment by reference to 
costs reasonably incurred by the contractor in specified 
circumstances. It might provide for price revision in accor- 
dance with a specified mathematical formula, or that allow- 
ance is to be made for costs reasonably incurred. 

It may be inadvisable for the contract merely to obligate 
the parties to agree upon an adjustment or revision when 
stipulated circumstances arise since, if the parties fail to 
agree, difficulties may follow in settling the question in 
arbitral or judicial proceedings. The parties may further 
provide that, if disputes between them are being settled in 
arbitral or judicial proceedings, the tunnel construction is 
not to be interrupted during the proceedings. When the 
owner is a State or National enterprise, the parties should 
be aware that difficulties may be encountered in obtaining 
additional funds in cases of price adjustment or revision, or 
otherwise. 

1. Adjustment of price 
The parties may wish to define carefully the circum- 

stances in which the price determined in the contract is to 
be adjusted, so as to avoid uncertainty as to the price. In 
addition, a contract intended to be a lump sum contract may 
tend to take on the nature of a cost-reimbursable contract if 
adjustment is possible in too wide a range of circumstances. 
The contract might provide for an adjustment of the price 
when the construction under the contract is varied due to a 
recognized listing of circumstances, as follo.ws: 

a. Incorrect data supplied 
The parties may wish to provide that the price is to 
be adjusted in cases where, as a result of incorrect 
data supplied by the owner, additional construction 
is required or a more expensive method of construc- 
tion must be used in comparison with the method 
reasonably envisaged at the time of entering into the 
contract. However, the parties may wish to provide 
that  the price is not to be adjusted if the contractor 
could reasonably have discovered the incorrectness 
of the data at the time of entering into the contract. 
The price adjustment might cover the reasonable 
costs of the additional construction or more expen- 
sive method of construction. 

The parties may also wish to provide that, even in 
cases where the incorrectness of the data could not 
reasonably have been discovered at the time of enter- 
ing into the contract, the price is not to be adjusted 
unless the contractor subsequently discovered the 
incorrectness of the data at the time it could reason- 
ably have been discovered, and gave notification of 
the errors at  that  time to the owner. 

The contractor might be expected to have inspected 
the site and its surroundings, to the extent practi- 
cable, before submitting a tender or negotiating a 
contract, and to have based his negotiations on the 
findings made during the inspection. During such an 
inspection, however, it may not be possible, even 
with.reasonable efforts, to discover certain natural 
obstacles within the site, in particular subsurface 
conditions. 

Different approaches may be adopted in the contract 
for cases where, during construction, natural ob- 
stacles, in particular, subsurface conditions, are en- 
countered which could not reasonably have been 
discovered by the contractor during his inspection. 
The risk of such obstacles might be placed on the 
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b. 

contractor, and he might be obligated to bear the 
extra costs incurred as a result of the unforeseeable 
obstacles. An alternative approach might be to 
provide that the price is to be increased so as to 
reflect the higher costs reasonably incurred by the 
contractor due to natural obstacles encountered if 
they are called t~ the attention of the Engineer or the 
owner within a reasonable period of time after they 
could reasonably have been discovered. The parties 
may also consider the possibility of dividing the costs 
between them. 

Changes in Local Regulations and Conditions 
Certain legal rules of an administrat ive or other 
public nature  in the owner's or the contractor's coun- 
t ry  may  mandatori ly regulate certain aspects of the 
methods ofconst:ruction (e.g. in the interests of safety, 
or for environmental  protection). I f  the construction 
to be effected does not accord with legal rules coming 
into force after the contract has been entered into, 
changes in the method of construction may be needed. 
The contract might specify who is to bear the risk of 
these changes. If the risk is to be borne by the owner, 
the contract might provide for the price to be ad- 
justed. The contract may also provide for an adapta- 
tion of the price where supplies foreseen to be pro- 
cured from local sources become unavailable and 
imports of those supplies from foreign sources of 
authorised. 

2. Revision of price 
Under most legal systems, the principal of "nominal- 

ism" governs the payment  of a contract price: tha t  is, the 
amount  to be paid in the currency specified in the contract 
remains the same even if the value of that  currency changes 
between the t ime of entering into the contract and the time 
the payment  is made. The value of the currency may 
change in terms of its exchange ra te  in relation to other 
currencies. I t  may  also change in terms of its purchasing 
power, with the result  tha t  the construction costs of the 
contractor may increase or, in exceptional cases, decrease. 

Many long-term contracts contain clauses directed at  
reducing the exchange risk borne by the contractor. Such 
clauses may provide for revision of the price on the basis of 
indices or on the basis of costs actually incurred. However, 
contractual provisions concerning price revision due to a 
change in the value of 'the price currency are mandatori ly 
regulated under some legal systems. The part ies should, 
therefore, examine whether  a clause which they intend to 
include in the contract is permitted under the law of the 
country of each party. 

The contract might provide for the price revision clause 
to apply only in cases where its application would result  in 
a revision exceeding a certain percentage of the price. The 
parties may wish to take into consideration tha t  price 
revision clauses are not common where the duration of the 
construction as determined in the contract is less than  12 
to 18 months from the coming into force of the contract. 

a. Change in the Cost of Construction-- Index Clause 
Method 
The purpose of index clauses is to revise the contract 
price in accordance with changes in the costs of 
construction by linking the contract sum price to the 
levels of the prices of certain goods or services pre- 
vailing on a certain date. In tunnelling and other 
civil type contracts, the contract price may be linked 
to the levels of prices of materials  or services needed 
for the construction of the tunnel. A change in the 
agreed indices automatically effects a change in the 
price, without the necessity of examining the actual 
prices paid by the contractor during construction. 

Under the laws of some countries, the use of index 
clauses is not allowed or is restricted. For example, in 
some countries, index clauses are permitted only for 
the purpose of dealing with changes in construction 
costs occurring between the time the contract is en- 
tered into and its coming into force. An index clause 
may need to be adapted to a new situation in the event 
of a substantial  revision of the scope of construction. 

In drafting an index clause, it is advisable to use an 
algebraic formula to determine how changes in the 
specified indices are to be reflected in the price. 
Several indices, with different weightings given to 
each index, may be used in combination in order to 
reflect the proportion of different cost elements (e.g. 
materials or services) to the total cost ofcenstruction. 
Different indices reflecting the costs of different ma- 
terisds and services may be contained in a single 
formula. Different indices may  be needed when the 
sources of the same cost element are in different 
countries. 

Separate  formulae, each with its own weightings, 
may be used for different aspects of the construction. 
If, for example, the construction involves a number  of 
dissimilar types of operation, such as portal excava- 
tion, TBM procurement,  tunnel construction, lining, 
adit construction, ventilation building construction, 
tunnel and building finishes, fan and pump installa- 
tion and communications systems, a single price 
revision formula may  be difficult to draft  and may 
produce inaccurate results. In such a case, it may be 
preferable to have a separate  formula for each main 
aspect of the construction. 

An index clause may include a certain percentage of 
the price (commonly 5-20 percent) which is not sub- 
ject to any revision under the clause. This percentage 
is intended to make allowance for the fact tha t  some 
items may be paid for by the contractor a t  alower price 
level than that  reflected in the price index for those 
items. I t  may also afford some protection ag~inxt 
other inaccuracies resulting from the formula used in 
the clause. In addition, if the Aim of the index clause 
is to protect the contractor only agsln~t higher costs of 
construction and not against inflation in general, this 
percentage may reflect the contractor's profit. 

The contract may provide that the index clause is to 
be applied to determine whether a price revision is 
needed at the time of each interim payment. In order 
to use the agreed indices, it is advisable to specify in 
the contract the date to be used as a basis for compar- 
ing the levels of the indices. The contract might 
provide that the base date is the date the contract 
was entered into. Alternatively, when the contract is 
entered into on the basis of tendering, the contract 
may provide that the base date is a specified number 
of days (e.g., 45 days) prior to the date of submission 
of the contract bid, or a specified number of days prior 
to the closing date for the submission of tenders, 
since the tender price may be based upon price levels 
existing at those times. 

The contract might provide that the index levels on 
the base date are to be compared with the index 
levels existing a specified number of days prior to the 
last date of the period of construction with respect to 
which payment is to be made, since the costs will be 
incurred by the contractor before the end of this 
period. Alternatively, it might provide that the index 
levels on the base date are to be compared with the 
levels existing a specified number of days prior to the 
date on which payment is due. However, the contract 
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might also provide that if the contractor is in delay in 
completing the construction, the index levels exist- 
ing a specified number of days prior to the agreed 
date for performance are to be used if those levels are 
more favourable for the owner. The ability of the 
owner to exercise the option might be limited to cases 
where the contractor is not prevented from perform- 
ing in time due to exempting impediments. 

Several factors may be relevant in choosing the 
indices to be used. The indices should be readily 
available (e.g., they should be published at regular 
intervals), and they should be reliable. Indices pub- 
lished by recognized bodies (such as well-established 
chambers of commerce) or by governmental or inter- 
governmental agencies may be selected. Where cer- 
tain construction costs are to be incurred by the 
contractor in a particular country, it may be advis- 
able to use the indices of that  country with respect to 
those costs. The parties should exercise caution in 
using indices based on different currencies in a for- 
mula, as changes in the relationships between the 
currencies may affect the operation of the formula in 
unintended ways. 

In some countries, particularly in developing coun- 
tries, the range of indices available for use in an 
index clause may be limited. If  an index is not 
available for a particular element of costs, the parties 
may wish to use an available index with respect to 
another element. It is advisable for an element to be 
chosen such that its price is likely to fluctuate in 
approximately the same proportions and at the same 
times as the actual material to be used (e.g., because 
it is composed of the same raw material, or can be 
used as an alternative to the actual material to be 
used). For example, in cases where it is desired to 
provide an index for labour costs, a consumer price 
index or cost of living indexis sometimes used if there 
is no wage index available. 

Change in Costs of Construction--Documented Proof 
Method 
The contract might provide a method, often referred 
to as the documented proof method, to deal with 
change which may occur after the conclusion of the 
contract in the costs of certain specified elements 
connected with the construction. The documented 
proof method is based on the principle that  the 
contractor is to be paid the amount by which his 
actual costs of construction, if they are reasonable, 
exceed the costs upon which the calculation of the 
contract price was based, due to changes other than 
changes in the quantity of materials, equipment and 
construction services needed for the construction. 

The documented proof method therefore requires 
that  the contract indicate the quantity and the price 
for each unit of the materials, equipment, and work 
upon which the calculation of the price was based. 
Revision of the price under this method would in- 
clude the difference between the price reflected in 
the calculation and the price actually paid by the 
contractor for quantity units with respect to the 
quantity determined in the contract. In contrast to 
the cost-reimbursable pricing method, under the 
documented proof method the contract price should 
not be revised when the contractor incurs higher 
costs due to underestimation of the scope of his 
construction obligations at the time of contracting. 

This method has certain disadvantages for the owner, 
since it imposes on him the risk of increases in 
construction costs due to the increases in the prices 
of equipment, materials andlabour. In addition, the 

C. 

d. 

ability to recover increases in his costs may give the 
contractor little incentive to keep down the costs of 
construction. The administrative procedures needed 
by the contractor to obtain documentary proof of the 
costs of construction and by the owner to verify such 
costs may be almost as extensive as the administra- 
tive procedures under a cost-reimbursable contract. 
For these reasons, the parties may wish to use the 
documented proof method only with respect to por- 
tions of the price calculated on the basis of unstable 
cost factors where the index clause method cannot be 
used (e.g., where relevant indices are not available). 

If  the parties wish to use the documented proof 
method, they should specify in the contract the por- 
tion of the price that is subject to revision under that 
method. It is advisable to identify in the contract the 
equipment, materials, or services with respect to 
which revision of the price is to take place, and to 
state separately the quantity and the amount of the 
costs relating to a unit of such equipment, materials 
or services upon which the contract price is to occur 
not only in the case of an increase, but also in the case 
of a decrease in costs. The contract might set forth 
procedures, similar to those which are to be used 
under a cost-reimbursable contract, by which the 
contractor is to prove the costs actually incurred by 
him. The contractor might require the contractor to 
purchase equipment or materials with respect to 
which price revision is permitted from approved 
sources, or after obtaining competitive bids. 

Relative Change in Currency--Currency Clause 
Method 
Under a currency clause, the price to be paid is linked 
to an exchange rate between the price currency and 
a certain other currency (referred to as "the reference 
currency") determined at the time of entering into 
the contract. I f  this rate of exchange has changed at 
the time of payment, the price to be paid is increased 
or reduced in such a way that  the amount of the price 
in terms of the reference currency remains unchanged. 
For purposes of comparing exchange rates, it may be 
desirable to adopt the time of actual payment, rather 
than the time when the payment falls due. If the 
latter time is adopted, the contractor may suffer a 
loss if the owner delays in payment. Alternatively, 
the currency clause may give the contractor a choice 
between the exchange rate prevailing at the time 
when payment falls due or that  prevailing at the time 
of actual payment. It is also advisable to specify an 
exchange rate prevailing at a particular place. 

If  a currency clause is to serve its purpose, the 
reference currency must be stable. The insecurity 
arising from the potential instability of a single 
reference currency may be reduced by reference to 
several currencies. The contract may determine an 
arithmetic average of the exchange rates between 
the price currency and several other specified cur- 
rencies, and provide for revision of the price in accor- 
dance with changes in this average. 

Relative Change in Currency Exchange Rate--Unit 
of Account Clause Method 
If  a unit of account clause is used, the price is 
denominated in a unit of account composed of cumu- 
lative proportions of a number of selected currencies. 
The unit of account may be one defined in an interna- 
tional treaty or by an international organisation, and 
which will specify the selected currencies making up 
the unit and the relative weighting given to each 
currency. In contrast to a currency clause, in which 
several currencies are used, the weighting given to 
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each selected currency of which the unit of account is 
composed is usually not the same. Greater  weight is 
generally given to currencies commonly used in in- 
ternational  trade. 

The main advantage of using a unit of account as the 
currency unit  with which the price currency is to be 
compared is tha t  a unit  of account is relatively 
stable, since the weakness of one currency of which 
the unit  of account is composed is usually balanced 
by the s trength of another currency. A unit of 
Account clause will therefore give substantial  pro- 
tection against  changes in exchange rates of the 
price currency in relation to other currencies. 

In choosing a unit  of account to be used in a clause, 
the part ies should consider whether the relation 
between the price currency and the unit of account 
can be easily determined at the relevant times, i.e., 
at  the t ime of entering into the contract and at  the 
time of actual payment.  The unit of account defined 
by the International  Monetary Fund as the Special 
Drawing Right (SDR) might be used. The parties 
might also refer to the European Currency Unit 
(ECU) as a unit  of account. The values of these units 
of account in terms of a number of currencies are 
published daily. 

F. Payment Conditions 
Payment  conditions in the contract may determine 

when and where various portions of the price are to be 
paid, and the modalities of payment.  The t ime of payment  
may  influence the price since the contractor may take into 
consideration interest  in calculating the price. Payment  
conditions might provide an incentive for the contractor to 
perform in accordance with an agreed t ime schedule by 
providing for a substarLtial portion of the price to be paid to 
the contractor as various steps in the construction are 
completed. The place of payment  may have important  
consequences. For example, while funds are being trans- 
ferred to a different country, the value of currency may 
change. In addition, a t ransfer  may be subject to foreign 
exchange restrictions. The modalities of payment  (e.g., 
letter of credit or the documents supporting payment) may 
be structured so as to reduce the risk of the contractor not 
being paid on t ime and of the owner paying for construction 
not effected in accordance with the contract. 

In drafting payment  conditions, the parties should take 
into consideration the pricing method or methods used in 
the contract. I f  the lump-sum pricing method is used, the 
lump-sum price might be broken down and allocated against 
major aspects of the construction to be effected by the 
contractor (e.g. engineering, tunnel driving, supply of 
equipment, or t ransfer  of technology). The portions of the 
price with respect to such major items may be allocated to 
the supply and setup of a TBM. A certain percentage of 
that  allocation might be payable in advance, a certain 
percentage during construction, a certain percentage after 
completion of tunnel driving. 

I f  the cost-reimbursable pricing method is used for the 
contract or a portion of t.he total construction, the contract 
might contain an est imate of the costs of construction 
covered by tha t  method. A specified percentage of the total 
estimated reimbursable costs might be payable in ad- 
vance, a specified percentage of the costs incurred during 
construction might be payable within a specified short 
period of t ime after  receipt by the owner of cost back-up 
required under the contract, a specified percentage of 
those costs might be payable after takeover or acceptance 
of the project, and the rest  might be payable after expiry of 
any warranties or the ~ a r a n t e e  period. In agreeing upon 
the time when the fee is to be paid to the contractor, the 
parties should take into consideration the nature  of the fee 

"In agreeing upon the time when the 
fee is to be paid to the contractor, the 
parties should take into consideration 
the nature of the fee to be paid. A certain 
portion of the fee may be payable as 
portions of the construction are com- 
pleted, a certain portion after accep- 
tance, and the rest after the expiry of any 
guarantee periods." 

to be paid. A certain portion of the fee may be payable as 
portions of the construction are completed, a certain por- 
tion after acceptance, and the rest  after the expiry of any 
guarantee periods. 

I f  the unit price method is adopted, the contract might 
provide tha t  a specified percentage of the est imated price, 
calculated on the basis of est imated quantity of construc- 
tion covered by this pricing method, is to be paid in 
advance, a specified percentage of the price with respect to 
the construction as actually effected is to be paid a t  the 
times specified in the contract, a specified percentage of 
the price with respect to tha t  construction is to be paid after 
takeover or acceptance and the rest  after the expiry of any 
guarantee periods. 

1. Advance payment 
An advance payment  might be required under the con- 

tract  to cover the contractor's working capital and ex- 
penses in the initial stages of the construction (e.g., for 
initial purchases of a TBM, other equipment and materi-  
als, or t ransport  and accommodation of personnel). An 
advance payment  may also provide the contractor with 
some protection against  loss in the event of a termination 
of the contract by the owner prior the commencement or at 
an early stage of construction. The owner might be pro- 
tected by a guarantee against  failure by the contractor to 
repay the advance. The amount of the advance payment  
could be calculated so as to cover the initial expenses of the 
contractor which are anticipated. The contract might 
require the advance payment  be directly remitted by the 
owner to a bank designated by the contractor within a 
specified period of t ime after the provision by the contrac- 
tor of any performance and repayment  guarantees.  

2. Payment during construction 
I t  is advisable to provide in the contract for the payment  

of portions of the price as the construction progresses. The 
m o u n t  to be paid during construction should be deter- 
mined takinginto consideration the nature  of the construc- 
tion to be effected and the pricing method adopted. 

One approach to determining the time and extent of 
payment  may be to identify specific portions of the con- 
struction (e.g. shaft construction, portal excavation, pilot 
tunnel completion, air plant setup) and to provide that  
specified portions of the price are to be payable upon 
completion of those portions. An alternative approach may 
be to provide that  the contractor is entitled to receive 
progress payments  for the construction completed within 
specified periods of t ime (e.g. every month), the amount of 
the payment  depending upon the extent of construction 
effected within that  period. 

Equipment and materials  supplied by the contractor 
may be paid for after they are incorporated into the works, 
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under either of the approaches described in the preceding 
paragraph.  The parties may, however, agree on another 
approach, particularly in cases where the equipment and 
materials  are taken over by the owner after their  delivery, 
and are in his physical possession until their  use for 
construction. In these cases, the portion of the price with 
respect to such equipment and materials  may be payable 
against  the submission to the owner or the owner's bank of 
documents proving that  they have been handed over to the 
first carrier for transmission to the owner and insurance 
has been taken out, or that  they have been handed over to 
the Engineer, on the site. 

It  is advisable to specify in the contract the documents 
which the contractor is obligated to submit in order to 
obtain payment,  such as invoices, bills of lading, certifi- 
cates of origin, packing lists, and inspection certificates. 
The documents to be required may depend upon the time 
and manner  of performance. Differing documents may be 
required with respect to supplies of equipment, materials  
or services. The documents required may also differ 
depending on the method of pricing used by the parties. 

Since payments during the construction process are to be 
effected with respect to construction already completed, the 
parties should clearly agree upon the procedures for deter- 
mining such completion. The owner may wishto  authorize 
the Engineer to measure the extent of the completed con- 
struction. To obtain aprogress payment,  the contract might 
require the contractor to submit to the Engineer at the end 
of each payment  period certain documents supported by a 
detailed report concerning the construction completed in 
the relevant payment  period. The contract might provide 
for payments to be effected on the basis of interim certifi- 
cates issued by the Engineer or the owner. 

I f  the cost-reimbursable pricing method is used, special 
contractual provisions may be needed for the verification of 
costs incurred by the contractor. The contract might 
entitle the contractor to payment  of a portion of the price 
with respect to subcontracted construction only if he has 
already paid his subcontractor, or if  the payment  to the 
subcontractor has at least become due. The owner may be 
able to influence payment  conditions in subcontracts by 
participating in the selection of the subcontractors or by 
including in the prime contract requirements for payment  
conditions in subcontracts. 

The contract might specify a period of t ime within which 
an interim certificate for payment  must  be issued by the 
Engineer or the owner, and a period of t ime after issuance 
of this certificate within which payment  must  be effected 
by the owner. The portion of the price under the certificate 
might be made due within a specified period of t ime after 
submission of the certificate to a bank to be specified in the 
contract. In case of failure to issue the certificate even 
though the event entitling the contractor to payment  has 
occurred, or to pay the amount  due under the certificate, 
the contractor might be entitled to claim payment  in 
dispute sett lement proceedings. 

3. Payment within specified time after takeover or 
acceptances 

Certain percentages of some portions of the price (e.g., 
those with respect to equipment and material  supplied, 
engineering, installation, or t ransfer  of technology) might 
be payable only upon proof tha t  construction has been 
successfully completed, i.e., after acceptance of the works. 
The contract might require the owner to pay those portions 
of the price within a specified period of t ime after such 
proof(e.g., within two weeks after successful performance 
tests have been conducted, or an acceptances protocol has 
been signed). In some cases, where take over precedes 
acceptance of the works, a portion of the price might be 
made payable within a specified period of t ime after take- 
over. 

4. Payment within specified time after expiration of a 
guarantee period 

Where the scope of project includes the installation of 
industrial equipment necessary for the operation of the 
constructed tunnel or other underground facility, the con- 
t ract  may provide for a guarantee period. To protect the 
owner against the consequences of defective construction 
by the contractor, the contract might provide tha t  a certain 
percentage of the price is payable only within a specified 
period of time after expiration of the guarantee period. 

In fixing the percentage, the parties may wish to take 
into account the other securities which are available to the 
owner in case of the discovery of defects during the guaran- 
tee period. I f  the owner is sufficiently protected by a 
performance guarantee or bond, the contract might pro- 
vide tha t  the entire price is to be paid within a specified 
period of t ime after the date of the acceptance of the works. 

The contract might further  provide tha t  if  any defects 
are discovered and notified within the guarantee period, 
the owner is entitled to retain from the portion of the price 
then outstanding an amount which is needed to compen- 
sate him for the defects. The retention might last  until the 
contractor cures the defects and pays any damages to 
which the owner may be entitled. 

5. Credit granted by contractor or contractor's country 
In most cases, the construction of a tunnel is financed by 

a loan granted to the owner by a national t reasury  or a 
financing institution. However, in some cases, where the 
contractor has at his disposal ample financial resources 
and the project is not large, the contractor may prefer to 
grant  a credit to the owner with respect to a portion of the 
price. In such cases, the portion of the price covered by the  
credit might be repayable in installments within a speci- 
fied period of t ime after takeover or acceptance of the 
tunnel by the owner. 

Where the contractor grants such a credit to the owner, 
some of the same issues which are dealt with in a loan 
agreement with a financing institution (e.g., security for 
repayment  of the loan by the borrower and interest  payable 
on the loan) must  also be settled between the owner and the 
contractor. 

The construction of a tunnel is sometimes financed by a 
credit granted by the contractor's country to the owner's 
country. In these cases, the parties should, when drafting 

"There is no standard or preferred 
method of contracting for tunnelling 
projects. The owner may want to choose 
Design-Bid-Build, Design-Build or some 
combination thereof, in relation to the 
nature of his own capacities and the 
project at hand. However, the nature of 
tunnelling is such that the owner should 
consider the prior experience and 
technical capacity of the contractor to be 
offoremost importance. Such experience 
and know-how should by no means be 
sacrificed for a low price or convenient 
financing." 
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"The ITA recommends the use of mile- 
stone events based on a short time frame 
in order to provide the contractor with 
sufficient wo~fng capital." 

the payment conditions in the contract, take into consider- 
ation the provisions of the agreement between the govern- 
ments of these two countries and the rules which may be 
issued in the owner's country in connection with the imple- 
mentation of the agreement (e.g., conditions under which 
the credit may be used for construction). 

9. Conclusion 
When drafting a construction contract which will in- 

clude tunnelling works, the owner will need to choose a 
method of contracting and price and payment provisions 
which take into consideration the particularities of under- 
ground construction. 

Contracting Methods 
There is no standard or preferred method of contracting 

for tunnelling projects. The owner may want  to choose 
design-bid-build, design-build or some combination thereof, 
in relation to the nature  of his own capacities and the 
project at  hand. However, the nature  of tunnelling is such 
that  the owner should consider the prior experience and 
technical capacity of the contractor to be of foremost impor- 
tance. Such experience and know-how should by no means 
be sacrificed for a low price or convenient financing. 

The coordination mechanism, be it the owner's engi- 
neer, a contractor, or a management  contractor, should be 
similarly experienced and knowledgeable in the area of 
underground construction in order to ensure the proper 
management  of all project interfaces and in particular the 
interfaces between tunnelling work and other work to be 

performed under the contract. Special attention will need 
be given to effects of tunnelling work on surrounds and the 
potential hazards of slowdowns or suspension of under- 
ground work. 

Jus t  as the owner should consider such risks and expe- 
rience, contractors bidding for projects including tunnel- 
ling works should consider their  own construction and 
coordination abilities in the area of underground construc- 
tion. This is of particular importance in creating a consor- 
t ium or joint venture in order to provide a project vehicle, 
particularly where the members  will be held jointly and 
severally liable. The contractors involved will need to 
ensure tha t  the group includes a member  with the experi- 
ence necessary for the tunnelling works envisioned. 

Pricing and Payment 
As mentioned above, the owner will want  to implement  

payment  conditions that  maximise the contractor's incen- 
tive to early, efficient and effective progress. The ITA 
recommends the use of milestone events based on a short 
t ime frame in order to provide the contractor with suffi- 
cient working capital. 

When pricing tunnelling works, the ITA recommends 
use of unit prices. Cost-plus pricing is generally impracti- 
cal for tunnelling while the nature  of tunnelling work and 
the uncertainties of subsurface conditions may mitigate 
against the use of a lump-sum price. 

In tunnelling contracts using unit  pricing, the system of 
measurement  must  take into consideration the cost of 
excavation of differing soil types. The units for tunnelling 
should be based on a measurement  regime u.sing distinct 
sets of geological conditions, restricted to no more than five 
classes bounded by upper and lower limits tha t  do not 
overlap. For each rock class, excavation and filling of 
overbreak should be measured per unit area of specified 
excavation surface. [ ]  
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