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INTRODUCTION

In addressing the future of fission-electric power, one can separate this
theme into two general views: (1) the obvious need to satisfy a growing or
future need for electricity with less costly, nuclear fuels or indigenous
resources, and (2) a perceived view that slumping electrical demand and
current lower growth rates lessen the need for the commitment to new
generating capacity for the future. The first view is one seen in countries
with growing economics that have not suffered, at least severely, the impact
of depressed electrical demand in the industrial sector and are generally less
self-sufficient in the area of indigenous fuel supply. Countries of this
category are a number of those in the Pacific Basin, such as Japan, Taiwan,
Korea (Slide 1 - Kuosheng Nuclear Power Plant, Two 945 Mwe, BWR), and (Slide 2
- Korean Nuclear Power Plant, Units 7 and 8, Two 947 Mwe, PWR). The Kuosheng
BWR units went into commercial operation in December 1981 and March 1982.
Unit One was constructed on a schedule of 61 1/2 months from first concrete to
fuel load. The Korean Units 7 and 8 are scheduled for fuel load in September
1985 and September 1986.

Several countries of Europe, particularly France, and those of the Communist
Bloc share this first view for similar reasons. Indeed, even in Canada there
appears to be a more general acceptance of this first view than a current view
in the United States of depending on lower rates of growth in electricity
demand, load management, and other measures as the determinants for new
generating capacity additions.

It should be noted that the emphasis given in the second view is on the word,
"perceived." While some knowledgeable people in the U.S. acknowledge the
nation's—indeed, the world's—current economic situation has its roots in the
sudden and spectacular rise in the price of oil following the oil embargo in
1973-74 period, most fail to connect these oil price hikes to the very real
and serious problems confronting the U.S. electric utility industry. Also,
there is a current perception in the U.S. that reserve margins mean much the
same as available "excess capacity"; more on this topic will follow.



In conjunction with these general problems, utilities having commitments to
fission-electric power in the U.S» have been faced with the impacts of new
regulatory requirements as a result of the TMI-2 incident and recent high
interest and inflation rates. Coupled with these difficulties for the
industry are the uncertainties on numerous issues from load growth projections
to the lack of resolution on spent fuel-reprocessing. As a result, plant
cancellations and postponements are taking their toll for previously planned
capacity in both U.S. nuclear and coal fueled generating facilities (Slide 3
- Table of Power Plant Cancellations).

The preceding is balanced somewhat with the fact that the U.S.
nuclear-electric power industry, much of the program begun in the 1960's and
early 70's, is still a large program of currently 64,600 megawatts in
operation and 54,800 in construction. Even though the prospects for new
nuclear plant orders.are not on the horizon, persuasive economic reasons exist
for future growth in electric power demand in the U.S. Recognizing that
measures such as conservation and load management can have impact in meeting
some of these future needs, they can not satisfy the greater majority of
them. Consequently, nuclear power will continue to be a major component in
satisfying these needs. A good step in assuring this needed future base of
supply from fission-electric power is to successfully complete, operate and
maintain the present program.

LEADING FACTORS IMPACTING U.S. PROGRAM

Some of the leading factors currently impacting the U.S. program for
fission-electric power may have varying impact in other countries. For
example, lower electrical demand growth than earlier anticipated, high capital
cost outlook compared with more constrained financial resources, and an
uncertain national economic outlook are currently being experienced in the
U.S. and other countries. Related reasons currently perceived in the U.S. for
lower demand growth needs and consequently, reduced requirements for future
new capacity additions are tied to a common misconception that a large amount
of excess capacity exists which can be used to satisfy future electrical power
needs.

U.S. RESERVE MARGIN

This misconception probably arises from the fact that the term "reserve
margin" as used in the electric utility industry has a different meaning than
similar terminology used by other industries. The "reserve margin" is not a
real measure of how much more electricity the system could produce tomorrow,
next week or even next year. Also, statements concerning "reserve margin" in
percentage values are frequently made in the public arena such as "33% of the
power capacity in the U.S. is unused or excess capacity." Unfortunately, of
the 33% about 22% is unavailable for use because of maintenance and other
requirements. Of the remaining 11%, approximately 8% is needed for operating
demands as "quick start" or "spinning reserve" capability to maintain the
generating system's overall reliability and resiliency. The remaining 3%



represents generating capacity available to operate but not needed, or a
measure of capacity available for future growth in the system. These values
are based on the historical record of recent years. Consequently, with the
current situation of slowdown in construction, cancellations and no new plant
orders in the U.S., the available capacity or margin for future growth is in
the range of 3-6% if a portion of the spinning reserve and quick start
capacity is used. This range is substantially less than the 25-35% generally
assumed in the U.S.

Based on recent studies conducted by the Electric Power Research Institute
(EPRI), the North American Electric Reliability Council (NERC), and Bechtel
can demonstrate this point. In the following series of slides, EPRI's term
"capacity margin" (measured against system capacity) is used instead of the
traditional "reserve margin", which is measured against peak demand. The 33%
reserve margin is equivalent to the 25% capacity reserve margin using EPRI's
definitions. Thus, the average value for unavailable capacity at annual peak
demand for maintenance and other requirements for the years 1978-1982 is 17%.
The average running and quick-start capability for this period is 6% and the
available but unneeded capacity is 3%. The increases in "running and
quick-start" and "available unneeded" categories for 1982 can probably be
attributed to the significant decrease in the industrial consuming sector.
(Slides 4, 5, 6, 7, 8 and 9 - Annual U.S. Capacity Demand Curves and Summary"
Table for 1978-82).

One should recognize that examining the U.S. electric utility circumstances as
the whole masks important variations and problems resident in regions of the
country and the uniqueness of individual utility systems (Slides 10 and 11 -
NERC Regional Map and Capacity Demand Summary Table). In conjunction with
this important point, one should not be overly optimistic about the future
ability of depending on other regions or utilities to provide the greater
portion of electrical power to satisfy an individual system's future demand.
In fact, in some regions of the U.S. the necessary intertie capability for
sharing electrical power in ever increasing amounts either does not exist, as
in the case of ERCOT, or is severely constrained such as with WSCC; these
circumstances cannot be quickly remedied.

Generating Capacity Decay

With the slowdown in construction of new generating plants, an aging trend has
set in for baseload thermal plants that would be called on to satisfy existing
consumer demand and provide the basis for meeting future growth demands. This
is particularly true for fossil-fueled power plants. During the period of the
1960's and into the 1970's, new fossil-fueled plant capacity was being added
to the system at a sufficient rate to maintain an essentially constant age in
capability (megawatts) of 10 years. In 1977, this began to change and by 1990
the average megawatt age for fossil-fueled thermal plants will approach 20
years. This fact can be illustrated in another manner by showing the
increasing dependence on older electrical generating units in the makeup of
the U.S. installed capacity (Slide 12 - Aging and Dependence Curve).



The consequences of ever aging plants can lead to a decay in generating
capacity capability and an increasing dependence on less economic or more
costly generating plants. As a fossil-fueled plant, particularly coal-fired,
ages its availability and capability to produce power can decline, even with
routinely scheduled maintenance.

1985 Key Year for Planners

While apparently sufficient for immediate needs through the 1988 to 1990 time
frame in most areas of the U.S., the current and planned electrical supply may
not be adequate after those years. This is true using even the most
pessimistic forecasts of growth. For example, based on NERC estimates and
EPRI projections for available future generating capacity, a potential
shortfall in electricity supplies for as early as 1987 for a moderate annual
growth rate in Gross National Product (GNP) of 3.5% and as late as 1991 for a
relatively low rate of 2.5% (Slide 13 - Projection with Plant Schedule
Overlay). The important point to keep in mind is even with different growth
rates one selects from this chart, the planning "window" or band of time and
options is still quite narrow and limiting in the near term.

To underscore this regional and national dilemma in the U.S. is the fact of
long lead times (nuclear and coal) are required to place new plants into
production, particularly baseload units that provide the basis for satisfying
growth in the system. Additionally, based on a 50-year economic life of power
plants, EPRI estimates about 60,000 megawatts of new capacity must be started
in the 1980 to 1985 time span, just to replace plants that will be fully
depreciated and retired by 1991, without consideration for any electric load
growth.

Obviously, matters become even worse if one assumes the possible cancellation
of coal units not under construction and nuclear units less than 50%
complete. Also consider that in the two-year period of 1980 and 1981 only
12,000 megawatts were ordered in the U.S. For the first time since 1933, no
baseload capacity turbine-generators were ordered in 1982.

Capital Cost Outlook

One of the most important factors threatening the future of fission-electric
power in the U.S. is rising capital costs, particularly during the recent
period of high interest and inflation rates. This is seen in the impact of
delays and added complexity to many projects significantly along in their
construction phase.

While much of the attention of the individual State Public Utility Commissions
and the public attention is focused on nuclear power plant capital costs, less
attention is given to the reasons why these costs have risen in recent years.
Most estimates show that nuclear plants have higher capital cost than that for
coal-fired facilities. However, much of the differential can be attributed to



added financing costs incurred in the four to five years of additional time it
takes to construct a nuclear plant as compared to a coal-fired facility.
Also, growing complexity in nuclear plant design as a result of mandated
technical changes has indeed added significantly to cost, even though the
added benefits to safety may be small for the very significant added costs.

If nuclear plants in the U.S. had the same schedule from start of design to
initial operation, which we have been able to achieve for units recently
completed or in construction in Taiwan and Korea, the approximately 30%
capital cost differential would essentially disappear. Further, when fuel
costs are factored in, the overall cost of nuclear power generated,
electricity is still less than that for coal in most areas of the U.S.

The U.S. nuclear power industry is taking steps to apply the lessons learned
from overseas projects here at home. However, in order to facilitate the
implementation of the necessary actions and achieve a reasonable success in
maintaining nuclear power as a viable industry and source of electrical power,
immediate attention must be given by both technical and economic regulatory
bodies to remove numerous uncertainties. This attention must contain
commitment and follow through which is nurtured and supported at the highest
levels of U.S. government.

Other Factors Facing the U.S. Outlook

In addition to the important economic impacts of relatively short-term low
load growth (which can be attributed in large measure to the slumping
industrial consumptive sector in the recent past) and current economic and
regulatory uncertainties, are the impact of uncertainties concerning
governmental policy dealing with closing the nuclear fuel cycle.
Specifically, two areas of primary concern have been and are reprocessing of
spent fuel and the management and disposal of both high-level and low-level
radioactive wastes.

While the lack of certainty exists for instituting an active program to
implement reprocessing, upon which the back-end of the LWR fuel cycle was
optimized, recent legislative actions have helped to reduce the uncertainty in
the nuclear waste management and disposal area. The "Low-Level Radioactive
Waste Act" of 1981 provided mechanisms for the States to form regional
compacts to establish needed disposal sites for all types of low-level
radioactive wastes, including that from fission-electric power plants.
Consequently, a number of State compact groupings are being organized and are
in various stages of the formal approval process established by che U.S.
Congress. Whether all the compact arrangements will be fully implemented by
the deadline of January 1, 1986 specified in the Act is still uncertain.

The recent enactment of the Nuclear Waste Policy Act of 1982 provides the
basis for establishing a Federal government program for the management and
disposal of high-level radioactive wastes from the U.S. nuclear power
industry. In the past, the Federal government funded its responsibility to



dispose of these wastes through Federal revenues. With this Act, an added
rate charge of one mill per kWhr for electricity from fission-electric power
plants will fund its implementation. These funds will be collected effective
April 1982.

One recent litigatory development is worth mentioning on the subject of
disposing of high-level nuclear wastes. The recent U.S. Supreme Court
decision upholding the State of California to regulate economic matters,
including questions about an economic means for the disposal of high-level
wastes, has been wrongly interpreted by many in the U.S. to be a moratorium on
nuclear power plants. Some have even suggested, falsely, that this decision
provides the basis for states to shut down existing operating plants or those
in construction. These interpretations are not appropriate as the Supreme
Court in this decision separated, and continues to accep.t, the Federal
government's preemption on health and safety issues from the States authority
to regulate economic matters. However, the decision may encourage States to
take a more disruptive posture in dealing with State nuclear power issues, if
they should unfortunately choose such a path.

POSSIBLE FUTURE DEVELOPMENTS

A number of uncertainties need to be addressed for any expansion in the number
of U.S. fission-electric power plants, beyond that already planned, with
future growth in demand. Based on current utility commitments, nuclear power
will provide approximately 25 to 30% of the U.S. electricity requirements by
the mid 1990's. However, until the utilities' financial situation is
sufficiently improved and there is more stability and predictability in the
nuclear regulatory process, it is unlikely there will be any new U.S. orders
for nuclear power plants in the next few years.

With regard to the situation in Europe, one can foresee a renewed interest by
some countries such as the Federal Republic of Germany in expanding its 1982
fission-electric share from about 15% upward in the direction of such
countries as Belgium, France, Sweden and Switzerland as they near about 50% of
their electricity being generated by fission-electric power. The United
Kingdom faces the impact of aging nuclear plants and the need for new capacity
and is taking some steps to remedy this situation, such as its current
interest in introducing a different technology, the pressurized water
reactor. The Sizewell-B project and Inquiry are indications of this possible
direction for the future.

In the Far East, one sees the most certain near-term needs and interest in
aggressively moving ahead with fission-electric programs in the 1980's and
1990's. It is the Asian countries with fast growing economies and
corresponding need for increasing their electrical supply base, such as Taiwan
and Korea, that are providing the strongest interest in new nuclear plant
commitments. Japan's interest continues strong because its lack of an
indigenous resource base to go with its dynamic economy.



Other prospects for the future are countries embarking on the establishment of
fission-electric program. Commitments to get new projects underway are likely
to occur in Egypt and the People's Republic of China.

SOME IMPORTANT NSSS SELECTION FACTORS

In examining the current and future export market for different nuclear steam
supply systems (NSSS), one has basically two types of generic systems for the
present generation of plants to consider: the light water reactors (LWR's),
composed of boiling water reactors (BWR's) and pressurized water reactors
(PWR's), and pressurized heavy water reactors (PHWR). For the latter category
the CANDU is essentially the most evident export system.

There are several important factors, both qualitative and quantitative, to be
considered by the potential owner in selecting the particular NSSS to be
incorporated into the overall nuclear engineering, design and construction of
a nuclear power plant. Obviously, cost and schedule are most important
factors; however, since cost factors and schedule requirements can vary
significantly from one country to another, they will not be included in the
following discussion.

Quantities

The single factor having the most impact on costs and schedules are the
installed quantities. As a means of illustrating the methodology used in
making comparisons between NSSS types, typical quantities are shown between
PWR's and BWR's that could be sited in a foreign country.

Typical civil quantities for two 950 Mwe units are shown with PWR designs
having about 20% less total building concrete requirements than that for BWR's
(Slide 14 - Typical Civil Quantities Table). Some of the increased building
concrete requirements for BWR's can be attributed to increased shielding in
the turbine-generator building.

For electrical quantities, PWR and BWR design requirements are comparable
(Slide 15 - Typical Electrical Quantities Table).

Two inch and smaller diameter process pipe and control rod drive pipe provide
the significant difference between BWR and PWR mechanical quantity
requirements (Slide 16 - Typical Mechanical Quantities Table).

Construetibility

When comparing quantities, the arrangement of equipment and buildings are
important in determining the ease of construction and its sequence, or
constructibility, and must be given consideration. The construction sequences
for the installation of conduit and cable tray has a significant impact on the
schedule, particularly in the completion of systems for the startup phase of
the work. With regard to the importance of mechanical quantities and
constructibility, the amount of installed piping in the various sizes can have



a significant impact on schedules, and thus is a major consideration in
judgements made in NSSS evaluations.

To facilitate improvements in constructibility and the resultant benefits, a
number of techniques are being applied at the engineering, design and
construction planning phases-

Some of the techniques are:

o Early constructibility review of the design

o Early planning, scheduling and implementation of the startup program,
with punch lists for all systems requiring work

o Applying advances in rigging and heavy hauling

o Expanding the use of préfabrication and modularization of piping and
equipment

o Increased use of distributed digital control, including multiplexing
and programmable logic controllers in control, instrumentation and
information systems

Seismic Requirements

One of the important design considerations is the seismic requirement to
satisfy local conditions, particularly for nuclear plant sites in the Pacific
Basin. In the U.S., seismic design and design for protection against pipe
breaks have become, for better or worse, major factors in the overall design
and construction program. Seismic events and pipe breaks are low probability
events with a wide uncertainty band associated with their occurrence. The
resistance or fragility of piping and equipment to failures also has a
significant uncertainty. These factors have allowed various countries to take
widely differing approaches, depending on how optimistic or pessimistic they
were on these factors.

The current U.S. efforts on development of probabilistic risk assessment and
safety goals is still at an early stage but are giving new prospectives on
issues such as these. Consequently, in the future on a worldwide basis, less
emphasis will be placed on pipe break events but increased attention to
seismic design.

In the U.S. there is essentially a concensus in the technical community that
well designed and inspected nuclear grade piping will not fail
catastrophically, even with earthquake loads superimposed. This argument is
being used to decrease the assumed pipe breaks for systems where the design
conditions (i.e., no water hammers) and metallurgy are well understood. Other
productive efforts are underway to use much more realistic damping factors and
to simplify the design methods, particularly for small piping.



Recent probabilistic risk assessments have indicated that the risks resulting
from seismic events are among the largest contributors to the overall plant
risks. A recent issue for U.S. plants east of the Rocky Mountains is whether
large earthquakes, even though low in probability, must be considered at any
site.

While some of the technical basis and approach appears common for seismic
criteria applied in the U.S. and Canada, the CANDU designs and those for U.S.
plants use different assumptions and load combinations for seismic design.
Increased emphasis on seismic design worldwide could mean that the seismic
design of CANDU1s for export would likely need further analyses and review.

NSSS Vendor/Engineer Interface

The major difference between how a U.S. architect-engineer and Canada as
supplier of CANDU organize an export project is in the assignment of direct
responsibilities. Primary among these different roles is that typically a
U.S. A/E acts as the export client's advisor or agent, and recommends the
selection of the NSSS and other major equipment. However, these major
equipment suppliers do not report through the U.S. A/E to the client. Also,
the U.S. A/E takes the lead role in executing the balance of plant design
(Slide 17 - Typical Export Organization Chart/U.S. A/E). It should be noted
that the U.S. architect-engineer and AECL usually assume a role as
construction manager, with the U.S. A/E's role in advisory services.

In contrast, AECL has the primary role as NSSS supplier, including engineering
and design, and subcontracts for the balance of plant design (Slide 18 -•
Typical Export Organization Chart/AECL).

Based on our experience, the contracted lead responsibility on behalf of
export clients works very well, particularly for countries just establishing
nuclear power programs. This arrangement, also facilitates technology
transfer which is a very important factor in the minds of many of these
clients. In fact, the organizational arrangement for export projects does not
differ significantly from that employed in many cases with U.S. clients.
However, as with U.S. clients, export clients may have special requirements
and interests that specify variation in certain roles of the project
organization. Our organizational flexibility has successfully accommodated
such variations.

SPECIAL APPLICATIONS AND NEW POWER REACTOR DEVELOPMENTS

For future applications one can expect continuing interest in the use of
conventional reactor types to produce process heat for industrial uses.
Additionally, the valid reasons for developing fast breeder and possibly
advanced converter systems will continue to provide the impetus to pursue
these alternatives.



Conventional Reactor Non-Electric Applications

Essentially all of the nuclear plants in operation or under construction today
are designed exclusively for the generation of electricity. Two significant
exceptions to this, however, are the Bruce Nuclear Power Development of
Ontario Hydro and the Midland Nuclear Cogeneration Plant of Consumers Power in
Michigan.

In addition to the CANDU reactors used at Bruce and the LWRs used at Midland,
the high temperature gas-cooled reactor (HTGR) is being considered for
providing both steam and high temperature process heat for industrial
consumption.

The Ontario Hydro installation utilizing process steam currently consists of
four 2300 MWt reactors at Bruce A and one 600 MWt reactor at Douglas Point,
all of the Canadian CANDU type. These units provide steam to two heavy water
production plants in the near vicinity.

The Midland installation consists of two 2452 MWt LWR units which will supply
four million lb/hr of steam to the Dow Chemical's Midland complex.

Although the Bruce and Midland plants are the only significant applications of
nuclear reactors today for non-electric as well as electric applications,
there is potentially a large market for steam and high temperature heat in the
manufacturing industries. For example, annual consumption of process heat and
process steam by the U.S. manufacturing industry is substantial (11 x 10-*--*
Btu or 11 quads) and is approximately 15% of the total annual U.S. energy
consumption (76 quads).

The LWR and CANDU reactors could satisfy most of the steam requirements for
these applications, but only the HTGR reactor is operated at sufficiently high
temperature to provide the much higher temperature/heat requirements of some
industries. The HTGR can supply steam at 950°F and helium up to 17OO°F.

Some of the important characteristics needed in a nuclear steam source for the
process industries are:

o Affordable cost (steam costs less than from coal)

o High process steam availability (98%)

o Close-in siting to process steam user

o Perceived as a very safe investment

o Assured high degree of public safety

o Smaller nuclear units and construction schedules compatible with
industrial user's planning time frame
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These characteristics suggest that the future emphasis in non-electric
application will be in the development of standardized small modular nuclear
units that can be largely shop fabricated.

Long Term Developments in Fast Breeders

The principal long-term development in the U.S., and several other countries
pursuing the fission-electric option, is the fast breeder reactor. The fast
breeder is a logical extension of fission energy in that it allows a greater
use of available uranium resources. In particular, the U-238 tailings from
the facilities supplying enriched uranium fuel for current generation fission
reactors in the U.S. represent a significant resource.

In many countries with nuclear power, fast breeder programs have concentrated
on the liquid-metal cooled fast breeder reactor (LMFBR). Construction and
operation of small scale plants, from 20 to 350 MWe, have demonstrated the
technical feasibility of this option since 1964. The 350 MWe Clinch River
Breeder Reactor represents the next step for the U.S., of designing,
constructing and operating a demonstration-size power plant.

Currently, the U.S. is studying several options for a large scale LMFBR in the
1000 to 1350 MWe power range. Conceptual designs and options are being
evaluated for both loop and pool type units that will be candidates for
construction commitment in the 1990s (Slide 19 - Conceptual Pictorial of
Prototype Large Breeder Reactor). These studies are being conducted by a
joint DOE-EPRI agreement and by the private efforts of several of the U.S.
reactor manufacturers and E/Cs. Within the next year, it is expected that a
single U.S. design for a commercial size power plant will be selected.

The principal emphasis in current conceptual design work for the commercial
size breeder it> to reduce its capital costs. United States studies have set a
target date of about the year 2005 for LMFBR energy generation costs to be
competitive with coal-produced electricity.

11
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POWER PLANTS CANCELLED
1974 THROUGH MAY 1983

NUMBER OF UNITS TOTAL MW

NUCLEAR 98 108,500

FOSSIL 49 30,900

147 139,400

THIS CAPACITY, IF CONSTRUCTED, IS EQUIVALENT TO 75 PERCENT OF
CURRENT U.S. OIL IMPORTS.
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NORTH AMERICAN ELECTRIC RELIABILITY COUNCIL

SERC

MAAC

ECAR
East Central Area Reliability
Coordination Agreement

ERCOT

MAIN
Mid-America Interpool Network

MARCA
Electric Reliability Council of Texas Mid-Continent Area Reliability

Coordination Agreement

SERC
Southeastern Electric Reliability Council

SPP
Southwest Power Pool

MAAC
Mid-Atlantic Area Council

NPCC WSCC
Northeast Power Coordinating Council Western Systems Coordinating Council
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10

19

5

3

MARCA

26

17

36

5

2

3

10

15

11

NPCC

51

37

27

7

5

5

17

7

3

SERC

122

86

29

5

9

4

18

8

3

SPP

61

43

28

1

3

2

6

13

9

WSCC

104

73

29

7

7

3

17

7

5

U.S.

585

412

29

5

7

4

16

8

5
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SLIDE 12

INCREASING DEPENDENCE ON OLDER
ELECTRICAL GENERATING UNITS

16

14

12

10

8

AS % Or INSTALLED CAPACITY

UNITS >30 YEARS

70 74 78 82 86

YEAR

90



SLIDE 13

<
<
5

FUTURE U.S. ELECTRIC CAPACITY
REQUIREMENTS VERSUS THE GROWTH OF

THE ECONOMY
1981-2000

1,450

1,400

1,350

1,300

1,250

1,200

1,150

1,100

1,050

1.000

950

900

850

800

750

700

650

600

550

500

NERC
Estimate

Less EPRI
Projection for
Retirements
and Aging

3.5% GNP
GROWTH

3.0% GNP
GROWTH

2.5% GNP
GROWTH

""" """ \ . Cancellation of Coal Units Not Under
"CAPACITY ^ Construction and Nuclear Units Less

REQUIREMENTS Than 50% Complete

1980 1982 1984 1986 1988 1990 1992 1994 1998 1998 2000



TYPICAL QUANTITIES - CIVIL
{TWO 950-MWe UNITS EACH)

I

PWR BWR

CONCRETE FOR MAIN BUILDINGS (1000 CUBIC YARDS)
REACTOR CONTAINMENT
AUXILIARY
FUEL

CONTROL
RADWASTE
DIESEL GENERATOR
TURBINE-GENERATOR (INCLUDING PEDESTAL)

TOTAL BLDG. CONCRETE 282 340

CONCRETE FOR OTHER PURPOSES (1000 CUBIC YARDS)
COOLING WATER SYSTEM
OTHER

OVERALL TOTAL CONCRETE

REBAR (TONS)

STRUCTURAL STEEL (TONS)

67
56
30
32
25
15
57

64
75
30
32
31
16
92

170
58

510

51,100

14,400

170
44

554

51,600

14,800

G100J949-Û2
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CO

TYPICAL QUANTITIES - ELECTRICAL
(TWO 950-MWe UNITS EACH)

PWR BWR

CONTAINMENT PENETRATIONS (EACH)

WIRE AND CABLE COMPONENTS (1,000 LINEAR FEET)

CABLE TRAY

CONDUIT - RIGID

CONDUIT - NONMETALLIC

WIRE AND CABLE

WIRE TERMINATIONS (EACH)
NUMBER OF CIRCUITS (EACH)

170 180

200
580
330

10,400

270
37

190
650
460

11,200

280
40

04



Z TYPICAL QUANTITIES - MECHANICAL
(TWO 950-MWe UNITS EACH)

PWR BWR

PIPING AND INSTRUMENTATION (1,000 LINEAR FEET)
PROCESS PIPING

• 2Vz INCH & LARGER
• 2 INCH & SMALLER
• CONTROL ROD DRIVE

SUBTOTAL 510 700

NON PROCESS PIPING
• 2% INCH & LARGER 100 100

• 2 INCH & SMALLER

270
240

280
330
SO

SUBTOTAL 130 130

OFFSITE PIPING _20 _20

TOTAL 660 850

INSTRUMENT PIPING 60 80

INSTRUMENT TUBING 210^ 2Q0_

TOTAL 270 380



LU

TYPICAL NUCLEAR POWER PROJECT
ORGANIZATION

IVon-U.S. Client

CO
, i FOREIGN

CLIENT

U.S.
ARCHITECT-
ENGINEER

NSSS DESIGN
AND

MANUFACTURE
SUBCONTRACT

MANUFACTURING
CONSTR MGT

ADVISORY
SERVICES

BOP ENGINEERING
AND

DETAILED DESIGN

SUBCONTRACT
CONSTRUCTION

FORCES

O1003949-0Û
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TYPICAL NUCLEAR PROJECT
ORGANIZATION
Non-Canadian Client

FOREIGN
CLIENT

AECL

SUBCONTRACT
DETAILED DESIGN

SUBCONTRACT
MANUFACTURING

CONSTRUCTION
MANAGEMENT

NSSS DESIGN
AND

PLANT CONCEPT.
DESIGN

SUBCONTRACT
CONSTRUCTION

FORCES

C1003940-10



PROTOTYPE
LARGE BREEDER REACTOR

Nei Power Output
Net Plant efficiency
Numlxr of Primary *nà
Secondary System Loopt

Core Fuel Type
Rejclor Outlet Tempmture
Turbine Slum Conditions
Stt)«m Generator

Turbin* Generator
Refueling System
H«4ctor Vesi«f
Aumliery Wtè\ Hemov*! Sy
Heéctor Sci4m Syttrnt

914 MWr
31 6 \
4
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