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INTRODUCTION 

In 1988, shortly after this Working Group was given a stafjs report on nuclear 
technology in Canada, the Canadian Parliament's Standing Committee on Energy, 
Nines and Resources [1) concluded that: 

maintaining the nuclear power option is vital to Canada's interest, 
as it is vital to the interests of society in general. There is a 
compelling case to be made in support of continued nuclear develop
ment , a case based upon the future inadequacy of conventional 
petroleum resources and upon the environmental degradation arising 
from burning coal in progressively greater quantities for electricity 
generation. 

This report, plus other pressures, including his ovn convictions, caused the 
federal Minister of En try, Mines and Resources, Jake Epp, to initiate a stucy 
on rationalizing, restructuring, and revitalizing the nuclear industry in 
Canada. 

Minister Epp's study has nov been completed, vith a positive result for the 
industry. Implementation of the study's conclusions has begun, including the 
restoration of research and development funding to levels equivalent to that 
of 1985, the year the funding reduction commenced. 

At the time Minister Epp initiated his study, Ontario Hydro vas studying 
electricity supply and demand prospects for the province of Ontario for the 
next 20 years. Their xeport has recently been issued |2] and calls for a 
significant continued rommitment to nuclear pover as a long-term supply 
opt ion. 

The two reports form the basis for optimism in the future of the nuclear 
industry in Canada. In parallel with these two major studies, technical 
activ ties have continued on the current projects of AECL (the CANDU 3* 
nuclear power plant and the SLOWPOKE heating reactors) and Ontario Hydro 
(Darlington A NPF and the planning for the next nuclear power plants). New 
studies to define future technical options for pover plants have begur vith 
both a 10-year and 20-year focus. 

15 *CANDU: CANada Deuterium Uranium. Registered trademark. 

NUCLEAR INDUSTR' REVTTALIZATION 

A study of the Canadian nuclear Industry was initiated in 3989 April, to 
determine the best means of revitalizing the industry and tne development of 
CANDU reactor technology |3). The study Included a requirement to examine the 
structure of the Canadian nuclear industry, to determine how it could beat 
serve Canadian needs in both the domestic and export markets. 

Representatives of the Canad.ar. federal government, the government of Ontario, 
Ontario Hydro, and AECL* formed a Steering Committee to develop and recommend 
options for revitalizing the industry. Following extensive and careful 
review, this Steering Committee agreed on a number of conclusions: 

It is essential for Canada and Ontario to maintain the CANDK system as 
an energy option, especially in the context of current environmental and 
economic considerations. CANDU reactors provide a proven and reliable 
source of economic electricity vith little or no environmental impact. 

There should be a continuation of the functions of AECL Research and 
AECL CANDU, vith suitable modifications. The basic mandates and 
missions of AECL vere agreed to be appropriate; however, it was 
recognized 'hat some realignment, particularly to permit closer working 
vith private sector companies, was desirable. 

The development and commercialization of nuclear power requires a strong 
and continuing partnership betveen federal and provincial governments, 
utilities, industry, and AECL. 

Canada's national nuclear R&D program is basically sound and represents 
an important component of Canadian science and technology; it should be 
maintained as a distinct entity under the management and direction of 
AECL. 

Additional funds are needed for the national RtL> program and for 
advanced reactor development; the funding should be a Joint 
responsibility of all beneficiaries. 

The engineering and project functions of the industry, i.e., AECL and 
Ontario Hydro, should be restructured to encourage the use of a common 
technology base, to ensure optimum utilization of resources. 

There should be increased participation and risk-sharing on the part of 
the utilities and the private sector in CANDU projects, to more 
accurately reflect the benefits they receive from the technology. 

•The names of several organizations have been changed as a part of the 
restructuring; Atomic Energy of Canada Limited is nov AECL, AECL 
Research Company is nov AECL Research and AECL CANDU Operations is nov 
AECL CANDU. 



Working Group 
Also under the direction of the Storing Committee, an AECt/Ontarlo Hydro 
Dorking Group vas set up to develop specific proposals on restructuring that 
vould satisfy the following three objectives: 

to provide a nuclear pover capability that Meets Canadian utility needs, 
to strengthen and revitalize the Canadian nuclear pover industry and 
provide a vehicle for sharing risks among the participants, and 
to maintain and develop the CANDU option. 

The working group generated a number of proposals that vill result in actions 
affecting R&D funding and the engineering and projects' organizational 
structure-
Research and Development 
In 1985 the Government of Canada announced its intention to reduce the level 
of funding to AECL by 501 over 5 years. Mver the course of that five-year 
period, AECL has invested considerable effort in prioritizing programs and 
identifying alternative sources of funding for those prograas that vere agreed 
to be necessary to Canada's national nuclear program. Efforts to increase 
commercial vor>. vere successful, and electrical utilities benefiting from the 
prograas funded RID that supported their existing facilities. However, it 
becaae clear that the entire program vould be in jeopardy if the full cuts 
vere implemented without replacement of Bore of the funding by other sources-
Minister Epp's study of the Canadian nuclear industry addressed the question 
of benefits arising from Canada's nuclear R&D program, and of ensuring that 
future needs were recognized. As a result of this assessment, the nuclear 
utilities and the government of Canada have identified the level of funding 
needed for the national nuclear program, and the additional funding has been 
contributed by all parties. The addi'ional funding vill be stable over the 
next 7 years at the folloving annual levels: 

Ontario Hydro S30 million 
Quebec 3 million 
Nev Brunswick 1 million 
Federal government 31.5 million 
Total nev funding $65.5 million 

Restructuring 
As well as the R&D activity, the study focused on the engineering, marketing, 
and project functions in which AECL CANDU is engaged. The roles of a number 
of private sector companies and the provincial utilities vere also considered 
in the context of their capabilities, duplication of resources, and the 
present and future needs of the Industry. 

It became apparent that the effectiveness of the Industry could be 
substantially improved if AECL CANDU's functions could be integrated with the 
similar functions elsevhere in the industry. The Canadian government is 
currently considering recoaaendations for changes to the mandate and structure 
of AECL that would establish the legal framework to allov such integration. 
Given such a framework, that integration vill commence in the next year or 
two. 

CANDU INITIATIVES 
A number of recent events indicate encouraging prospects for the nuclear 
industry in Canada. 
By far the most significant has been the publication in 1989 December of the 
Ontario Hydro 25 year Demand/Supply Flan for the Province of Ontario [2), 
calling for a substantial nuclear component in all of the options it has 
recommended-
On the international scene, AECL has receiveo from the Republic of Korea an 
Invitation to Bid for a second unit for the Volsong sice. 
The detailed design of tht rANDU 3 is now 50X complete and the first unit is 
likely to be built in the provi^re of New Brunswick, where NB Power wishes to 
add more units at its Point Lepreau site. In the United States, there has 
been a positive response to AECL's announced intention to investigate the 
licensing of our new CANDU 3 for introduction into the United States market. 

Ontario 
In 1984, while it still had a large surplus of generating capacity, Ontario 
Hydro recognized the lengtnening time required for the whole review process 
for new generating plants. Therefore, ic began a process oi public review, 
involving a study of available options and input fron all Ontario 
stakeholders. Recommendations from public hearings were Incorporated into a 
Demand/Supply Planning Strategy that vas submitted for public review. From 
this came the development of a recommended demand/supply strategy. In 1989 
December, the Ontario Hydro Board of Directors approved the plan that will be 
considered in public hearings before receiving government approval. 

During the Ontario Hydro planning process, a range of predictions of future 
demand, known as the low, median, and high forecasts, were developed (see 
Figure 1). Hydro then determined the capability of the existing system, with 
predicted retirements, to meet this demand. This established the shortfall 
that had to be met by load management or supply (see Figure 2). 
A number of high-priority programs were defined, with demand reduction, 
improvement of existing facilities, and purchases from others receiving 
priority over new supply. Evaluation criteria were established for each of 
the available options under these programs. The contribution of all options 
that avoided new generation was determined, and only then were possible supply 
options considered. 
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FIG. 2. Increasing needs and declining resources. 
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FIG. 3. Meeting Ontario's electricity demand. 

Figure 3 illustrates the contribution of each of the load reduction, purchase, 
and new Jupply options included in the plan. The vhite vedge in the centre is 
the nev nuclear supply that is recommended in the reference plan. The success 
of the overall plan in supplementing the existing system will require 
substantial cooperation and contribution from all sectors of Ontario society 
and industry. 
Accompanying the proposed reference supply plan is a range of nuclear and 
fessil contributions, each of which has been assessed relative to its ability 
to meet the median, low, or high g.owth scenario (see Table 1). 

The option* have been extensively examined in the context of their 
environmental impacts, such as acid gas emissions resulting from adoption of 
each of the nuclear or dossil mixes. 
The Ontario Hydro study has been very comprehensive, and puts forward a 
balanced approach to meeting the electricity needs of the province of Ontario. 
It has recommended that 10 nev CANDU units in the 880 MWe sire, which has 
become the standard for Ontario, be included as p*rt of the supply mix. These 
units vill be needed in-service between 2002 and 2014. This will require a 
project start on the first unit in 1993, with preliminary engineering starting 
immediately. The Canadian nuclear industry sees this plan as a responsible 
and thorough analysis cf the needs and a strong endorsement of the role that 
nuclear power must play in the future prosperity of Ontario. 



TABLE 1 

MAJOR SUPPLY PLANS 
(MUE) 

HIGH-PRIORITY COMPONENTS HIGHER 
FOSSIL PROPOSED HIGHER 

NUCLEAR 

MANITOBA PURCHASE 1000 1000 1000 
CONVENTIONAL COAL 2964 NONE NONE 

CANDU NUCLEAR 5300 8800 10572 
COMBUSTION 
TURBINE UNITS 

6008 5408 3708 

New Brunswick 

New Brunswick Power operates a very successful CANDU 6 at the Point Lepreau 
site. This plant has operated with a lifetime capacity factor of over 88X 
since it went into service in 1983 February. This places it at number 3 in 
the world for all power reactors 150 MVe and larger. 

New Brunswick Power is interested in AECL's latest plant design, the CANDU 3, 
a 450 MUe unit that incorporates the latest in technology and is Sized to 
•atch the load grow'h of a small to medium-sized utility. Discussions have 
been ongoing to establish the appropriate commiLcial conditions for Lepreau-2, 
which would be the prototype CANDU 3, with an in-service date of 2996. AECL 
plans to enter into formal negotiations with New Brunswick Power in the near 
future. Meanwhile, the New Brunswick government has indicated its interest in 
the purchase of a second CANDU 3, in the 1997 time-frame, also for the Point 
Lepreau site. 

Korea 

The Invitation to Bid that AECL has received for Uolsong-2 calls for a second 
CANDU 6 unit similar to the Volsong-1 unit. KEPCO has operated Uolsong-1 very 
successfully since its in-service date of 1983 April, and to date has achieved 
a lifetime capacity factor ox over B\%. The Korea Electric Power Corporation 
(KEPCO) has indicated its intention to have Uolsong-2 in-service in 1997. 
AECL and Canadian equipment suppliers velcome this opportunity to contribute 
to the development of Korean industry and energy supply. 

United States 

In 1988 December, AECL Technologies, an American firm, was created 
specifically for the purpose of obtaining a standard design certification 
approval and ultimately a construction licence from the U.S. Nuclear 
Regulatory Commission (NRC), to permit introduction of CANDU into the U.S. 
market. 

In 3989 May, AECL Technologies informed the NBC of its intent to seek design 
certification of the CANDU 3. In 1989 July, the NBC requested a licensing-
review-basis document. This process has begun and the first abstract of a 
technical report has been submitted for their review. 

The NRC has conducted visits to Canada and communicated with the Canadian 
Atomic Energy Control Board. AECL has also conducted meetings with the 
Electric Power Research Institute (EPRI) and the Department of Energy, with 
the aim of complying wherever possible with requirements established by EPRI 
and the U.S. utilities for future nuclear plants. CANDU reactors should meet 
all of the requirements currently being established for U.S. plants ar.d also 
retain the well-known reliability and operability features that have placed 
them among the most reliable operating plants in the world. To further this 
activity, AECL has established d new organization, The Pressurized Heavy-Uater 
Power Reactor Associates, to provide a base of knowledge on CANDU reactors to 
all interested U.S. utilities or other members of the nuclear community. 

AECL's long-term objective is to be able to deliver a complete CANDU plant 
built in the United States. AECL has had discussions with architectural, 
engineering and construction firms; utilities; component manufacturers; 
consulting organizations; design organizations; and other qualified technical 
groups. The hope is to assemble a strong CANDU vendor organization to provide 
complete services to its customers. 

CURRENT PROJECTS 

CANDU 3 

AECL is designing the CANDU 3 to be safe, simple, standardized, and 
economically competitive with coal-fired units in its sizt range. The design 
principles and the construction methods utilized to give a short construction 
time have been previously described [4,5,6,7]; this paper updates progress 
made since 1988. 

The design of the main syvems is now 40X complete and is proceeding on 
schedule for the Point Lepieau 2 targets given above. To assist the 
designers, computer-aided design and drarting (CADD) techniques are being 
extensively employed, applications specific to CANDU are being developed, and 
some proprietary applications from the CADD supplier, Inertgraph, are being 
adapted or specialized in a joint effo .. by AECL CANDU and AECL Research. 
Since 198B, the focus has been on radically redesigning the man/machine 
interface and the central control room to exclusively adopt CRT-based 
information and control methods, and provide for the inclusion of computerized 
emergency operating procedures: "smart" alarm annunciation and call-up of 
context-sensitive information display, and operator aids like fault diagnosis. 
These advanced techniques are also being developed cooperatively by AECL CANDU 
and AECL Research. 



The development and testing of new in-reactor components is veil underway. 
The flow-assist hardware required to enable single-ended, on-power refuelling 
is 70S through the development stages. The nev zone-control-absorber design, 
development . nd testing vill be completed this year. Finally, a third 
cooperative venture between AECL CANDU and AECL Research, the development of 
rolling and welding methods for making the joints of the fuel channel, is veil 
advanced [8). 

Ontario Hydro CANDU A 

The next nuclear project, code named CANDU A (4x880 KVe) with a scheduled in-
service date of 2002, will be standardized utilizing the Darlington NGS A 
design 19). The principal innovation vill te the application of advanced 
information technology: computer-aided engineering and design (CALMA Plant 
Design System), a project database management system (IMCS), and state-of-the-
art project management systems in scheduling, cost management and materials 
management. The information systems will be fully integrated between systems 
and organizations, i.e., design, construction and operations. 
Some changes vill be made to the reference design (DNGS A) to improve 
constructability, e.g., vacuum building redesign, and plastic models vill be 
used to improve site access. To achieve 72 months from first concrete to in-
service of the first unit, it is planned to have 6SZ of the engineering 
complete by first concrete. This approach should minimize construction rework 
and facilitate construction planning. 

AECL CANDU will be working closely with Ontario Hydro in the early stages of 
the project by assigning staff to work in the project team at Ontario Hydro. 
In addition, they will be responsible for the reactor control and shutdovn 
system design, as on Darlington NGS A. 

The design vill be assessed against the lover occupational dose limits that 
are anticipated soon. A full human-factors program vill be implemented to 
ensure that the plant is "user friendly". 

SLOWPOKE Energy Systems 

Many countries in the Northern Hemisphere consume between 25X and 50X of their 
primary energy in heating buildings. Therefore, governments have started 
encouraging the introduction or expansion of municipal district heating 
systems. This is an energy sector vhich can be served readily by nuclear heat 
sources (10J. 

AECL has developed the SLOVPOKE Energy System 111), a simple nuclear heat 
source capable of supplying 10 HW of thermal energy in vater at 85*C. The 
SLOWPOKE is a pool-type reactor vith the reactor core, coolant riser duct, and 
the primary heat exchangers installed in the pool (see Figure 4). 

The pool itself is a steel-iined concrete container with an air gap between 
the two vails for detecting leaks. The pool vater serves HS moderator, 
primary heat transfer medium, and shielding. The core is cooled by natural 
circulation through plate-type heat exchangers, and because the pool is at 
atmospheric pressure, loss of coolant by depressurization is impossible. 
There is no nuclear pressure vessel, no primary pump, and no need for 
emergency core cooling. 

FIG. 4. 10 M W Slowpoke energy system. 

A pumped secondary circuit delivers heat to the district heating system by way 
of the secondary heat exchanger. In the event of a loss of secondary flov, 
the large pool volume delays core temperature rise so that thermal transients 
would extend over many hours. 

All essential systems of the SLOVPOKE are automated, and instruments are 
monitored remotely. The goal is to meet all Canadian federal and provincial 
regulatory requirements in a manner that permits operation for extended 
periods vith minimal operator attention. In a hypothetical transient, 
following loss-of-regulation, power transients vould be attenuated by the 
SLOVPOKE's inherent safety features, namely a negative fuel-tempersti'te-



reactivity coefficient, negative coolant-temperature coefficient and negative 
coolant-void-reactivity coefficient. The shutdown system automatically 
terminates all transients safely. 

Construction of the SLOVPOKX Demonstration Heating Reactor at the Uhiteshell 
Laboratories started in the spring of 1985, and the reactor st-.rted operation 
in 1987. This 2-MU reactor was built to validate the technical, economic, and 
safety feetures of SLOwPOKD. The technology is nov demonstrated and the 
program is being extended to study simulated accident conditions. The 
economic analysis has shown that the unit ener<-v cost of heat from a SLOWPOKE 
Energy System is 2 cents per kV-h assuming a 50X load factor. This cost 
includes the capital, fuel, operating and maintenance, spent fuel management, 
and decommissioning. The economic analysis vas based on a 30-year 
..•wrtization period for the capital. The energy cost is marginally less than 
that from oil today, and it is expected that, by the turn of the century, 
SLOWPOKE's unit energy costs will be about two-thirds those of oil. 

FVTUIffi DIWRCnOHS 

The review and assessment of the future for nuclear power and the nuclear 
industry' discussed above was paralleled by a technical review and assessment 
of the future development of the CAS'DU. 

These activities are broadly categorized against three time-frames: 

•odification and improvement of the current plant designs, 

introduction of significant simplification and passive design features 
circa 1998 but retaining the basic features of the present nuclear-
reactor design, and 

provision of conceptual variations of CANDU for 2010 that substantially 
improve safety, increase performance, and reduce costs. 

The principles and common objectives of the first two future design-related 
developments, to demonstrably improve safety levels, lie in srveral 
directions-. 

overall plant simplification, 
increased use of passive design features, 
increased tolerance to operating transients and upsets, 
improved man/machine interface, 
improved testability and on-line "state-of-health" monitoring, and 
improved containment capability and reliability [12 J -

While the foregoing directions are separately identified, there are important 
links between them. In some cases, these links will be mutually supportive; 
in others, there will be conflict. The challenge to the management of the 
design process will lie in maximizing the overall benefit of supportive links 
and in reaching an optimum compromise in the case of conflicting ones. 

The individual safety-related directions can be discussed in terms of thest 
links. This discussion will, however, be illustrative rather than 
comprehensive, but should identify the key considerations involved. 

Starting with overall plant simplification, this can directly improve the 
man/machine interface because, by and large, a simple plant is easy for the 
operator to understand. Simplification should directly assist testability and 
"state-of-health" monitoring: there are fewer things to test and monitor. A 
simple containment system will almost certainly be more reliable. 

Turning next to increased use of passive features, this can lead to 
simplification, because passive systems are generally highly reliable, and 
hence may reduce the need for back-up systems. They may veil assist the 
man/machine interface: fewer operator control and/or monitoring functions 
would be necessary. Passive post-accident heat removal from containment 
should improve reliability of this important function |13). Consideration of 
the trade-offs involved will be required to avoid increased capital costs and 
decreased maintainability. 

Increasing the tolerance to operating transients and upset provides a 
potential benefit in terms of the man/machine interface, e.g., few operator 
actions will be required and more time will be available for performing these 
actions. However, some increase in capital cost--larger reactor core site, 
larger steam generator water storage, etc.—should be expected. 

Improvements in the man/machine interface will not only benefit rafety through 
reducing operator error, but will also improve production reliability. In 
Canada, most designers and operators believe this is probably one of the most 
important directions we should be taking in terms cf potential benefit to both 
safety and operational reliability. Given the current rate of advancement in 
the relevant technology areas, we believe that little, if any, additional 
capital-cost penalty will be incurred. 

The direct benefits of improved testability and on-line "state-of-health" 
monitoring are obvious, not only in terms of safety but also, potentially, in 
terms of enhanced production reliability. 

Improved containment capability and reliability is concerned mainly with 
Improved safety, because containment fulfills no direct production role. 
However, containment impairments can adversely affect production reliability 
through mandated plant outages and periodic pressure testing. Once again, 
simplification and improved testability can be beneficial in improved 
production leliability. 

SUHHART 

Vithin the Canadian nuclear industry there is great optimism for the future. 
The nuclear industry study has resulted in recognition of the need for strong 
support of the R4D program and has established the basis for a restructuring 
that will enhance the industry's effectiveness. At ir.s same time, the 
emerging opportunities for projects both in Canada and internationally provide 
touch to look forward to. 

The increased funding for research and development activities in support of 
advanced CANDU projects provides a base for both long-term development and the 
necessary underlying research. 
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NUCLEAR POWER IN CHINA: STATUS AND PERSPECTIVES 

Wenquan SHEN 
China National Nuclear Corporation, 
Beijing, China 

Nowadays, the necessity of nuclear power devetopaent in China 

is undoubtedly realized by the people and government authorities 

because of the uneven distrbution of hydro resources,the pollution 

of coalfired power . and the heavy burden of coal transportation 

problems.aaking it impossible to meet the 'nreasing energy demand 

in the Southeast coast industrialized areas.But nuclear powfrr deve

lopment in China is still at initial stage. Basically, it has been 

decided that nuclear pover development can not be done as boldly 

as with other urgently needed industries in China. This is an un

derstandable and wise policy. An adequate amount of KPP could only 

be built at the coast areas, where the nuclear power may take an 

important role in the energy supply structure. Totally speaking, 

about 6 GVe will be generated by NPP around year 2000. 

For the time being, the main purpose of nuclear power deve

lopment n China is to grasp the technologies of NPP design,cons

truction and operation. In other words, the purpose of technology 

is prior to the purpose of eletricity generation.lt is foreseeable 

that, after year 2000. nuclear power could be developed relatively 

faster in China. Therefore , the last decade of this century is 

very important and strategical for decision making of what is the 

way of next century for nuclear power in China. 
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