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Dear Dr. Cote:
We are pleased to submit our report entitled "Lepreau 2
Environmental Impact Statement". Our report has been designed to address
the guidelines issued to Maritime Nuclear by the Environmental Assessment
Panel. The report contains a description of the proposed project, an
analysis of the environmental effects and a description of the proposed
monitoring programs.
Although this project has been a joint undertaking of Washburn &
Gillis Associates Ltd. in association with SENES Consultants Limited and DPA
Consulting Ltd., the project team was assisted by a number of specialists
from various firms. Material for several sections of the report was
provided by NB Power. A list of the specialists and their contributions
follows this letter.
We have enjoyed working on this most interesting project and have
benefited from the close working relationship with project staff of Maritime
Nuclear and NB Power. We would be pleased to discuss our report with you at
your convenience.
Yours very truly

Owen V. Washburn
President
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CONTRIBUTORS TO THE REPORT

The consulting team for this project was drawn mainly from the
staffs of Washburn & Gill is Associates Ltd., SENES Consultants Limited and
DPA Consulting Limited. NB Power was responsible for final report
reproduction and provided a number of sections of the report. These
include:

- Chapter 2

Description of the Proposed Unit, except Section
2.10 which was prepared by the consulting team
from information supplied by NB Power,

- Section 3.3

the Environmental Radiation section of the
Description of the Bio-Physical Environment.

- Chapter 5.0
-

Releases of Radioactivity to the Environment.

Section 7.8 ,8 the Community Cohesion and Lifestyle section of
Impacts on the Social and Economic Environment.

- Appendix B

Decommissioning

- Appendix C

Transportation of Used Fuel

- Appendix D

Long-term Disposal of Used Nuclear Fuel

- Appendix E

Emergency Planning

- Appendix F

Listing of Postulated Accidents Which Form the
Safety Analysis Requirements

Major contributions were received from Atomic Energy of
Canada Limited for the preparation of the Safety Analysis section of Chapter
2 and Appendix B, Decommissioning.
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The consulting team was augmented by a number of specialist
consultants. These included:

- Professor Ken Burke (Geology)
- A. H. Jackman (Nuclear Engineering)
- Water Management Services Limited (Groundwater Hydrology)
- Keith Philpott Consulting Limited (Oceanography)
- Drs. P. W. Wisner and J. E. Edinger (Thermal Plume Modelling).
- Helm Associates Ltd. (Construction Impacts)
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1.0

INTRODUCTION

Maritime Nuclear, a joint undertaking of Atomic Energy of Canada
Limited (AECL) and the New Brunswick Electric Power Commission (NB Power),

I

proposes to construct a second CANDU 600 MW nuclear-powered generating unit

•

at the site of the existing Point Lepreau Generating Station, in New

"

Brunswick. The second unit will be similar to the Lepreau 1 design with

I

modifications to take into account any updated codes and standards.

It will

be built adjacent to the existing Lepreau 1 unit, with construction
I

scheduled to start late in 1985 to meet projected market demands in New
England in the very early 1990's. Electricity generated by this second unit
will principally be exported to the New England States initially, and will

I
I

later be used domestically as demand develops.

Feasibility studies for the project now are underway and are
funded by the Government of Canada, and hence the project falls under the

I

umbrella of the federal Environmental Assessment and Review Process (EARP).
The Department of Energy, Mines and Resources, as the initiating federal

•

department, referred the project on July 18, 1983 to the Minister of the

4

Environment for a formal review under EARP.

Due to the substantial

prov. jial implications of the project, and the existence of a similar
I

environmental assessment process in the province, Environment New Brunswick
was invited to participate in the environmental assessment process.

I

Consequently, a joint federal-provincial Review Panel was established to
undertake the review and to report to the Ministers of Environment of the

"

I
I

two levels of government. This report has been prepared in response to

I
I
guidelines issued by the Review Panel. The guidelines are included in this
report as Appendix A.

m
'

The Point Lepreau Site is located on the Bay of Fundy,

I

approximately 80 km (50 miles) from the Maine-New Brunswick border and 42 km

|

(25 miles) to the west of the City of Saint John. Figure 1-1 shows the site

â

in relation to the local communities.

•

The site now has an operating station with one 600 MW CANDU unit.
It has received approval from the Atomic Energy Control Board '(AECB) as a

I

two-unit site and has the capacity to house four units. The site approval
for the second unit is subject to reaffirmation by AECB in view of the time

(

elapsed since approval was issued in 1974.

_.

'

1
The first unit at Point Lepreau has been operating since the

•

spring of 1982. For this unit a complete technical data base is
established, and all the licensing documentation as well as all the project

•

management and other relevant documentation exists. Such design changes as
may be unavoidable since work on the first unit was completed will be

m

incorporated in the design of the second unit and a document base will be

*

established for the second unit. These design changes may be necessary
because of:

I
the unavailability or obsolescence of some
equipment used in Unit 1,

I

the need for compliance with new regulatory
requirements, codes and standards,

f
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substantial improvements in the ease of
I

construction or operation.

|
,

The intention is to make the nuclear steam plant and the balance
of the plant of Unit 2 as identical to the design of Unit 1 as possible.
The reactor building, service building and the emergency power

1

system/secondary control room will be nearly exact replicas; one pump will
be added in the emergency water supply pumphouse to provide the additional

'

demand for a Unit 2 emergency water supply system. At present, the intent
is to repeat the heavy water up-grading structure and the high pressure
emergency core cooling tanks and building for the second unit. The turbine
building, the standby generators and transformers will be repeated and the
switchyard extended.

In addition, the existing administration building will

be extended.

1.1

Organization of the Report
The guidelines issued by the Lepreau 2 Environmental Assessment

Panel identify six priority issues and concerns.

-

Impacts on the Biological Environment

-

Impacts of Radiation on Humans

-

Impacts on the Socio-economic Environment

-

Monitoring

- Emergency Planning
-

Decommissioning
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In order to understand the impacts of the proposed undertaking, a
description of the project is presented in Chapter 2. The biophysical
setting for Lepreau 2 is outlined in Chapter 3. Also presented in Chapter 3
are the background levels of radiation in the various components of the
environment. The socio-economic setting for the Leprsau 2 project is
presented in Chapter 4.

The impacts of the proposed project are considered in Chapters 5
through 7, with Chapter 5 dealing with the impact of radiation on humans,
Chapter 6 dealing with impacts on the biological environment and Chapter 7
dealing with impacts on the socio-economic environment. Monitoring issues
are discussed in Chapter 8.

Discussion of decommissioning and emergency planning are provided
as Appendices B and E respectively. Other appendices include discussions of
the transportation and long-term disposal of used fuel (Appendices C and D)
and some factors considered in safety analysis (Appendix F ) .

1.2 Methodology and Approach
Traditionally, environmental impact statements have been presented
by describing the project in as much detail as possible at the time of the
analysis and providing a comprehensive description of the surrounding
environment. This approach has often led to extensive documentation which
has been provided to avoid the possibility of some impact or area of
interest being overlooked.

Such an approach is understandable since

proponents were usually working to very genera' guidelines and public input

I
I
I

was often not obtained until after the Environmental Impact Statement (EIS)

*

was published.

J

ensure that all issues subsequently brought forward would be covered.

Therefore, a wide coverage of information was provided to

This "broad brush" approach has been criticized since it was an
inefficient use of resources and tended to diffuse the focus of the EIS.
Several aspects of the present study have dictated a much more focused
approach leading to a more "issue"-oriented EIS.

The present study has the advantage of having as the subject
matter, a second nuclear unit on the site of an existing, almost identical,
unit (Lepreau 1 ) . Lepreau 1 was the subject of an extensive environmental
assessment. All the participants in the present study (the public,
government agencies, the panel and the proponent) have the benefit of the
knowledge of the environmental and socio-economic issues associated with
Lepreau 1. Furthermore, in the design of the cooling water system (intake
and outfall) the potential impacts associated with a two-unit operation were
considered and the system was designed to accommodate two units.

Since the environmental studies for Lepreau 1 were completed
within the past 10 years, much of the background environmental information
has been documented and only required a review and update in the present
study. Many monitoring programs put in place for Lepreau 1 serve equally
well for Lepreau 2 (e.g., the pre-operational, and operational environmental
radiation monitoring programs of NB Power and the Bedford Institute of
I

Oceanography's monitoring program in the Bay of Fundy).
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A second aspect of the present study providing a unique
perspective is the public participation program undertaken by the panel
before preparing guidelines. This program, which included three workshops
in the communities near Point Lepreau and two days of public meetings
(scoping workshops) in Saint John, is described in the guidelines
(Appendix A ) . The opportunity for the public to discuss the issues and make
their views known to the panel means that such issues were identified early
and allowed the study to focus on them.

A third aspect, providing focus and specific direction to the
present study, is the guidelines themselves. The guidelines have identified
the issues to be addressed.

In reviewing the literature, the baseline information, and from
direct knowledge of the area and the experience with Lepreau 1, the
proponent and the consultant team have considered a broad scope of issues.
The major effort and the focus of this EIS has, however, been directed
toward addressing the issues identified in the guidelines.

In taking this

approach, it is believed that all important issues associated with the
construction of Lepreau 2 have been considered and discussed in this
Environmental Impact Statement.

The study team also benefited from discussions with a Scientific
Advisory Group established by the panel to assist in the development of

I
I
methodology for a study plan. The study team met with each of the members
of the Scientific Advisory Group and discussed with them the proposed
approach to the study.

It was agreed that the methodology proposed by the

study team was appropriate.

I
I
•
g

2.0
2.1

General

•
I

DESCRIPTION OF PROPOSED UNIT

Lepreau 2 will be a 600 MW CANDU unit, in which the fission of
natural uranium fuel in the nuclear reactor produces heat (see Fig. 2-1).
This heat is carried to the steam generators by the "heavy water" (DoO)

I

coolant under pressure, which is then pumped back to the reactor core; the
entire circuit is called the primary heat transport (PHT) system.

In the

I

steam generators the heavy water transfers its heat to ordinary light water,

i

which is turned into steam.

!

The steam drives turbines, which in turn drive electrical
generators. The exhaust steam from the turbines is passed to the condensers

1

where it is condensed and the resulting feedwater is pumped back'to the
boilers through a series of feedwater heaters and a chemical purification
system.

At the Point Lepreau Generating Station, cooling water used to
condense the steam is taken from the Bay of Fundy on the west side of Point
Lepreau, passed through the plant, and returned to the Bay of Fundy on the
i

east side of the point.

Electrical power to run the generating station is taken from the
generator output, or from the utility grid. Auxiliary power sources are
provided to safely shut the equipment down, if the main power source is
I

interrupted.

3. Steam
pressure turns
turbine

4. Turbine shaft turns
generator rotor to
generate electricity
Turbine

5. Power lines take electric power to
communities

F
se
00

2 'Heavy water' coolant
transfers heat from fuel to
boiler where ordinary water is
turned into steam

SE
*•
CD
t—

r-

6. Sea water cools used
steam to condense it to water
7. Water pumped back
to the boiler
Reactor

Pump

rn

1. Heat produced by
fissioning uranium fuel
in reactor

FIGURE 2 - 1
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Since failure of components within the nuclear system could result
in the release of radioactivity, the nuclear equipment is housed in suitable

|

containment structures, such as the reactor building and the used fuel bay.
These are designed to withstand accident conditions, and also serve to

j

minimize the release of radioactive contamination during normal operations
and upset conditions.

2.2

External Appearance and General Layout
A general plan of the station with Units 1, 2, and auxiliary

buildings is shown in Figure 2-2. The Unit 2 complex will be constructed
adjacent to and south of Unit 1. The relationships between the component
!

buildings, their height and volume have been determined by the standardized
and specific requirements of the power generating process which they house.

I
j

The Unit 2 complex is similar in appearance to Unit 1. The

I

».
reactor building, constructed of reinforced prestressed concrete, gives the
whole complex its unique form. Other structures in the complex are of steel
construction with precast concrete and metal siding.

i
I

As with Unit 1, wherever possible, the shoreline of the
peninsula will be left in its original state. There will be an attempt to

1

preserve a buffer zone of vegetation along the shoreline which will be of

I

sufficient width to enable it to regenerate and continue to survive as
part of the surrounding forest.

I
I
I
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More detailed site landscaping plans and architectural drawings
for Unit 2 will be developed during the project design phase.
2.3

Reactor and Auxiliary Systems
The arrangement of the main components and equipment of the

nuclear steam supply system is shown in Figure 2-3. A simplified flow
diagram is shown in Figure 2-4.

2.3.1

Reactor
The reactor (see Fig. 2-5) consists of a cylindrical stainless

steel calandria structure which contains the heavy water moderator,
reactivity control mechanism and 380 fuel channel assemblies. The fuel
channel assemblies are located in the calandria and contain the fuel and
heavy water coolant in pressure tub»s. The gap between each pressure tube
and calandria tube is gas-filled to provide thermal insulation. A cooling
system is provided to dissipate heat transferred to the moderator from the
high temperature fuel channels as well as the heat generated in heavy water.

The calandria is supported by the end shields, which provide part
of the operational shielding, as well as full shutdown shielding between the
reactor and the fuelling machine operating areas. The end shields also form
part of the concrete shield tank which surrounds the calandria and contains
the light water used for shielding and cooling the reactor. The fuel
channels penetrate the end shields, and are supported by them.
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Source: AECL
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I
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The caiandria and end shields are housed in the concrete vault
which is steel lined, and is filled with light water to serve as a cooling

I

medium and radiation shielding.

Each of the fuel channel assemblies consists of a zirconium
niobium alloy pressure tube which passes through the calandria and is
joined to a stainless steel end fitting at each end. These end fittings are
housed in the end shields and provide inlet and outlet connections for the
primary heat transport water and connecting points for the fuelling
machines.

. Vertical and horizontal zirconium alloy tubes cross the calandria,
passing between the rows of fuel channels to accommodate the reactivity
mechanisms described in Section 2.3.4.

2.3.2

Primary Heat Transport System
The primary heat transport system circulates pressurized heavy

water through the fuel channels to remove the heat produced in the fuel.
The heat is transferred to ordinary light water in the steam generators
located inside the reactor building, with the light water being converted to
steam which drives the turbine-generator. The system includes four
circulating pumps, four steam generators (boilers), a pressurizer and the
interconnecting feeders and headers. Water chemistry control is provided to
limit the buildup of radioactive corrosion products. Close attention is
given to minimizing the escape of heavy water, and collection systems are
provided to recover any leakage.

2-10
A shutdown cooling system is used to cool the fuel when the main
system pumps are not in use. Part of this piping is also used to direct
emergency core cooling flow should a pipe rupture in the primary heat
transport system.
2.3.3

Moderator System
Neutrons produced by nuclear fission are moderated (slowed down)

by the heavy water in the calandria. This heavy water is circulated and
cooled in a relatively low temperature, low pressure system, consisting of
two pumps and two heat exchangers. Auxiliary systems are provided for
chemical purification and the addition of chemicals (called "poisons") which
will absorb neutrons. This is done to control the rate of power production.

2.3.4

Reactivity Control Mechanisms
Flux detector devices are provided in and around the core to

measure reactivity, and reactivity control devices are located in the core
to control the nuclear reaction.

•

•»

The in-tore flux detectors are used to measure the neutron flux in
14 different zones of the core. These are supplemented by ion chamber
assemblies mounted in housings on the calandria shell. The signals from the
incore flux detectors are used to adjust the light water level in liquid
zone control assemblies. Varying the water level in these assemblies
changes the local neutron absorption in each zone of the reactor, thereby
controlling the local neutron flux level and total reactor power.

I
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Solid control absorbers penetrate the core vertically. These
movable rods contain materials which absorb neutrons and are used to control

I

the neutron flux level at times when a greater rate or amount of reactivity
control is required than can be provided by the liquid zone control

J

assemblies.
Tubular adjuster rods, much like the solid control absorbers, are
left in the reactor during normal operation to flatten the neutron flux,
i.e., to ensure that the generated power is evenly distributed throughout
the reactor. By reducing the flux intensity in certain areas of the
reactor, it is possible to raise the average power taken from the individual
fuel channels without exceeding the maximum allowable power in any of the
channels. These rods can be removed from the core after a sudden power
reduction to permit a quick return to operation.

Long-terra reactivity variations are controlled by the addition of
a neutron absorbing liquid to the moderator. Control is achieved by varying
the concentration of this "absorber" in the moderator. For example, the
liquid "neutron absorber" is used to compensate for the excess reactivity
i

which exists with a full core of fresh fuel at reactor startup.

i

j

Tubular stainless steel adjuster rods are used for controlling
in-core radioactivity levels. Removal of these adjuster rods provides the

I

excess reactivity necessary to overcome the buildup of the neutron absorbers
following a power reduction.

I
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solution into the moderator.

2.3.5. Auxiliary Systems
'

.

:ic:ited w''•• ••

transport, moderator and reactor control ; ,

.

\

There are a number of auxiliary

>jst r.::.r.-

auxiliary systems are:
- shield cooling system
- spent fuel bay cooling and pjrif-- - -

.-/.'• ->.i

- liquid zone control system
- annul us gas system
- moderator liquid poison (neui :; iV

•.*) :yz:err

- PHT shutdown cooling system
- resin handling system
- primary heat transport purif- • -.• >
- moderator purification systems
- heavy water storage/recovery ce' • •

/s-em.

- heavy water management systt?'-- heavy water sampling systems

2.3.6

Fuel Handling
The reactor is refuelled on-pcwe>"
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FIGURE 2 - 6
FUEL HANDLING SYSTEM SCHEMATIC
Souice: AECL
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fuelling machines, one located at each end of the reactor (see Fig. 2-6).
These machines, working at opposite ends of the same fuel channel, remove
used fuel and insert new fuel while the reactor continues to operate.

Used fuel is transferred underwater, through a canal, to the used
fuel bay which is located in the service building. The used fuel bay has a
storage capacity for ten years' accumulation of used fuel, and can be
extended as required.

2.3.7

Fuel
CANDU reactors are fuelled with natural uranium in the form of

cylindrical pellets of uranium dioxide (U0 2 ) sealed in zirconium alloy
sheaths to form fuel elements (see Fig. 2-7). Each fuel bundle, containing
37 of these fuel elements, is about 19.5 inches (0.5 m) long and weighs
about 52 pounds (23.6 kg). A CANDU 600 MW unit requires an initial fuel'
loading of 4,560 bundles, and its operating requirement averages 16 bundles
a day or about 110 per week.

2.3.8

Containment Systems
The nuclear steam generating equipment is housed in the reactor

containment building (see Fig. 2-8). Because of the large amount of energy
stored in the reactor coolant system, the building is designed to withstand
a significant internal pressure pulse. The cylindrical concrete structure
is post-tensioned for increased strength and has an epoxy liner to minimize
leakage. The building and essential equipment are designed to withstand a
major earthquake.

END VIEW INSIDE
PRESSURE TUBE
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3 ZIRCALOY END CAP
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8 PRESSURE TUBE

FIGURE
Source: AECL
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An automatic dousing system is provided to condense and cool steam
and water released in the event of a major rupture of the primary heat

I

transport system. This will quickly reduce pressure within the building.
Water for this system is stored in a tank, dedicated to this use, above the
reactor and is discharged through a system of valves, headers and spray
nozzles to ensure good spray distribution.

Further cooling is provided by the building air coolers. Air can
be discharged from the building through filters designed to remove
radioactive contaminants. Any valves and dampers which are open during
normal operation will automatically close to provide containment isolation
during major upset conditions.

In the event of a major rupture of the primary heat transport
system, water escaping from this system, together with dousing water and
water from the emergency core cooling (ECC) system, would accumulate on the
floor of the reactor building. This mixture of light and heavy water is
recirculated to keep the fuel cool. Equipment would then be assembled to
decontaminate this water before it is released from the building.

During normal operation, the containment building controls the
release of contamination from the reactor systems. All ventilation air is
dried (to recover heavy water and prevent the release of tritium), filtered
by the clean air system, monitored by the Gaseous Effluent Monitor, and
discharged through the stack. Any liquids escaping from the equipment are
collected and held in tanks. Heavy water is purified and upgraded for
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re-use. Other water is sampled, and monitored as it is released, under
controlled conditions.
Under upset conditions, some water may be released from the
nuclear systems into the reactor building. This would be contained within
the building and collected by the systems described above. There would be
no significant release from the building.

In some cases helium (used as a

cover gas in some liquid filled systems) might be released into the
building. While the helium would not be radioactive, it may contain some
other radioactive contaminants. These would be contained within the
building for release through charcoal filters under controlled conditions.

The used fuel is stored in water-filled used fuel bays in an area
of service building adjacent to the reactor building. This bay is designed
to withstand a major earthquake. The bay is of double-walled concrete
construction. Any leakage between the two walls is collected and monitored
to detect leakage from the bay. The bay water is cooled to remove residual
heat from the fuel and purified by filters and ion exchange columns. The
air in the building above the used fuel bay is passed through charcoal
filters before release to the environment through the exhaust stack.

2.3.9

Emergency Core Cooling System
The emergency core cooling system is a special safety system and

is provided to cater to loss-of-coolant accidents (LOCA) by supplying
cooling water to the reactor core.

It consists essentially of two reserve

light water tanks (215 m capacity) which inject water under high pressure

I
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I

to the primary heat transport system on receipt of the LOCA signal. When
this supply is exhausted, the ECC system recirculates the light water/D^O

I

mixture from the Reactor Building floor using pumps and a heat exchanger.
This recirculating mode can be employed for a long period of time (three

i

months) until the reactor has cooled after which clean-up and repairs can be
carried out.

2.3.10

Turbine Generator and Auxiliaries

The power generating equipment (also known as the "turbine
island") includes the steam turbine with attached electric generator, steam
condenser, condensate extraction pumps, low-pressure feedwater heaters,
condensate polisher, deaerator, high pressure heaters and boiler feedwater
pumps. The turbine generator has a minimum gross capacity of 680,000
kilowatts (680 MW). The net capacity of the generating unit is 630 MW,
although it is generically referred to as a 600 MW unit.

Following expansion in the turbine, the steam is converted to
water in the condenser and the heat released to the Bay of Fundy. The
feedwater is then pumped through the feedwater heaters to the steam
generators.

The equipment in the 'turbine island1 also releases flows from
vents and drains as well as some non-radioactive chemical discharges. The
collection and disposal of these is described in other sections of this
report.
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2.3.11

Instrumentation and Control Systems

Amain control room is provided for remote, centralized monitoring
and control of plant operation. Provision is made to ensure continuous
operation of main instrumentation and control equipment in case of failure
of normal station power supplies. A redundant two-computer system forms
part of the station control system. Either computer is capable of providing
safe and reliable control of the plant. A secondary control area is
provided to permit a safe shutdown of the unit under certain accident
conditions which would disable the main control area.

2.3.12

Power Systems

The power supply and distribution systems are generally similar to
those for conventional thermal power stations with one generator output
(stepup) transformer and two service transformers for the auxiliaries.
These systems include the reliability and standby power supply capacity
features specific to nuclear power stations.

The station output is supplied to NB Power's grid through a
switchyard located at the site.

Diesel generator sets, static inverters and batteries supply
emergency power to the station services in case of power loss from outside'
the station, to ensure a safe shut down of the unit and the maintenance of
essential services.

I
I
|
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2.3.13

Common Processes and Services to Both Units

The station process and service systems common to Units 1 and 2
I

will include the following:
- condenser cooling water system (common intake and discharge

I

tunnels)
- servies water system (common intake and discharge tunnels)

•

- fire protection system

I

- domestic water system
- démineraiized water system

I

- radioactive and non-radioactive liquid waste treatment system
- sanitary waste treatment facility

I

- service air systems

•

- hydrogen gas system

'

- miscellaneous equipment (laundry, etc.)

I

- radioactive waste management systems.
- chilled water system

I

- lube oil storage facility
- water treatment plant
- emergency water system

I

- 345 kV switchyard

I

2.4 Salt Mater and Fresh Water Systems
2.4.1 General Description

I

The station requires water for cooling various items of equipment,
for steam generation and for general plant operation.

I
I
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Closed systems utilizing light or heavy water (D-O) are used to
cool the calandria assembly, vault and other components described in the
previous section.

Intermediate closed systems utilizing light water are

interposed between any system which may receive radioactivity and the final
coolant, which is salt water.

Fresh water is supplied for fire protection, domestic uses and
process make-up. An emergency water supply is also available from the same
source of fresh water.

2.4.2

Salt Water System
Salt water is used in the two main cooling systems:

the steam •

condenser system and the raw service water system. The existing salt water
intake tunnel from the Bay of Fundy to the on-shore pumphouse was designed
and constructed to accommodate the requirements of a second generating unit.
The discharge tunnel from the existing discharge collection shaft to the
Bay of Fundy was also sized for the needs of two units. Unit 2 will,
therefore, make shared use of these existing facilities. However, the salt
water supply from the on-shore pumphouse of Unit 2, and the salt water
discharge from the unit to the discharge collection shaft, will be via
separate and independent piping systems. A schematic diagram of salt water
use is shown in Figure 2-9.

*

The treatment of salt water i: described in section 2.10.1.

Total maximum salt water usage for one 680 MW unit is
approximately 31.7 m3/ s (418,000 Igpm). Of this flow, about 27.1 m 3 /s

I
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(86%) is used for condenser cooling water (CCW) while the remaining 4.6
m /s (143!) is used for the service systems. During the winter months
these flows are reduced to about 65 per cent of the above values due to
cooler water temperatures in the Bay of Fundy.

2.4.3

Fresh-Mater System
Fresh water will be required during the construction and operation

phases of Lepreau 2. During the construction phase, water will be used to
supply on-site facilities, such as the concrete batching plant, and
construction related buildings, such as the construction workers'
accommodation and the catering services. Water will also be available for
fire protection at hydrants distributed around the site. The water supply
will be provided from the existing fresh water system serving Unit 1.
Normal water requirements during the construction phase will be
approximately 9.5 L/s (125 Igpm).

During operation of the proposed facility the fresh water system
will provide water for steam makeup, domestic supply, emergency supply, and
fire protection. The quantity of water required will be approximately 42
L/s (550 Igpm) in normal operation.
Fresh water will be obtained from the existing off-site Hanson
Stream Reservoir, via a pumphouse and pipeline which feed the existing
on-site reservoir.

The Hanson Stream can meet the fresh water supply

needs, both ongoing and emergency, for four generating units; thus
modifications to the supply source are not anticipated.

A pump may be added
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to the Hanson Stream Reservoir Pumphouse in order to increase pumping
capacity from the reservoir to the plant site.

The on-site reservoir has a total usable capacity of 9,450 m'
(2.08 million imperial gallons) as well as a freeboard of 550 m

(120,000

Ig). This quantity incorporates reserves for both the fire system and the
emergency water system. A study will be carried out during the design phase
of the project to examine the sufficiency of these reserves for the two-unit
station demand.

The existing on-site pumphouse draws water from the on-site
reservoir and houses fresh water supply pumps, fire water pumps, and
emergency water pumps serving Unit 1. The pumphouse is designed to
accommodate one additional fresh water pump and one emergency water pump to
increase the capacity of those two systems to serve the second unit. The
existing fire water supply system is adequate to serve two units and no
additional pumping capacity will be required. A schematic diagram of fresh
water use is shown in Figure 2-10.

2.5

Heat Dissipation System
The heat dissipation system for Lepreau 2 will be identical to

that for Lepreau 1. Termed a once-through system, it diverts water from the
Bay of Fundy, uses this water to remove heat from the turbine steam
condenser, recirculating service water hsat exchangers and other service
system heat exchangers, and then returns the water to the Bay following a
single cooling cycle through the plant. Salt water requirements have been
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I

described previously in Section 2.4.2 and are shown schematically in Figure
2-10.

I
The existing cooling water intake was designed and constructed to
serve two 600 MW units. The intake tunnel extends off-shore to a depth of
18 m below the mean sea level. This results in about 10 m of cover between
the top of the structure and the mean low water level, and satisfies the
biological objective for minimizing fish entrainment into the intake.

The entrainment of benthic organisms, including groundfish and
lobster, is also minimized because the intake opening is raised
approximately 2.5 m off the bottom. Consequently, it is difficult for
benthic organisms to move into the intake. Extra protection is provided by
a sill that projects 2 m horizontally from the top of the riser.

In addition to these features, the intake opening is covered by a
concrete cap. The horizontal extension of upper and lower lips provides a
horizontal flow rather than a vertical flow into the "T" shaped structure.
This velocity cap design has been shown, in independent studies, to lead to
an entrainment of significantly fewer numbers of fish compared to an
uncapped structure. Fish detect a horizontal flow more readily than a
vertical flow and thus the problem of fish being pulled down into an open,
uncovered structure is minimized.

The water velocity into the capped intake

is set at a value which is high enough for fish to detect but low enough to
enable even small herring to dart out of the flow.

Details of the intake

structure are described in a previous environmental study (MacLaren Atlantic

studied with the objective of minimizing their impact on the environment.

t
I
1

These studies are summarized in MacLaren Atlantic Limited (££• crt.).

I
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Ltd., 1977a). Alternative designs of the intake and discharge systems were

The Unit 2 cooling water pumphouse will be a mirror image of the

I

Unit 1 pumphouse and will be located between the shore of Indian Cove and
the generating station (Figure 2-2). The pumphouse forebay will incorporate

|

a number of features designed to minimize the impingement of fish on

•

screens. The forebay will be wedge shaped and a collection well will be

"

incorporated.

I

Operation of the well will be initiated when the need for

fish removal has been established (and at that time fish guiding devices
will be installed if required). Water velocities in the forebay and through

I

the trash racks are selected so as to reduce the possibility of impingement
of fish on the racks and filtering screens.

I

The cooling water temperature rises in passing through the heat
exchange systems within the station. The design temperature rise is 13.3°C

I

(24°F), however, the temperature rise in winter may be as much as 23°C.
The total heat rejection from the second unit into the cooling water will be

|

approximately 1,600 MW.

I

Cooling water is discharged to the Bay of Fundy via the existing
discharge tunnel and outfall structure, which was designed and constructed
to serve two generating units. The outfall structure has two separated

I

ports which provide a more rapid and complete mixing than would a single
port or many closely spaced ports. The ports are nozzle shaped and give a

I
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jet discharge in the horizontal direction. The jet effect results in a
better mixing with the cool ambient water, and therefore, a more rapid
cooling of the discharge.

The horizontal orientation of the ports and the 3 m elevation of
the port centre line above the bottom provide two additional environmental
benefits. Firstly, the jet does not contact the bottom until it is mixed
with cooler ambient water. Secondly, as the jet is not directed towards the
surface, the maximum amount of cooling by mixing takes place within the
water body and thus the surface temperature rise and any effect of the plume
on the shoreline is minimized. The outfall ports are oriented to direct the
discharge away from the shore.

The outfall structure is designed with removable stop-logs in each
of the two ports to give a jet discharge control for one-unit operation.
For two-unit operation the stop-logs will be removed since they will not be
required for jet discharge control. The discharge velocity control provided
by this design, and the careful selection of port orientation and nozzle
configuration, results in an optimal dispersion of the heated discharge and
a minimal thermal effect on the aquatic biota. The discharge tunnel and
effluent diffuser are described in detail in MacLaren Atlantic Limited
. Cit.).

2.6

Fuel Transportation and Storage
Unirradiated natural uranium is not sufficiently radioactive to

constitute a radiation hazard during transport. Regulations allow simple
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packaging, transport by common carrier (rail or truck), and mixing with
other cargo. Packages and containers must be clearly identified as
carrying radioactive material. However, because of the value of the fuel
packaging and shipping, precautions are taken to protect the fuel from
mechanical damage in transit.

Typically new fuel is received monthly in styrofoam-lined cartons
on wooden pallets, each pallet holding 36 bundles and having a gross
weight of approximately 900 kg. The average fuel throughput per reactor
is 110 bundles per week. A gross weight of 11,000 kg of fuel is required
monthly for each reactor.

Approximately one year's fuel requirements are maintained at site
in secure storage within fuel storage rooms. Fuel is transferred as
required by fork lift truck (on pallets) from the new fuel stores into the
new fuel fuelling area where it is uncrated and loaded into the new fuel
loading machine.

A conceptual schematic diagram is shown in Figure 2-11 to
demonstrate the relationship of the new fuel storage room to the fuel
loading machine and the reactor itself.

2.7 Radioactive Waste Management
2.7.1

General Description
Radioactive material is produced as an unwanted by-product of

nuclear power generation.

This radioactive waste (termed radwaste) must be
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managed in such a way that the radiation exposure to station staff and the
general public is both below prescribed limits and is "As Low As Reasonably
Achievable". This is known as the ALARA principle.

The radioactive waste management system includes all facilities
needed for dealing with radwaste.

It is designed to handle solid, liquid

and gaseous radwaste generated during normal and abnormal station
operations.

2.7.2

Solid Radioactive Waste Management
There are two distinct categories of solid waste. One is used

fuel, making up well over 99 per cent of the radioactive waste; the other is
remaining waste that accumulates as a result of station operation and
maintenance.

Used fuel is removed from the reactor at a rate of about 110
bundles for each week of fullpower operation. The used fuel is stored in a
system of Used Fuel Storage Bays adjacent to the Reactor Building. Used
Fuel Storage Bays for Unit 2 will be located some distance from those for
Unit 1. At or before the end of the useful life of the station, this fuel
will be transferred from the used fuel storage bays to another storage
location (such as a future central Canadian repository for used fuel) or to
a fuel reprocessing facility.

(See Appendices C and D for a detailed

discussion of transportation and long-term disposal of used fuel).

The remaining radioactive solid waste will be stored on-site in
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the Solid Radioactive Waste Management Facility (SRWMF), which is designed
to serve both units. It is designed with the following objectives:
to store solid radwaste in a retrievable manner;
to isolate stored radwaste from the environment; and
to minimize radiation exposure to station staff, and the
general public.

The solid wastes to be stored consist of:
general wastes such as contaminated paper,
rags, glass, wood, plastics, fabric, rubber,
etc.;
contaminated tools and equipment;
activated reactor components; and
spent filters and ion exchange resins used for
purifying radioactive process system flows.

Wastes are segregated as low-level or high-level wastes, depending
on whether the contact gamma dose rate is below or above 125 mSv/h*.

Design

of cover and wall thickness of the storage vaults in the SRWMF ensures that
the radiation level outside the vaults is below 25 uSv/h for both types of
waste storage.

* A sievert (Sv) is a unit of radiation dose equivalent and is numerically
equal to the absorbed dose (in Joules/kilogram (J/kg)) multiplied by various
factors which take into account the type of radiation in respect to its
relative potential for doing harm.

I
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I

The SRWMF was placed in service in July 1982, when Unit 1 first

.

went critical. From then until October 1983, 45 m of compacted solid

•

radwaste have been accumulated and stored in the SRWMF.

I

The most active of

these wastes had contact gamma dose rates of the order of a few mSv/h.

I
The wastes from Unit 2 will be handled in an identical manner to
those of Unit 1. The initial development of the SRWMF covers an area of

|

about 80 x 80 metres square with four vault structures (low-level waste) and

»

one quadricell structure (high-level waste).

•

It can be expanded easily as

dictated by future needs.

2.7.3

Liquid Radioactive Waste

I
I

The purpose of the Liquid Radwaste Management system is to
collect, store, sample, and monitor any liquid radwastes produced in the

I

station. The existing system for Unit 1 is described here. A separate but

m

identical system is proposed for Unit 2.

Sources
Depending on their origin, liquid radwastes are classified as "Low

I
fj

Activity Wastes" or "Normal Activity Wastes". The former come from the
laundry and showers, Service Building drains and Reactor Building drains,
and have a maximum gamma activity limited to 1 kBq/L*. The latter come from

*The amount of radioactivity contained in a given volume of material is
expressed in Becquerels, abbreviated Bq. One Bq corresponds to one
radioactive atom decaying per second.

H

I
I
•

I
T

2-35
heavy water area drains, the heavy water upgrader, decontamination centre,
plastics laundry, resin slurries and spent fuel bay purification circuits,
and have a maximum gamma activity of 1 MBq/L.

There are five storage tanks, each of 50 m capacity; two are
for normal activity and three are for low activity wastes. Experience with
Unit 1 indicates that ian average of about 30 m of each category of waste
is collected each day.

Sampling and Disposal
Facilities are provided for recirculating the contents of any
tank. This is done to achieve good mixing so that a sample drawn off after
an hour will be representative of the contents of the tank. This sample is
analysed in the Chemistry Laboratory for radionuclide content. The results
of this analysis will guide the Shift Supervisor, who must authorize all
liquid radwaste discharges. Most tank contents are pumped to the condenser
cooling water discharge duct, diluted and discharged to the Bay of Fundy.

If the sample of the tank contents indicates an activity higher
than permissible, the contents of the tank can either be held until the
activity decays sufficiently, or they can be purified by routing them to the
Used Fuel Bay Purification System.

In the first year of operation of Unit

1, neither procedure has been found necessary.

Monitoring
During the discharge from any of the five liquid radwaste storage

I
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tanks, a small continuous sampling flow is routed to the Liquid Effluent
Monitor (LEM), which has a control and a compliance function. The control

8

function is to terminate the discharge automatically if activity above a

•

preset limit, and the compliance function is achieved by a subsequent
detailed laboratory analysis of the proportional sample collected by the

I

monitor. This result is reported to demonstrate compliance with statutory
requirements.

Details of radionuclides released from Unit 1 in 1982 are

I

given in Section 5.6.

2.7.4

Gaseous Radioactive Waste

•

Gaseous effluents are dispersed to the environment via a stack
which exhausts at about 50 m above ground level. Gaseous emissions are

I

collected in holding tanks and released on a batch basis after sampling.
Continuous purification and monitoring are undertaken before discharge.

Ventilation Flows Exhausting to the Stack
Potentially contaminated air in the ventilation system comes from
four sources:

I
I
I

(a) Central Contaminated Exhaust System - The air from this
system is filtered using a roughing pre-filter followed by a

|

High Efficiency Particulate Air (HEPA) filter which removes

_

particulates greater than 0.3 mm in diameter with better than

™

99.97% efficiency.

|

(b) Reactor Building Exhaust System - Ventilation exhaust air

I

I
1
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from the Reactor Building is passed through a roughing
I

pre-fiHer, a HEPA filter, an activated charcoal bed

-

impregnated with a complex chemical compound, TEDA, to remove
radioiodines, and a final HEPA to trap any particulates from

I
|

the charcoal bed.

(c) Used Fuel Bay Exhaust System - Filtration of this air is
identical to that of the Reactor Building Exhaust System.

i

(d) Heavy Water D.,0 Upgrader Tower Exhaust System - Air from
this system is unfiltered.

I
In areas of the reactor building where tritium occurs, the Closed
Cycle Vapour Recovery (CCVR) System extracts much of the tritium before the
air is passed to the Reactor Building Exhaust System. The purpose of CCVR
is to recover heavy water vapour from those areas of the station which
I
!

contain heavy water systems.
Stack Monitoring
The Gaseous Effluent Monitor (GEM) continuously monitors the
radioactivity content of the stack exhaust flow.

Air is drawn from the stack through an isokinetic probe to the
GEM, where it passes through a particulate filter, an activated charcoal
filter and a noble gas chamber. The particulate, radioiodine and noble gas
activity is assessed and recorded separately. High activity activates a
Control Room alarm, as does failure of the GEM. Tritium activity in the
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stack exhaust flow is so low that state-of-the-art tritium monitoring does
not permit on-line analysis, consequently samples are collected over a
24-hour period, and analysed to demonstrate compliance with statutory
requirements.

2.8 Radiation Protection of Employees
Lepreau 2 will be operated by the New Brunswick Electric Power
Commission under contract to the unit's owner, Maritime Nuclear. The
radiation protection program for Lepreau 1 will be extended to Lepreau 2
with no significant changes. The objectives of the program are:
- to prevent radiation fatalities;
-

to prevent radiation injuries;

- to ensure exposures are below the Dose Limits;
- to keep radiation exposures as low as reasonably achievable.

A program has been designed to meet the fourth objective. This
will ensure that the remaining objectives are satisfied.

The radiation

protection program is defined, established and administered by the Health
Physics Department of NB Power.

In order to prevent possible conflicts of

interest between the demands of operation and radiation protection, the
Health Physics Department reports to the same level of management as the
Station Manager.

It is worth noting that no such conflicts of interest have

occurred since the Unit 1 staff was assembled in 1975.

The radiation protection program is discussed below under the
following broad headings: regulations, training, practical radiation
protection and dosimetry. The effluent and environmental monitoring
programs also operated by the Health Physics Department are discussed

2-39
elsewhere in this report.

2.8.1

Regulations
The Atomic Energy Control Board {AECB) is the federal agency with

direct jurisdiction over nuclear power development in Canada. Through its
various advisory committees the AECB ensures that both the engineering
aspects and operating :rinciples of the proposed station are approved before
an operating licence is granted.

In the area of health protection, general

guidelines are established by an international committee of experts known as
the International Commission on Radiological Protection (ICRP). The ICRP
continually evaluates developments in the area of radiation protection to
ensure that the judgement used in setting standards is based on the best
available scientific information.

In Canada, as in virtually every other

country, the recommendations of the ICRP are generally adopted with few
modifications.

Table 2-1 gives the radiation dose limits and is a typical

example of this kind of agreement.
TABLE 2-1
RADIATION DOSE LIMITS

ICRP
Recommendations
AECB*
Regulations

Radiation
Worker

General
Public

50 mSv/annum

5 mSv/annum

50 mSv/annum
30 mSv/quarter

5 mSv/annum

* CANDU design targets for radiation dose limits are one per cent of the
AECB regulations.
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I

I
As part of the application for a station operating licence, the

i

Health Physics Department is required to submit a set of detailed Radiation
Protection Regulations to the AECB.

In addition to complying with

j

applicable Federal Standards, the regulations provide specific guidance and
administrative procedures for operating staff. As mentioned before, the

J

main objective is to prevent unnecessary radiation exposure and keep all
necessary exposure as low as reasonably achievable.
2.8.2

Training

I
|

The training philosophy which has been adopted to meet the
objective of safe operation is similar to that of other Canadian nuclear

I-

utilities. Each individual at the station is trained to take care of his

|

own personal radiation protection. Although this increases the initial
training requirements, it is ultimately more efficient in terms of manpower

I

requirements and is particularly effective in terms of motivation.

I
The basic training course given to the operating staff consists of

_

240 hours of instruction to provide an appropriate blend of theoretical and

'

practical knowledge. An outline of the scope of this training is given in

•

Table 2-2.

I
Competency in this course is a prerequisite for working
unsupervised in radioactive areas of the station. For those individuals

|

holding key operating positions, additional training is provided since they

a

are required to make decisions in the event of unusual occurrences which may

'

have radiation implications. Continued competency in radiation protection

•

is assured by periodic requalification of all staff.

I
T
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i
i

TABLE 2-2
TOPICS COVERED IN THE RADIATION PROTECTION TRAINING COURSE

Practical

Theoretical
The Atom
Radiation Theory
Biological Effects
Dose Limitation and Risk
Radiation Instruments
Protection From Radiation
External Radiation Hazards
Internal Radiation Hazards
Contamination Control
Environmental Aspects
Dosimetry
Work Planning

2.8.3

Radiation Instruments
Radiation Surveys
Radiation Dose Control
Contamination Control
Protective Clothing
Protective Equipment
Decontamination Procedures
Industrial Safety Procedures
Emergency Procedures

Practical Radiation Protection
A major aim of radiation protection is to provide every employee

with sufficient competence that the majority of jobs can be performed safely
without supervision.

In a routine inspection of the reactor building, for

example, an employee may be required to use a variety of portable survey
instruments for assessing radiation hazards.

During the performance of any task the employee must also select
and wear appropriate protective clothing. For radioactive work a change
from street clothing to coveralls is mandatory, and additional clothing may
range from plastic gloves or respirators to an air supplied plastic suit and
hood which completely enclose the individual. This latter protection is
necessary in high concentrations of airborne activity, particularly tritium .
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which will be present in certain areas of the reactor building. Tritium has
typically been responsible for 30 per cent or more of the total dose in
operating CANDU nuclear plants, with virtually all of the remainder being
attributable to external gamma radiation.

In general, all workers are trained to perform radiation
protection functions appropriate to their job category, including cleaning

I
I
I
I
I
J

up those areas where radioactive spills have occurred, and then monitoring
the area and themselves for radioactive contamination. The Health Physics

•

Department serves an audit function and provides guidance in jobs which

•

require more than routine planning, such as work in hazardous radiation
fields, or in situations which potentially involve unusual radiation

I

hazards. At all times, workers in potentially hazardous areas are alerted
by fixing monitors which alarm if gamma radiation fields increase beyond

|

normally expected levels.

~

2.8.4

Personal Dosimetry

•

When performing any task involving radiation, each employee has at
his disposal several portable devices for recording the amount of radiation

I

to which he is exposed. The most useful device is a direct reading
dosimeter (DRD) which can be read by the wearer at any time during a job to

|

assess the accumulated radiation dose.

M

In high radiation fields an alarming

digital dosimeter is useful for alerting people who are about to exceed a

•

predetermined exposure. DRD1s are used on a job-by-job basis for estimating

I

and controlling exposure. DRD records are used to identify plant components
or systems which contribute significantly to the total station radiation

I

I

I
-
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dose so that remedial action may be taken to minimize the station dose.
Such action may include changing failure-prone components, shielding them,

I

or using different operating or maintenance procedures.

As indicated previously, the major contribution to dose are
external gamma exposure and internal exposure due to tritium.

For the

official dose records, every employee wears a passive integrating device
known as a thermoluminescent dosimeter (TLD) to measure gamma exposure.
TLD's must be processed in the Health Physics laboratory using an automatic
reader. TLD badges are processed in a batch every two weeks. This delay is
acceptable since daily information is available from the DRD's (individual
TLD's are processed on demand if necessary). To determine internal
exposure, a technique known as Liquid Scintillation Counting (LSC) is used
to measure tritium concentration in urine samples, thereby giving an
accurate assessment of the tritium dose to the body.

Urine samples are

collected at weekly intervals from operating staff, although work habits may
dictate a higher frequency on some occasions.

The results of the TLD and LSC analyses are posted at frequent
intervals for the information of all personnel. Dose records are maintained
on a dedicated system, so that up-to-date totals may be provided at any
time.

The AECB requires that details of personnel radiation exposure be
submitted to Health and Welfare Canada so that data can be entered into the
National Dose Registry for permanent retention. As in other areas of
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analysis, the AECB places considerable emphasis on quality assurance and
performs regular audits to ensure that dosimetry data and records are
accurate.

Although the processing of TLD's and urine samples constitutes the
main work-load of the Health Physics Department, a number of specialized
dosimetry services are required. The most important of these is a "cha^r
counter" in which three sensitive radiation detectors are positioned to
monitor radioactive material in the thyroid, lungs and gastrointestinal
tract. Since such uptakes are traditionally quite rare, the chair counter
is normally used as a screening device on an annual basis. A self-serve
thyroid monitor is also available for routine use by station personnel. If
the results from this indicate an uptake of radioactivity, the chair counter
is used for accurate analysis.

2.8.5

Results of the Program
Based on data of the first year of operation of Unit 1, the

program has been quite successful. For example, the highest radiation dose
received over the year by a worker was 13 mSv, only 25 per cent of the
permissible 50 mSv annual limit. Although 330 workers are qualified in
radiation protection, only 180 received measurable dose averaging 2.2 mSv.

This good performance is attributable in part to the training
program and in part to other factors. For example, there have been no
prolonged shutdowns (when most of the radiation work is done), no
significant maintenance in high radiation areas, and low general radiation
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fields resulting from good station design (i.e. shielding, purification,
ease of maintenance and operation). However, as the station matures,
radiation fields will increase; this, coupled with the need for more
maintenance as equipment wears out, will probably cause a two or three fold
increase in the radiation exposure to station staff involved in routine
operations.

2.9

Safety Design and Analysis
2.9.1

Introduction
Safety analysis quantifies the release of radioactivity under

accident conditions. It deals with very low-probability events which are
nonetheless theoretically possible. Such analyses demonstrate the safety of
the design by showing that for each event the radioactivity releases fall
within acceptable bounds.

A large number of safety analyses have been completed for Unit 1,
as a requirement for obtaining an operating license. The design of Unit 2
will follow the design of Unit 1 as closely as possible but changes may be
necessary for the following reasons:

unavailability or obsolescence of Unit 1
equipment;
compliance with new regulatory requirements,
codes and standards;
substantial improvements in ease of
construction or operation.
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Changes which alter the function of the equipment may render the
corresponding Unit 1 safety analysis inapplicable to Unit 2.

In this case,

the analysis will be revised. All the changes for Unit 2 have not yet been
identified.

Normally safety analysis proceeds in parallel with design and
construction. The general approach is defined quite early on, but detailed
analysis must wait until the design progresses to the stage where specific
equipment information becomes available. The safety analysis requirements
for Unit 1 constituted a significant work load; an indication of the effort
involved may be gleaned from the fact that 400 man-years of work were
devoted to it.

In the case of Unit 2, however, because the design will be
virtually complete by the early construction stage, the confirming analysis
can be produced and issued early in the life of the project.

The following sections describe the safety design principles
applicable to Unit 1 and Unit 2, as well as the methodology and objectives
of the supporting safety analysis that was carried out for Unit 1 and will
be carried out for Unit 2.

2.9.2

Design of Process and Safety Systems
For the purposes of design and safety analysis, plant systems are

categorized according to function. There are two broad categories:

I
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Process Systems: those systems designed for processes involved
I

in the normal day-to-day production of electricity.

Examples of process

.

system are the reactor regulating system, the moderator cooling system, and

'

the turbine-generator.

|
Safety-Related Systems: both special safety systems, which are
designed exclusively to carry out safety functions, and safety support
systems which support the operation of the special safety systems. The two
shutdown systems (SDS-1 and SDS-2), the emergency core cooling system (ECC)
and the containment system comprise the special safety systems; and the
electrical, water and air supply systems are the safety support systems.
When certain continuously monitored process system parameters exceed
specified limits, the special safety systems act automatically, whether or
not an accident is the cause.

In the case of an accident, these systems

shut down the reactor, cool the fuel, and contain any radioactive releases.

The safety-related systems are designed to stringent requirements
of reliability, redundancy, and independence (from the process systems).
The safety systems are further separated functionally and physically into
two groups (two-group separation philosophy).

Reliability
The safety systems are designed to nuclear standards which have
been developed out of the cumulative experience in the design and operation
of nuclear equipment. The equipment is tested, both during commissioning
and routinely during normal operation, so as to verify its continuing
reliability.
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The principle of diversity also adds to the overall plant
reliability. This recognizes the fact that components bought from the same
supplier could have a generic design or manufacturing flaw. Hence, to the
greatest extent possible, similar components are bought from different
suppliers.

Redundancy
The redundancy principle is used extensively in the design of
plant safety systems. This requires that where an essential function has to
be provided there be more than one way of providing that function.

In fact,

in the design of safety systems, all instrumentation and logic systems are
triplicated.

For example, where a valve is required to provide a service,

three are installed to ensure that one will always be available. In
addition, components of different design are used to provide the same
function (e.g., a mechanical versus an electrical activating device).

Independence From Process Systems
The special safety systems must be completely independent of the
process systems and from each other so as to guard against the possibility
of an initiating event both causing a process system to fail and preventing
safety action. This means that the two should be in separate locations and
should use separate equipment components. For example, while one set of
detectors is used to monitor the flux for the reactor regulating system, a
completely separate set of detectors is used to monitor the flux for
purposes of triggering the shutdown systems.
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Two-group Separation

Just as the safety-related systems are independent of the process
systems, they are moreover divided into two independent groups which
themselves are functionally independent and physically separate, with either
I

group capable of shutting down the reactor and keeping it shut down,
removing the decay heat, and monitoring the plant status after an accident.

I

The division into groups is illustrated in Table 2-3.

"

TABLE 2-3

I
I

TWO GROUP APPROACH OF SAFETY-RELATED SYSTEMS

I

Group 1

Group 2

Shutdown System #1

Shutdown System #2

Remove Decay Heat

Normal Electrical
Power and Cooling
Water Supplies

Emergency Power Supply
&
Emergency Water Supply

Post Accident
Monitoring

Main Control
Room

Secondary
Control

Safety Function
Shutdown

I

I
I

Room

2.9.3

Definition of Risk
A basic tenet of reactor design is that no system can be designed

to be absolutely safe because accidents can and do happen. Hence, the
possibility of accidents is considered and analyses are performed to ensure
that the risk is acceptable. The accidents which are of concern in safety
analysis are those process system failures which could potentially lead to a
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release of radioactivity to the public. The risk associated with an
accident consists of two components: the frequency or probability of that
accident occurring, and the consequence (i.e., the radioactive dose)
arising if it does occur. The objective of safety design and analysis is to
reduce the risk associated with all postulated accidents below an acceptable
level. This means that the system design will tolerate an accident of high
consequence only if the probability of that accident occurring is very
sma11.

2.9.4

Categorization of Accidents
The safety analysis process consists of identifying potential

accidents of concern, then analysing them by an appropriate means. The
identification of possible failure modes draws on over 20 years of
experience in the design and operation of power reactors. The set of
postulated accidents so identified is then segregated into four categories
(designated A, B, C, and D ) , depending on the safety design objective to be
met by an evaluation of each accident. All the accidents in a particular
category are analysed for the same objective using a common analysis
methodology, and are judged against the same set of acceptance criteria.
The categories are described in the next four sections, and the postulated
accidents comprising each category are listed in Appendix F.

2.9.5

Category A Events
The accidents included in Category A are those which tax the

effectiveness of the special safety systems in mitigating the consequences
of a process system failure. The analysis of these accidents determines the
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design requirements of the special safety systems. The accidents are either
single failures, in which complete failure of a process system alone is
jj

assumed, or dual failures, in which one of the safety systems is assumed to
fail in addition to a process system. The accident analyses make very

I

conservative and pessimistic assumptions regarding the plant response which
impose large margins of safety in the analysis results.

I
H

The analysis results are judged against the criteria specified by
the Atomic Energy Control Board (Hurst and Boyd, 1972) and listed in Table

t

2-4. These include a separate target frequency and target dose limits for
single failures and dual failures. Since the consequences of a dual failure

I

are potentially more severe than those of a single failure, the maximum
permissible frequency is much lower. The risk (frequency multiplied by

1

consequence) of a dual failure is also a factor of ten lower than that for a

|

single failure.

It is for this reason that the special safety systems are

designed to have such a high reliability.
1

They are designed and tested to

be operable 99.9% of the time (i.e., a failure probability of one in one
thousand). This accident analysis is done concurrently with the design of

I

the special safety systems, and is an iterative process. Design changes are
made, and must be made, until it can be shown that the frequency of

'

occurrence and the consequences of any of the entire set of accidents are

I

analysed meet the Design Guidelines of Table 2-4. This is one of the
licensing requirements that must be satisfied if an Opercting Licence is to

I

I
m

I

be granted by the AECB.

2.9.6

Category B Events
The Category B events are those which assess the most probable
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plant response to various failures and failure combinations. Analysis of
these accidents identifies the sensitivity of the plant response to action
by the operators. This is a significant aid in the writing of abnormal
plant operating procedures and in the design of control room panel displays.

An analysis starts with a postulated process system failure, then
follows all the conceivable means in which the consequences of this failure

TABLE 2-4
ATOMIC ENERGY CONTROL BOARD GUIDELINES FOR
ANALYSIS OF CATEGORY A ACCIDENTS

Event

Frequency
Limit

Individual Dose
Limit

Single Failure Once every 3 years 5 mSv whole body
30 mSv thyroid
Dual Failure

Once every 3000

250 mSv whole body
2500 mSv thyroid

Population Dose
Limit
100 man-Sieverts,
whole body
100 man-Sieverts,
thyroid
10 man-Sieverts,
whole body
10 man-Sieverts,
thyroid

can either be mitigated (by the correct action of the process system, safety
system or operator) or exacerbated (by failure or inaction of the process
system, safety system or operator).
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!
The assumptions used in these analyses are realistic rather than
*

pessimistic (as in Category A events).

In these analyses, historical data

I

on equipment performance are used to predict the frequencies of process and
safety system failures and the reliability of system performance under

1

accident conditions. Furthermore, the calculated frequency and consequence
of any particular combination of equipment failures and operator inactions

1
I

|

are judged against the risk criteria shown in Figure 2-12 rather than the
pessimistic criteria appropriate to Category A analyses.

2.9.7 Category C Events
Category C events are those which could conceivably lead to a

I

simultaneous failure of a number of systems throughout the plant. These
events include earthquakes, floods, tornadoes and station fires. These are

I

normally referred to as common cause events.

Since the expected frequency and severity of such events can be
I

predicted, the special safety system design incorporates features so that
the essential functions of plant shutdown, decay heat removal and

I

post-accident plant monitoring can be performed should these common cause
events occur. An example of the requirements imposed by Category C events

I

is the separation of the safety systems into two physically independent

•

groups, one of which is seismically designed to withstand the most severe
expected earthquake.

I
2.9.8
I

Category D Events
Category D events are postulated events which have a very low

probability of occurrence, such as loss of structural integrity in key

I
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i

"

I

i

pieces of equipment (e.g., the steam generators and turbines).

Evaluation

i

of the events focuses on establishing equipment design specifications, and

I

periodic inspection requirements so as to essentially eliminate the
possibility of these events occurring.

I
2.10
I

Inactive Waste Management
2.10.1 Liquid Waste Management
The proposed facility will produce inactive (non-radioactive)

•

(

liquid, solid and gaseous wastes. Systems for managing these wastes are
described below.

I

Several treatment facilities will be installed.

The types of

treatment to be provided and the wastes which will be produced by these
I

facilities are also discussed below.

™

Salt Water Treatment

1

Salt water from the Bay of Fundy will be passed through a fine
screen (10 mm openings) for debris removal. Embedded pipelines and

I

distributor rings have been installed in the walls of the intake tunnel in
order to allow for treatment by chlorination.

Growth of biofouling

I

organisms will be monitored and an appropriate control program will be

«

developed should operational experience suggest that chlorination is
required.

|

During the past several years of operation of Lepreau 1, however,

biofouling in the intake and outfall tunnels has not been significant and
chlorination has not been required.

I

I
I

In addition, over twenty years of

operational experience acquired by NB Power at the Coleson Cove and
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Courtenay Bay generating stations, which also draw condenser cooling water
from the Bay of Fundy, has identified no need for chlorination of cooling
water intake and outfall tunnel^. Condenser tubing has been cleaned using
either mechanical means (at Lepreau and Coleson Cove) or chlorination (at
Courtenay Bay). Equipment for chlorination in the condenser tubing is in
place at Lepreau 1 but has not been utilized to date, as mechanical measures
have proven adequate.

Similar equipment will be installed at the Lepreau 2

station.

Inhibition of corrosion of salt water piping could be accomplished
through the addition of. ferrous sulphate. Condenser tubes which carry salt
water, however, are of a titanium alloy and are therefore highly
corrosion-resistant.

Therefore, at present it is anticipated that corrosion

control will not be required.

Salt water used for condenser cooling and raw service water
systems will be discharged directly to the Bay of Fundy.

Fresh Water Treatment
The Hanson Stream Reservoir will provide the raw fresh water for
on-site systems. The fresh water used for fire protection and emergency
core cooling will not be treated.

The remainder of fresh water used at the

plant will be treated, to differing degrees, in a water treatment plant.
Treatment plant pretreatment processes will include chlorination,
coagulation, settling and filtration.

Water for potable (domestic) supply

at the plant will be removed after these pretreatment processes. For

I
i

preparation of boiler make-up water, further treatment will involve
démineraiization through anion polisher, cation polisher, and mixed-bed

I

polisher units.

I

Waste generated by the water treatment plant will consist of

Ê

clarifier sludge, filter sludge, and acid and caustic chemicals from the

'

polishing units. All treatment plant wastes will be discharged to an

M

in-plant treatment sump where they will be mixed, through recirculation, and
neutralized by injection of acid or caustic as necessary in order to achieve

I

I
I

a pH between 6 and 9. The neutralized sump contents will then be pumped to
the Inactive Waste Treatment Facility. This facility is described in detail
below. Following mixing and settling in this facility, the discharge will
be to the condenser cooling water flow and thence to the Bay of Fundy.

1

Inactive Liquid Waste Treatment Facility
A facility for the treatment of inactive liquid wastes was

I

constructed as a part of the existing Lepreau 1 Station. This facility,
situated south of the plant site, receives a variety of liquid wastes which

•

are generated inside the plant.

It comprises two side-by-side lagoon cells

•

with oil skimming weirs, and it has been designed to accommodate the
anticipated inactive liquid waste flows from Lepreau 1 and 2 units (NBEPC,

I

1977).

The following discussion applies to the existing facility,

recognizing that it is designed to accommodate the proposed Lepreau 2 plant.
I

The operational results for this facility will be reviewed during the
design phase for the Lepreau 2 plant, and, if required, modifications will

"

I
I

be incorporated.
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The continuous design flow rate for the inactive liquid waste
treatment facility is 76 L/s, while the maximum inflow is 164 L/s. At the
continuous design flow rate, the detention time in the facility is 1.8
hours. The effluent discharged from the facility conforms to criteria
prescribed by Environment New Brunswick.

A schematic diagram of the waste streams which are routed to this
facility is provided in Section 6.13.

Wastes routed to the facility are treated -through mixing,
settling, and skimming.

Settled solids are periodically removed and

deposited in an on-site lagoon where they are isolated from the environment.
Oily wastes are periodically removed with the settled solids. Liquid
effluent is pumped to the condenser cooling water shaft, where it is mixed
with the cooling water flow before discharge to the Bay of Fundy through the
outfall diffuser.

Condensate Polishing
A condensate polisher in the boiler feedwater cycle will
demineralize feedwater and assist in maintaining water chemistry.

Waste

from the condensate polisher, consisting of acid and caustic chemicals, will
be routed to the in-plant treatment sump. Following mixing and
neutralization as necessary, it will tht.ii be routed to the inactive liquid
waste treatment facility.

I
•
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Pre-operational Chemical Cleaning

•

Prior to plant commissioning, pre-operational chemical cleaning

|

will be required for the feedwater piping system to the steam generator.
The cleaning agent employed will depend on the type of deposit which is

I

intended to be removed. Types of agents which may be used include ammonia,
EDTA, citric acid, hydrochloric acid, and sodium hydroxide.

I
m

Liquids discharged from pre-operational cleaning will be routed to

*

the inactive liquid waste treatment facility. Following treatment, effluent

I

discharged from the facility will conform to discharge criteria specified by
Environment New Brunswick.

I
Mild Steel Treatment (Pickling)
I
•

During the construction phase of Lepreau 1, certain grades of
steel used in the facility were immersed in chemical baths for coating
removal. This process, called pickling, was undertaken on-site, and wastes

I

generated were subsequently transported off-site by tanker truck to Ontario
for treatment.

I
Pickling will also be undertaken during construction of Lepreau 2.
The operation will be off-site; however, the method of liquid waste

I
I

management will be identical to that employed for Lepreau 1.

Operational Chemical Cleaning
During the operation of Lepreau 2, individual components of the

I

I
I

steam generator and feedwater systems may be isolated and cleaned as
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required.

The cleaning agent to be employed will be dependent on the type

of deposit to be removed; agents which may be used are the same as those
discussed for pre-operational chemical cleaning. As for pre-operational
cleaning, discharges from operational cleaning will be routed to the
inactive liquid waste treatment facility.

Sanitary Sewage Treatment
Domestic sanitary sewage from the existing Lepreau 1 station is
routed to an extended aeration treatment plant, which provides treatment to
a level specified by the New Brunswick Department of Health.

The operation

of this facility has been reviewed and approval has been received from
Environment New Brunswick for its use for both Lepreau 2 and Lepreau 1.

Effluent from sanitary sewage treatment facilities will be
discharged to Indian Cove.

Oily Wastes

Plant floor drains in oil handling areas will be directed to a
closed sump which will be situated within a containment area. The oil slop
tank will be emptied periodically by a private contractor, who will remove
the wastes from the site.

Boiler Blowdown
During plant operations, impurities in the steam generators will
be discharged via the boiler blowdown system to the condenser cooling water

i
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(CCW) discharge and thence to the Bay of Fundy. The normal flow rate of

"

blowdown for the proposed Lepreau 2 unit will be approximately 3.2 L/s.

|

Impurities in the blowdown discharge will typically comprise hydrazine (at
0.1 to 0.5 mg/L), phosphate (at 1 to 10 mg/L), and suspended solids

I

(normally less than 1 mg/L).

Suspended solids will be primarily ferrous

oxide.

I
I

2.10.2

Solid Waste Management

Solid, inactive wastes consist of normal refuse, garbage, sludge
1

from the sewage treatment plant, and sludge from the Inactive Liquid Waste
Treatment Plant. Refuse and garbage will be deposited in an on-site
landfill. Sludge will be deposited in an on-site sludge pond, with
impervious liner.

2.10.3 Gaseous Waste Management

•

Inactive exhaust gases will be emitted by a standby boiler capable
I

of 40,000 lbs/hr of steam and from standby diesel generators. The light
fuel oil used in the boiler and the diesel fuel will contain less than one

I

per cent sulphur. Emissions from these sources will include sulphur
dioxide, oxides of nitrogen, carbon monoxide and particulate matter. Use of

"

standby equipment will be infrequent.

I
2.11
I

Site and Construction Activities
Site and construction activities associated with the construction

of the proposed facility include site clearing, use of the barge landing
f

I
I

facility, aggregate and material hauling, and operation of the concrete
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batch plant. Each of these items is discussed in detail below.

2.11.1

Site Clearing

Only those areas absolutely essential for construction and
operation of two generating units were cleared and grubbed during
construction of Unit 1. Clearing for both units was required since the
blasting and excavating for the portion of Unit 2 adjacent to Unit 1 had to
be performed before construction of Unit 1 began. This was a safety
precaution, since blasting close to completed buildings may damage some
structures and equipment.

The area cleared and grubbed for construction of Unit 1 was 125
acres (50 hectares). For construction and operation of Unit 2, and
operation of Unit 1 during this construction; approximately 25 acres (10
hectares) of clearing and grubbing will be required as described below.

Selected areas totalling approximately 2 acres on the north
and west sides of the site for the perimeter construction
access road.
Approximately 21 acres on the south and east sides of the site
for the construction access road, parking, offices, materials
storage and laydown, fabrication shops and cafeteria.
Approximately 2 acres on the north side of the site for the
access road to Unit 1 for Nuclear Operations Group during Unit
2 construction.

I
I
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2.11.2 Barge Landing Facilities
During the design of Unit 1, possible methods for conveying

I

abnormally large and heavy items were examined.

NB Power determined that

the most effective method for shipment and receipt of such items was by sea.
I

Consequently, a barge landing facility was constructed at Duck Cove, east of

I

the site (Figure 2.2). This facility is within the property line and is
served by an access road. The location of this facility is not significant

I

from a commercial or recreational fishery point of view.

It was selected

following consultation with local fishermen and the residents in order to
I

minimize disruption of fishing activities and other community functions.
The facility is at a beach which varies from rocks (lower intertidal) to

•

pebbles (upper intertidal). An inspection will be made to examine whether

1

portions of the gravel bed may need replacement due to erosion.

|

The barge landing facility and access road will also be used
during construction of Unit 2. There will be possibly six barge deliveries,

I

'
|

the most substantial item being the calandria at about 200 metric tons.

The delivery of the calandria will likely be made during the calm
summer months. The lobster season in this district is open from 01 April to
29 June. The delivery can be scheduled to avoid interference with the

I

I

lobster fishing activities in June.

2.11.3 Aggregate Supply and Concrete Batch Plant Operation
Maritime Nuclear estimates that approximately 130,000 m
(170,000 cubic yards) of concrete will be required during construction of

2-64
the proposed facility.

The resulting requirement for aggregate is about

154,000 metric tons for coarse aggregate (gravel) and about 91,000 metric
tons of fine aggregate (sand).

I
I
I
•

The intent is to have this sand and gravel supplied from known

I

sources of commercial aggregate supply near Saint John, New Brunswick.
Approximately 1,500 truckloads will be required.

Concrete will be mixed at the batch plant which is located on the
existing site. The batch plant equipment requires only limited upgrading in
order to be useful for concrete preparation.

Water for batch plant operation will be obtained from the existing
Supply requirements may dictate the drilling of additional

welIs.

2.12

•
•

No additional site

requirements are envisioned for upgrading and use of the batch plant.

on-site wells.

|

I

I
I
I

Emergency Planning
The Atomic Energy Control Board (AECB) and The New Brunswick

I

Emergency Measures Organization (NBEMO) jointly determine the adequacy of
emergency planning for the Point Lepreau Generating Station. AECB requires

I

NB Power as owner/operator of Lepreau 1 to develop and periodically test the

•

on-site contingency plan and procedures. NBEMO has both planning and prime
operational responsibility for the Off-Site Emergency Plan for the Point

•

Lepreau Generating Station. The interfaces of these plans are evaluated in
periodic exercises.

|

I
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Insofar as an additional nuclear unit would not significantly
f

increase the magnitude of off-site risk, few changes are envisioned for the

I

Off-Site Emergency Plan. Both the on-site and off-site plans would be

«

modified somewhat to provide for the construction work force; however, in
other respects, the on-site contingency plan for Lepreau 2 would be
virtually identical to the on-site plan for Lepreau 1.

I
The features of these plans, their interfaces, action levels and
•

responsibility centres are presented in Appendix E of this report.

I
2.13
I

Decommissioning
The design life of CANDU 600 reactors is 30-40 years, and it is

likely that the unit would operate for a longer period.

It has been assumed

1

that the earliest date that Maritime Nuclear would have to consider

g

decommissioning Lepreau 2 would be 2030 (based on an in-service date of

I
I

1990). By that time it is reasonable to assume that practical experience
from the decommissioning of other CANDU reactors would be available.

A discussion of proposed decommissioning procedures is included in
this report as Appendix B. Considered in this appendix are decommissioning

1

options, experience to date in the nuclear industry (world wide), and

I

proposed steps in the decommissioning process in so far as they can be
defined at this time.

I
I

I
g

I

3.0 DESCRIPTION OF THE BIO-PHYSICAL ENVIRONMENT

3.1

General Description Environment of Point Lepreau
3.1.1

|

Geology
The geology of the Point Lepreau area was summarized in the

environmental assessment report for the Lepreau 1 site (MacLaren Atlantic
•

Limited, 1977a).

In this report, the site was described as being situated

|

on a platform of dipping Triassic sedimentary rocks (200 million years old)
forming a peninsula that extends southwards into the Bay of Fundy. The

I

Triassic rocks consist of a sequence of sandstones and conglomerates,
together with thin layers and lenses of siltstones and shales, dipping to

I

the northwest at inclinations between 20°-60° to the horizontal. The

.

Triassic rocks are underlain unconformably by Carboniferous and older rocks

'

which are exposed at the surface three to four kilometres to the northeast

I

of the site. Glacial deposits of Pleistocene and recent overburden overlie
the Triassic bedrock over most of the Lepreau peninsula.

Faults mapped in the pre-Triassic rocks were found to be sealed
with no evidence of movement even in Triassic times. Triassic and post•

Triassic faults were also examined and it was concluded that these faults
originated between 170-190 million years ago as part of the processes
responsible for the opening of the present North Atlantic ocean. These same
processes caused the tilting and minor deformation of the Triassic rocks and
gave rise to the E-W, NE-SW and NW-SE trending fractures present in the
bedrock. No evidence for more recent activity was found for any of the
faults. Along the Lepreau fault, which separates Triassic and older -ocks
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about 3.21 km NE of the site, glacial esker deposits of gravel with slopes
as steep as 2 Horz : 1 Vert were found to be undisturbed. No post-glacial
displacements of bedrock were reported for the Lepreau area and it was
concluded that there is no evidence of surface movement for at least the
last 10,000 years.

The seismicity of the Point Lepreau area was also reviewed in the
previous Environmental Assessment for the Lepreau 1 site (MacLaren Atlantic
Limited, ^p_. cit. ).

The review was based upon a previous assessment of

the regional seismicity of New Brunswick by Burke (1974) and a more detailed
investigation of specific site seismicity by Parnian and Duff (1975). This
earthquake information has baen updated and reconsidered in terms of recent
developments that have taken place in the study of seismicity (Burke, in
press).

3.1.2

Freshwater Systems
Within about 10 km of the proposed project site, three rivers

discharge into the Bay of Fundy: the New River, Lepreau River, and Little
Lepreau River. Figure 3-1 illustrates the locations of these watercourses
relative to the project site, water flow and quality in the Lepreau and New
Rivers would be unaffected by construction and operation of the proposed
facility; consequently, these water courses are not discussed further in
this report. The Little Lepreau River, however, was impounded and a
reservoir (the Hanson Stream Reservoir) was created during the construction
of Lepreau 1 Generating Station. This reservoir, which has a surface area
of about 194 ha, provides the raw freshwater supply for Lepreau 1, and
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will provide the supply for Lepreau 2 as well. The Little Lepreau River has
2
3
a drainage area of less than 38 km and a mean annual flow of 1.1 m per
second.

Essentially all of its drainage area is controlled by the Hanson

Stream Reservoir, which has two spillways. The main spillway has a design
flow of 99.1 m per second, which corresponds to the calculated l-in-400
year flood. At higher flows, excess is spilled at an auxiliary spillway
less than 1 km from the main spillway (Acres Consulting Limited, 1975;
NBEPC, 1982). A pumphouse and pipeline supply fresh water to the Lepreau
Generating Station. The reservoir, pumphouse and pipeline are all designed
to accommodate the construction and operation of the proposed Lepreau 2
unit.
Previous environmental studies (MacLaren Atlantic Limited, 1977a)
involved collection of water quality data for the Little Lepreau River.
Combining these data with operational water quality data which have been
collected by NB Power personnel from the Hanson Stream Reservoir permits an
assessment of reservoir water quality trends. Comparison of water quality
data for the Little Lepreau River before impoundment with corresponding data
for the Hanson Stream Reservoir suggests that organic levels have increased
since impoundment, while colour levels have decreased.

Data from an

on-going sampling program conducted by NB Power are being used to monitor
water quality trends.

3.1.3

'

Climate
The climatology of the Lepreau-Saint John area has been studied

extensively and reported in two previous environmental impact assessments
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(Anonymous, 1973; MacLaren Atlantic Limited, 1977a). The average annual
temperature is 5°C with monthly averages ranqing from -7.8°C in January to
16.9°C in July. Total precipitation does not vary much throughout the year
with a maximum of 166 mm in December and a minimum of 94.2 mm in June.
Annual mean windspeed measured at Point Lepreau over a 12-year period was 24
km/h. The prevailing winds were westerly and seventy per cent of the time
were from land to water. Over a 90-year period, 61 tropical cyclones
tracked over Nova Scotia or New Brunswick. Of these, three had windspeeds
high enough to be classified as hurricanes.

Stability estimates (MacLaren Atlantic Limited, £p. cit.)
based on climatological observations at Saint John indicate near neutral
conditions most of the time, stable conditions about a fifth of the time,
and a near absence of unstable conditions. At Point Lepreau, the presence
of the Bay of Fundy on three sides produces more extremes of both positive
and negative temperature difference in the air above the peninsula
throughout the year. These shoreline air temperature contrasts are usually
accompanied by brisk winds. The seasonal mean mixing height at Point
Lepreau is estimated to range between 370 m and 630 m during daylight hours
(Portelli, 1977) and the average windspeed in the mixing layer is estimated
to be about 7.5 m/s. The mean seasonal maximum ventilation coefficients for
2
2
Point Lepreau range between 5,500 m /s in the winter and 6,500 m /s in
the spring (Portelli, op. cit.).
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3.2 Description of the Marine Resources
This section presents a description of the marine ecology in the
area of Point Lepreau. The description is presented in two levels. The
first describes the Bay of Fundy system in general while the second presents
more detail on the region adjacent to Point Lepreau. The Environmental
Impac Assessment (EIA) prepared for Lepreau 1 (MacLaren Atlantic Ltd.,
1976a) was used as the primary source of information for the review. Data
presented in the Lepreau 1 EIA, which were collected from six sampling sites
(shown in Fig. 1-1), were the main source of information used to
characterize the marine ecology of the Lepreau area. This was augmented by
information contained in recent review documents on the impact of a tidal
power project proposed for the upper Bay of Fundy (Prouse et ji]_., in
press), and a description of marine and coastal systems in the 'Quoddy'
region of the Bay (Thomas, 1983). Other information sources were also .
reviewed including published and non-published government and university
research and management documents.

3.2.1

General Description of the Bay of Fundy
The biota of the Bay of Fundy face extreme physical conditions.

The head of the Bay is subjected to the highest tides in the world, and the
resulting tidal mixing prevents effective thermal stratification such that
the water mass warms only slightly in the summer (Thomas, op. cit.).
Strong tidal currents occur particularly near narrow passages. The residual
current in the bay is northeasterly along the Nova Scotia shore and
southwesterly along the New Brunswick shore (Trites and Garrett, 1983).
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The "flushing time" of the Bay of Fundy has been estimated at 76 days
(Ketchum and Keen, 1953).

The extreme tides in the Bay result in extensive inter-tidal
areas, particularly in shallow water regions at the head of the Bay and at
certain locations along both the New Brunswick'and the Nova Scotia coasts.
Turbidity, due primarily to suspended particulate matter, is greatest in the
inner regions of the Bay and in coastal regions affected by seasonal run-off
from rivers. The largest river draining into the Bay is the Saint John
2
River with a watershed of over 57,000 km . During the spring freshet, the
effect of the river discharge on salinity and turbidity levels is measurable
for several kilometres west of the City of Saint John along the New
Brunswick coast of the Bay. At Point Lepreau the freshet was observed to
cause stratification which caused the thermal plume to be held below a
freshwater layer (see section 6.1.1).

Information on bottom substrate characteristics of the Bay is
2
limited but it appears that about 51 per cent (134 km ) of the substrate
of the Bay in the vicinity of Point Lepreau is muddy sand. This occurs
2
mainly west of Point Lepreau. The remaining 49 per cent (130 km ) is
sand-gravel rock substrate, predominately in areas east of Point Lepreau.
Rocky coastline extends for 3 km on either side of Point Lepreau (MacLaren
Atlantic Limited, O£_. cit. ).
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About 28 per cent of the Quoddy mainland coast (extending from
West Quoddy Head in Maine to Point Lepreau) is bedrock and one-third of this
is found in the v i c i n i t y of Point Lepreau (Thomas e t ^ ^ l - , 1983).

3.2.1.1

Primary Production

Primary productivity is defined as the rate at which radiant
energy is stored by producer organisms (chiefly green plants) in the form of
organic substances which can be used as food materials (Odum, 1971).
Primary production and organic matter supply to ecosystems in the Bay of
Fundy has recentîy been reviewed by Prouse _ejt ^1_. (op_. cit. ). This
publication is one of a series of reviews on the Bay of Fundy ecosystem in a
technical report dealing with environmental consequences of a tidal power
project proposed for the upper reaches of the Bay (Gordon and Dadswell, in
press). Much of the work reviewed has been conducted since 1975. The
following sections, which give general descriptions of components of the Bay
of Fundy ecosystem, have drawn heavily upon the information supplied in this
technical report.

Total annual primary production in the Bay is 1,112,400 tonnes
carbon (C). Due to the large areas of open water relative to other types of
areas in the Bay (e.g., marsh, intertidal zones), and the very high
phytoplankton productivity rates in the outer Bay, 96 per cent of the total
annual primary production is considered to be provided by phytoplankton.
Phytoplankton production in the Bay of Fundy is greatest in the summer.
Seasonal trends indicate that lowest production occurs in autumn with only
slightly higher production in winter. The rest of the primary production
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is considered to be supplied by seaweed, benthic micro-algae and saltmarshes
which contribute about 2, 1, and 0.6 per cent of the total respectively.
The outer Bay (the area to the south and west of Saint John, including the
Lepreau area) provides 85.6 per cent of the total production in the Bay.
Phytoplankton contribute 98 per cent of the total production in the outer
Bay. The area of the outer Bay at mean sea level is about 700,000 ha with
2
an annual phytoplankton production of 133 g C/m /yr (Prouse et al.,
op. cit.).

The remaining production is contributed by seaweeds (2 per

cent), saltmarsh (0.4 per cent) and benthic micro-algae (0.4 per cent).

On

a per unit basis, the greatest production in the outer Bay comes from
seaweeds, however, the areal extent of seaweed coverage is such that they
still only provide 2 per cent of the total production.

The predominant intert'idal seaweed is the fucoid plant
Ascophyilum nodosum. Most of the remainder of the seaweed community is
comprised of other fucoid plants. Subtidal zones are dominated by kelp.
Production in the rocky intertidal zone occurs primarily when the area is
directly exposed to light and air temperatures are -10°C to 30°C. Much of
the seaweed produced can be utilized by marine organisms after being broken
down into detritus and soluble organic matter.

3.2.1.2

Zooplankton Production

Zooplankton feed on phytoplankton or on bacteria associated with
suspended particulate matter (Daborn, in press).

Daborn suggests that

physical parameters, which also control primary production in the Bay, exert
an overwhelming influence on the zooplankton in the system. Tidal range,
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vertical mixing, and suspended particulate matter concentrations increase
from the outer Bay to the inner Bay, while depth, light penetration and
salinity decrease.

In the outer Bay, the main food source for zooplankton

is the substantial phytoplankton crop described earlier.

In the inner Bay,

levels of suspended particulate matter appear to be sufficient to limit
phytoplankton production and support only a very low biomass of zooplankton
(Daborn, op_. rrt. ) . Daborn suggests that production in the outer Bay is
autotrophic (i.e., food and energy are generated within the outer Bay) while
production in the innermost areas of the Bay is allochthonous (i.e., depends
upon import of energy from outside the area).

He reported distributions of

zooplankton which indicate that, within the outer Bay, maximum
concentrations of zooplankton occur at the mouth of the Bay, to the south of
Saint John in the mid-Bay, and in Passamaquoddy Bay.

3.2.1.3 Fish and Fisheries
Prior to a discussion of fish and fisheries in the Bay of Fundy,
it is important to distinguish between the fisheries management concept of
stock and the biological concept of population.

In a biological sense, a

population is the breeding unit of a species (Tyler and Gallucci, 1980).
Members of a population tend to have a common spawning ground and larval
fish of the population tend to develop over the same geographical area. A
stock is considered by fishery managers to be a basic fish unit that is
characterized by homogeniety of natural production parameters. A stock may
be a portion of a population or may include more than one population (Tyler
and Gallucci, op_. cit. ). Information about a stock or, in some cases,
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a number of stocks, is used to determine allowable levels of catch (or
effort) in regulated fisheries.

There is a paucity of fish species in the Bay (Scott, 1983). The
severe and unstable environmental conditions restrict fauna! diversity
(Sanders, 1968), however, for those species able to survive in this
environment, large populations are often supported.

Research on fish and fisheries in the Bay of Fundy between 1976
and 1983 has recently been reviewed by Dadswell et al_. (in press).

The

fish community in the Bay of Fundy comprises resident species which complete
their entire life cycle in the Bay, and others which enter the Bay only
during spawning or feeding migrations. This latter group is considered to
be mainly fish from the Scotian Shelf and the Gulf of Maine, but includes
migrants from as far away as Chesapeake Bay on the south-eastern coast of
the United States and the coast of Labrador.

Dadswell (1983) has suggested

that fish migrating in the Bay tend to move in a counterclockwise direction
when on a feeding migration (i.e., in along the Nova Scotia coast, and out
along the New Brunswick coast).

Fish on a spawning migration tend to move

in the opposite (clockwise) direction.

With respect to species fished commercially, herring and
groundfish (cod, haddock, pollock) taken in the Bay are considered to be
part of stocks for which the centre of reproduction is at the mouth of the
Bay or outside the Bay (lies, 1979; and Kohler, 1979). For both groups,
however, a limited amount of spawning activity may occur within the Bay.
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Lobsters taken in commercial fishing may have originated-in the vicinity of
capture or they may have moved in from other areas, as they sometimes make
extensive migrations over great distances (Campbell, in press). Clams and
scallops captured are likely to have originated from larvae released in the
area of capture.

Resident and migratory fish in the Bay of Fundy are captured in
commercial fisheries which are significant on a local and regional scale.
The fisheries in the bay are managed as part of the Northwest Atlantic
Fisheries. Organization (NAFO) program. The fisheries in the more productive
lower Bay are more significant (with respect to volume and value) than are
the fisheries of the upper Bay. The large boat fishery is centred mainly in
the lower Bay at or near the mouth of the Bay.

In the in-shore fishery,

smaller equipment and stationary nets and traps are used and fishing occurs
mainly along the coasts. The total annual value of fisheries in the Bay of
Fundy is estimated at $75 million and is distributed as shown in Table 3-1.

3.2.2

Marine Ecology in the Vicinity of Point Lepreau
3.2.2.1

Phytoplankton

Phytoplankton data for the Lepreau vicinity were only available in
terms of the total frequency of occurrence of all types of phytoplankton
per unit volume of water (total #/litre) (MacLaren Atlantic Limited, op.
cit.).

Samples primarily consisted of diatoms and dinoflagellates. No

consistent differences in the diversity of phytoplankton communities were
observed between the areas sampled. Table 3-2 lists the ranges in
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TABLE 3-1
ANNUAL LANDINGS AND VALUE OF FISHERIES IN THE BAY OF FUNDY*

Species

Landings
Tonnes (t)

Value
Million Dollars

11,000

1

6,000

41

110,000

20

Groundfish
(cod, haddock, pollock,
flounder, etc.)

32,000

14

Diadromous Species**
(salmon, shad, gaspereau, etc.)

1,500

Marine Plants
(dulse, Irish Moss, rockweed)
Invertebrates
(lobster, scallops, softshelled clams)
Pelagic Fish
(herring)

* Source: Dadswell e_t ^1_., in press.
** Diadromous species are those which migrate between fresh and salt water.

phytoplankton abundance at the two depths sampled during 1975 for the 6
sampling stations described above. The data was partitioned into summer and
winter observations (data condensed from MacLaren Atlantic Limited, op.
cit.) to allow seasonal comparisons. Generally total phytoplankton
abundance was greater by 1 to 2 orders of magnitude during the summer
months. The highest phytoplankton abundance was found at stations directly
west of Point Lepreau (i.e., Indian Cove and Welch Cove, see Table 3-3).
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TABLE 3-2
RANGE OF PHYTOPLANKTON ABUNDANCE AT SIX STATIONS IN THE VICINITY
OF POINT LEPREAU DURING 1975
(Data condensed from MacLaren Atlantic Ltd., 1976.)
(E = East of Point Lepreau, W = West)

DEPTH
(m)

LOCATION
Point

Lepreau

RANGE OF ABUNDANCE (total number/1itre)
ALL OF 1975 JUNE-AUG. 1975
JAN.-APR. 1975

1
5

400- 36,552
604- 27,580

4 , 1 8 4 - 36 ,552
1,856- 27 ,580

400-1,105
604-2,448

Duck Cove ( E . )

1
5

483- 53,560
580- 12,840

6 , 7 2 8 - 53 ,560
808- 12 ,840

483-1,282
580-1,077

Red Point ( E . )

1
5

686- 24,944
430- 17,912

5 , 6 3 2 - 24 ,944
5 , 8 4 0 - 17 ,912

686-1,526
430-1,964

Indian Cove (W.)

1
5

454-145,488
552- 25,576

20,968-145 ,488
487- .25 ,576

454552-

Welch Cove (VI.)

1
5

738-122,440
848-26,512

21,960-122 ,440
2 , 5 9 6 - 26 ,512

738-1,179
874-1,345

Seely Head (W.)

1
5

481-29,416
497-31,536

4 , 2 8 8 - 29 ,416
4 , 6 3 2 - 31 ,536

481-1,695
497-1,878

880
858

Phytopiankton production in the Lepreau area (estimated at 9-3000
mg C/litre/yr) is considered to be limited by turbidity and tidal currents,
which severely curtail the amount of available light.

3.2.2.2 Zooplankton
Data on zooplankton abundance were collected simultaneously with
phytopiankton data by MacLaren Atlantic Limited (og_. cit.).

The winter

population consisted of calanoid copepods (Acartia longiremis and
Pseudocalanus minutus). The summer population included these copepods
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TABLE 3-3
SUMMARY OF RANGE OF PHYTOPLANKTON ABUNDANCE IN TOP FIVE METRES EAST AND WEST
OF POINT LEPREAU DURING 1975
(Data condensed from MacLaren Atlantic Ltd., 1976a)

RANGE OF ABUNDANCE (total number/litre)
LOCATION

ALL OF 1975

JUNE-AUG. 1975

JAN.-APR. 1975

Point Lepreau

400- 36,522

1,856- 36,552

400-2,448

East

430- 53,560

808- 53,560

430-1,964

West

454-145,488

487-145,488

454-1,348

Seely Head

481- 31,536

4,288- 31,536

481-1,878

plus planktonic larvae of other Crustacea and mollusca. Zooplankton are
more abundant (by about an order of magnitude) in the summer than the winter
(see Table 3-4). In the summer, the zooplankton in the area were most
abundant at and to the west of Point Lepreau (see Table 3-5). The range in
abundance for the entire area is 11-2,715 organisms/m . Zooplankton
productivity in the Point Lepreau vicinity appears to be low, perhaps due to
an inadequate food supply since phytopiankton production is light-limited in
this area.

3.2.2.3 Subtidal Benthos - Grazers
Although the diversity of subtidal benthos has been found to
increase from the upper intertidal to subtidal areas (maximum sampling depth
10 m ) , most species were relatively uncommon, (i.e., 69.2 per cent of the
280 species found occurred in less than 5 per cent of the samples (MacLaren
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TABLE 3-4
RANGE OF ZOOPLANKTON ABUNDANCE AT SIX STATIONS IN THE VICINITY
OF POINT LEPREAU DURING 1975.
(Data condensed from MacLaren Atlantic Ltd., 1976a)
(E = East of Point Lepreau, W = West)

RANGE OF ABUNDANCE (total number/1 itre)
JAN.-APR. 1975
JUNE-AUG. 1975

LOCATION

ALL OF 1975

Point Lepreau

51-1 ,906

228-1,906

51-150

Duck Cove (E)

15-

964

24- 964

15-102

Red Point (E)

16-

985

32- 985

16- 58

Indian Cove (W)

40-1 ,179

93-1,179

40-122

Welch Cove (W)

11-2 ,715

116-2,715

11-116

Seely Head (W)

19-2 ,698

192-2,698

19- 78

TABLE 3-5
SUMMARY OF RANGE OF ZOOPLANKTON ABUNDANCE EAST AND WEST OF
POINT LEPREAU DURING 19757
(Data condensed from MacLaren Atlantic Ltd., 1976a)

LOCATION

RANGE OF ABUNDANCE (total number/litre)
ALL OF 1975 JUNE-AUG. 1975 JAN.-APR. 1975

Point Lepreau

51-1 ,906

East

15-

West
Seely Head

228-1 ,906

51-150

984

15-102

11-2 ,715

93-2 ,715

11-122

19-2 ,698

192-2 ,698

19- 78

985

24-
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Atlantic Limited 1976a)). The most frequently-occurring species on firm
bottom substrates were the chiton, Ischnochiton ruben, found 72.3 per
cent of the time; the limpet, Acmaea testudinalis, 66.0 per cent; the
polycheate, Harmothoe imbricata, 50.0 per cent; and the sea urchin,
Stronglyocenrotus droebachiensis, 56.4 per cent.

Sea urchins, when present, accounted for more than 90 per cent of
the total animal biomass. This organism was the dominant grazer within the
depths sampled and is closely linked with lobsters and kelp in energy
transfer through the in-shore marine food web (Mann and Breen, 1972).
The range in biomass of sea urchins for the six sampling stations
is given in Tables 3-6 and 3-7 (data condensed from MacLaren Atlantic
Limited, ££. cit.).

Populations appear to be similar in biomass on

either side of Point Lepreau (Table 3-7). The overall range in biomass in
p

the upper 10 m sampled was 135 to 2,032 g fresh wt/m .

Wildish and Peer
2
(1983) found a mean production value of 7.6 g wet wt/m / y r and maximum
o
production value of 15.11 g wet wt/m /yr f o r sea urchins in the lower Bay
of Fundy.

3.2.2.4 Subtidal Benthos - Deposit Feeders
Biomass data for benthos occurring in the vicinity of Point
Lepreau in areas having a soft bottom substrate were of limited value
because the area over which the biomass was measured was not presented
(MacLaren Atlantic Limited, og_. cit.).

The most abundant types of

organisms found in the area were polycheates, atnphipods and bivalves.
Production values for deposit feeders (all species, considered together) in
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TABLE 3-6
RANGE OF BIOMASS OF SEA URCHINS AT SIX SUBTIDAL STATIONS IN THE VICINITY
OF POINT LEPREAU DURING 1975.
(Data condensed from MacLaren Atlantic Ltd., 1976a)
(E = East of Point Lepreau, W = West)

LOCATION

DEPTH
On)

RANGE IN SEA URCHINS
BIOMASS
?
(g f r e s h w t / 0 . 0 6 m )

TOTAL ANIMAL
BIOMASS

Point Lepreau

1
5
10

No Samples Taken
No Samples Taken
No Samples Taken

No Samples Taken
No Samples Taken
No Samples Taken

Duck Cove (E)

1
5
10

126- 341

63<1<1-

Red Point (E)

1
5
10

76- 603
184
295-T219

15- 665
< 1 - 187
398-1225

Indian Cove (W)

1
.5
10

358- 469
8 1 - 651

89- 504
83- 695
< 1 - 378

Welch Cove (W)

1
5
10

206- 795
680

4 - 799
< 1 - 687
<13

Seely Head (W)

1
5
10

905
119- 392
122- 522

15- 907
12- 451
< 1 - 719

122

o

(g f r e s h wt/0.06 m )

344
83
123

•

the vicinity of Point Lepreau were calculated by Wildish and Peer (op.
2
cit.) to be 1-10 g wet wt/m /yr within an area approximately 5 km west,
10 km south of Point Lepreau and eastward along the coast (see their Figure
4). Sediment chlorophyll "a" values, which give an indication both of
'food' content of the sediment and its erosional or depositional nature,
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TABLE 3-7
SUMMARY OF RANGE OF SEA URCHINS BIOMASS IN TOP 10 m EAST AND WEST
OF POINT LEPREAU DURING 1975.
(Data condensed from MacLaren Atlantic Ltd., 1976a)

LOCATION

RANGE IN SEA URCHINS
BIOMASS
?
(g fresh wt/0.06 m )

RANGE IN TOTAL ANIMAL
BIOMASS
?
(g f r e s h wt/0.06 m )

East

122 - 1219

<1 - 1225

West
Seely Head

81 -

795

<1 - • 799

119 -

905

<1 -

907

were greater than 2 ug/g sediment west of Point Lepreau and 1-2 ug/g
sediment east of Point Lepreau (see their Figure 6 ) . Since increases in
these values tend to be correlated with increase in the food content and
depositional nature of a substrate, deposit feeders would be expected to be
in greater abundance and biomass west of Point Lepreau.

3.2.2.5 Subtidal Benthos - Suspension Feeders
Production values for suspension feeders found within a radius of
2
approximately 40 km from Point Lepreau were less than 25 g wet wt/m /yr
(see Figure 3, Wildish and Peer, (op_. cit. )).

Scallops
MacLaren Atlantic Limited, (1976a) found suspension feeding
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scallops, Placopecten mageilanicus, to be more abundant on the west side
of Point Lepreau than on the east side (see Table 3-8). They generally
spawn during August and September.

Individual scallops can produce millions

of eggs. The larvae are pelagic; their development period usually lasts
about 40 days. Adult scallops do not migrate and are found on silt and sand
bottoms at water depths up to 200 m. As stated above, the scallops in the
Bay of Fundy are thought to probably originate from local stocks (Dickie,
1955). There may, however, be exchange between population centres (to the
west of Point Lepreau and near Digby, Nova Scotia) due to drift of larvae.
The scallop fishery is concentrated to the west and northwest of the Point.
It is not possible to estimate the potential density and biomass of
Placopecten from the MacLaren data, however, because no information is
available regarding the area covered by the'tows used to collect the
samples.

Soft-Shelled Clams
Soft-shelled clams spawn from JunerAugust near the clam beds where
the adults are found. A six-to-eight cm clam can produce about 3,000,000
eggs per year. The larvae are pelagic and the larval period lasts
approximately one month, depending on temperature and salinity conditions.
After the larvae have settled, and further development is initiated, they
are called spat. Mortality becomes high at this stage (up to 80 per cent
per year in very dense populations). The sites of spatfall (where larvae
settle out) appear to be primarily around the average low water level;
however, they may occur at higher tide levels.
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TABLE 3-8
ABUNDANCE OF TWO BENTHIC MACRO-ORGANISMS; SCALLOPS (Placopecten
magellanicus) AND LOBSTERS (Homarus aroericanus) COLLECTED IN TOWS AT 5
FATHOMS EAST AND WEST OF POINT LEPREAU DURING 1975.'
(Data obtained from MacLaren Atlantic Ltd., 1976a)

Location

#Tows

Placopecten

Homarus

East

32

162

13

West

39

638

60

Adult soft-shelled clams live in sediments which range in
characteristics from clean, medium, fine sand, and anaerobic mud, to mud and
gravel. Adult clams are filter-feeders and utilize suspended organic
material. Documentation of the biomass of the soft-shelled clam was given
in MacLaren Atlantic Limited1s final report (1977a).

In Little Lepreau
2
Basin, mean abundance of the soft-shelled clam was 100/m , with densities
2
on two occasions reaching greater than 500/m . A mean biomass of 3
2
kg/m was calculated for this area.

3.2.2.6 Subtidal Benthos-Carnivores
Lobsters
Lobsters are commercially important in the Point Lepreau area.
They breed during the sunnier, and fertilized eggs carried by the female over
the winter hatch the following summer (usually in late June to early
August). Lobsters do not reach sexual maturity for at least five years. A
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0.4 kg female can produce about 10,000 eggs, while an 8 kg female can
produce about 130,000 eggs. Natural mortality of lobsters from the egg to
adult' stage is greater than 99 per cent.

(The natural mortality for the

commercially fished finfish species described below is about 99.99 per
cent. )

Lobster larvae are planktonic. They appear to have a very strong
surface orientation and to be concentrated in the top 0.15 m of the water
column (Stasko and Gordon, 1983). Lobsters appear to retain this surface
orientation during the first three instars (larval stages) usually occurring
during July-September (at least in areas off western Nova Scotia where their
activities have been documented (Stasko and Gordon, £p. cit.). The
fourth instar initially migrates vertically at night (Stasko and Gordon,
op', cit.), and appears to become negatively phototrophic approximately
half-way through this larval stage (Scarratt, 1973). The fifth instar has
the characteristic lobster appearance and a strong bottom orientation
(Stasko and Gordon, ££. cj_t., and Scarratt, op_. ^vt. ). The growth
rate of lobster larvae depends on temperature and other factors.

There appears to be one lobster stock in the area comprising the
Bay of Fundy and the Gulf of Maine (Campbell and Mohn, 1982). Lobsters move
seasonally in or off-shore (Stasko, personal communication to G. Gil lis,
1983). Campbell suggests that mature lobsters in the Bay probably move from
deep waters (>60 m) to shallow waters in the summer to take advantage of
warmer shallow water for molting and reproduction. Few larvae have been
found in the Point Lepreau area of Bay of Fundy. Adult lobsters taken in

3-23
the area of Point Leprecu likely have been recruited from other areas in the
Bay or outside it (Stasko, personal communication to G. Gillis, 1983).

Adult lobsters are opportunistic omnivores (Ennis, 1973); their
diet appears to depend on the availability of appropriate prey species. An
indication of the abundance of adult lobsters was obtained from a series of
tows done by MacLaren Atlantic Limited (1976a). Like scallops, more
lobsters were collected west of Point Lepreau than east (Table 3-8). The
area from Maces Ledges to Chance Harbour Ledges appear to provide good
lobster grounds (MacLaren Atlantic Limited, op. cit.).

MacLaren

Atlantic Limited (op. cit.) has suggested that although few lobsters
were captured in their sampling program, the basis for a stable fishery is
present in the area. About 12 per cent of the total annual New Brunswick
catch in the Bay of Fundy) is taken between Chance Harbour and Seely Cove.
The New Brunswick lobster fishery as a whole has been relatively stable over
the past 50 years, even though there have been considerable annual
fluctuations (Dewolf, 1974).

The following information on fish biology has been taken from Leim
and Scott (1966) or TRIGOM-PARC (1974), except where otherwise noted.

3.2.2.7 Principal Fin-fish Species
Cod
Cod spawn chiefly in the winter and the majority of the cod stocks
have small, regular, well-defined spawning areas. Bay of Fundy stocks are
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considered to spawn off western Nova Scotia, on Georges Bank (P. Koeller,
personal communication to G. Gillis 1983), however, there may be some
limited spawning of small local populations within the Bay. An average size
female cod (54 cm) lays about 1,000,000 eggs. A 133 cm fish lays about
9,000,000 eggs. The eggs are planktonic and drift for up to 30 days before
hatching.
Cod larvae are 4 mm long at hatching and they are planktonic.
They become fully developed as larvae in 6-12 days. As larvae and small
juveniles they are pelagic, but after they reach about 15 cm., they dwell
near the bottom.

Immature cod are usually most plentiful in inshore areas

having a rough substrate. Adult cod live near the bottom (usually within 12
m ) , also usually in areas having a rough substrate.

Larval and post-larval cod feed on zooplankton and other pelagic
organisms. Copepods, amphipods, barnacle larvae and other small crustaceans
and worms make up the diet of small juvenile cod. Larger cod consume
invertebrates in enormous quantities, mollusks being the largest component
of their diet.

The vûd captured in the Point Lepreati area are primarily small
juveniles thought to be associated with stocks from the offshore banks
(Koeller, personal communication to G. Gillis 1983).

Generally, commercial

fishing for groundfish (including cod) is considered best to the west and
south of Point Lepreau.
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Haddock
Haddock, another member of the cod family, is more closely
associated with the bottom. Georges Bank is the primary spawning area for
stocks fished in the Bay of Fundy. The spawning season runs from February
to May. The number of haddock eggs produced ranges from 50,000 to 1,000,000
per individual. Eggs and larvae are both planktonic.

Incubation takes from

9-23 days. Larvae are concentrated near the surface until May. Young
haddock feed on copepods. When they settle to the bottom, they feed on a
variety of invertebrates including mollusks, worms, amphipods and sea
urchins. The haddock taken in the Lepreau area are thought to be part of
stocks which spawn on Georges Bank (Koeller, personal communication to G.
Gil 1 is, 1983).

Pollock
Pollock are similar in appearance to the cod and haddock but are a
more active pelagic species. Pollock spawn in schools in late autumn and
early winter and, for most of the stock, spawning appears to be restricted
to particular areas in the Gulf of Maine. Each female produces between
250,000 and 4,000,000 eggs. The eggs and larvae are pelagic and have a
9-day incubation at 6°C. Small pollock (0-2 years old) are found inshore,
particularly during the summer. As they grow older, they are found in
progressively deeper waters.

Young pollock feed mainly on amphipods, insects, or copepods at
least in the summer when their habits are known. Larger fish (found
offshore) are mainly zooplankton-feeders (mainly eating euphausiids). The
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pollock in the vicinity of Point Lepreau are generally associated with
offshore banks and are mainly fished at such sites (Koeller, personal
communication to G. Gil lis, 1983).

Flounder
Winter flounder are also found in the Lepreau area. These fish
spawn in their home range in winter or early spring in waters 2-5 m deep in
the backwaters of bays and estuaries, and on Georges Bank at depths of 46 to
73 m. The young produced in an area add to the population of winter
flounder in that area. Females can produce from 50,000 - 1,500,000 eggs.
The eggs sink to the bottom and adhere in clusters. The larvae are
negatively buoyant; densities on the bottom are about 6 times greater than
on the surface. Flounder larvae feed initially on diatoms and later on
smaller crustaceans such as isopods. The adult is limited by its mouth size
to a diet of small invertebrates and fish.

The flounder population in the Lepreau area may be a part of a
stock which is discrete from offshore stocks or stocks in other areas, i.e.,
the fish taken in the commercial fishing may be of local origin (Koeller,
personal communication to G. Gil lis, 1983).

Herring
The Atlantic Herring is a small, pelagic, schooling fish. The Bay
of Fundy stocks of herring spawn on the bottom during the late summer-autumn
period (lies, 1979).

The eggs are relatively buoyant and adhere to the

bottom in thick sheets. Herring egg production for a 25 cm female is about
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17,500 eggs and about 141,000 eggs are produced by a 33 cm female. The
larval stage lasts for five to eight months.

The herring stocks in the Bay of Fundy support a valuable
commercial fishery and have been the subject of a number of investigations
(e.g., Das, 1968; lies, ££. £i_t.; Sinclair and lies, 1981).

It appears

that the mouth of the Bay of Fundy is a mixing ground for herring stocks
that have migrated from as far away as Cape Breton and Cape Cod (lies, op.
cit.).

The assessment of the status of herring stocks in the Bay has, in

recent years, focused on surveys to obtain information on distribution and
abundance of larvae. The goal of these surveys is to predict the size of
fish populations in the Bay to facilitate management of the fishery. The
surveys of herring larvae over the period 1974-1982 show that high densities
of larvae occur off the coast of Maine, the west coast of Nova Scotia and in
the Nova Scotia portion of the Bay of Fundy (see Figure 3-2 data from M.
Power, 1983). As can be seen in this figure, very few larvae have been
found along the New Brunswick shore, including the vicinity of Point
Lepreau. The herring captured in the Lepreau area are thought to originate
in other areas of the Bay of Fundy or are produced in the major spawning
areas off the west coast of Nova Scotia (lies, 1979).

In the Bay of Fundy herring fishery, different types of gear are
used to harvest different ages of herring at different times and in
different locations. Juvenile herring c=>n be captured using weirs, purse
seines and mid-water trawls. Adults can be taken using gill nets, purse
seines and mid-water trawls. Herring in the Lepreau area are primarily
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caught by commercial fishermen with the use of weirs. The average length of
fish taken is 18 cm. The fishery in the area primarily focusses on
juveniles which are subsequently used in the production of sardines. A
"brit" fishery from January to mid-March captures juveniles which were
produced the previous year and are aggregated south of Saint John (Sinclair
and lies, 1981). The weir fisheries run from mid-May to January and
primarily capture two-year-old fish, however, one-year-old fish begin to
appear in the catch after August. Juvenile herring appear to follow the
counter-clockwise residual current pattern in the Bay of Fundy and utilize
the significant production of several species- of zooplankters in the outer
Bay (Iles, O£. cit.).
In a recent survey of the distribution and movements of herring in
the Bay of Fundy, one-year-old fish were found far from shore during the
summer but they appear to move inshore in late summer and appear to remain
inshore during their second winter (Koeller, 1979).

3.2.2.8 Value of the Fishery
The fisheries in Saint John and Charlotte counties of New
Brunswick make an important contribution to the overall value of the Bay of
Fundy fishery.

Data published by Iles ( oj). cit.) indicate that the

fish catch in weirs along the New Brunswick coast from Back Bay to Saint
John in 1974-79 averaged about 15 per cent of the total New Brunswick weir
fishing catch and about 3 per cent of the total landings of herring in the
Bay of Fundy. Charlotte county (from Lepreau west along the coast)
accounted for about 10 per cent of the total groundfish landings in the Bay
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TABLE 3-9
ANNUAL FISHERIES CATCH STATISTICS FOR FISHERIES AND OCEANS CANADA
MARINE FISH DIVISION UNIT' AREA 4Xs (in tonnes)

YEAR

COD

HADDOCK

POLLOCK

HERRING MACKEREL

TOTAL
SCALLOP 4XS

TOTAL
4X

1975

133

68

119

15392

0

-

15841*

60536*

1976

78

32

24

9132

0

-

9376*

187290*

1977

122

32

124

2563

0

-

3047*

201841*

1978

675

102

186

41470

47

-

44106*

•212894*

1979

1646

293

644

33964

6

-

38976*

177180*

.1980 2278

389

1854

11359

11

1507

19635

240348

1981 ' 2031

209

1083

22516

0

4743

32093

223011

1982 2009

349

1345

24841

16

2465

33141

227574

Note: * indicates totals are for finfish only (excluding invertebrates).
- indicates statistics not available.
Source: Fisheries and Oceans Canada, 1975-1982, annual reports.
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TABLE 3-10
1980 F ISHERIES CATCH STATISTICS FOR FISHERIES AND OCEANS CANADA
MARINE FISH [DIVISION UN!IT AREA 4Xs (in tonnes)

TOTAL
MONTH

COD

HADDOCK

January
February
March
April
May
June
July
August
September
October
November
December

6
89
161
208
377
266
209
279
306
246
81
43

0
0
0
0
21
53
62
70
59
66
51
7

3
1
0
0
0
478
214
26
310
215
0
913
0
0

0
0
0
0
0
6
3
4
157
206
0
8
0
0

2278

339

POLLOCK

HERRING

MACKEREL

SCALLOP

4Xs

6
0
0
0
36
154
1988
5572
2352
1016
216
19

0
0
0
0
0
10
1
0
1
0
0
0

197
128
81
39
29
159
52
199
334
256
33
100

239
235
264
428
831
1693
2949
6584
3540
1879
• 581
414

0
1
0
0
10
0
0
0
0
0
0
0
0
0

0
0

0
0
0
529
137
134
512
243
0
43
0
0

0
11066
0
19
0
0
0
0
0
0
0
0
273
0

0
1
0
0
0
0
1507
0
0
0

907
11076
665
19
70
1115
,1 575
177
1016
731
1507
9939
273

1354

11359

11

1507

0
0

2
3
155
442
421
388
224
254
8
0

GEAR
traps (type not
specified)
weirs
hand dredge
beach seine
drift gillnets
handlines
miscellaneous
not known
side bottom trawl
stern bottom trawl
scallop drag
long!ines
purse seine
salmon drift net
Total (4Xs)
Total (4;<)

an G "ja î"3

Zi

0

2

'eoo-ts .

a0

°
19635
240343
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TABLE 3-11
1981 FISHERIES CATCH STATISTICS FOR FISHERIES AND OCEANS CANADA
MARINE FISH DIVISION UNIT AREA 4Xs (in tonnes)

•
MONTH

COD

HADDOCK

January
February
March
April
May
June
July
August
September
October
November
December

25
101
213
64
293
265
238
319
256
120
59
73

0
2
0
0
18
42
61
38
26
10
1
6

3
0
0
0
3
176
455
0
5
274
133
0
981
0
0

0
0
0
0
1
11
2
0
0
83
100
0
12
0
0
209

POLLOCK

TOTAL
4Xs

HERRING

MACKEREL

SCALLOP

0
0
0
0
61
310
278
173
72
102
63
0

0
1088
280
0
70
388
5604
5244
4788
2957
1905
192

0
0
0
0
0
0
0
0
0
0
0
0

292
427
712
384
661
425
649
625
257
300
8
4

0
0
0
0
12
0
1
612
103
0
69
0
0

0
17303
0
3755
0
1
0
0
0
0
0
0
0
1457
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
4743
0
0
0

585
17416
461
3785
77
421
648
4
6
1024
361
4743
1089
1457
3

1083

22516

0

4743

32093
223011

347
1651
1277
553
1268
1561
6960
5534
5574
3620
2374
375

GEAR
traps (type not
specified)
we i rs
hand dredge
beach seine
drift gillnets
set gillnets
Handiines
miscellaneous
not known
side bottom trawl
stern bottom trawl
scallop drag
longlines
purse seine
salmon drift net
Total (4Xs)
Total (4X)

2031

no
177

Source: Fisheries and Oceans Canada, 1975-1982, annual reports.
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TABLE 3-12
1982 FISHERIES CATCH STATISTICS FOR FISHERIES AND OCEANS CANADA
MARINE FISH DIVISION UNIT AREA 4Xs (in tonnes)

TOTAL
MONTH

HADDOCK

POLLOCK

HERRING

MACKEREL

SCALLOP

18
139
157
129
273
234
266
273
178
148
70
120

0
0
1
0
4
69
90
112
33
26
9
0

0
0
0
0
51
196
342
271
217
76
11
174

0
17
55
48
158
30
3005
7891
8353
4238
950
.97

0
0
0
0
0
0
0
9
7
0
0
0

246
349
327
31
120
212
425
344
275
92
38
6

83
541
620
342
858
1107
4454
9031
9226
4722
1388
568

traps (type not
specified)
1
weirs
1
hanmd dredge
0
beach seine
0
drift gillnets
0
set gillnets
118
hand!ines
387
miscellaneous
75
not known
3
side bottom trawl
186
stern bottom trawl 280
scallop drag
0
longlines
949
purse seine
' 0
midwater trawl
0
salmon drift net
0
salmon set net
0

0
0
0
0
0
15
1
1
0
90
227
0
16
0
0

0
0
0
0
0
193

0
12
0
0
0
4
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
2465
0
0
0
0
0

644
22196
1162
2555
57
372
670
289
3
712
805
2465
1092
17
86
15

0

173
0
395
225
0
80
0
0
0
0

0
22182
0
•2555
0
0
0
0
0
0
0
0
0
17
86
0
0

349

1345

24841

16

2465

33141
227574

COD

January
February
March
April
May
June
July
August
September
October
November
December

4Xs

GEAR

Total (4Xs)
Total (4X)
Source:

2009

.

0

in

Fisheries and Oceans Canada, 1975-1982, annual reports.

1
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TABLE\ 3-13
LANDINGS OF CLAMS* AND LOBSTER FOR FISHERY DISTRICTS 49 and 53 (in tonnes)
1980, 1981 and 1982

District 49
MONTH

CLAMS

198CI
LOBSTER
1
0
0
0

1981

1982

CLAMS

LOBSTER

CLAMS

LOBSTER

1
0
0
0
1
12
0
0
0
0
28
7

0
0
0
0
4
2
3
1
<1
0
0

<1

42

January
February
March
April
May
June
July
August
September
October
November
December

0
0
0
0
0
0
0
0
0
0
0
0

10
0
0
0
0
22
7

0
3
<1
0
1
<1
0
00
0
0
0

Totals

0

32

>4

CLAMS

LOBSTER

CLAMS

LOBSTER

CLAMS

LOBSTER

0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0

<1
0
0
0
2
9
0
0
0
0
21
3

0
0
4
13
5
52
36
8
15
30
17
18

0
0
0
0
1
12
0
0
0
0
31
7

35

T58~

51

2

0
0
0
2
15
0
0
0
0
31
8

•o

>56

District 53
1980
MONTH

1981

January
February
March
April
May
June
July
August
September
October
November
December

165

0
0
0
0
2
9
0
0
0
0
13
14

Totals

T65~

38

Note:
Source:

o-

1982

* Clams are either soft-shelled or of unspecified type.
Fisheries and Oceans Canada, 1975-1982, annual reports.
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3.3

Environmental Radiation
3.3.1

General Description
All people are exposed to ionizing radiation throughout their

lives. People are exposed to radiation originating from the sun and outer
space (known as cosmic radiation). Naturally-occurring radioactive
materials are found in virtually all rocks, soils, and water. There are
radioactive gases in the air we breathe and our bodies themselves are
radioactive. Radiation exposure also results from a variety of man's
activities. These include the use of medical X-rays, nuclear medicine,
industrial isotopes, fallout from nuclear explosives testing, and the
operation of nuclear power generation facilities. The relative contribution
of each of these sources is illustrated in the pie chart shown i'n Figure
3-3.

The amount of background radiation to which we are exposed is a
function of many variables such as what we drink and eat, the air we
breathe, the materials of which our houses are made, and other local
environmental features. When the dose from internal sources of exposure is
taken into account, background levels in New Brunswick typically result in
everyone receiving a dose of 1 to 2 mSv per year, depending on the location
within the Province.
The efforts that have been made to assess the natural background
radiation in the vicinity of the Point Lepreau Generating Station are
described in this section.

WASHBURiJ & GILLIS ASSOCIATES LTD.
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0 . 4 % fallout
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•
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average dose is from natural
background radiation

•

the largest man-made contribution
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•

the nuclear power industry
is a small contributor to the
average radiation dose

FIGURE

3-3

TYPICAL DISTRIBUTION - BACKGROUND RADIATION
Source: National Radiological Protection Board, U.K.
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3.3.2

Preoperational Monitoring Programs
In November 1975, the Health Physics Department of NB Power

designed a Preoperational Environmental Radiation Monitoring Program
(Flanigan, 1975) for the Point Lepreau Generating Station then being
constructed.

This program was reviewed and approved by the Atomic Energy

Control Board (AECB). The primary objective of this program was to measure
background radioactivity in the vicinity of the site for several years
before the startup of Unit 1. The reason for this was to provide a
reference base for comparison with future environmental measurements from
the Operational Environmental Radiation Monitoring Program (Sutherland,
1982a) so that the small additional contribution from radioactive emissions
from Unit 1 could be distinguished. A secondary, but still important,
abjective of the preoperational program was to select appropriate equipment
and techniques for sampling and analysis, and to provide experience for
Health Physics Department personnel in environmental monitoring - in other
words - to establish a firm technical base for the Operational Environmental
Radiation Monitoring Program.

The emphasis in the environmental radiation monitoring programs
operated by NB Power is on the analysis of radionuclides which could be
released from the generating station, and which would contribute to
radiation exposure of people rather than the environment as a whole. Some
radionuclides which contribute to a natural background radiation, but which
would not be released from the station (such as radon daughters, for
example) are identified in the analyses, but are not assessed.
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The Preoperationai Environmental Radiation Monitoring Program was
begun in October 1976. All monitoring data obtained from this program have
been published in NB Power reports (Flanigan and Paciga, 1979; Flanigan,
1980; Sutherland, 1981, 1982b) with the last one covering the 1981 calendar
year. Early in 1982, the preoperationai program was phased out and replaced
by the operational program. The latter was in effect at the time of first
criticality of Unit 1 on July 25, 1982. The only difference in the two
programs is that samples are collected and analysed more frequently in the
operational program.

In addition to the NB Power programs mentioned above, a Point
Lepreau Environmental Monitoring Program has been established within the
Federal Department of Fisheries and Oceans to assess the long-term
environmental impact of the Point Lepreau Station (Smith et ^1_., 1982).
This program, which began in the fall of 1980, is operated by the Bedford
Institute of Oceanography (BIO) in Dartmouth, Nova Scotia.

It has been

designed to provide a broader understanding of the distribution and
transport mechanisms of radioactivity throughout the environment.

It is

anticipated that it will run for another five years. Although no
conclusions can be drawn yet, some of the data gathered so far are mentioned
in the following section.

3.3.3

Preoperationai Monitoring Results
3.3.3.1

Introduction

A detailed examination of the NB Power data gathered from October
1976 until the end of 1981 (Flanigan and Paciga, op_. cit.; Flanigan,
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£P c_H. ; Sutherland, 1981, 1982b) shows that there is no significant
difference in the results reported from year to year with the exception of
increased levels of radioactivity due to fallout from the Chinese bomb test
in October 1980. Therefore, in the interests of brevity, only data obtained
for the 1981 calendar year will be reported here.

Generally speaking, the NB Power program was more comprehensive
than the BIO program in terms of the number and diversity of samples and
analyses, but in those areas which overlapped, the BIO chose to achieve
gr-eater sensitivity by use of chemical separation techniques zr.d longer
counting times.

There was no statistically significant difference in the data
obtained by NB Power and BIO when samples from the same locations and
•periods in time were analysed at their separate facilities. Results given
here are those obtained by NB Power unless otherwise indicated.

Table 3-14 shows the types of samples collected by NB Power, and
Figures 3-4 to 3-8 show their locations. Each location has a
three-character identiffcation code (e.g., FOI). Reference locations,
chosen to lie outside the influence of station operations, are indicated by
the suffix R (e.g., AGIR). Sampling locations for mobile seafood species
(lobster, fish, etc.) caught in the Lepreau area are not specified.
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TABLE 3-14
SCHEDULE OF SAMPLE COLLECTIONS

Sample or Measurement

Frequency

Location

Airborne Particuiates
Airborne Radioiodines
Airborne Tritium

Monthly

Fig. 3-4

Gamma Radiation

Quarterly

Fig. 3-5

Sediments & Gamma Surveys

Quarterly

Fig. 3-7

Well Water

Semi-Annually

Fig. 3-6

Sea Water

Quarterly

Fig. 3-6

Milk

Monthly

Seafood (clams, fish,
lobster, dulse)

Quarterly
(as available)

-

•

*
Fig. 3-8

* Reference Dairy Milk analysed monthly; milk from a cow in the Lepreau
area is analysed as available.
3.3.3.2 Summary of Airborne Activities
Airborne Particulates
Detailed results of 55 particulates filter analyses are given in
Sutherland (1982b). The following fallout products were detected; Ce-144,
Ce-141, Ru-103, Ru-106, Cs-137, ^r-95, Nb-95, Mn-54.

Naturally-occurring

K-40. and Be-7 produced by cosmic rays in the upper atmosphere, were also
found. Elevated levels of activity of Ce-141, Ce-144, Ru-103, Ru-106,
Cs-137, Zr-95 and Nb-95, encountered in environmental samples collected in
the first half of 1981, are attributable to fallout over the province from
the Chinese bomb test in October 1980. Plots to show the variation of
radionuclide concentrations in air are shown in Figures 3-9 and 3-10.
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Airborne Radioiodines
All measurements of 1-131 were below the limit of detection of
1E-4 Bq/m3.

Airborne Tritium
Tritium concentrations (mostly cosmogenic) in the atmosphere were
close to the detection limits for the analyses used by NB Power. The BIO
analyses were more sensitive and those results are shown in Figure 3-11.
The increase in tritium concentration in the air during the summer months is
caused by enhanced atmospheric moisture content, since the tritium
concentration in water is fairly constant. The mean tritium concentration
in airborne water vapour measured during 1981 was 5.9 _+ 3.8 (2 SD) Bq/L.
(SD = Standard Deviation.)
3.3.3.3 Summary of Environmental Gamma Radiation Measurements
Measurements of Annual Gamma Doses Near Point
Lepreau Generating Station
Thermoluminescent dosimeters (TLD's) were used to measure annual
doses from background gamma radiation at the locations near the plant site
indicated in Figure 3-5. The data for each location are comparable from
year to year for the four years during which they have been collected. The
results for 1981 are shown in Figure 3-12. They range from a low of 490
uGy/y* at Chance Harbour to a high of 930 nGy/y at the generating station

* A gray is a unit of radiation absorbed dose.
of 1 J/kg.

It is an energy deposition

I
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switchyard. The mean of the 17 measurements is 670 pGy/y. The average
uncertainty (2 standard deviations) for each measurement is around 40
uGy/y.
In addition to the above, 12 TLD measurements were made within the
security fence of the Solid Radioactive waste Management Facility, which is
located about 1 km NNE of the generating station. These measurements ranged
from 780 to 1,070 uGy/y with a mean of 940 uGy/y. They are slightly
higher than the other results because of the background radioactivity in the
exposed bedrock and in the relatively massive concrete structures of the
facility which are themselves naturally radioactive.
Measurements of Gamma Dose Rates at Intertidal Zones
Suspended particulate radionuclides released in liquid effluents
from the nuclear station will ultimately be deposited in sediments. For
this reason, preoperational measurements were made of gamma dose rates on
beaches in the Point Lepreau area and at a reference location 28 km to the
ENE (see Figure 3-7). The dose rates encountered throughout the year were
very similar at all measured locations with a mean of 0.13 uGy/h and a
standard deviation of 0.02 uGy/h.

3.3.3.4 Summary of Sediment Activities
Sediment samples were collected from all the beaches at the time
the gamma dose rate measurements were made. The sediment samples collected
during 1981 showed similar elevated levels of fallout radionuclides as
appeared in air particulate samples.

I
1
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|

Since the cation-exchange capacity of clays is the important
parameter affecting radionuclide concentration is sediments, the fresh muds

1

with a high percentage of clays show the greatest absorption of
radionuclides. Thus, the mudflats tend to reflect changing levels of

I

radionuclides and also contain the highest levels from fallout and cosmic
activity (Be-7). Coarse-grained sediments such as coarse gravels and sands

•

in the immediate vicinity of Point Lepreau Generating Station contain no

|

clay minerals, cannot absorb radionuclides to any significant degree and
hence show consistent levels of radiation only from naturally radioactive

I

minerals.

It is evident from Figures 3-13 and 3-14 that considerable

variability in results can occur, depending on the character of the
I

sediment.

BIO did an extensive survey of off-shore sediments with emphasis
I

on the analysis of Pb-210, Cs-137, Pu-238, Pu-239 and Pu-240. Of these,
Cs-137 is the only radionuclide likely to be released from the Point Lepreau

I

Nuclear Station. The BIO data seems to indicate that most of the (fallout)
Cs-137 remains in solution in seawater, and that only a small fraction is
deposited in the sediments. The interested reader is referred to the BIO

I
I

report (Smith et al., 1982).

3.3.3.5 Summary of Measurements of Radioactivity in Water
Well Water

I

No gamma-emitting radionuclides other than naturally-occurring
K-40 were detected in well water samples from the Point Lepreau Area (see

•

I

Figure 3-6 for the locations). Low level alpha and beta activities from
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natural]y-occurring radioactivity in well water were detected in 4 and 8 of
18 samples respectively - the corresponding mean limits of detection were
0.07 and 0.05 Bq/L. Only two samples showed tritium activities marginally

I

above the limit of detection of 17 Bq/L.

Water samples from bore holes on the Solid Radioactive Waste
Management Facility were analysed for gamma emitting radionuclides before
the facility was placed in service. None were detected.

Seawater
The only gamma emitting radionuclide that NB Power detected in
seawater was K-40. Tritium was generally found to be below the limit of
detection for NB Power's technique. The BIO made extensive and sensitive
measurements of Cs-137, Sr-90, and tritium in the Bay of Fundy during five
cruises in 1979 (May, October), 1980 (June) and 1981 (February, April).

The

mean Cs-137 activity was measured to be 4 mBq/L with a range of 2 to 6
mBq/L.

BIO found no strong correlation between Cs-137 activity and either

water depth or geographic location. Sr-90 activities ranged from 1 mBq/L to
4 mBq/L with a mean value of 3 mBq/L.

The mean Cs-137/Sr-90 activity ratio

was 1.4 (Standard Deviation = 0.5), which ii close to the fallout ratio of
1.5.

BIO found that the tritium levels in seawater samples were below
or just marginally above their detection limit of about 4 Bq/L.

3-52
3.3.3.6 Summary of Measurements in Milk and Seafood
Milk
There were no dairy cows in the Lepreau area in 1981. Therefore,
to obtain some useful background data, NB Power analysed 50 milk samples
from different areas of the province. The only radionuclides detected were
K-40 (always, because milk contains natural potassium) and Cs-137 (29 of 50
samples).

The mean of the K-40 measurements was 51 Bq/L in a range from 42

to 62 Bq/L. The detected Cs-137 levels ranged from 0.08 Bq/L to 0.7 Bq/L.

Variation of radionuclides (other than K-40) in milk is strongly
influenced by the breed and age of the cows, and by the type of feed
(pasture, hay or grain) and nature of the pasture.

Seafood
With the exception of dulse, seafood contains no detectable
radionuclides other than K-40. Trace amounts of fission product activity
were found in one dulse sample.

(The 1982 measurements indicated no

detectable fission product activity - therefore, the 1981 result presumably
was due to fallout from the 1980 Chinese bomb test).

3.3.4

Results from the Operational Environmental Radiation
Monitoring Program

The Operational Environmental Radiation Monitoring Program was
initiated in January 1982, and has been operated as intended since that
time.

Initial fuel loading at Point Lepreau Station occurred in March 1982,

I
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the reactor started up in July and 75% of full power had been reached by the
end of the year.

None of the samples analysed in 1982 showed the presence of
radionuclides at levels above those previously encountered in the
pre-operational environmental radiation monitoring program, nor were there
any radionuclides attributable to the operation of the Point Lepreau
Station. This is borne out by the radioactivity levels of Figures 3-9,
3-10, 3-13 and 3-14, which show no discernible change once the station
started up.

By October 1983, the only environmental measurements which could
be traced to the Point Lepreau Station emissions' were barely detectable
levels of tritium-in-air.

The highest concentration recorded within the

exclusion area was just above 0.4 Bq/m
below 0.4 Bq/m

3.3.5

(April), and outside, it was just

at Welch Cove (August).

Conclusions from Monitoring Program
Point Lepreau Generating Station is the only CANDU station cooled

by seawater, and it is also the only Canadian station for which detailed
preoperational environmental radiation monitoring data exist.

I

These data indicate the presence of fallout fission product
activity throughout the environment at Point Lepreau, and they point to the

I

need for remote reference locations, as selected by NB Power for all
analyses, so that fission product fallout activity can be distinguished from

I

the future releases from the Point Lepreau Generating Station.
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The ultimate fate of radionuclides released from normal operations
of the station is that a small fraction will accumulate in the surrounding
terrestrial and marine environment.

It is not yet possible to assess the

magnitude of this fraction, because to date releases from Unit 1 have been
too low to obtain measurable concentrations in terrestrial and marine
sampling media.

In fact, it may never be possible to quantify this

fraction.

One distinction worth noting when comparing the accumulation of
radionuclides in the environment with other industrial pollutants (e.g.,
arsenic, mercury, etc.) is that ultimately the radionuclides will disappear
by radioactive decay, whereas stable pollutants will remain in some form
indefinitely.

I
I
4.0

DESCRIPTION OF THE SOCIOECONOMIC ENVIRONMENT

This section provides a description of the existing environment
from a social and economic perspective at a level of detail sufficient to
assess project impacts. Four impact regions, geographic areas where the
effects of the project will likely be experienced most intensely, have been
identified, largely on the basis of the extent, type and magnitude of
expected impacts resulting from the construction and operation of Lepreau 2.

Due to the magnitude of the proposed project, a profile of the
province, the first impact region to be considered, is presented in order to
provide a broad context. The second impact region encompasses Charlotte
County, and the City of Saint John Census Metropolitan Area (CMA). The
'

third impact region comprises the unincorporated communities in the

I

immediate area of the Point Lepreau peninsula generally from Musquash to
Pocologan.

I
Finally, the fourth impact region is the City of Fredericton, as
I

design of the proposed facility would be undertaken in that city.
4.1

I

Provincial Overview
4.1.1

Population
In 1981 the Province of New Brunswick had a population of 696,403

I

(Statistics Canada, 1981). This represented a growth of 2.8 per cent since
1976, considerably lower than the Canadian growth rate of 5,9 per cent for

I

the same period. At the time of the 1981 Census, 51 per cent of the
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population was urbanized. About 82 per cent of the urbanized population
lived in 16 cities and towns, the largest of which were Saint John, Moncton
and Fredericton with estimated 1981 populations of about 80,500, 54,700 and
43,700 respectively.

4.1.2

Economic Trends
In 1982 the service-oriented sectors (trade, services and public

administration) dominated the economy, accounting for 72.5 per cent of all
employment. Of the remaining industrial divisions, manufacturing accounted
for 13.5 per cent, construction 6.0 per cent, and primary industries for 8.0
per cent. The distribution of employment by sector in 1982 is indicated in
Table 4-1.

The New Brunswick economy is characterized by dependence upon
primary industries and exports. Forestry and related processing is the
largest sector, although mining is the fastest growing sector. Between 1980
and 1982 the mining economy grew by 42 per cent, as measured by gross
domestic product (GDP). The construction industry has been an important
component in the past but its significance has lessened considerably in
recent years. Major New Brunswick exports include: wood products, primary
and processed fish, agricultural produce, petrochemicals, and base metal
ores and concentrates. Forty-eight per cent of these exports are destined
to the United States.
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TABLE 4-1
EMPLOYMENT BY INDUSTRY, 1976-1982, NEW BRUNSWICK

1976

1978
T0U0")

1980

TIM)

TUOTT)

1982
T0UÏÏ)

Service-Producing

162(69.5%)

167(70.2%)

184(71.6%)

183(72.6%)

Community Business
Personal Services

61(26.2%)

69(29.0%)

76(29.6%)

80(31.7%)

Trade

45(19.3%)

45(18.9%)

49(19.1%)

46(18.3%)

Public Administration

20(8.6%)

19(8.0%)

22(8.6%)

21(8.3%)

Transportation, Communications and Utilities

26(11.2%)

. 25(10.5%)

26(10.1%)

27(10.7%)

Finance, Insurance,
Real Estate

10(4.3%)

9(3.8%)

Goods-Producing

71(30.4%)

71(29.8%)

71(27.6%)

69(27.4%)

Manufacturing

34(14.6%)

39(16.4%)

37(14.4%)

34(13.5%)

Construction

20(8.6%)

18(7.6%)

17(6.6%)

15(6.0%)

Other Primary

11(4.7%)

10(4.2%)

11(4.3%)

13(5.2%)

TOTAL*

233

238

. 11(4.3%)

257

9(3.6%)

252

* Note: Total may not add up due to rounding.
Source: Statistics Canada, 1981.

The New Brunswick economy exhibited stability between 1971 and
1980 in most sectors except manufacturing and services where growth was more
rapid (see Table 4-2). In 1982, however, the inflation-adjusted provincial
Gross Domestic Product fell by 5 per cent. This decline was most severe

4-4
TABLE 4-2
HISTORIC GROSS DOMESTIC PRODUCT - NEW BRUNSWICK
($ million 19/1)

Agriculture
Forestry
Fishing
Mining
Manufacturing
Construction
Goods Producing Industries
Service Producing Industries
All Industries

1971

1976

1979

1980

30
32
12
48
248
132
550
1,037
1,586

25
39
10
31
309
194
676
1,439
2,115

34
41
12
48
330
179
720
1,775
2,495

31
42

n
19
350
140
665
1,599
2,263

Source: Conference Board of Canada, Quarterly Provincial Forecast;
Statistics Canada, 1981.

in the forestry and manufacturing sectors followed by mining, construction
and agriculture (New Brunswick Department of Finance, 1983).

According to Statistics Canada (1981), there were 294,000 persons
in the labour force in 1982, a decrease of 0.7 per cent over the preceding
year (see Table 4-3). Of the total, 252,000 were employed and 47,000 were
unemployed. The average unemployment rate in 1982 was 14.2 per cent
(compared to the Canadian rate of 11.0 per cent).

The unemployment rate

generally varies considerably across the province (for example, it was from
7.7 per cent for Fredericton and 21.4 per cent for Northumberland County in
1981).
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TABLE 4-3
UNEMPLOYMENT RATES AND PARTICIPATION RATES, 1962-1982,
NEW BRUNSWICK AND CANADA

Year

Unemployment Rate
N.B.

Can.

Participation Rate

Diff.

N.B.

Can.

Diff.

1972

7.0

6.2

0.8

51.2

58.6

7.4

1973

7.7

5.5

2.2

52.8

59.7

6.9

1974

7.5

5.3

2.2

53.3

60.5

7.2

1975

9.8

6.9

2.9

53.8

61.1

7.3

1976

11.0

7.1

3.9

53.6

61.1

7.5

1977

13.2

8.1

5.1

53.7

61.5

7.9

1978

12.6

8.4

4.2

55.0

62.6

7.6

1979

11.1

7.5

3.6

55.3

63.3

8.0

1980

11.1

7.5

3.6

56.0

64.0

8.0

1981

11.7

7.6

4.1

56.7

64.7

8.0

1982

14.2

n.o

3.2

55.5

64.0

8.5

Source: Statistics Canada, 1981.

Labour force participation rates in New Brunswick (55.5 per cent
in 1982) were considerably lower than the national average of 64 per cent,
but were up from the 1972 rate of 51.2 per cent.
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4.1.3

Local Government Structure
There are 114 local governments in the Province of New Brunswick:

6 cities, 23 towns, and 85 villages. Almost all municipalities are governed
by a Mayor and council serving as elected representatives of the population
within the administrative unit. The unincorporated areas of the province do
not have locally-elected representation to government, rather, the
appropriate provincial department, through the Minister, acts in an advisory
and/or regulatory capacity on those issues within their jurisdiction.

The basic source of revenue for local governments is the property
tax. However, unconditional grants and stimulation grants from the
provincial government are very important in assisting local governments with
the delivery of municipal services. Unconditional grants are allocated on
the basis of a number of criteria including: assessment per capita,
assessment per road mile, population, and expenditures not financed with
local non-tax revenues.

A municipality may provide a broad range of services as deemed by
the council to be expedient for the peace, order and good government of the
municipality and for promoting the health, safety and welfare of the
inhabitants of the municipality.

Those services include utilities,

transportation, police and fire protection, and other general government
services.

For unincorporated regions, the Lieutenant Governor in Council may
make regulations defining the boundaries of a Local Service District (LSD)
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and nature of the services to be provided. Subsequently, the Minister of
Municipal Affairs regulates the provision of services within a LSD and
raises the required funds by taxation in accordance with the Real Property
Tax Act.

4.1.4

Industrial Capabilities
Statistics Canada listed 641 manufacturing industries in the

Province in 1980. Forest industries were the' largest sector, providing 32
per cent of the jobs and 38 per cent of the wages and salaries in
manufacturing. Food and beverage industries including fish processing were
also important, accounting for 30 per cent of the jobs and 24 per cent of
the wages and salaries in manufacturing.

The main centres of heavy industry in the Province are Saint John,
Moncton, Bathurst and Newcastle.

Industries located in these centres

include pulp and paper, shipbuilding, oil- processing, potash and lead zinc
mining, mineral processing, metal working and power plants. The specialized
tradesmen required for heavy industrial construction projects are also most
i.umerous in these locations. The value of manufacturing production in New
8runswick was $3.6 billion (see Table 4-4) in 1980, an increase of $2.75
billion from the 1971 manufacturing shipment value.
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TABLE 4-4
MANUFACTURING STATISTICS , 1980, NEW BRUNSWICK

•

INDUSTRY GROUP

NUMBER OF
ESTABLISHMENTS

VALUE OF
SHIPMENTS
($000)

VALUE TOTAL
SALARIES
ADDED NUMBER
& WAGES
($000) EMPLOYED ($000)

136

985,378

298,274

9,771

127,204

Textile

9

20,499

7,293

264

2,879

Clotjiing

4

5,519

4,216

356

2,956

157

261;798

94,915

4,245

60,361

Furniture & Fixtures

28

26,263

14,069

626

5,944

Paper & Allied Products

18

911,787

365,185

6,016

137,393

Printing & Publishing

61

48,007

82,058

1,238

'19,047

Metal Fabricating

58

93,166

35,777

1,451

23,963

Transportation Equipment

23

.. **

*•

**

**

6

**

*•

**

**

57

95,508

42,490

1,376

2

**

**

**

**

Chemical Products

16

80,018

26,028

411

8,110

Miscellaneous Manufacturing

38

30,457

17,469

82Ô

10,876

Other Manufacturing*

28

1,002,153

141,812

5,647

103,555

641

3,560,553

1,079,586 32,221

526,902

Food & Beverage

Wood

Electrical Products
Non-Metallic Mineral Products
Petroleum and Coal Products

TOTAL
*

23,674

Transportation, Electrical Products and Petroleum included in all figures except
number of establishments.

** Confidential to meet secrecy requirements of Statistics Act.
Source: Statistics Canada, 1981.
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New Brunswick suppliers are capable of providing a variety of
materials used in the construction of industrial facilities, including
aggregate, concrete, common structural steel shapes, and electrical wiring.
They can also provide a range of industrial equipment.

According to Statistics Canada (1981) the numbers of employed
persons in the New Brunswick construction industry averaged 15,000 in 1982.
Current levels of construction activity are low relative to the overall
capacity of the industry.

4.2

Profile of Charlotte County/Saint John CMA Impact Region
The second impact region consists of Charlotte County and the

Saint.John Census Metropolitan Area (CMA).

Charlotte County is located in the southwest part of the Province
adjacent to the State of Maine, and contains seven incorporated towns or
villages, the largest of which is the border town of St. Stephen.

The

renowned Fundy isles of Grand Manan, Deer Island and Campobello Island are
also part of the County.

The County is essentially rural and its economy has been based on
fishing and forestry from the earliest days of settlement.

In this century

the region has come to depend more and more on imports of manufactured
goods, although the fish processing, pulp and paper, and recently,
mining industries have continued to grow.
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The Saint John Census Metropolitan Area, located at the mouth of
the Saint John River, includes the largest city in the province, the City of
Saint John, the Town of Rothesay, and seven Villages: East RiversideKinghurst, Fairvale, Gondola Point, Quispamsis, Renforth, Hampton and
Westfield.

The City of Saint John is endowed with a natural harbour which is
ice-free year round and serves as the province's major shipment point for
international trade. Consequently, activity associated with both
transportation equipment manufacturing and the transport of passengers and
cargo is an important and highly visible component of the Saint John CMA's
industrial base. Other equally important economic sectors include service
industries, forest products and petroleum and chemical products.

The municipalities surrounding the City of Saint John are
primarily dormatory communities with most residents commuting to the City
for employment.

4.2.1

Population and Housing
The population of the Saint John CMA and Charlotte County between

1971 and 1981 is presented in Table 4-5. Overall the region grew slowly, at
less than two per cent since 1976, or about one per cent less than the
provincial average. However, this trend was not uniform throughout. The
Saint John City population decreased by 8,500 while the population of the
outlying suburbs of Saint John CMA increased by 15,800 people resulting in a
net increase of 7,300 persons.
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TABLE 4-5
CHARLOTTE COUNTY/SAINT JOHN CMA IMPACT REGION
POPULATION

AREA
1971 *

POPULATION
1976

1981

% CHANGE
1971-83TT976-81

Saint John CMA
Saint John City
Areas in CMA
Outside City
Charlotte County'

106744
89039
17705

112976
85956
27018

114048
80521
33527

5 .8
-3 .5
52 .6

0 .9
-6 .3
24 .1

24550

25425

26571

3 .4

4 .5

TOTAL

131294

138401

140619

5 .4

1 .6

Source: Statistics; Canada, 1971; 1976; 1981 •

Charlotte County had a more stable population and experienced slow
growth (less than one per cent per annum) between 1971 and 1981. The
county's population is slightly older than the national average and the
percentage of people in the 20 to 64 age category, which generally forms the
workforce, is less than the national average. Young people tend to leave
the area because of the limited employment opportunities.

Despite the impact region's modest population increase, the number
of occupied dwellings increased by approximately 29 per cent during the
1971-1981 period (see Table 4-6). This increase is partially attributable
to Lepreau 1 and can also be explained by declining household size and an
increase in single-parent families. The average household size in Saint
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TABLE 4-6
CHARLOTTE COUNT.Y/SAINT JOHN CMA IMPACT REGION

TOTAL OCCUPIED DWELLINGS

Number of Dwellings
'1971

Percentage Change
1971-81

1981

Saint John CMA
Saint John City
Charlotte County

28,698
24,020
7,055

37,185
27,330
8,825

29.6
13.8
5.1

TOTAL IMPACT REGION

35,745

46,010

28.7

Source:

Statistics Canada, 1971; 1981.

John CMA decreased from 3.6 to 3.0 over the 1971-1981 period.

In Saint John

City, the decline was even greater while a smaller decline occurred in
Charlotte County.

Housing trends are likely to change somewhat in the future owing
to population aging and general economic conditions. The trends expected
for the impact region over the next decade are:

(1) continued decline in

household size but not at as rapid a rate as in the past; and (2) decline in
demand for single family dwellings. This is based on three changes: smaller
population in the 20-34 age category who traditionally buy single family
homes, increasing mortgage and energy costs and decreasing disposable
incomes (in real terms). The effect of these trends will be to slow the
rapid growth that suburban and rural areas experienced in the 1970's.
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4.2.2

Employment and Income
Labour Force and Employment
In 1981, the labour force of Charlotte County consisted of 7,050

men and 4,610 women.

In the Saint John CMA, the labour force consisted cf

31,150 men and 21,043 women.

Table 4-7 shows the average annual growth rates in the labour
force for the impact region and for New Brunswick as a whole. The

TABLE 4-7
CHARLOTTE COUNTY/SAINT JOHN CMA IMPACT REGION
AVERAGE ANNUAL POPULATION AND LABOUR FORCE INCREASE-(1971-1981)

Population 15+
New Brunswick
Males
Females
Total

Labour Force

Employment

%

%

%

1.7
1.9
1.8

1.8
4.7
2.8

1.3
4.1
2.7

1.0
1.4
1.2

1.4
3.7
2.3

1.1
3.1
1.8

I.I
1.3
1.2

1.2
3.0
1.9

1.0
2.9
1.7

Charlotte County
Males
Females
Total
Saint John CMA
Males
Females
Total

Source: Statistics Canada, 1971; 1976; 1981.
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difference in labour force growth in the impact region relative to the
province is due to slower growth in the working age population, and a
smaller increase in participation rates. Both of these factors are
influenced by a relatively lower level of economic opportunities in the
impact region. Low population growth rates result from outmigration by
families seeking better employment opportunities. Lower participation rates
reflect the limited numbers of opportunities which cause workers to leave
the workforce.

Table 4-8 presents the participation and unemployment rates for
the impact region and the province for 1971, 1976, and 1981. Participation
rates generally increased over the period, especially for women. Charlotte
County participation rates^closely follow the participation rates for the
province, while Saint John participation rates are generally higher.

The unemployment rates also increased from 1971 to 1981.
Unemployment declined between 1971 and 1976 for the Saint John CMA and for
males in Charlotte County.

In part, the decline was probably due to

Lepreau 1, although during the same time period there was a high level of
construction activity in the City of Saint John.

Table 4-9 shows the distribution of the labour force by industry.
Charlotte County has a significantly greater portion of its labour force
engaged in manufacturing than occurs in New Brunswick as a whole, (29.6 per
cent compared to 16.7 per cent).

Primary industries, including agriculture,

forestry, fishing and trapping, and mining were also more important in
Charlotte County than elsewhere.
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TABLE 4-8
CHARLOTTE COUNTY/SAINT JOHN CMA IMPACT REGION
LABOUR FORCE CHARACTERISTICS, 1971-1981

Participation Rates{%)
1971 1976
1981

Unemployment Rates(%)
1971 1976
1981

New Brunswick
Maies
Females
Total

71.3
34.3
52.8

69.6
38.7
54.0

72.0
44.8
58.2

8.2
8.8
8.5

9.5
11.8
10.3

12.3
14.1
13.0

69.3
36.0
52.6

69.2
37.9
53.2

72.0
45.2
58.3

8.0
11.7
9.3

7.8
15.2
10.5

10.7
17.5
13.4

76.6
40.1
57.7

73.9
40.1
56.4

76.5
47.5
61.6

7.1
7.8
7.4

6.6
6.7
6.6

8.5
8.7
8.6

Charlotte County
Maies
Females
Total
Saint John CMA
Maies
Females
Total

Source: Statistics Canada, 1971; 1976; 1981.

The profile for the Saint John CMA is quite different. As a
service and transportation centre, the percentage of the labour force
involved in manufacturing and primary industries is below the provincial
average.

In sectors such as trade, transportation, communication and

utilities, finance, insurance and real estate, community services and
personal services, the proportion is higher than the provincial average.
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TABLE 4-9
CHARLOTTE COUNTY/SAINT JOHN CMA IMPACT REGION
LABOUR FORCE BY INDUSTRIAL CLASSIFICATION, 1981 (PER CENT)

New Brunswick

Charlotte County Saint John CMA

8.2

9.8

1 .1

Manufacturing
Industries

16.7

29.6

15 .7

Construction
Industries

7.4

7.4

81.2

Transporation,
Communication &
Utilities

9.3

7.9

13 .0

17.1

12.5

18 .8

Finance, Insurance
& Real Estate

3.7

2.3

5 .7

Community, Business
& Personal Service

28.0

23.7

30 .7

9.7

6.8

6 .8

Primary Industries*

Trade

Public Admin.
& Defence

*Includes Agriculture, Forestry, Fishing, Trapping and Mines.
Unemployed workers are listed by industry of most recent employment.
Source:

Statistics Canada, 1981.

Income
Table 4-10 shows average and median income measures for the impact
region. Average family incomes in Charlotte County were 98.4 per cent of
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TABLE 4-10
•

CHARLOTTE COUNTY/SAINT JOHN CMA IMPACT REGION
1980 EMPLOYMENT INCOME (1980$)

New Brunswick

Charlotte County

Saint John CMA

13 ,580
12 ,573

12, 726
11, 644

16 ,583
15 ,759

6 ,968
5 ,680

6, 046
4, 876

7 ,824
7 ,135

21 ,155
18 ,916

20, 822
18, 575

24 ,896
23 ,059

EMPLOYMENT INCOME
Males Over 15
Who Worked
Average Income
Median Income
Females Over 15
Who Worked
Average Income
Median Income
FAMILY INCOME
Average Income
Median Income

Source:

Statistics Canada, 1981.

the New Brunswick average.

Income for males was 93.7 per cent of the New

Brunswick level and females 86.8 per cent of the New Brunswick average.
Median incomes were also lower in Charlotte County than the province.

On the other hand, average family income in the Saint John CMA
exceeded the provincial average by 17.7 per cent. Average incomes for males

ï
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and females in the Saint John CMA exceeded New Brunswick averages by 22.1

I

per cent and 12.3 per cent respectively.

I
4.2.3

Industrial Structure & Economic Base
The Impact Region exhibits an economic structure which can be

categorized into two distinct sectors:

•
•

- a resource-based economy supporting the rural population; and
- an urban industrial and commercial economy.

I

The resource-based economy is founded primarily upon forestry, the

p

fishery, and agriculture, and represented the major source of livelihood for

_

rural residents (although often at subsistence levels) until World War II.

•

Subsequent to that period, however, the advent of significant technical,

•

social and economic changes resulted in a dramatic decline in the importance
of the resource-related economic base. These changes also contributed to a
substantial outflow of people from the rural areas.

•

I

•

The industrial and commercial economy is centred mainly in the

M

City of Saint John but is also present, to a limited extent, in St. Stephen,
St. Andrews, and St. Ge&rge. The original impetus to industrial and

•

commercial development in these centres came from the great lumber and
shipbuilding boom of the 19th century.

During this period, these urban

I

areas prospered and were well integrated into the world economy and trade of
the era as well as serving the needs of the regional population.

m

In the Saint John CMA, many early adjustments were made in
response to changing economic conditions.

In 1835, for example, iron hulls

JÊ
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for vessels were being manufactured in Saint John. The first compound steam
engine and the first totally Canadian-made steam locomotive were designed
and built in Saint John.

In St. Stephen, the industrial base of the economy

had diversified prior to the collapse of shipbuilding into manufacturing
textiles, shoes, soap, axes and candy.

Over the period between 1900-1960 the Impact Region came to depend
more and more on imports and manufactured goods from outside the region
while exports from local manufacturers declined sharply as local firms went
out of business. The only major exceptions to this were in the areas of
fish processing and pulp and paper, particularly in the Saint John CMA where
these industries were developed by the Irving interests.

4.2.4

Services and Amenities
Transportation and Roads
The Impact Region is served by two major provincial highways:

Route 7 which connects the Saint John area with Fredericton to the north;
and Route 1 which links both the Bay of Fundy coastal communities as well as
the urban centres of Sussex and Moncton to Saint John. These routes serve
as the main trunk service. They are two-lane, all weather roads with the
exception of a four-lane portion of Route 1 between Musquash and Saint John.
*
The.Point Lepreau area is approximately 35 km west of Saint John
(about 25 minutes of travel by automobile via Route 1 ) . At present, Route 1
offers level of service "C" (satisfactory operating speeds and
maneuverability) to the Lepreau area. Average hourly traffic volumes are

I
J
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moderate and passing sight distance restrictions are minimal.

Route 790 is a two-lane, all-weather road which serves as a

1
I

collector road for the Point Lepreau area communities of Little Lepreau,
Maces Bay, Dipper Harbour and Chance Harbour. During the construction of

|

Lepreau 1, this road was partly realigned to by-pass Little Lepreau and

.

intersect with Route 1 in a more direct manner.

•

I
Rail Transport
The Saint John CMA is currently serviced by two rail lines which
connect the City with Fredericton and Moncton.

I

Both of these rail links can

accommodate additional freight volume without major upgrading of rail lines

I

and facilities and present capacities should not present a serious barrier

•

to further industrial development in the Saint John area.

I
Police Protection
Police protection in the Impact Region is provided by local
municipal police forces and the RCMP.

I

In Charlotte County, St. Stephen, St.

George and Blacks Harbour have municipal forces. The towns and villages of

•

the Saint John CMA are served by a Regional Police Commission, while the

g

City of Saint John has its own police force.

In addition, there are four

RCMP detachments in the Impact Region; their locations and the current

I

numbers of uniformed staff are as follows:
- St. Stephen (7 officers)
- St. George

(5 officers)

|

I

4-21
- Saint John (12 officers: 7 Saint John, 5 Lepreau
sub-detachment)
- Hampton

(10 officers)

The New Brunswick Highway Patrol is scheduled to assume
responsibility for accident and traffic law enforcement in the southwest
region of the province in 1985-86. As a result, RCMP staff levels in the
Impact Region will decline, but by how much is unclear.

It has been

suggested that two RCMP positions may be lost for every three Highway Patrol
positions created.

Justice Department officials are planning to have

approximately 15 Highway Officers assigned to the Impact Region-by 1986,
which would imply a reduction in RCMP coverage of 10 officers.

Education
School enrollment in three of the four school districts covering
the Impact Region (Districts 20, 21 and 23) decreased between 1971 and 1982,
although the decline was not substantial in elementary schools (grades 1-6).
As a result of this decline, schools in these districts currently have
excess capacity.

The population shift from Saint John City to outlying

areas has been responsible for substantial growth in enrollment in School
District 19 (Rothesay, Hampton, and Quispamsis), where several new schools
have been built over the past 10 years. School enrollment in District 19
has levelled off since 1980 and, consequently, existing capacity is
sufficient for present needs.
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Over the next 10 years, no additional schools are planned for the
Impact Region.

Instead, school closures are expected as enrollment declines

(see Table 4-11). Some upgrading of older schools will occur (e.g., St.
Stephen Junior High School).

Social Services
A variety of social services are provided in the Impact Region.
These include:

income maintenance and personal social services, (Department

of Social Services); mental health care, (Department of Health); and a
regional detoxification centre, (Alcohol and Drug Dependancy Commission).
In addition, there are numerous private social services such as Alcoholics
Anonymous and Family Service Agency.

Historic data related to social service caseloads and employee
assistance programs are not available from the Department of Social
Services.

Health Care
The Impact Region has four general hospitals including two in
Saint John - the Saint John Regional Hospital and St. Joseph's Hospital.
These two hospitals contain a total of approximately 1,000 beds. 100 bed
and 35 bed hospitals are located in St. Stephen and Black's Harbour
respectively.
service.

In addition, most municipalities operate an ambulance

TABLE 4-11
ACTUAL AND PROJECTED ENROLLMENT BY SCHOOL DISTRICT 1971 - 1992

GRADES

ACTUAL
NUMBER OF STUDENTS
1976 1979 1980 1981

1971

CHANGE IN
ENROLLMENT
1971 - 1982
%
No.

1982

PROJECTED
NUMBER OF STUDENTS
1983
1992

CHANGE IN
ENROLLMENT
1983 - 1992
No.
%

2432

3259

3598

3690

3653

3735

53.6

1303

3735

3392

-343

9.2

1 -6

1121

1592

1690

1734

1713

1756

56.6

635

1876

1861

-15

0.8

10 - 12

648

912

1354

1434

1490

1463

126

815

1460

1726

266

18

0

0

4

0

6

8

-

8

8

8

0

0

4201

5763

6646

6858

6862

6962

65.7

2761

7079

6987

-92

13

9399

9222

8996. 8706

-32.2

-4127

8547

7532

-1015

-12

District 19 - Hampton

Special Ed
Total
District 20 - Saint John
1 -6

12833 1029

7-9

6133

6243

5388

4965

4683

4465

-27.2

-1668

4514

3755

-759

-17

10 - 12

4888

4676

4916

4830

4716

4483

-8.3

-405

4011

3246

-769

-19

Special Ed

442

231

242

216

159

263

-40.5

-179

263

263

0

0

24296 21449 19945 19233 18554 17917

-26.3

-6379

17335

14796

-2543

-15

Total
District 21 - St. George
1 -6

1025

975

944

919

908

878

-14.3

-147

875

783

-92

-10

7-9

465

537

511

492 •* 446

441

-5.2

-24

445

402

-43

-10

10 - 12

388

381

447

412

409

399

2.8

11

375

326

-49

-13

Special Ed

10

10

0

14

42

31

21

31

31

0

0

1888

1903

1902

1837

1805

1749

-139

1726

1542

-184

-11

Total

210
-7.4

ro
CO

TABLE 4-11 (Cont'd)
ACTUAL AND PROJECTED ENROLLMENT BY SCHOOL DISTRICT 1971 - 1992

GRADES

1971

ACTUAL
NUMBER OF STUDENTS
1976
1979
1980 1981

1982

CHANGE IN
ENROLLMENT
1971 - 1982

%

PROJECTED
NUMBER OF STUDENTS
1983
1992

No.

CHANGE IN
ENROLLMENT
1983 - 1992

%

No.

District 23 - St. Stephen
1 -6

1686

1651

1592

1562

1536

1527

-9 .4

-159

1505

1333

-172

-11

7 -9

809

863

858

841

802

803

-0 .7

-6

813

695

-118

-14

10 - 12

671

654

638

664

695

714

6 .4

43

675

611

-64

-9.4

18

41

34

46

27

30

66 .7

12

30

30

0

0

3184

3209

3122

3113

3060

3074

-3 .5

-110

3023

2669

-354

-12

1 -6

17976

16184

15533

15393

15093

14846

-17 .4

-3130

14662

13040

-1622

-11

7 - 9

8528

9235

8447

8032

7644

7465

-12 .5

-1063

7648

6713

-935

-12

10 - 12

6595

6623

7355

7340

7310

7059

7.0

464

6521

5909

-612

Special Ed

470

282

280

276

234

332

-29 .4

-138

332

332

0

0

33569

32324

31615

31041

30281

29702

-11 .5

-3867

29163

25994

-3169

-11

Special Ed
•

Total

Total Districts 19 - 23

Total
Source:

New Brunswick Department of Education, unpublished data.

-9.4

-p

5
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4.2.5

Regional Land Use, Ownership and Control
Existing land use in the Impact Region reflects the importance of

original forestry and fishing activities in early settlements to present day
commuting to the urban/industrial centres in Saint John and St. Stephen.

Forest and non-productive lands cover the largest percentage of
this basically rural area. Urbanized areas, with the exception of Saint
John, are generally small and overall population densities are low and tied
to traditional primary resource activities. Rural settlement patterns have
developed along established coastal roads.

Regional Land Use Planning and Development Control
Land use planning and development control in New Brunswick are
municipal functions, with the Department of Municipal Affairs acting in an
advisory and approval capacity.

Municipal planning objectives are generally achieved through
Community Development Plans, with implementation enacted through zoning
by-laws and other supporting legislation. These documents are prepared by
Municipal Councils, often with the assistance of the Department of Municipal
Affairs, and are administered by a development officer.

The planning and development process within the Impact Region
is guided by a range of provincial regulations and municipal by-laws. The
latter includes: Municipal Development Plan, zoning by-laws, subdivision
and building by-laws as well as legislation regarding unsightly premises and
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mobile home parks. With the exception of the Town of St. George and the

|

Villages of Seal Cove and Grand Harbour, all municipalities within the

.

Impact Region have adopted Municipal Development Plans and Zoning by-laws.

•

Almost all of the unincorporated areas within the Impact Region
have been formed into Local Service Districts (LSD), a type of local

I

government administered by the Minister of the Department of Municipal
Affairs. Planning and development in an LSD may be controlled by

|

regulations and by-laws similar to those adopted by municipalities. Local
land use and government service issues are channelled through an elected

I

body, the Advisory Committee, which makes recommendations to the Minister of

ft

Municipal Affairs for judicial action. An LSD is formed primarily to
facilitate the provision of minimal services (ambulance, fire protection,

I

street lighting) to rural areas.

4.3

Point Lepreau Impact Region

^

The Point Lepreau Impact Region generally includes the Point
Lepreau Peninsula which encompasses Lepreau and Musquash parishes. There

M

are no incorporated communities in the local impact area. The 1981 census
identified 12 settlements, located in the parishes of Musquash and Lepreau:

I

Chance Harbour, Dipper Harbour, Gilmore Subdivision, Lepreau, Little
Lepreau, Maces Bay, Musquash, New River Beach, Pocologan, Prince of Wales,

I

Thompson Subdivision and Welch Cove. Gilmore and Thompson Subdivision are

•

new settlements which have developed within the past 10 years.

I
I

4-27
4.3.1

Population and Housing
Population
The combined population of Musquash and Lepreau Parishes in 1981

was 2338 persons. Community population estimates are provided in Table
4-12.

Because some data for individual communities is not available, it
is difficult to make meaningful comparisons. However, in aggregate, the
population in the Impact Region increased by approximately 62 per cent
between 1971 and 1981, primarily due to the influx of young people (many
with families) because of Lepreau 1 and new subdivision developments.

Table 4-13 illustrates the transition in population distribution
which the settlements have undergone since 1971. The traditional structure
of relatively equal-sized settlements of Chance Harbour, Dipper Harbour,
Lepreau and Maces Bay has changed in that the Lepreau settlement is now
larger than the others.

Housing
In 1981 there were 735 dwellings in the Impact Region, an increase
of 77 per cent (320 units) over the number in 1971 (see Table 4-14).
Approximately 100 of the new units are located in two new subdivisions
(Gilmore and Thompson). Most of the remaining 220 new units are distributed
among the communities of Dipper Harbour, Welch Cove, Maces Bay,
Lepreau, Little Lepreau and Pocologan. The proportion of owned versus
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TABLE 4-12
POINT LEPREAU IMPACT REGION
ESTIMATED POPULATION OF COMMUNITIES AND PARISHES

Bel dings Cove
Chance Harbour
Dipper Harbour
Gilmore Subdivision
Haggerty's Cove
Lepreau
Little Lepreau
Maces Bay
Mink Brook
Musquash
New River Beach
Pocologan
Prince of Wales
Thompson Subdivision
Welch Cove

1971

197J5

1981

...
181
109

...

—
162
—
133
...
—
78
108
131
___
---

114

33
63
166
31
137
208
143
182
65
49
33
150
138
291
78

162
183
—
117
60
—
43
65
...

1767

Total Communities*
Musquash Parish
Lepreau Parish

732
713

1023
1001

1276
1062

Total Study Area

1445

2024

2338

* Community totals not provided for 1971 and 1976 because of incomplete
data.
Source: Statistics Canada, 1971; 1976; 1981.

rented housing has increased slightly (87 to 90 per cent) in the area while
the percentage of single detached housing has declined from 93 to 83 since
1971.
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TABLE 4-13
POINT LEPREAU IMPACT REGION
POPULATION DISTRIBUTION BY COMMUNITY

Percentage of Total Population
of Musquash and Lepreau Parishes
1971
1981
Chance Harbour*
Dipper Harbour
Lepreau*
Maces Bay*
Pocologan
Prince of Wales*
New River Beach.

*

12.5
7.5
11.2
9.2
7.4
9.1
5.3

4.1
7.1
15.0
11.1
6.4
8.0
7.3

Note: Chance Harbour includes Beldings Cove
Lepreau includes Little Lepreau
Maces Bay includes Welch Cove
Prince of Wales includes Musquash
New River Beach includes Haggerty's Cove

Source:

DPA Consulting Ltd., 1983, unpublished data

4.3.2

Employment
Table 4-15 indicates the distribution of the Impact Region's

labour force by industry, in 1981, the main sources of employment were in
the service (21 per cent), manufacturing (17 per cent) and transportation
and utility sectors (16 per cent).

Fishing, fish processing and forestry-related industries have
historically been the main sources of employment in the Impact Region. In

I
4-30

I

TABLE 4-14

I

POINT LEPREAU IMPACT REGION

•

OCCUPIED HOUSING; LEPREAU AND MUSQUASH PARISHES

Lepreau
1971
1981
Total Housing*

Musquash
1971
1981

Total
1981
1971

210

345

205

390

415

735

Owned

185

315

175

350

360

665

Rented

25

35

30

40

55

75

185

280

200

330

385

610

Single Detached

I
I
I
I
I

* Numbers may not total due to rounding.
Source: Statistics Canada, 1971; 1981.

•

I
1971, these sectors accounted for 22.5 per cent of the total labour force.
By 1981 the importance of these industries had declined, however, while the

m

significance of service and transportation, communication and utility

•

industries had increased. Other sectors which increased were trade,
construction, finance, insurance and real estate.

Published employment statistics are somewhat misleading in

I
I

reflecting the level of economic activity in the Point Lepreau impact

m

region, as most residents work in Saint John, Black's Harbour and St.

•

George. Local businesses presently employ approximately 27 persons full

•

time and 16 persons on a part-time basis; seasonal employment varies between

I
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TABLE 4-15
POINT LEPREAU IMPACT REGION
LABOUR FORCE BY INDUSTRIAL DIVISION

NEW BRUNSWICK
1981
%

LEPREAU IMPACT REGION
1971

No.

1981
%

No.

%

Forestry

10

2.1

25

2 .7

Fishing

45

9.4

60

6 .6

8.2

55

11.5

90

9 .8

Manufacturing

16.7

115

24

155

17

Construction

7.4

50

10

no

12

Transportation,
Communications, &
Utilities

9.3

55

11

145

16

17.1

40

8.3

95

10

3.6

15

3.1

40

28.0

75

9.7

30

All Primary Industries

Trade
Finance, Insurance and
Real Estate
Service
Public Administration

16
6.3

190
40

Other
TOTAL :
Source: Statistics Canada, 1971; 1981.

480

915

4.,4
21
4. 4

I
I
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5 and 10 persons during the summer months (L. Spear, personal communication

|

to J. Paynter, 1984). Most of the local population are engaged in

»

fishery-related activity either on a commercial or non-commercial basis.

•

However, full time employment in this sector has been estimated to be

•

approximately 200 persons (C. Lomacks, personal communication to J. Paynter,
1984).

|

rates for both parishes compare favourably with New Brunswick. Male

I
I

unemployment rates are significantly lower than the provincial average.

I

Table 4-16 presents the participation and unemployment rates for
Lepreau and Musquash parishes and New Brunswick for 1981. Participation

Female unemployment rates in Musquash are extremely low, probably due to the
small number of women actively participating in the labour force.

'

J

I

TABLE 4-16
POINT LEPREAU IMPACT REGION
LABOUR FORCE CHARACTERISTICS 1981

Lepreau
Parish

Musquash
Parish

New Brunswick

Participation Rates
Male
Female

•
74.7
44.7

83.5
40.0

72.0
44.8

1.7
20.6

9.9
2.8

12.3
14.1

Unemployment Rates

Male
Female

I
I

Source: Statistics Canada, 1981.

I
I
•
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4.3.3

Services and Amenities
Fire Protection
Musquash parish receives fire protection services from Saint John

City and the Town of St. George while Lepreau parish receives fire
protection services from St. George. Local authorities estimate it takes
the St. George fire department 10 to 15 minutes to respond to Lepreau fire
alarms. During the construction of Lepreau 1, the ffre department
associated with the Point Lepreau project also assisted at local fires.
These services are no longer available as the equipment must be maintained
on-site on a continuous basis.

Health Services
Lepreau settlement has an ambulance service and first aid centre.
The ambulance service, which also services the Point Lepreau Generating
Station, is partially funded by a grant from NB Power. The nearest
hospitals are located in Saint John and Black's Harbour.

4.3.4

Land Use, Ownership and Control
Existing and Planned Land Use
At present, the primary uses of land in the Point Lepreau Impact

Region consist of mixed species forest, open pasture/scrub/bush,
residential, commercial and institutional. Dominant land uses include
residential dwellings and fisheries-related structures. The area can
generally be characterized as rural-residential.

Future land use plans for the local area are poorly documented.
At present, there are no outstanding subdivision plan applications in excess

I
I
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of single lots (P. Horncastle, Department of Municipal A f f a i r s , personal

I

communication to J. Paynter, 1984), and i t would appear reasonable to assume
that development a c t i v i t y is low-scale and slow.

1

Ownership

|

Property in the local area is almost exclusively in private

•

individual or partnership holdings, with the exception of the Point Lepreau

•

Generating Station site which is owned by the Crown.

I
I

Control
The settlements in the Point Lepreau Impact Region formed a Local
Service District in 1975, primarily to give local residents a vehicle for

I

participating in decisions regarding developments anticipated to occur as a

m

result of Lepreau 1. A Basic Planning Statement (a by-law similar to a
Municipal Development Plan) was adopted to guide future land use in the LSD.

I

This regulation is still in^ effect and its primary purpose is "to retain the
rural nature of the area and protect existing properties from the ravages of
undesirable, largely temporary development".

I

(Point Lepreau Basic Planning

Statement, O.C. 83-1035).

I

In addition to the Basic Planning Statement, land use in the area
is regulated by provincial setback, building and sub-division legislation.

I

As well, the Point Lepreau Zoning Regulation (O.C. 83-1034) identifies
permitted land use by type and establishes building standards. The entire

|

area within the LSD is designated as a single-use residential zone. The

_

permitted uses within the zone include:

•

I
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- agricultural, forestry or fishing use;
- boat building or fish processing establishment;
- church or church hall;
- community hall or fraternal establishment;
- governmental building or establishment;
- single or two-family dwelling;
- a multiple dwelling;
- rooming or boarding house; and
- mobile homes.
These uses are provided for descriptive purposes only and are
subject to certain restrictions.

The plant site is subject to the requirements of the Point Lepreau
Zoning Regulation, and Maritime Nuclear will be required to comply with the
provisions of the by-law, particularly with regard to the following project
elements:
- reactor and accessory buildings;
- transmission line; and
- workers' temporary camp.
4.4

Fredericton Impact Region
This Impact Region includes York, Sunbury and Queen's Counties,

and is located in the south-central part of New Brunswick. It contains
Fredericton, the provincial capital city, and the large Department of
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National Defence base at Camp Gagetown.

11
It is the institutional centre of

m

the province and has a relatively high degree of public sector involvement
and employment, and a relatively small manufacturing sector.

1

i
4.4.1

Population
The 1981 Census of Canada recorded a population of 107,710 for the

I

Impact Region representing a growth of 2.2 per cent or 2,639 people over
1976. This slow growth is consistent with declining growth rates

I

province-wide during the 1976-81 period.

I

Within this Region, growth rates have varied considerably. All
incorporated settlements but Chipman Village declined in population between
1976 and 1981; Fredericton dropped 3.4 per cent, Oromocto declined 11.8 per
cent and Minto dropped 9.2 per cent.

In contrast, all parishes but

Brunswick parish in Queens County experienced growth.

4.4.2

I

Employment and Income
As provincial and federal government presence in Fredericton is

|

I
•

substantial, this Impact Region has more than double the amount of public
administration related employment compared to the province as a whole.
However, it has much smaller manufacturing and transportation,

I

communications and utilities sectors, compared to the Province as a whole.

••

The service, trade and public administration sectors grew most quickly in

•

the 1971-81 period. At the same time, the proportion of employment declined

"

in the public administration, construction and transportation,

•

I
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communications and utilities sectors. Table 4-17 shows the distribution of
employment by sector in 1981.
TABLE 4-17
FREDERICTON IMPACT REGION
EMPLOYMENT BY INDUSTRY, 1981

INDUSTRY

NUMBER

% OF TOTAL

Primary

3,335

7.2

Manufacturing

4,240

9.2

Construction

2,515

5.5

Trade

7,155

15.5

Transportation,
Communications &
Utilities

3,515

7.6

Finance

1,605

3.5

Services

13,565

29.4

Public Administration

10,190

22.1

All Industries

46,120

100.0

Source: Statistics Canada, 1981,

Average incomes in the Fredericton Impact region vary
considerably. Compared to New Brunswick 1981, incomes (men $13,406; women
$6,749) in York County were substantially higher (men $15,220; women
$7,541), while those in Sunbury were at about the same level (men $13,517;
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women $6,653) and those in Queen's County were considerably lower (men

I
I

$11,846; women $5,641). The City of Fredericton had by far the highest
incomes in 1981 with average incomes of $15,876 for men and $8,061 for

|

women. Within the Impact Region, incomes were generally lowest in Queen's

•

County, with the lowest average female income recorded in Chipman Village

'

($4,763) .and the lowest average male incomes occurring in Brunswick Parish

I

($9,257) in 1981.

I
The labour force participation rates increased 4.3 per cent
between 1976 and 1981 to 62.6 per cent. As with other impact regions, this

I

increase was primarily due to more women entering the work force. Labour

•

force participation rates in York and Sunbury Counties of 63.9 and 65.4 per
cent respectively exceeded the 1981 provincial rate of 56.7 per cent. On

I

the other hand, Queen's County had a participation rate of only 50.5 per
cent in 1981. Because the majority of males and about 50 per cent of

|

females living in Oromocto are employed by the Department of National
Defence, the participation rate for this town is very high (73.6 per cent in

•

1981).

•

In contrast, the nearby Oromocto Indian Reserve had a participation

rate of only 15.8 per cent in 1981 (see Table 4-18).

I
The unemployment rate of the Impact Region compares favourably
with that of New Brunswick as a whole (9.3 per cent vs. 11.7 per cent in

|

1981). However, unemployment is well above the provincial rate in the

I

villages of Chipman and Minto and on the Oromocto Indian Reserve where the

'

unemployment rate is considered to be 100 per cent. Unemployment is lowest

I

in the vicinity of Fredericton,

I
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TABLE 4-18
FREDERICTON IMPACT REGION
LABOUR FORCE ACTIVITY, 1976, 1981

1976

1981

Population (15 and over)

76,165

81 ,195

Labour Force

44,440

50 ,830

Employment

40,725

46 ,105

3,200

4 ,735

Unemployment

,

Participation Rate (%)

58.3

62 .6

Unemployment Rate (%)

8.3

9 .3

Source:

Statistics Canada, 1981.

4.4.3

Services and Amenities
Fredericton has a complete school system, consisting of 21

elementary schools, six junior high schools, a large modern senior high
school, the University of New Brunswick and St. Thomas University. There
are seven schools with French Immersion courses, as well as French Language
elementary and high schools, cultural centre and a provincial language
school. All the smaller communities in this region are served by elementary
schools and several junior and senior high schools as well. The Atlantic
Business College in Fredericton and the Atlantic Professional Training
Institute in Oromocto offer full year courses in accounting, business
management para-legal programs and computer programming.
statistics are provided in Table 4-19.

School population
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TABLE 4-19
FREDERICTON IMPACT REGION
SCHOOL POPULATION DATA, 1983

School Population
Teacher Population
Student/Teacher Ratio

1977

1980

1983

20,018

18,617

18,027

970

975

930

20.6

19.1

.

19.4

Source: New Brunswick Department of Continuing Education, 1982.

The Fredericton Impact Region is served by the 485-bed Dr. Everett

J|

Chalmers Hospital, a modern, regional hospital including cardiac and
surgical intensive care units, and a nuclear medical unit. There are also

•'

smaller hospitals in Oromocto, Minto, Harvey and McAdam, and health service

II

centres in Fredericton Junction and Stanley.

I
All communities offer excellent sports facilities, parks and
playgrounds. The Impact Region has a variety of natural attributes

j)

providing boating, sailing, water skiing, swimming and fishing in the

.,

summer; hunting in the fall; and skating, skiing and ice fishing in the

'

winter. These facilities are used extensively by both residents and

I
|l

visitors.

5-1
5.0

5.1

RELEASES OF RADIOACTIVITY TO- THE ENVIRONMENT

Introduction
During the normal operation of the Point Lepreau Generating

Station small quantities of radioactivity will be released to the air and
the ocean. The effect of such releases on organisms other than man has been
studied at length by many expert committees.

In summarizing, the

International Commission of Radiological Protection (ICRP) has made the
following statement (ICRP, 1977):

"Although the principal objective of radiation
protection is the achievement and maintenance
of appropriately safe conditions for
activities involving human exposure, the' level
of safety required for the protection of all'
human individuals is thought likely to be
adequate to protect other species, although
not necessarily individual members of those
species. The Commission [ICRP] therefore
believes that if man is adequately protected
then other living things are also likely to be
sufficiently protected."
Accordingly, releases of radioactivity are limited to levels which
provide an adequate measure of protection for man. This requirement has
been recognized throughout all of the environmental studies related to
nuclear generation in New Brunswick in general and at Point Lepreau in
particular. For example, the relative effects of chronic releases of
radioactivity to the air and to sea water were two of the criteria used to
compare alternative sites for the first nuclear generating facility
(MacLaren Atlantic Limited, 1974).
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Operating experience with CANDU nuclear generating stations has
shown that radiation doses to members of the public are typically so low
that they tend to be obscured by normal fluctuations in natural background
radiation. Consequently, limits for releases of radioactivity to the
environment are applied at the source of radioactivity release rather than
to the environmental radiation levels above background. The rationale for
this choice is based on the fact that:
routine emissions of radioactivity normally do
not lead to detectable increases in
environmental radiation levels;
the time delay between emissions and any
potential increase in environmental levels is
too long for preventative measures to be taken
at the point of release; and
it is not practicable to continuously monitor
all environmental media at all locations
within the range of influence of the station.

Accordingly, releases of radioactivity in gases and liquids are
carefully monitored at the source, and must not exceed established limits.
These limits are known as DERIVED EMISSION LIMITS (DEL's).

The following sections will explain briefly how DEL's for the
existing Point Lepreau facility were derived, what the operating experience
in terms of radioactive emissions has been so far, and how the operational
environmental radiation monitoring program complements the emission data.
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5.2 Dose Limits and the Critical Group Concept
The Atomic Energy Control Board (AECB) imposes limits on the
radiation dose equivalents which may be received by members of the general
public as a result of nuclear power generation. These limits are shown in
Table 5-1.

TABLE 5-1
DOSE EQUIVALENT LIMITS
FOR MEMBERS OF THE PUBLIC

Organ, Tissue

tnSv/j

Whole Body, Gonads, Bone Marrow

5

Skin, Bone, Thyroid*

30

Any Tissue of Hands, Forearms,
Feet and Ankles

75

Other Single Organs or Tissues

15

* The dose equivalent to the thyroid of a
person under the age of 16 years shall
not exceed 15 mSv per year.

In addition, the AECB further restricts total population exposure
by stipulating the following population limits:
- 100 man-sieverts per year to whole body
- 100 man-sieverts per year to thyroid
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The dose integration is to extend over all areas, outside the
exclusion area boundary, in which the individual dose exceeds one per cent
of the individual dose at the exclusion area boundary.

The population density and meteorological conditions around the
site determine whether the population dose or the dose to the individual is
limiting, that is, more critical. At Point Lepreau, dose to the individual
is limiting.

The ICRP (1965) recommends that the individual dose limits be
applied to a "critical group", defined as a fairly homogeneous group of
people whose age, habits and diet cause them to receive doses higher than
the average dose received by the rest of the population.

It is recognized

that there may be individuals within the group whose behaviour is such that
they may receive doses somewhat higher than the group average. However, for
the setting of emission limits, the limiting factor is the average dose to
the critical group, i.e., to a person with habits representative of the
group.

5.3

Derived Emission Limits for Gaseous Effluents
The DEL 1 s for the Point Lepreau Generating Station were calculated

by the Health Physics Department of NB Power, approved by the AECB, and
published in 1976 in a document called "Derived Emission Limits for
Radionuclides in Gaseous and Liquid Effluents" (NBEPC, 1976).

This document

fully explains the methodology for calculation of DEL's for gaseous
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effluents.

It is briefly summarized as follows:
identify the major pathways through which
radiation emissions from the nuclear station
to the atmosphere will reach man;
identify the critical groups for each pathway;
calculate a Derived Air Concentration for each
radionuclide which would result in the annual
dose limits to the critical group; and
calculate the continuous emission rate from
the stack which will maintain the derived air
concentration at the exclusion area boundary
(i.e., it is assumed that members of the
critical group occupy the exclusion area
boundary for 168 hours per week).

The results of these calculations are summarized in Table 5-2. As
the figures show, tritium has the least restrictive limit, largely due to
the fact that it emits low energy beta radiation only and does not
concentrate in the environment. The pathway to man is internal exposure
from inhalation, and absorption through the skin of tritiated water vapour.

The only pathway which applies to noble gases is direct exposure
to the plume. The units are gamma Bq-MeV/week rather than Bq/week, because
for this pathway the product of the activity and the gamma photon energy is
the important parameter.
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TABLE 5-2
DEL'S FOR GASEOUS EFFLUENTS

Radionuclide

Derived Emission Limit (Bq/wk)

Tritium

3.0 E16

Noble Gases

6.6 E15

1-131

5.2 E10

Particulates:
Co-60
Sr-89
Sr-90
Ru-106
Cs-134
Cs-137
Unidentified

9.1
1.5
1.5
4.1
1.5
5.2
1.5

E12
E12
Ell
E12
E12
E12

Ell

Source: NBEPC, 1976

The particulate DEL1s are several orders of magnitude smaller than
gaseous DEL1s because particulates tend to settle out on the ground and
enter the pasture-cow-milk pathway.

Internal exposure from the consumption

of milk would then be much greater than external exposure from the
particulate deposition on the ground. For unidentified particulates, or
particulates other than those listed in Table 5-2, the most restrictive DEL
applies.
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Iodine-131 has the smallest DEL. The major reason for this is
that the pasture-cow-milk infant pathway leads to iodine deposition in the
thyroid gland.

Since infant thyroids are only one-tenth the size of adult

thyroids, they will receive correspondingly more dose for the same uptake of
1-131 activity. This is reflected in the smaller DEL for 1-131.

5.4

Derived Emission Limits for Liquid Effluents
The principles for calculating the DEL's for liquid effluents are

the same as for gaseous emissions, but the critical groups and the pathways
are quite different*

At the Point Lepreau site there are only two important pathways
for liquid radioactive effluents:
internal exposure from eating contaminated
seafoods, and
external exposure from gamma radiation emitted
by contaminated shoreline sediments and
seaweeds.

The critical groups for internal exposure are local fishermen and
their families, while for external exposure they are clam diggers and dulse
gatherers.
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Calculation of DEL's for the internal exposure pathway is by the
following procedure:
determine the significant radionuclides (based
on operating experience, radiotoxicity and
half-life);
establish marine concentration factors in
seafoods (for example, clams appear to be.
particularly retentive of all kinds of
elements, with concentrations in clam flesh
several orders of magnitude greater than in
seawater);
determine the average consumption of seafood
by the critical group;
calculate a Derived Seawater Concentration
which would cause members of critical group to
reach their annual dose limits from
consumption of seafood which was assumed to
have spent all of its life in seawater
contaminated at the derived seawater
concentration level;
determine an appropriate dilution factor to be
applied to the concentration at the emission
point to obtain an average concentration
appropriate to within a few km of the outfall;
and,
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calculate the individual DEL's (Bq/month) by
multiplying the derived seawater
concentrations (Bq/m ) by the monthly
discharge of water containing the liquid
effluents.

A similar procedure is followed for the external pathway. Clam
digging and dulse harvesting times were estimated, and the derived seawater
concentrations and hence DEL's were calculated from the available
concentration factors of radionuclides in sediments and seaweeds.

The values of the DEL's for the external pathway are quite
different from those for the internal pathway.

Both sets of DEL's are then

combined so that people who belonged to both critical groups would not
exceed their annual dose limit if nuclear station emissions were at a level
below the DEL for the combined pathway.

'

"*

These DEL's for liquid effluents are listed in Table 5-3.
5.5

Derived Emission Limits for Lepreau land Lepreau 2 Combined
The DEL's listed in previous tables were calculated for Lepreau 1.

Identical values would apply for the combination of Units 1 and 2, and the
DEL's would then become site limits rather than unit limits.

However, before Unit 2 becomes operational, the present DEL's will
be modified to reflect two new developments. The first is that the dilution
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TABLE 5-3
CALCULATED DEL'S FOR LIQUID EFFLUENTS

*
Radionuclide
H-3 (tritium)
Cr-51
Hn-54
Fe-55
Fe-59
Co-58
Co-60
Zn-65
Sr-89
Sr-90
Zr-Nb-95
Ru-103
Ru-106
Ag-110m
1-131
Cs-134
Cs-137
Ba-La-140
Ce-141
Ce-144

Derived Emission Limit (Bq/month)
3.9 E18
2.0 E15
2.4 E13
1.4 E14
9.5 E12
7.4 E13
2.7 E13
9.4 E12
4.9 E15
1.5 E14
6.0 E13
1.1 E14
2.3 E13
1.3 E13
1.2 E13
4.1 E13
6.7 E13
1.5 E14
2.3'PE14
2.0 E13

Source: NBEPC, 1976.

data used in the DEL report for liquid effluents can now be checked using
field measurements of the thermal plume in the Bay of Fundy.

It is also

possible to use small amounts of tritium deliberately released from the
station as a tracer to arrive at dilution data. Such experiments were
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conducted in the fall of 1983 and the data, when they become available, will
be incorporated in a revision of the DEL report.

This revision will be undertaken once a CNA/CSA (Canadian Nuclear
Association/Canadian Standards Association) Standard for Deriving Emission
Limits is published.

This standard is in the final draft stage, and it is

anticipated that it will be published in 1984.

5.6

Operating Emissions from Lepreau Unit 1
The existing Point Lepreau Generating Station first achieved

criticality on July 25, 1982, produced its first electricity early in
September 1982, and was declared in-service on February 1, 1983. The AECB
gave approval for operating the unit at 100 per cent of rated capacity on
March 22, 1983. March 28, 1983 was the date of first refueling.

Since that

time, Unit 1 has been operated routinely, with an average capacity factor of
approximately 85 per cent. The operational monitoring program for Lepreau 1
is described in section 3.3.4 of this report.

The most representative operating data for mature operation would
be those gathered from April 1, 1983 onwards. They are presented here for
the half-year from April 1 to September 30, 1983.
Gaseous Effluents
Table 5-4 shows the weekly summaries of radioactive gaseous
effluents for weeks 14 to 38 inclusive. During this period, particulates
were never detected, noble gases and radioiodines were released in the
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second quarter as a result of low level of fission product releases from
defective fuel, and tritium was registered all the time.

Including these releases, the average emission rate, totalled for
all radionuclides, was only 0.0042 per cent of the OEL.

Sustained operation

at this level of emissions implies an upper limit of about 0.2 uSv/year of
radiation exposure to the most exposed members of the local population,
compared with about 2,000 uS/v/year from natural background.

Liquid Effluents
Table 5-5 shows the monthly summaries of radioactive liquid
effluents over the period April to September 1983. Trace emissions of
gadolinium-153, for which no DEL calculation is available, are not included.

Table 5-6 shows monthly volumes released. These are diluted with
îr cooling water flow of about 30 m /s, corresponding to a mean
a condenser
dilution of about 50,000 to 1.

The average emission rate, totalled for all radionuclides, was
0.0024% of the DEL, corresponding to an upper limit of around 0.1 uSv/year
of radiation exposure to the most exposed members of the local population.

5.7 Future Emissions From Two Units
Many of the longer-lived radionuclides have not reached an
equilibrium level of activity yet, and it is conceivable that current total
emissions may rise to 20 times the present level. The addition of a second
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TABLE 5-4
WEEKLY SUMMARY OF GASEOUS EFFLUENT RADIONUCLIOE RELEASES

Week
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
Average Emission

Emissions as a Percentage of DEL 1 S
Participates .
H-3
1-131
Noble Gases
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

*
8E-4
4E-4
3E-3
2E-3
2E-3
8E-4
1E-2
8E-4
1E-3
4E-4
1E-3
3E-3
2E-3
2E-3
1E-3
1E-3
*
1E-3
*
*
3E-3
7E-4
*
1E-3
*
8E-4
*
4E-4
*
8E-4
*
7E-4
*
*
6E-4
. 6E-4
*
9E-4
2E-3
*
6E-4
7E-4
*
2E-4
*
*
3E-4
1.1E-3 6 -7E-4

4E-3
1E-2
2E-2
1E-2
4E-3
5E-3
5E-3
2E-3
7E-4
*
*
*
*
*
*
•*
*
*
*
*
*
*
*
2.4E-3

Average Emission Rate, Totalled for all Radionuclides = 0.0042% DEL.
* Below the l i m i t of detection, which is usually 0.0001% of the DEL
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TABLE 5-5
MONTHLY SUMMARY Of LIQUID EFFLUENT RADIONUCLIDE RELEASES

Analysis

H-3

Cr-51
Mn-54
Co-58
Zn-65
Sr-90
Zr-95
Nb-95
Ru-103
Ru-106M
As-llOM
1-131
Cs-134
Cs-137
La-140
Ba-140
Ce-141
Ce-144

Monthly
DEL
(Bq)
4E+18
2E+15
2E+13
7E+13
9E+12
2E+14
6E+13
6E+13
1E+14
2E+13
1E+13
1E+13
4E+13
7E+13
2E+14
2E+14
2E+14
2E+13

Average Emission
Rate, % OEL

XDEL
APR

MAY

JUN

JUL

AUG

SEP

7E-6
3E-5

2E-5 3E-5 2E-5 4E-5 3E-5
5E-6 6E-7 2E-7 2E-8 9E-8

2.5E-5
6.0E-6

7E-6
9E-6

3E-5 7E-6 7E-7
4E-5 1E-5 2E-6
5E_6 —

7E-6 2E-6
1E-5 6E-6
-

9.0E-6
1.3E-5
8.3E-7

4E-3

1E-2 3E-5

•-—

2.3E-3
3.OE-7

1E-6

8E-7 •
6.7E-8

4E-7
2E-7

4.8E-8
1.7E-7

9E-8

-1E-6 - Average Emission Rate, T o t a l l e d f o r a l l Radionuclides

2.4E-3SDEL

TABLE 5-6
VOLUME OF LIQUID EFFLUENT RELEASED

Volume of
L i q u i d Released,
cubic metres

APR

MAY

JUN

OUL

AUG

SEP

TOTAL

1500

2000

1800

1500

1200

1300

9300
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unit of similar design may double this, so that a total emission rate of 40
times the rates reported for the six-month period in 1983 could be expected
at maturity.

This would result in a total radiation dose of 12 jiSv/y to the
most exposed members of the population - a level which corresponds to about
0.6 per cent of the dose typically received from natural background
radiation.
5.8

Potential Health Risks From Radiation Exposure
There are two potential health risks from exposure to .radiation:
an enhanced probability of contracting a fatal
cancer some 10 to 20 years after the exposure,
an increased chance of hereditary ill-health
in offspring conceived by an exposed parent.

Good observational data are available relative to cancer induction
in humans over a wide range of high radiation doses, but no direct evidence
is available for low doses. Estimation of the excess risks at these low
doses is fraught with uncertainty; for this reason it is generally assumed
that the dose-response relationship is linear, although many experts believe
that the effect of low doses may well be zero.
The data available from high dose data leads to a risk assessment
for fatal cancers of the order of one per cent per Sv, i.e., an exposure of
one Sv would yield a cancer risk of one chance in 100.
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The estimation of hereditary risk to humans is based largely on
animal studies, because few human data are available. The risk of serious
hereditary ill-health occurring in the first two generations following the
exposed parent is about the same as the cancer induction risk, i.e., one per
cent per Sv (ICRP, op_. cit.).

Linear extrapolation to low doses leads to a cancer risk of one
per cent per Sv. A future total radiation dose of 12 uSv/yr to the most
exposed members of the population (as estimated in Section 5.7) would result
in an incremental cancer risk of 12 x 10" per cent per year, or less than
10"

per cent per lifetime. This may be compared with the current 20-25

per cent risk (dependent on location and occupation) of dying of fatal
cancer.

In other words, the most exposed persons in the vicinity of Point

Lepreau will suffer an extra risk of dying of cancer that is no greater than
one chance in 100,000. This is equivalent to the fatal cancer risk
attributable to smoking one cigarette per year (Sowby, 1965).

The hereditary risks are similar in magnitude, and may be compared
with the fact that at least 6 per cent of all people will be afflicted with
serious ill health caused by genetic disorders.

The induction of cancer by radiation is detectable only by
statistical, means; that is, the cancer of any given person cannot be
attributed with certainty to radiation, as opposed to some other cause. The
question has been raised whether any monitoring programs are planned to
study the health effects on people in the vicinity of Point Lepreau. Such
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studies would be futile because the expected increased incidence of cancer
attributable to radiation released from Point Lepreau Generating Station is
insignificant compared to the natural incidence of cancer. Because of this,
the sample size required to estimate or test a small absolute cancer excess
are extremely large; specifically, the required sample sizes are
approximately inversely proportional to the square of the excess. For
example, if the excess is proportional to dose and since 1,000 exposed and
1,000 control subjects are required to test cancer excess adequate for 1 Sv,
g
then 10 in each group are required for 1 mSv. This is already greater
than the population of North America, despite the fact that the excess dose
is still 100 times greater than that which would be contributed by PLGS
operations. Clearly, any health monitoring to try to identify these minute
statistical increases is somewhat akin to attempting to measure the
increased noise level from a pin dropping during a rock concert.
5.9

Fate of Radionuclides in the Receiving Environment
A recent investigation conducted by the Bedford Institute of

Oceanography attempted to develop insight into radionuclide transport
pathways in the Lepreau area (Smith et a^., 1982).

The program used

ratios of radionuclides produced during a 1980 Chinese nuclear weapons test
to determine the source and timing of radionuclide inputs into the
environment. The levels produced from fallout are several orders of
magnitude greater than the levels to be released from Lepreau 1 and 2.
Baseline radionuclide concentrations and concentration factors, derived from
fallout, for marine organisms collected near Point Lepreau were low, and did
not appear to increase with increasing trophic level of the organism.
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Terrestrial and freshwater aquatic systems were found to be more efficient
accumulators of radionuclides than were marine aquatic systems. Lichen are
particularly efficient accumulators of airborne particulate radioactive
material. A more detailed description of pathways identified is presented
in (Smith je_t aj_., op_. cit. ) .

In view of the small magnitude of releases anticipated from
Lepreau 1 and 2, compared to background levels (particularly those including
fallout), it is unlikely that releases from Lepreau will be detectable above
background.

In fact, post operational monitoring of Lepreau 1 has not

detected radionuclide levels above background.
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6.0

6.1

IMPACTS ON THE BIO-PHYSICAL ENVIRONMENT

Heat Dissipation
6.1.1

Physical Effects

The heat dissipation system for the proposed facility has been
described in Chapter 2. The intake and outfall structures associated with
this system represent the first Canadian example of an environmental design
with a submerged offshore outfall and an offshore intake with a fish cap.
The outfall is provided with removable baffles which can vary the outlet
velocities. This design attempts to minimize onshore impingement of thermal
plumes, intake effects on shoreline population and recirculation between
outfall and intake (MacLaren Atlantic Limited, 1976b).

Utilizing a two-dimensi.onal numerical model developed by Or. J. E.
Edinger, hydrothermal simulations were conducted during the course of
environmental studies for the Lepreau 1 Station (MacLaren Atlantic Limited,
op. cit. ).

These simulations considered effluent flow and temperature

discharge conditions for two generating units. The intake and outfall
structures were designed for two-unit conditions, in order to reduce costs
and minimize the environmental impact of repeated construction.

The parameters considered during the modelling exercise are listed
below.
- Outfall discharge: 60.9 m /s for two units;
30.4 m /s for one unit.
-

Discharge velocity: 2.1 m/s for two units.
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- Discharge temperature above ambient: 13.3°C
for two units.
- Receiving velocity field from available field
data.
- Vertically homogeneous (non-stratified)
receiving water.

Since the environmental constraints were related to a surface
temperature rise, information about the plume performance at depth was not
generated.

The results of the original analyses, summarized in Figure 6-1

and 6-2, depict surface temperature contours predicted for high and low tide
conditions.

The previous environmental assessment study (MacLaren Atlantic
Limited, 1977a) indicated that the temperature increases during low and high
tide would vary between 3°C and 2°C respectively for the situation with
only one generating station in operation.

Hydrothermal studies and predictions for Lepreau 1 did not have
the benefit of field measurements since it was a new design and the studies
preceded construction. For the present study, field measurements obtained
during operation of Lepreau 1 have also been consisered. These data include
temperature measurements collected by the Bedford Institute of Oceanography
(BIO). The field data include vertical temperature, salinity and pressure
profiles made at locations around the one-unit discharge on April 16, 1983
and on September 27, 1983. Limited current determinations were also made
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during these temperature profile measurements.

NB Power also obtained point

measurements of discharge, flow and temperature during four days near the
second BIO sampling event.

The two field investigations took place during distinctly
different mixing conditions. These are discussed below.

Data gathered on September 27, 1983 correspond to an estimated
flow of 28.4 m /s and a temperature rise through the condensers of about
13°C. Figure 6-3 shows typical vertical transects of temperature and
salinity near the outfall. Conditions are quite constant throughout the
whole water column, except for a slight elevation of temperature near the
surface.

Contours of surface temperature were estimated from records taken
during a period of relatively constant flow and depth. These are plotted in
Figure 6-4.

It appears from this plot that during the well-mixed period in

September, surface temperature rise due to effluent discharge is generally
less than 1°C except in a very small area.

The data gathered on April 16, 1983, when the plant discharge was
reduced to 16.7 m /s and the temperature rise was 23°C, represent quite a
different pattern. As shown in Figure 6-6, a stratified condition
characterizes the receiving water body. A distinct increase in temperature
is evident within the thermal plume at mid-depth, but the surface and bottom
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temperatures are low (Figure 6-7). Also, a marked gradient in salinity is
observed, with less saline water nearer the surface. No surface plume is
detectable in the April data, but a submerged plume is observed at depth.
Figure 6-5 presents contours for a plume on a horizontal plane 8 m below the
water surface.

The less saline surface water in April is most likely due to
spring runoff from the Saint John River. This buoyant, low-salinity water
is directed along the coast by a net east-west current drift, and results in
a surface layer of low salinity water near the discharge. While the outfall
is at the depth of the zone of low salinity, the intake, on the west side of
Point Lepreau, is likely to lie in a lower zone with relatively high
salinity water. The discharge will therefore be characterized by high
temperature and increased salinity.

Plume discharge rate in April is lower than in September.

Because

of reduced flow and momentum, initial mixing during the April measurements
is less significant than in the September conditions.

In this type of

situation, mixing of discharge flow is complex. The elevated temperature
will tend to make the outflow rise, but when it reaches the upper layers its
higher salinity tends to make it sink. Consequently, the plume tends to
stabilize at a level between the upper (low density) and lower (high
density) layers. This is illustrated in the plotted results (Figure 6-7).

The April conditions represent a worse case than was foreseen for
a fully mixed receiving water body, however the maximum temperature rise is
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still within the limits adopted for the previous environmental assessment
study and the plume is still relatively small (see Figure 6-1).

Analysis of past and present temperature dissipation information
has been made using a phenomenological model based on a similarity relation
(Edinger et a K , 1974; Edinger, 1983). The model is valid for
intermediate mixing field conditions where the effect of outlet shape and
densimetric Froude numbers are no more significant.

By incorporating both

theoretical considerations and empirical data, the model allows
transformation of plume parameters from one discharge condition to another.
The basic relations of the model are:

where 8

is temperature excess at the outfall,

8

is temperature excess for an area A,

r

is an exponent dependent on the system.

The

theoretical value r = 3/2 is somewhat smaller than the
observed one, but is conservative.
is proportional to (Q )3/2

A

is a scaling area; A

Q

is the plant cooling water pumping rate.

Using this model, three major conditions were considered, namely,
(1) a comparison of past predictions and present observations; (2)
extrapolation of the April, 1983 monitoring results to the two-unit case;
and (3) estimation of the results of a higher temperature discharge during
unstratified winter conditions.
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Comparison of Predictions and Observations
The plume which was recorded during the September 1983 monitoring
program had a smaller area of influence than that which was predicted in
earlier studies (MacLaren Atlantic Limited, 1977a). This is because there
was only one unit operating, whereas the original analysis assumed two
units.

Figure 6-8 illustrates the area-temperature relations predicted by
previous studies (MacLaren Atlantic Limited, c>p. £_i_t.) for high and low
tide conditions.
6-1 and 6-2.

Information for these plotted values is shown on Figures

In order to compare these predictions with the present

conditions, the observed area temperature relationship from the September
1983 survey was transformed using the phenomenological model to an estimated
relationship which would occur in the event that two units had been
operating.

The two points corresponding to the transformed September
measurements are for near low tide conditions; plotted values are:
0 = 1.26°C

A = 51.8 ha (128 acres)

8 = 2.16°C

A = 5.95 ha (14.7 acres)

These points are plotted on Figure 6-8. They show that the field
observations show a trend in general agreement with the original
predictions. The figure also indicates that the original predictions are
likely conservative. Similar differences between modelled and
field-measured results have been reported by Harleman et al. (Iy82),
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and Wai lis (1981), Policastro and Dunn (1978) and Shashidhara (1978).
Therefore it is considered that the temperature plumes shown by Figure 6-1
and Figure 6-2 can be maintained as acceptable predictions for the
assessment of impact of two operating units at fully mixed conditions.

Extrapolation of April 1983 Data to the 2-Unit Case
It is useful to examine the possible influence of two operating
units discharging to a stratified water body. Such conditions may occur
during the spring when freshwater input to the Bay of Fundy is high. In
order to examine this case, the results of the April 1983 monitoring program
were first transformed according to the phenomenological model. The
original and transformed curves are plotted in Figure 6-11.

It is estimated

that the area of any given temperature contour will increase by a factor of
about 2.8 if two units are operating and all other conditions remain the
same. These results are for the reduced cooling water flow conditions which
occurred during the April 1983 survey. At this time, the flow was 16.7
m /s and the temperature rise was 23°C.

It is useful to transform these

results to a higher flow and lower temperature rise condition. For
operation with full flow of 30.4 m /s per unit and a 13.3°C temperature
rtse, results obtained by the transformation method are plotted in Figure
6-12.

Using the shape of the measured plume for the April 1983
conditions (stratified receiving water) and the data from Figure 6-11, it
was possible to project the approximate contour of the submerged plume
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for two units and reduced flow by assuming geometric similarity. Figure
6-10 gives an indication of the area of the temperature increases of 1°C

I

for submerged conditions. The area for well-mixed conditions is of the same

-

order of magnitude.

I

Estimation of Results of a Higher Temperature Discharge
It is noted that the stratified receiving water conditions

<

observed in April 1983 may be reduced or absent earlier in the winter, yet
the cooling water flow may still be reduced from the design flow and the
temperature rise may be greater. To provide an indication of how this would
alter the estimated area/temperature relationships, the conservative curves
corresponding to fully mixed receiving water conditions from Figure 6-8 were
transformed to conform to a lower flow rate and higher temperature rise
2
(flow of 15.3 m / s per unit and temperature rise of 26°C). The results
are shown on Figure 6-9 for both low and high tide conditions.

It is seen

that the predicted area of influence of the plume is reduced.

For fully mixed conditions and operation with two units and full
flow, results given in the previous study seem conservative. Figures 6-8,
6-9, 6-11 and 6-12 compare areas in terms of relative temperature increase
for different operating and receiving water conditions. Resulting areas
contained by a contour of a 3°C rise in temperature are compared in Table
6-1 with those calculated previously (MacLaren Atlantic Limited, 1977a) for
normal flow and temperature and well mixed conditions.
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PREDICTED AREA-TEMPERATURE RELATIONS FOR
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13° C

TABLE 6-1
.

CONDITION

CHANGES OF AREAS AFFECTED BY A TEMPERATURE INCREASI

TEMPERATURE
INCREASE

Stratified
Reduced Flow

Well-mixed
Full Flow

26°C

13.3°C

•

TEMPERATURE
EXCESS

ONE UNIT
AREA
ac.
ha.

TWO UNIT
AREA
ac.
ha •

CHANGE OF
AREA
ac.
ha •

4°C

2.5

1.01

8.0

3. 24

5.5

2. 23

3°C

4.4

1.78

13.0

5. 26

8.6

3. 48

2°C

17.0

6.88

45.0

18. 2

28.0

11. 33

44.0

17.81

130.0

52. 6

86.0

34. 80

4°C

0.15

0.06

4.6

1. 86

4.5

1. 82

3°C

0.4

0.16

9.0

3. 64

8.6

3. 48

2°C

2.0

0.81

25.0

10. 12

23.0

9. 31

1°C

24.0

9.71

150.0

60. ,70

126.0

50. ,99

?
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Operation with reduced flow and increased temperature gives
somewhat larger areas than previously considered for full flow conditions.
The 3°C temperature excess contour has in this case an area between 5 and 6
ha.

6.1.2

Biological Effects
6.1.2.1

Introduction

One of the major difficulties in the historical development of
environmental impact analysis has been a general lack of concensus regarding
the meaning of terms traditionally used in assessing biological effects.
Terms such as "effect", "impact", and "significant", as well as others, have
quite different meanings depending upon the perspective of the writer and
the reader.

In an attempt to limit confusion over terminology, the primary

terms used in the analysis of biological effects are defined briefly below.

Development of the definitions and selection of those terms which
require definition were assisted by a review of literature specific to
assessment of impacts associated with thermal power plants, including: Van
Winkle, 1977; Jensen, 1980; Thomas et. à\_., 1980; Ontario Hydro, 1981;
Buffington et_ a]_., 1980; Sharma, 1976; Gore et a]_., 1979.

The term "effect" is used in the sense of a consequence, which is
something produced by a cause. An "impact" for the purposes of this
analysis is defined as a man-induced effect which causes a significant
change in a process or in a community of organisms resulting in a sustained
depression of fitness or density, below the naturally-occuring level.
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In the case of fish populations, a "community" is defined as a fish stock
(as this is the operative level employed by fisheries managers). A "stock"
is defined in the operational sense as a basic fish sampling unit which is
characterized by a homogeneity of natural production parameters.
"Significant" is used in the broad sense to reflect a change which can be
detected in the community at large. Effects at the organism level will not
be treated as impacts.

where used in the text, "short-term" refers to an annual cycle.
This may involve a portion of a generation time for certain fish species or
several generations for species of phytoplankton or zooplankton..
"Long-term", which will only be used in the context of those changes which
are felt to be cumulative, relates to the design life of the Lepreau 2 '
plant.

The initial step in assessing the effect of a project such as
Lepreau 2 is to define the areal extent over which the impact is to be
described.

In this case, information was considered from two areas: a

near-field area encompassing the immediate vicinity of the plant, (3 km
radius from the Point), and a distant field, which encompasses the outer Bay
of Fundy. The most useful information sources for the area immediately
adjacent to Point Lepreau were the survey reports produced as preliminary
and support documentation to the Lepreau 1 environmental impact assessment.
These sources were augmented wherever possible with information from other
published and unpublished reports. The focus of many of these reports is
the entire Bay of Fundy. For example, the majority of the information
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describing the fisheries in the area is contained in management reports
which generally consider fish stocks in the Bay of Fundy as part of broader
management units. The recently available draft reports of the Bay of Fundy
Environmental Workshops also describe the Bay as a whole (with some
particular references to the outer Bay).

Information on the nature of effects to be anticipated by the
operation of a second reactor at Point Lepreau was developed through a
review of the literature on the impacts of nuclear and fossil-fired
generating stations located on the coasts of major water bodies. Of
particular interest in this review were the techniques used by the various
investigators in the development of impact predictions, and the validation
of these predictions.

The most important effects identified in the literature review
were those due to entrainment and impingement of organisms in the cooling
water intake and those due to thermal effects on the biota affected by the
thermal plume. The concerns associated with intakes are primarily related
to effects on larval and adult fish, and potential losses of production
associated with removal of sources of food. Cooling water releases were
also considered to have potential impacts on the biological community in the
area of the outfall which might result in a disruption of the integrity of
the community with attendant losses in production.

6.1.2.2 Effects of Entrainment and Impingement
Entrainment is the action by which organisms are drawn into and
along with the flow of water through the intake of the cooling water system.
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Impingement is the action of organisms striking the travelling screens
located on the plant side of the forebay which are used to remove debris
(including organisms) from the con'denser cooling water. For the purposes of
this analysis, entrapment and impingement will be treated as one. That is,
any organisms which are entrained will also be assumed to be impinged,
unless they are sufficiently small to readily pass through the plant.

The amount of cooling water used by the existing Lepreau 1 plant
depends upon the ambient temperature of the water. The cooling water is
provided to the plant by two pumps with a combined capacity of 30.5 m /S.
When ambient water temperature is below 8°C (approximately 6 months of the
year) only one pump is used and the condenser cooling water flow is reduced
to approximately 15.5 m /s. The existing Lepreau 1 facility, with the
flows described, is a baseline against which to measure the increased effect
of adding a second reactor. However, in order to estimate the total effect
of both plants in operation, the estimated combined flow of both plants will
be used in the analysis.

In developing the assessment of the effects of entrainment due to
operation of both plants on the most sensitive components of the
environment, two operating scenarios were used, one with an intake flow of
60.7 m /s throughout the year (high flow scenario), and the second
scenario (low flow) with an intake flow of 30.5 m /s during the winter and
60.7 m /s during the remainder of the year. The lower condenser flow may
be used when ambient water temperatures are below 8°C.

(The high flow

scenario is unlikely to occur, and is used here only to provide a
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conservatively high estimate of entraînaient). The initial task in
determining the quantities of organises which may be entrained was to
determine densities of organisms in the vicinity of the existing intake.
This information was developed from data presented in the Lepreau 1 EIS, as
well as from pertinent data obtained from research scientists and resource
managers.

6.1.2.2.1

Phytoplankton

Densities of phytoplankton in the Lepreau area, (as number of
cells per litre of water), were presented in the Lepreau 1 EIS. The
densities presented were those for phytoplankton samples taken at the
surface and from a depth of 5 m. The existing velocity cap intake structure
is about 6 m high and is located in approximately 16 m of water at mean low
tide (MacLaren Atlantic Limited, 1976a). Given that the intake is designed
to draw water in from the sides of the cap, this suggests that the intake
would tend to abstract water from throughout the water column. Thus it was
necessary to estimate the densities of phytoplankton in the water column in
order to estimate entrainment.

Mean water column densities of phytoplankton in the vicinity of
the intake were presented by MacLaren Atlantic Limited (££. cit.).
Given that phytoplankton densities are correlated with light levels, a
correction factor was incorporated to adjust phytoplankton density estimates
in relation to light intensities in the photic zone.

Information on the

photic zone in Passamaquoddy Bay from Lakshminarayana (1983) was used and
corrected for proportional phytoplankton distribution according to Odum

I
I
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(1971). The average light penetration from seven stations in Passamaquoddy
Bay was used to develop light at depth in the Lepreau area. This

I

information was then used to determine proportional densities of
phytoplankton through the water column. The maximum concentration was

'

assumed to be the greater of the surface or 5 m densities reported by

I

MacLaren Atlantic Limited (££. cit.).

The phytoplankton densities in the lower levels of the water
column were estimated using this data, and a mean density over the water
column was developed.

The corrected monthly density figures were then

multiplied by the volumes of cooling water used per month to arrive at a
total number of cells potentially entrained.

At an estimated biomass of .08

ug dry/wt cell (Tranter, 1976), approximately 660 metric tons would be
entrained annually with the high flow scenario. With the low flow scenario,
approximately 530 tonnes would be entrained.

The effect of entrainment of phytoplankton by thermal plants has
been investigated by a number of authors (e.g., Morgan and Stross, 1969;
Uarinner and Brehmer, 1966; Flemer £t _al_., 1969; 1970; Kreh and Derwort,
1976; and Crippen and Fahmy, 1981).

In general, the change in assimilation

efficiency (rate of production) of the plankton following passage through
thermal plant depended on the ambient temperature and the increase in
temperature after passage through the unit. At high ambient temperatures
and high temperature increases, assimilation efficiency decreased.

However,

with lower ambient temperature and lower temperature increases, assimilation
efficiency either did not change or increased. Mechanical effects on
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assimilation capacity of phytoplankton due to passage through the unit were
negligible. This information would suggest, conservatively that there may
be a slight decrease in the photosynthetic activity of the phytoplankton
entrained, but that the biomass entrained would still be contributing to the
system in the Lepreau area.

6.1.2.2.2 Zooplank ton
Zooplankton densities were obtained from the Aquatic Biology
Survey Sunmary Report, Volume 1 (Maclaren Atlantic Limited, 1976a). The
number of individual zooplankters per cubic metre occurring at the two
stations nearest the existing intake was used to estimate densities of
zooplankton adjacent to the intake.

In the assessment of potential for

entrainment, r,o attempt was made to separate the zooplankton by group on the
basis of susceptibility to entrainment, and all organisms were considered to
be equally susceptible. The zooplankters were further assumed to be
distributed in the water column in such a manner that capture frequencies
would be positively correlated with population density.

Samples were not

available for all months of the year, but all seasons were represented.
Where no data existed for a particular month, an average density was
calculated using data from the nearest preceding month and the nearest
following month.

Using aD average biomass of 0.01 mg per individual zooplankter
(Tranter, 1976), an estimated annual total biomass of 7,000 kg would be
entrained in the high flow scenario. For the low flow scenario,
this amount is reduced to 6,660 kg. The small difference between amounts
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entrained by each flow scenario is due to the fact that the zooplankter
population is sparse during the winter months, so that flow reduction over
this period does not result in significantly decreased capture.

If 100 per

cent mortality is assumed for the zooplankters entrained, the biomass of
organisms entrained may be completely lost to those predators which solely
feed on zooplankters. However, the 100% mortality assumption may be high as
Marcy (1975) reported zooplankter mortalities in the range of 60 per cent
for entrained individuals.

6.1.2.2.3

Impacts of Abstraction of Plankton

In order to determine the effects of abstraction of plankton, the
system was initially treated as a static system, in which case the biomass
removed must be replaced from production near the intake structure.

Assuming production in the area of the intake may vary from 0.21 5.36 mg dry wt/m /day, and assuming the mean depth in the area of the
intake structure to be 20 m, the losses due to entrained zooplankton reflect
production of zooplankton from 1.30 ha - 33.25 ha.

The effects of the entrained volumes described above on the Bay of
Fundy system would not be significant.

By way of example, the entrained

biomass of all groups of zooplankters represents approximately 0.006 per
cent of the biomass of euphausiids, (a predominant group of zooplankters) in
the Bay.
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In order to provide a further check on the magnitude of losses due
to entrainment, the system was then assessed as a dynamic system where
losses would be replaced by transport into the vicinity of the intake.

The residual current in the area of the intake structure is in a
southeasterly direction parallel to Point Lepreau. Therefore, planktonic
organisms to the west of the Point would, without any intake flow, be moved
to the south of the Point itself. Here the water mass joins the water mass
moving along the east side of Point Lepreau which has a residual flow
pattern in the southwesterly or westerly direction.

In order to estimate

the magnitude of the plankton removal in the water mass adjacent to the
intake, an estimate was made of the width of a water column which the intake
flow would represent. Assuming a residual flow of 0.15 m/s, an average
depth in the vicinity of the intake of 23 m, and an intake flow of 60.7
m /s, the width of water column entrained would be 17.6 m. The amount of
plankton entrained on a tidal cycle may be represented as that amount
passing through a column of water, in the vicinity of the intake, from the
surface to the bottom, approximately 17.6 m wide. This represents a
cross-sectional area approximately 6% of that between the intake structure
and the shore, and a substantially lower proportion of the total
cross-sectional area of the water mass moving in a southeasterly direction
along the length of Point Lepreau. Changes in biomass and production of
zooplankton and phytoplankton in the vicinity of the intake due to
entrainment would not be significant.
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6.1.2.2.4 Fish Entraintnent
Larval Fin Fish
The emphasis in recent years in assessing the impacts of thermal
generating plants on fish populations has been on the potential entrainment
of larval fish populations and the resulting reduction in numbers of fish
(see examples in Van Winkle, 1977; and Jensen, 1980). This is primarily due
to the fact that the factors which maintain stocks within observed limits or
which cause occasional and remarkable rises or falls in population, as well
as many of the initial aspects of competition between species, also appear
to have their effect in the first year of life (Hunter, 1975).

Lough

(1975), discussing Georges Bank herring, and Graham and Davis (1971),
discussing Gulf of Maine herring, concluded that overwintering larval
mortality defines subsequent year class strength. The concerns with respect
to».effects of larval entrainment are also due to the generally limited
swimming ability of larvae and their inability to avoid entrainment."

"*

There were no larval fish identified in tows taken within 2 km of
the existing intake structure during field sampling associated with the
initial Lepreau EIS (MacLar*en Atlantic Limited, 1976a). Fisheries and
Oceans Canada (DFO) have since 1975 conducted surveys for larval herring in
the Bay of Fundy (lies, 1979). The results of these surveys indicate
essentially no herring larvae in the immediate vicinity of Point Lepreau (M.
Power, Dept. of Fisheries and Oceans, personal communication to G. Gill is,
1984).

However, in order to provide a further check on potential abundance

of fish larvae, the results of surveys conducted to collect larval herring
in 1975-1983 were studied. The survey for larval herring also collected
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larvae of other fish. The recurrence of different types of fish larvae in
samples taken by DFO within a 15 km radius of Point Lepreau was determined.
From these samples, only data for herring, cod, pollock, and winter flounder
were used, as other species were rare or not present. Per station counts
were averaged and a density was calculated (assuming an average of 500 m
of water filtered per tow). Data were not available for each month, but
where no data existed for a particular month a mean score was assigned to
that month based on the densities for the month immediately prior and the
month immediately following. Where larvae were absent from samples, means
were not estimated for neighbouring months.

Use of this DFO survey data is considered a conservative approach
primarily due to the location of the DFO sampling stations used. The
stations were to the south, west and east of Point Lepreau, in the area
where the residual current is in a westerly direction. Current patterns in
the vicinity of the intake indicate that the intake may not abstract water
from that area where DFO reported presence of larval fish, but rather from
areas where the Lepreau 1 EIS suggested few larvae occured.

In calculating the potential number of larvae entrained, all
larvae were assumed to be susceptible to capture. The estimates of losses
of herring larvae were compared to densities of larvae reported in the Bay
of Fundy (Sinclair et_à\_., 1979) and were converted to equivalent losses
of adults according to suggestions made by Lawler et_ £]_. (1979).

In the

latter technique, estimates of survival from larvae to spawning adult are
used. The commercially important species in the area have high fecundity
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rates and reach maturity relatively late in life. Their natural mortality
(from larvae to spawning adult) was assumed to be 99.99 per cent. This is
in agreement with information on natural mortalities of, for example, winter
flounder (TRIGOM-PARC, 1974).
In these calculations, no estimate was made of density
compensating factors which may result in increased survival of larvae
following removal of portions of a larval population. This factor, if
considered, should lower the actual effect of larval mortality as density
compensation in fish populations is suggested to be a major factor in the
biological balance of fish populations (McFadden, 1976; Ricker, 1975).

Using the assumptions described above, for the high flow scenario,
an estimated 10 x 10 herring larvae would be entrained, and with the low
flow scenario, an estimated 8 x 10 herring larvae would be entrained.
Assuming 100 per cent mortality of the potentially entrained fish and no
population compensation due to density dependent, factors, this high flow
number represents an entrainment of 0.008 per cent of the lowest estimated
total larval herring population in the Bay of Fundy presented by Sinclair
e£ a^., O£. cit. (their estimates ranged from 1.16 - 3.96 x 10
larvae). The low flow scenario would capture approximately 0.006 per cent
of the population of larvae.

On the basis of the estimates given above, in the high flow
scenario the total number of herring larvae entrained over the year
represents a potential loss of 1,000 adults. With an assumed weight of
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0.172 kg/mature individual (Sinclair and lies, 1981) this represents 172 kg.
Given an annual capture of 51.7 metric tons/year for one weir in the
vicinity (lies, 1979), the anticipated biomass entrained is about 0.34 per
cent of the annual catch from one commercial fishing weir. With the low
flow scenario 8 x 10

larvae are entrained, or an equivalent of 812 adults

(about 0.27 per cent of the catch from one weir.)

The number of pollock larvae entrained was estimated at 1,750 or
an adult equivalent of approximately 1 fish. An estimated 93,000 cod larvae
would be entrained, an equivalent of 9 adults. Winter flounder larvae
entrained were estimated at 3.5 x 10 or an adult equivalent of 377 fish.
At an average weight of 0.5 kg per individual this represents 188 kg of
winter flounder.

(Larval ground fish were found only during summer, when

peak flows would be used.) No estimates of total larval groundfish
densities in the Bay of Fundy were available to be used for comparisons.

Annual production in the outer bay has been estimated at 25.7
2
g/m /y for pelagic fish and 3.1 g/m /y of groundfish (Wildish and Peer,
1983). Using these values, the estimated equivalent losses of herring with
2
high flows represent production from approximately 6,700 m or 0.67 ha.
?
With low flows the equivalent losses represent production from 5,400 m or
2

0.54 ha.

(The area of the outer bay is 862,000 ha.) Total estimated
2

groundfish losses (assume 0.5 kg/fish) represent production from 62.2 m
or 0.06 ha.

i

I
I
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Given the estimates presented above, and existing information on
larval distribution, the effect of entrainment of larval fish on stocks of
finfish (which includes the major commercially exploited pelagic and
groundfish species) would not be significant.

Larval Shellfish
The primary shellfish of commercial importance in the area are
I

soft-shelled clams, scallops and lobsters. Another important species, in
terms of biomass in the area, is the mussel. The soft-shelled clam, scallop

'

and mussel can produce millions of eggs per individual, and this fecundity,

j

together with the limited duration of the pelagic larval stages, would
suggest that any numbers entrained could be readily replenished from nearby

I

beds. Also, there are no important shellfish beds reported in the immediate
vicinity of the intake structure.

I
•

The lobster, in the adult and late larval stages; has a strong
bottom orientation which, given the design of the intake structure, would

1

make the probability of entrainment virtually nil. However, the early
larval stages of lobsters are pelagic and may be susceptible.

I
There are no data on densities of lobster larvae in the vicinity
I

of Point Lepreau.

In order to provide a potential estimate of larval

I

entrainment, densities reported by Stasko and Gordon (1983) for inshore
samples on the west coast of Nova Scotia were used. Lobster larvae are

I

pelagic during the period June-September.

During this period at both high

and low flows, it is estimated that there is the potential for approximately
I

300,000 larvae to be entrained.

Assuming a production of 22,000 eggs/kg of

6-32
female and 65 per cent survival of eggs to larvae (TRIGOM-PARC, 1974), the
production of larvae is estimated at 14,300 larvae/kg of female lobster.
The equivalent losses to entrainment would equal production from 21, one-kg
females. This figure may actually be high, because lobster larvae show a
strong surface orientation while pelagic. Stasko and Gordon (op_. cit.)
report pelagic larvae concentrated in the top 0.15 m of the water column
which would suggest a low susceptibility to capture by tfie intake structure.
Also, the densities of larvae used in the calculation are likely higher than
those actually found in the Lepreau area. Were these larvae not entrained,
they would be expo.sed to the factors causing natural mortality of lobster
larvae, (estimated instantaneous mortality rate of 0.04 - 0.08, (Saila and
Marchessault, 1980)).

Given these factors the number of adult lobsters

which could be produced by the number of larvae entrained is estimated at 10
three-year-old lobsters.

Entrainment of Juvenile and Adult Fish
The intake of the Lepreau Generating Station will act as a
stationary fish sampling device. The density of fish near the intake and
the effectiveness of the structure as a sampling device will ultimately
determine whether or not there is a significant effect on nearby fish
stocks. The Lepreau intake structure was designed, in co-operation with
Fisheries and Oceans Canada personnel, using state-of-the-art technology to
reduce the potential for capture of fish in general and important commercial
species in particular. The structure is a velocity cap intake. This type
of intake structure has been shown to reduce entrainment significantly
(Schuler and Larson, 1975; Thomas and Johnson, 1980). The top of the
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structure is located 10 m below mean low tide, which is below the depths at
which the most abundant and commercially important pelagic species are
reported to occur (MacLaren Atlantic, 1976a).

A number of authors have characterized the fish species most
likely to be entrained by a velocity cap intake as small schooling pelagic
or small aggregating bottom fish (Foster, 1981; Moss 1980; Thomas et al.
1980).

The most important variable governing fish entrainment appears to be

the presence and distribution of fish in the general vicinity of the intake
structure. Two data sources were used to estimate densities of fish which
could potentially be entrained by the Lepreau intake structure.

The first source was data available from records of weir fishing
which captures juvenile herring. The second source was information from
otter trawls presented in the Lepreau 1 EIS. The species identified from
these two sources were assessed on the basis of behavioral information to
determine which would be schooling pelagic or small aggregating bottom fish.

The most abundant pelagic fish is the Atlantic herring.

In order

to estimate the potential magnitude of capture of herring, it was assumed
that the intake would fish in a manner similar to a weir, in that fish would
be guided into the structure by following currents. In order to establish
comparative volumes of water which pass through a weir, a number of
assumptions were made with respect to weir design:
Leader length:

150 m

Average height of leader in water over tide cycle: 9 m
Assumed velocity during tide to average: 25 cm/s
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Therefore, volume of water through weir
=

1 x h x velocity

=

150 m x 9 m x 0.25 m/s = 337.5 m /s

The intake flow for Lepreau 2 will be 60.7 m /s. Lepreau 2 will
fish (using high flow) approximately 18.0 per cent as much water as a weir
of the configuration described.

Under the low flow scenario, the amount

fished would be 8.9 per cent.

Each weir in the vicinity of Lepreau catches, on average,
approximately 51.7 metric tons of juvenile herring per year.

If the intake

catches fish as efficiently as a weir, under high flows the intake would
capture 4.5 metric tons, while under low flow, the intake would capture 3.72
metric tons. However, the actual biomass captured by the intake will be
substantially less than this. Weirs are highly efficient fishing devices
(Jovellanos and Gaskin, 1983), while a velocity cap intake is designed and
has been demonstrated to be effective in assisting strong swimming species
such as herring to avoid entrapment.

Brawn, (1960) found that 15 cm herring

could reach a maximum speed of 91 cm/sec (approximately twice the intake
velocity). The fish responded to current velocities of 3.9 cm/sec or
greater, by swimming upstream (or against the current) until they reached
their maximum velocity.

Using the conservative case, i.e., that the intake fishes as
efficiently as a weir, and that all fish in the area susceptible to capture
are actually taken, the removal of the estimated amount of herring would not
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be significant to the stocks, as annual landings by the New Brunswick weir
fishery alone are estimated at 16,850 tonnes (average for the years
1980-82). The estimated capture by the Lepreau intake represents 0.03 per
cent of this amount.

Given that the densities of fish identified above may occur in the
vicinity of the intake, they may not be susceptible to capture. Work
reported by Foster (pj). cit.) and Thomas et^ al_. (op_. cit.)
suggests that the fish avoid entrapment by responding to visual cues; that
is, if they can see the structure prior to entrainment, they may avoid it.
Thomas j^^l_., (op. cit.) presents a relationship between water
clarity, as measured by Secchi disc, and susceptability to entrainment.
They report maximum vulnerability of the most susceptible species when
clarity is less than 1 m.

Vulnerability decreases significantly when

clarity is between 1 and 2 m.

Secchi disc readings from the southeast of

Point Lepreau are reported to range from 2-6 m (D. Wildish, Dept. of
Fisheries and Oceans personal communication to G. Gil lis, 1984). This would
suggest that the clarity of water in the Lepreau area would tend to reduce
the susceptibility of capture of all fish.

The otter trawl primarily caught fish with a strong bottom
orientation, or which live on or near the bottom, such as skates and
flatfish (MacLaren Atlantic, op. cit.). The major species captured in
the trawls which could be identified as small schooling species was the
silver hake.

In an analysis of susceptibi". .ty of silver hake to capture by

velocity cap intake structures, Moss e_t aJL, (1980) concluded that the
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species had a low to medium entrapment potential. Flatfish such as winter
flounder should not encounter the intake structure. Also, the experience in
southern California, with flatfish, suggest that velocity cap designs are
very efficient in minimizing entrapment of benthic flatfish (Moss et
al., 0£. £vt.).

While it is not possible to make predictions of actual numbers
entrained, the numbers of groundfish taken by the intake are anticipated to
be low. Occasional individuals will be entrained, (either prey being
pursued or predators pursuing), but the incidence of capture in these
circumstances poses no threat to fish stocks. The most susceptible species
to capture, in this regard, are fish such as cod and juvenile pollock, which
occur in the same depth of water as the intake structure.

The operational information on the presence of fish in the forebay
of Lepreau 1 suggests that the above analysis is accurate. Occasional
visual observations of density of fish identified no herring, and low
numbers of pollock, cod and flatfish were identified over several months'
operation.

In summary, the effect of entrainment and impingement of

juvenile and adult fish would not be measurable on fish stocks in the area,
and would not be significant.

6.1.2.3 Effect of Cooling Mater Release
As described ir. Section 6.1.2.2.1, addition of a second unit at
Point Lepreau will result in a thermal plume of approximately 5 ha at 3°C
above ambient temperature. This plume area will move with the tide along a

I
I
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length of shoreline of approximately 1,450 m. The plume will make very
little contact with the bottom; due to density difference, the higher
temperature (less dense) water in the plume will rise to the surface except
during the spring when fresh water from spring runoff will contain the plume
below the surface.

The initial step in assessing the effect of the heated water on
the biota in the receiving water was to determine the potential for
mortalities associated with the system. The design temperature increase
across the condenser is 13.3°C (under low flow conditions the maximum
temperature rise across the condenser could be 26°C).

Low flow operation

would take place when ambient water temperatures are below 8°C
(approximately 6 months of the year).

The monthly mean surface water

temperatures at St. Andrews, in Passamoquoddy Bay, over a period of 75
years, have ranged from a low of 0.5°C in February, to a high of 12.5°C in
August. The highest surface temperature at St. Andrews during this period
was 15°C during August, 1976. Trites and Garrett (1983) report that
surface temperature in the open bay in 1958 was 2-3°C lower than in St.
Andrews. Using this correction, and assuming the surface temperature at
Point Lepreau to be representative of the open Bay of Fundy, the maximum
temperature over 75 years is estimated to have been 13°C. The design
temperature increase of 13.3°C would elevate this temperature to 26°C when
passing across the condenser. During low operation flows, the maximum
temperature change would be 34°C across the condenser.
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Once the heated water leaves the condenser, cooling will begin and
when the water leaves the outfall it is dispersed in a rapid manner so the
heat will be dispersed very quickly. Surveys ccnducted during 1983 confirm
this (Section 6.1.1), and suggest very rapid mixing with the receiving
waters.

The effect of the plume on resident benthos in the vicinity of the
outfall will be minimal, as the plume will tend to rise after leaving the
discharge point, as was confirmed during field measurements. However, the
plume will cause a rise in temp.erature in the near shore and intertidal
zones.

Information is presented in the MacLaren Atlantic Limited EIS for
Lepreau 1 (1976a) on thermal tolerances of representative macroinvertebrates
in the Bay of Fundy. The mos.t sensitive species reported, a crustacean
(Thyanoessa inermis), had a "safe temperature for one hour exposure" of
18.5°C. The rapid mixing and currents in the area suggest that this
temperature would be achieved during August, over an area of approximately
2
200 m at low water conditions. This species was not reported for
zooplankton tows taken during the field work conducted for the Lepreau I EIS
(MacLaren Atlantic Limited, ££. cj_t.), and Corey (1983) suggests that
the centre of population for this crustacean in the Bay of Fundy is in the
Grand Manan Basin. The lowest 1 hr safe temperature described for a species
taken in zooplankton tows in the area was 21.5°C for the amphipod
Ischrocerus anguipes. The area occupied by water of this temperature
would be much smaller than 200 m and, given the tidal currents, exposure
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by organisms to this temperature would be anticipated to be much less than 1
hour. The area affected by the thermal plume (3°C rise for ambient) under
low flow conditions would increase from 5 ha to between 5 and 6 ha.

Mihursky et £l_. (1971) investigated the effects of temperature
on various macroinvertebrates, certain of which are reported from the
Lepreau area.

In this work, organisms were acclimated at various

temperatures and then subjected to sudden temperature increases. The
temperature which resulted in death of 50% of exposed animals within 24 hrs
is termed the LD-50. The results are presented in Table 6-2.

TABLE 6-2
TWENTY-FOUR HOUR LD-50 DATA (°C)

ACCLIMATION TEMPERATURE (°C)
SPECIES

1-3

5

10

15

Neomysis americana

17

21

21

26

Crargon septemspinosa
Macoma baltica

28

small
large

Mya arenaria small
large

31. 5
30. 1

Mulina lateratis

30. 2

Source: Mihursky et al., 1971.

31 .4
31 .0

31.2
30.9

32 .1
, 31 .5

30 .9
30 .1

31.7
30.5

31 .6
30 .8

31.7
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Thus, the thermal conditions anticipated at Lepreau should not
result in mortalities of organisms in the water column or in the benthos.

The predicted temperature increases for the intertidal zone are
not anticipated to have a significant effect on the resident biota. During
a normal year, the organisms in the intertidal zone in the Bay of Fundy may
encounter air temperatures from +30° to -30°C or more (Thomas et al.,
1983). These organisms may experience abrupt temperature changes when cool
sea water rushes over warm plant surfaces. The major organism in the
intertidal zone, in terms of biomass and production, is the fucoid
Ascophyllum nodosum. Vadas e_t à]_. (1976), on the basis of field
observations of the impact of a thermal plant in Maine, constructed a
theoretical scheme of the potential impact of elevated temperatures on
Ascophyllum.

The scheme is as follows:

(1) 0-18°C (water temperature)'

plant form is normal and not experiencing conditions of reduced competition
from other plants; (2) 22°C enhanced growth of plant and not affected by
competition; (3) 24°C neutral effect on plant and experiencing mild
competition and disease problems; (4) 30°C apical tips of plant destroyed
and experiencing strong competition; and (5) greater than 30°C displacement
of Ascophyllum.

The thermal effluent from the Lepreau plant will result in water
temperatures in the intertidal zone which are well below any temperature
which would detrimentally affect the organism; in fact, the temperature may
slightly enhance growth of Ascophyilum. The increased condenser
temperatures achieved during reduced flow will subject the plankton
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entrained in the intake to more severe stress. However, the effect of
losses of these entrained organisms (phytoplankters) would not be
significant.

Planned plant shutdowns for maintenance are scheduled in the
spring, when^replacement hydroelectric power is readily available. When the
plant is operating, the areas to be affected by temperature increases will
be small and the effective temperature increases will be low. The effect of
sudden changes in temperature caused by these planned, and other plant
shutdowns will not be significant.

6.1.2.4 Cumulative Biological Effects
A fundamental principle of environmental planning is to locate
major construction projects on sites where the receiving systems are least
sensitive to the effects anticipated due to construction or operation of the
facility.

Assessment of the sensitivity of aquatic environments would
include determination of areas of critical environmental concerns. Such
areas would include restricted spawning or nursery habitat or particularly
restricted migratory routes. Also, such areas would include those where the
circulation patterns are such that incremental depletion or effects on
groups of individuals would result in a depression of the density or fitness
of the community at large. With respect to Point Lepreau, the site may be
defined as very close to an open ocean site. The circulation patterns and
high energy dispersion mechanisms provide continual replacement of water to
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the Bay of Fundy from ttie Gulf of Maine and from the south shore of Nova
Scotia.

These patterns also ensure replacement of water masses and drifting

biota in the vicinity of Point Lepreau.

The fish stocks in the area are not

dependent on spawning or nursery habitat in the vicinity of Point Lepreau.
In fact, for the major finfish stocks, the centres of spawning appear to be
remote from the Point Lepreau area. With respect to species which may spawn
in the vicinity of Lepreau, or use the Lepreau area as a nursery habitat for
however brief a period, there is no information which would suggest that in
this regard the Point Lepreau area provides spawning or nursery habitat
which is not found in abundance elsewhere along the New Brunswick coast.

In view of these site characteristics, in order to cause an impact
which would be significant, an effect must be large relative to existing
functions or populations, or result in a deposition of an element which at
some point may be problematical to the population.

An analysis of the

effects associated with the Lepreau facility would indicate that this
situation would not exist. The physical and biological effects identified
would require increase by several orders of magnitude to be detectable in
the community at large (outside the environs of the plant).
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6.2

Inactive Hastes
Systems for management of inactive wastes have been described in

Section 2 of this report. This section assesses the effects of inactive
waste discharges on the receiving environment.

6.2.1

Operational Chemical Usage
In order to identify effects associated with discharges of

inactive wastes, it is necessary to characterize individual pollutants
present in waste streams. Therefore, it is useful to review the chemicals
which have been used during the operation of the Lepreau 1 plant. Chemical
types and usage rates have been provided by. NB Power personnel, and are
broken down into three general categories: water treatment plant
operational chemicals, boiler feedwater operational chemicals, and
non-consumable materials (dielectric fluids and lubricating oils) for
inventory. Table 6-3 provides a summary of types and quantities.

Operational chemical quantities are expressed as the amount used
per year, based on most recent NB Power records for Lepreau 1.
Non-consumable chemicals are present as inventory for Lepreau 1.

Quantities for Lepreau 2 would be approximately the same.
Therefore, the total chemical quantities for the Lepreau 1 and 2 units
together would be double those given in the table.
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In accordance with the conservation of mass principle, all
chemicals which enter the plant nust eventually exit in some fashion.
During their passage through the plant they may be transformed.

All of the

operational chemicals listed in Table 6-3 will leave the plant in solid or
liquid form. The effects of these chemicals on the receiving environment
are discussed in further detail below.

TABLE 6-3
OPERATIONAL CHEMICAL INVENTORY
FOR THE LEPREAU 1 PLANT

Chemical

Form Supplied

Purpose

Quantity
-

WATER TREATMENT PLANT CHEMICALS (OPERATIONAL)
Dearborn 6400
Dearborn 3632
Dearborn 431
sodium aluminate
chlorine
sodium hydroxide
sulfuric acid
sodium chloride
soda ash

liquid
solid
liquid
liquid
gaseous
liquid
liquid
solid
solid

coagulant
coagulant
coagulant
coagulant
disinfectant
ion exchange
ion exchange
ion exchange
pH control

42,000
270
10,000
2,000
820
120,000
82,000
8,000
125

kg/y
kg/y
kg/y
1/y
kg/y
kg/y
kg/y
kg/y
kg/y

BOILER FEEDWATER CHEMICALS (OPERATIONAL]I
hydrazine
trisodium phosphate

liquid
sol id

oxygen removal
feedwater treatment

0.1 lb/d
1,600 kg/y

In addition to the chemicals listed in Table 6-3, there will be a
number of non-consumable chemicals used on site but not released to the
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environment. These will include dielectric fluids (for transformers),
lubricating oils and fire resistant governing fluids.

Figure 6-13 provides a comprehensive schematic diagram of the
inactive waste operations which will result in waste discharges from the
proposed Lepreau 2 Generating Station. The diagram illustrates the sources,
routing, treatment systems, and ultimate disposal methodologies for liquid
and solid wastes. Seven distinct operations which result in discharges are
shown; these are sanitary waste, oily waste removal, sludge removal,
inactive waste treatment facility discharge, chlorination, corrosion
inhibition, and boiler blowdown. The following paragraphs elaborate on the
anticipated effects.

6.2.2

Sanitary Waste Discharge
The existing Lepreau 1 Generating Station has a separate sewage

system which removes domestic sewage from the turbine building, service
building, administration building, and condenser cooling water pumphouse
(all of the buildings equipped with lavatory facilities). Raw sewage is
conveyed to an extended aeration domestic sewage treatment plant at the
southern end of the South Laydown Area. This plant is designed to treat the
sewage from 1,500 persons; it has a design flow of 3.95 L/s (NBEPC, 1979).
Treatment is achieved through aerobic decomposition; sludge is continuously
recycled. The New Brunswick Department of Health requires that the effluent
has Biochemical Oxygen Demand (BOD) and Suspended Solids (SS) concentrations
of less than 20 mg/L. Chlorination of the effluent is not provided;
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effluent is discharged to Indian Cove via a drainage channel. Data on
sewage flows or effluent concentrations of BOD and SS are not available from
NB Power, however, the extended aeration plant is presently underutilized as
it is treating waste from about 400 persons., and effluent criteria are most
likely being met.

Domestic sewage removal will also be provided for buildings
(equipped with lavatories) which are constructed for Lepreau 2. The
existing sewage treatment plant has been assessed to determine its adequacy
for the Lepreau 2 work force and approval for tht's expanded use has been
received.

Because bacterial decomposition is the method of treatment, no
operational chemicals are used in sewage treatment. However, treated
effluent does have quality constituents for which potential environmental
effects should be assessed. These are discussed below.

6.2.2.1 BOD and Suspended Solids
Biochemical oxygen demand (800) and suspended solids are common
indicators of sewage strength (Metcalf and Eddy Inc., 1972). BOD, the most
widely used parameter of organic pollution applied to both wastewater and
surface waters, is an expression of the quantity of oxygen required to
biologically decompose the organic matter present. Typically about 75% of
the SS in domestic sewage is organically biodegradable (Metcalf and Eddy,
Inc., op. cit.).

6-48
BOD and SS concentrations in the sewage treatment plant effluent,
once Lepreau 1 and 2 are both in operation, will be limited to 20 mg/L
assuming present provincial regulations will still apply.

Lepreau 1 and 2

will employ a full-time professional and technical staff of about 600. The
number at the plants during the two night shifts will likely be about 100.
Based on an estimated domestic waste flow of 115 litres per person per shift
(Metcalf and Eddy Inc., op_. cit.), the total BOD discharged to Indian
Cove, after treatment, will be about 1.84 kg (8.4 lb) per day.

BOO discharged to Indian Cove will result in an equivalent amount
of dissolved oxygen (DO) consumption.

In light of the fact that DO levels

in the vicinity of Point Lepreau are generally at or near saturation levels
(MacLaren Atlantic Limited, 1977a), and recognizing the volume of water
which is exchanged twice a day in Indian Cove as a result of tidal action
(which is four orders of magnitude greater than the effluent flow), it is
anticipated that BOD discharged from the sewage treatment facility will
cause no significant effect on the receiving environment.

The large volume of water regularly exchanged in Indian Cove will
also quickly dilute SS discharges, at 20 mg/L, to average ambient levels of
about one-tenth that amount (MacLaren Atlantic Limited, £p_. cit.).
Therefore, it is apparent that BOD and SS discharges from Lepreau 1 and
Lepreau 2 will have no significant effects.

6.2.2.2

Pathogens

Pathogenic organisms may be present in effluent discharged from
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domestic sewage treatment facilities. Excessive concentrations of indicator
organisms, which are used to indicate the presence of pathogens, may
precipitate restrictions on water use. From a bacteriological pollution
perspective, shellfish are the most sensitive resource, thus it is useful to
consider the potential effect of the discharge of treated effluent on the
shellfish resource in the Lepreau area.

Bacteriological surveys have been conducted in marine waters of
the Point Lepreau area by the Environmental Protection Service of
Environment Canada (Blaise and Legault, 1973; Richard ejt aj_., 1983).
The results of these surveys have indicated that bacteriological pollution
is sufficient to continue the closure (to shellfish harvesting) of several
areas.west of Point Lepreau.

Existing shellfish closures are in effect at

Little Lepreau Basin, Lepreau Harbour, New River Harbour, and Pocologan
Harbour, as well as at other locations further west (Environment Canada,
unpublished file).

Closures are not in effect to the east of Point Lepreau,

primarily because the soft-shelled clam resource is not abundant there.

Environment Canada's bacteriological surveys make use of standard
protocols for sampling and testing methods. Published survey results
speculate briefly on the potential causes for bacteriological contamination;
as well, Environment Canada's unpublished file identifies reasons for
contamination as poorly-operating septic systems, wildlife wastes, untreated
boat wastes, landwash, and runoff from solid waste dumps. A study of
shellfish area contamination in the Maritimes (Waller, 1977) identified
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untreated sewage, fish plants, and poorly-operating private disposal systems
as most frequent causes of closure.

Shellfish areas closest to the discharge from the existing sewage
treatment facility which will serve both Lepreau 1 and 2 stations are at
Little Lepreau Basin and Lepreau Harbour. Ongoing closures of portions of
these areas, in effect since 1973; (before the construction of Lepreau 1 ) ,
are attributable to poorly treated sewage, untreated sewage, boat wastes,
and wildlife (Environment Canada, op_. cit.). Additional discharge of
untreated or marginally-treated sewage to these areas does not and will not
result from the Lepreau 1 and 2 sewage treatment plant, but may occur from
construction of poorly-designed domestic sewage treatment systems or
increased occupancy rates of homes, seasonal dwellings, and trailer sites in
the area, unless the appropriate'provincial requirements for domestic sewage
treatment systems are enforced.

Effluent from the existing domestic sewage treatment facility
serving the Lepreau station will contain concentrations of organisms
indicative of bacteriological pollution. Dieoff rates for these organisms
are difficult to predict; however, based on literature values for dieoff
(Associated Engineering Services Limited, 1980), it is anticipated that
concentrations immediately at the point of effluent discharge would drop to
levels well below those specified for shellfish area closure in less than 24
hours. Considerable dilution of effluent will occur in Indian Cove which
will further reduce concentrations of indicator organisms. Additionally,
current measurements taken around Point Lepreau (MacLaren Atlantic Limited,
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1974a) show that the net movement of water from Indian Cove is essentially
outward rather than inland. The combined effect of these factors is that
the discharge of treated effluent from the proposed facil'ity is anticipated
to have no detectable influence on bacteriological conditions at Little
Lepreau Basin and Lepreau Harbour, where partial or complete shellfish area
closures are currently in effect.

6.2.3

Oil Waste Removal
Figure 6-13 shows that oily wastes from oil-hand!ing areas at the

proposed Lepreau 2 Generating Station will be directed to a closed sump.
Periodically, a private contractor will remove accumulated oil from the
sump. An identical procedure has been followed for the existing Lepreau 1
Station, and no adverse impact on the environment is anticipated.

6.2.4

Inactive Liquid Waste Treatment Facility Effluent Discharge
Wastes which will be routed to the inactive liquid waste treatment

facility (IWTF) are shown on Figure 6-13.

This figure identifies the IWTF

as a sedimentation and oil separation facility, which essentially describes
the unit operations employed.

Some of the waste streams to the IWTF will be

first neutralized in the neutralization sump; these will include water
treatment plant wastes (clarifier sludge blowdown, backwash from sand
filters, ion exchange regeneration waste), auxiliary boiler blowdown, and
ion exchange regeneration waste from the steam condensate polisher.
Neutralizing acid or caustic will be added and recirculation will be
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employed as necessary to achieve a pH between 6 and 9 before the
neutralization sump contents are pumped to the IWTF (NBEPC, 1977). Oily
wastes from turbine area oil drains will be separated in an oily sump before
routing to the IWTF.

Located adjacent to the existing domestic sewage treatment
facility, the IWTF comprises two lined earthen lagoons with sloping sides,
equipped with oil retention weirs. The existing IWTF was designed to
accommodate Lepreau 1 and 2 stations (NBEPC, O£. cit.), and to provide
an effluent meeting discharge criteria set by Environment New Brunswick.
These criteria are summarized in Table 6-4 below.

TABLE 6-4
1DISCHARGE CRITERIA* FOR SEDIMENTATION AND
OIL SEPARATION FACILITY

Parameter
PH
Suspended solids (mg/L)
Oil & grease (mg/L)

Thirty Day Average
Not to Exceed
6.0 - 9.0
20
10

*Based on Permit # 1-103, dated September 24, 1981.

Instantaneous Level
Not to Exceed
5.0 - 10.0
40
20
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The IWTF is equipped with recirculation capability.

Regular

monitoring of effluent quality is made to ensure that discharge from the
facility does not exceed the limits specified by Environment New Brunswick.
Recirculation is employed as necessary in order to achieve these criteria.

Plant records for January to July of 1983 have been reviewed in
order to assess current adherence to the ENB discharge criteria.
Instantaneous measurements of pH and oil and grease were within the
specified range. Instantaneous measurements of suspended solids showed
occasional values in excess of the criteria, with a high reading of 382
mg/L.

Effluent flow through the facility varied from 0.54 to 5 L/s, well

below the design value of 76 L/s (NBEPC, 1977).

During the design phase of the proposed Lepreau 2 Generating
Station, a detailed review will be made of the historic operational results
for the existing IWTF. This review may indicate that upgrading of the
existing IWTF will be required in order to ensure that applicable discharge
limits will be met during the operation of Lepreau 2.

In addition to meeting the limits prescribed by Environment New
Brunswick, effluent from the IWTF will be diluted in the condenser cooling
water flow by at least 400:1. This level of dilution will result in
essentially undetectable changes in water quality parameters in the Bay of
Fundy.
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6.2.5

Sludge Removal
Sludge will be periodically removed from the domestic sewage

treatment plant and the inactive waste treatment facility. Sludge will be
transported to the on-site solid waste disposal area and deposited in
earthen sludge ponds with impervious liners. This method of sludge handling
and disposal will prevent escape of contaminants to the environment.

Sludge from the sewage treatment plant will consist primarily of
partially biodegraded solids and nonbiodegradable solids, and will not
contain plant operational chemicals. Sludge from the inactive waste
treatment facility will contain most of the coagulants and solids removed
from the raw water by the water treatment plant. It is reasonable to expect
that the Dearborn 6400, Dearborn 3632, Dearborn 431, and sodium aluminate,
listed in Table 6-3 will be in this sludge, and will therefore be isolated
from the receiving environment.

6.2.6

Biocide Addition for Biofouling Control
The walls of the condenser cooling water intake tunnel for the

existing Lepreau 1 Generating Station are equipped with embedded pipelines
and distributor rings designed to permit the addition of a chemiral biocide
(most likely chlorine) to the CCW flow. Biofouling throughout the entire
CCw system could be controlled through addition of biocide in the intake
tunnel.

Operational experience with the Lepreau 1 Station, however, has
shown that biofouling has not been a significant concern in CCW intake or
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discharge tunnels, and in fact the only area of concern with respect to
biofouling at Lepreau is in some of the heat exchangers themselves. To
date, biofouling at the Lepreau Station has been managed through physical
cleaning and no biocide addition has been required.

Should biofouling become a problem at the proposed Lepreau 2
Station, required chlorine dosage rates would be determined based on the
extent of the problem and the chlorine demand characteristics of the salt
water. Dosage rates cannot be predicted at this time. However, a study
conducted for NB Power during the design of the existing station (MacKinnon
and Thompson, 1975) estimated that sufficient dosage would be required to
maintain a chlorine residual (at the area of concern) of 0.5 mg/L. This
chlorine residual is also suggested by NB Power personnel.

As mentioned, physical cleaning of heat exchangers has provided
sufficient biofouling control to preclude the need for biocide addition at
the Point Lepreau Generating Station. Should operational results warrant,
biocide could be added to control biofouling in the heat exchangers.
Biocide addition for control of biofouling in intake or discharge tunnels is
extremely unlikely. Consequently, it is necessary to consider the
environmental effects associated with biocide addition at the heat
exchangers.

NB Power personnel have indicated that should chlorination be
employed, a residual chlorine concentration of 0.5 mg/L would be maintained
in the half-shell of an individual heat exchanger. Residual chlorine is
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a measure of the sum of the free available chlorine and the chloramine
concentration (formed when chlorine reacts with nitrogenous compounds in
water). Both free available and chloramine forms are toxic to marine
aquatic life (Environmental Protection Agency, 1976).

A maintained residual concentration of 0.5 mg/L in an individual
half-shell would be immediately diluted by at least 6:1 once this
disinfected flow were mixed with the full CCW flow. As well, residual
chlorine concentration in the CCW flow would be quickly reduced due to the
action of chlorine-consuming compounds in undisinfected water (Metcalf and
Eddy, Inc., 1972; Hostgaard-Jensen et al_., 1977). The result is that
during disinfection of a single half-shell of an individual heat exchanger,
the residual chlorine concentration at the discharge to the Bay of Fundy
would likely be less than 0.01 mg/L.

Numerous researchers have investigated the toxicity of free •

»

available chlorine to marine aquatic life. The Environmental Studies Board
(1972)-suggests that concentrations in excess of 0.01 mg/L can be hazardous
to marine life, while the Environmental Protection Agency (^p. cit.)
suggests criteria of 0.002 mg^L for salmonids and 0.01 mg/L for other marine
organisms.

The ultimate effect, or potential impact of these chlorine
concentrations on the receiving environment, depends upon the density of
organisms, their susceptibility to chlorine and the duration of exposure to
elevated concentrations of chlorine.

In the assessment of effects of
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entrapment and impingement (Section 6.1.2), in order to ensure a worst case
analysis, it was assumed that no adult nor larval fish nor zooplankters
would survive passage through the condensers. Some survival of
' phytoplankters was anticipated.

In that portion of the condenser cooling water which would not be
treated with chlorine (which would be the initial receiving environment of
residual chlorine), the major biological constituents would be
phytoplankters. Should chlorination be required, there may be some loss of
viability of phytoplankters in the non-treated portion of the condenser
cooling water. However, the effect on resident biota in the vicinity of the
outfall will not be significant.

6.2.7

Chemical .Addition for Corrosion Control
Condenser tubes for the Lepreau 1 Station, as well as those

proposed for Lepreau 2, are constructed of titanium, a highly
corrosion-resistant material. Chemical addition to the CCW flow for control
of corrosion has thus not been required for Lepreau 1, and will not be
necessary for Lepreau 2.

6.2.8

Boiler Blowdown Discharge
Impurities in the steam generators will be continuously removed

through boiler blowdown. The boiler blowdown discharge flow rate for the
proposed Lepreau 2 Station will normally be 3.2 L/s (42 igpm).

For the two-

unit station, therefore, the blowdown discharge flow will be 6.4 L/s (84
igpm).

Discharge will be routed to the CCW line, where it will be

immediately diluted by about 8500:1 in the CCW flow.
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Chemical constituents of the boiler blowdown discharge, described
previously in this report, typically comprise hydrazine (at 0.1 to 0.5
mg/L), phosphate (at 1 to 10 mg/L), and suspended solids (at less than 1
mg/L).

Suspended solids will be primarily ferrous oxide (rust).

The pH of

boiler blowdown discharge will typically vary from 9.1 to 9.7.
Environmental implications of these quality constituents are discussed
be 1ow.

6.2.8.1

Hydrazine

Hydrazine has been employed for oxygen scavenging of boiler
feedwater during the operation of Lepreau 1. Hydrazine is an extremely
active reducing agent.

In the presence of oxygen, hydrazine (N^H^)

reduces to water and nitrogen gas - (N ? ), the speed of the reaction
increasing with increased water temperature (Degremont, 1979).

The

provisional limit for hydrazine as a contaminant in water is 1.0 mg/L
(Ottinger, e_t a}_., 1973) as it is recognized that this quantity will
quickly oxidize to near-zero concentration.

In view of the anticipated hydrazine concentration in boiler
blowdown discharge and the rapid oxidation of hydrazine in water containing
oxygen, it is concluded that no significant effect is anticipated from the
use of this chemical.

6.2.8.2 Phosphate
Boiler blowdown discharge will normally contain 1 to 10 mg/L of
phosphate, resulting from the addition of trisodium phosphate to the
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feedwater. These concentrations will be undetectable relative to normal Bay
of Fundy background phosphorous levels and will have no influence on
background water chemistry and therefore no environmental effect.

6.2.8.3 Suspended Solids
At concentrations of less than 1 mg/L, suspended solids (SS)
discharged to the CCW flow will be less than normal background levels for
the Bay of Fundy (MacLaren Atlantic Limited, 1977a).

6.2.8.4 pH
Residual pH in the boiler blowdown will be maintained in the range
8.7 to 9.7. within this range no significant effect is anticipated on a
well-buffered receiving body such as the Bay of Fundy. .

6.2.9

Ongoing Chemical Cleaning
At infrequent intervals during the operation of the proposed

Lepreau 2 station, individual components of the boiler feedwater system may
be isolated and chemically cleaned.

Isolation will be performed with

appropriate valving, and cleaning will be done through injection and
circulation of an appropriate chemical agent.

Discharge from such

operations will be routed to the inactive liquid waste treatment facility.
Discharge from this facility will conform to provincial regulations.

Chemical cleaning agents which may be used during the operation of
the Lepreau 2 Generating Station include citric acid, EDTA, hydrochloric
acid, ammonia, and sodium hydroxide. Their rate of ongoing usage would
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be extremely small compared to the usage rates for primary operational
chemicals shown in Table 6-3, consequently they have not been listed in the
table. All of the potential cleaning agents, except EOTA, are inorganic
compounds which would have no influence on background water chemistry in the
receiving environment.

EDTA is an organic agent which would only be

potentially hazardous to marine aquatic life at much higher concentrations
than would occur here (McKee and Wolf, 1963). Ongoing chemical cleaning,
therefore, is anticipated to have no significant effect on the environment.

6.2.10 Heavy Metals
Chemicals which will be used during the operation of the proposed
Lepreau 2 Generating Station do not include any which can be considered
heavy metals. Therefore, there will be no discharges from the facility of
toxic heavy metals to the receiving environment.

6.2.11

Ultimate Fate of Operational Chemicals

Throughout the previous discussion of processes resulting in waste
discharges, the operational chemicals listed in Table 6-3 were discussed as
they were encountered in waste streams. The following summarizes the
ultimate fate of operational chemicals.

Coagulants, coagulant aids, and polyelectrolyte added to raw water
act to precipitate solids, and precipates are eventually routed to the
inactive liquid waste treatment facility. Following settling at this
facility, they are removed as sludge and placed in contained lagoons.
Therefore, they are not discharged to the receiving environment.
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Ion exchange and pH control chemicals are inorganic compounds.
Following their addition to the fresh water system, they dissociate to form
inorganic ions, none of which are toxic or hazardous in the receiving
environment at the dosages applicable here. Chlorine gas, as a disinfectant
for the potable water supply system, is reduced to non-toxic levels before
or in the sewage treatment plant, and thus presents no environmental hazard.

Boiler feedwater chemicals (hydrazine and phosphate) eventually
are discharged to the condenser cooling water (CCW) flow. Hydrazine rapidly
oxidizes to form non-toxic endproducts, while phosphate concentrations are
quickly diluted to undetectable levels.

In summary, it is concluded that the operational chemicals which
are used at Lepreau 1, and of which similar quantities will be used at the
proposed Lepreau 2 Station, will result in limited chemical discharges to
the environment. None of these discharges are anticipated to have.adverse
environmental consequences.
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7.0

7.1

IMPACTS ON THE SOCIAL AND ECONOMIC ENVIRONMENT

Introduction
The purpose of this chapter is to identify and quantify those

changes in the social and economic environment that can be attributed
directly or indirectly to the project and which will or may affect the
quality of life of the residents of the area. While most regions of New
Brunswick will experience economic effects of the project, social effects
will be restricted to the area within the immediate vicinity of the plant
site (i.e., the Point Lepreau Impact Region).

Effects of the project that

fall outside this area, while potentially substantial in total, are likely
to be relatively small in any one region and are very difficult to predict
at sub-provincial levels.

From a social perspective, the range of predicted effects is
largely predicated upon the degree to which the project will generate
requirements for imported labour.

In consideration of existing unemployment

rates prevalent among the trades likely to be required for Lepreau 2,
coupled with currently predictable employment prospects for the future, it
is estimated that only a small percentage of the total workforce is likely
to be non-resident. Moreover, non-resident workers will likely use
accommodation in the City of Saint John or the workers' camp (as was the
case during the construction of Lepreau 1 ) , rather than build homes or seek
rental accommodation in the local area.

7-2
Consequently, the probability of occurrence of effects normally
associated with a large influx of migrant workers into small communities is
very low; such effects include population increases, housing demands,
municipal and government services demands and corresponding changes in land
use, lifestyle and culture. However, community lifestyle may be affected by
the expected increased levels of economic activity in the Point Lepreau
Impact Region.

In forecasting effects, relationships among the various elements
of the socio-economic environment are recognized and integrated within the
overall analysis. For example, housing needs are a function of workforce
characteristics and hiring practices. Other relationships exist between
employment, changes in regional income, population effects, and requirements
for community services.

7.2 Methodology and Approach
A socio-economic impact assessment (SIA) is undertaken in order to
determine the range and scope of the potential effects of a proposed action
which is external to a community or regional context.

It is generally

assumed that the external action will alter the established stability or
general pattern of development in the region. The alteration may be either
positive or negative and the effect of absolute costs and benefits is highly
dependent upon the region's maturity, level of sophistication of
development, goals, attitudes and values.
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The primary concern of SIA is the evaluation of the effect of the
alteration imposed upon an Impact Region's functions (i.e., physical
linkages, economic interdependencies, organizational structures, government
services, and human systems).

This evaluation generally involves the following:

defining the existing characteristics of a
region;

identifying likely perturbations to the social
setting and economic system due to the
proposed intervention;

determining the nature, magnitude and duration
of effects;

ascertaining predicted cause and effect
relationships with regard to the social and
economic system;

developing mitigative measures to eliminate or
reduce to the fullest extent possible, the
impacts on the system; and
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optimizing the opportunities for acceptable
levels of growth resulting from positive
pressures

In the development of a framework to guide the SIA for Lepreau 2,
the Project Team has had the significant advantage of being able to look
back and evaluate the actual effects resulting from Lepreau 1. A wide range
of socio-economic indicators in the impact region were evaluated within the
context of the Lepreau 1 peak construction period (1978-1980).

In addition,

interviews were carried out with local community leaders, labour and union
representatives and key persons in senior governments involved in the
Lepreau 1 project. This information has provided substantial insight into
the determination of the probable geographic limits of impact regions,
elaboration of issues, and the identification of important socio-economic
indicators.

The Lepreau 1 experience was used to identify most of the expected
issues and effects of Lepreau 2. This process coupled with the Lepreau 1
Environmental Assessment Panel guidelines enabled the establishment of a
data collection exercise to quantify the key socio-economic indicators
identified in the guidelines for each of the defined impact regions.

7.3 Project Labour Requirements
7.3.1

Construction Phase
The construction phase of the project will generate 7,800

person-years of on-site work; of this total, approximately 5,800 person-
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years will be for construction trades, and contractors administrative
overhead, 1,450 person-years for site management and supervision, and 550
person-years for commissioning.
Precise manning schedules are not yet available; however, Table
7-1 provides a preliminary estimate of direct construction trade
requirements by year. Construction activity is expected to peak in 1988,
with 1,636 construction trades person-years on-site.

7.3.2

Project Office
It is intended that a project-dedicated engineering office will be

established in the City of Fredericton to assist in the design and
procurement requirements for the Lepreau 2 nuclear generating station. This
office will be in existence for the duration of the construction phase and
will draw upon the staffs of NB Power, AECL and consultants as required to
fulfill its needs. Exact manpower levels and the precise nature of skill
requirements are currently under discussion. However, for the purpose of
predicting possible impacts, the following assumptions have been developed:
Total human resources (all skills) will
involve 2,100 person-years distributed over
the 1983-1990 period.

Approximately 66 per cent of total
person-years will be based in Fredericton with
the remainder to be located in Ontario.

TABLE 7-1
CONSTRUCTION LABOUR TRADE REQUIREMENTS* (Person-Years)

Year

Ironworkers Carpenters

Labourers
and
Others

Boiler
Millwrights Makers

Sheet
Metal
Insulators Workers Operators

Electricians

Pipefitters

Totals

1985

42

105

193

-

-

-

-

70

13

11

434

1986

70

117

195

1

6

2

6

67

20

20

584

1987

70

111

202

19

39

-

15

62

65

40

723

1988

65

120

250

62

42

2

23

71

260

741

1,636

1989

62

93'

200

66

31

20

22

52

210

468

1,224

1990

28

38

124

25

10

16

18

15

83

76

433

TOTALS 337

584

1,164

173

128

40

84

337

651

1,456

4,954

•Excludes Supervision and Staff
Source: NBEPC, 1983, unpublished data.
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Human resource buildup will be rapid,
commencing in late 1984/early 1985, peaking at
350 person-years in 1986, and gradually
declining as the project reaches completion.
The human resource breakdown by skill group is
expected to be as follows:
professional

35% (engineering)

technical

35% (drafting)

managerial

15%

administrative 15% (secretarial/clerical)

Approximately 150 persons will be from outside
the region, while the remaining staff will be
hired locally-.

7.3.3

Operation Phase
Lepreau 2 is scheduled to commence operation in the early 1990's.

Approximately 220 person-years will be required to operate the plant. The
number and type of new permanent jobs to be created is indicated in Table
7-2. With the exception of administrative and service maintenance staff,
plant personnel will be required to have a highly technical background or
undergo comprehensive training programs.

Lepreau 2 will be operated by NB Power under contract to Maritime
Nuclear who will maintain a corporate office, consisting of approximately 50
persons (40% administrative, 30% technical, and 30% managerial), in
Fredericton.
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TABLE 7-2
OPERATIONAL MANPOWER REQUIREMENTS

SKILL CATEGORY
Engineering
Administrative
Technical
Operations
Mechanical Maintenance
Service Maintenance
Supervisors
Health Physics

NUMBER
25
8
54
58
32
33
8
2

Thus, total manpower requirements related to the operation of
Lepreau 2 will be in the order of 270 person-years.

It is anticipated that,

based upon Lepreau 1 experience, approximately 85 per cent of these
positions will be filled from among individuals in the province. The
remainder will establish full-time residence in the province.

It is also intended to maintain a project office in Fredericton
with the role of assisting in the design, construction and commissioning of
the CANDU 600 for export markets. However, manpower requirements for this
office remain to be determined and are contingent upon offshore sales.

7.4

Project Labour Supply
7.4.1

Introduction
Lepreau 2 construction will create a demand for labour involving

most of the traditional construction trades as well as highly specialized
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occupations. An assessment of local labour supply is needed to determine
the extent to which labour must be imported - a major factor contributing to
social and economic effects. This section provides an indication of the
capability of the New Brunswick labour force to provide the needed skills
and concludes that the province can satisfy these requirements with few
exceptions.

There is no central source of up-to-date information with regard
to the labour supply in New Brunswick by occupation, as neither the
provincial labour department nor the unions maintain supply lists. In
addition, the labour supply fluctuates due to interoccupational mobility,
migration, and attendance at training programs. Nevertheless it was
possible to compile relatively reliable data by contacting individual
sources (e.g., labour unions). These data were then used for analysing
labour supply.

7.4.2

Construction Labour Supply - Saint John CMA/Charlotte County
Impact Region
Table 7-3 indicates a breakdown of current labour availability for

each of the major construction trades for the unionized construction labour
force in the Saint John Construction Association. This association
represents approximately 65 per cent of unionized construction tradesmen in
the Province of New Brunswick.

Its georraphic jurisdiction includes Saint

John, Kings, Queens and Charlotte Counties. As the table indicates,
unemployment rates for most trades are in the order of 60-80 per cent, and
the Association had a total of 3,323 members unemployed in October 1983.
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TABLE 7-3
UNIONIZED CONSTRUCTION TRADES INVENTORY
OCTOBER 28, 1983

UNION/LOCAL
Bricklayers #1
Carpenters #1386
Electricians #502
Insulators #131
Ironworkers #752
Labourers #1278
Millwrights #2262
Oper.Engineers #946
Painters #1151
Plumbers and
Pipefitters #213
Sheet Metal
Workers #437

UNEMPLOYED

EMPLOYED

TOTAL
MEMBERS

% UNEMPLOYED

10
650
274
20
315
748
112
382
141

221
140
127
110
200
141
37
148
54

231
790
401
130
5-15
889
149
530
195

4
82
68
15
61
84
75
72
72

489

99 •

588

83

182

58

240

76

TT33T

4~658

3732T
Source:

Saint John Construction Association, 1983.

A more general indicator of labour supply by Impact Region is
given in Table 7-4, which indicates that there were 4,585 unemployed but
experienced workers for the industry divisions shown living in the impact
regions in 1981. Similar data for the Point Lepreau Impact Region is not
available.

As the table indicates, current levels of construction activity in
the impact regions are significantly depressed relative to the overall
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TABLE 7-4
UNEMPLOYED EXPERIENCED LABOUR FORCE BY SELECTED INDUSTRY DIVISION
FREDERICTON AND CHARLOTTE COUNTY/SAINT JOHN CMA IMPACT REGION
1981

INDUSTRY

*

IMPACT REGION
FREDERICTON

SAINT JOHN CMA/CHARLOTTE COUNTY

Manufacturing

525

1,355

Construction

520

780

Transportation & Utilities

240

400

Administration & Defence

365

300

1,650

2,835

TOTAL

Source:

Statistics Canada, 1981.

capacity of the industry. Residential construction activity remains weak in
most areas of the province, and commercial, industrial and engineering
construction activity is also well below industry capacity.

Construction

volume in the province has fallen from $1 billion in 1981 to a projected
$400 million for 1984 (New Brunswick Construction Association, 1984).

In total, there are presently at least 3,000 unionized
construction craftsmen out of work in the Saint John CMA/Charlotte County
Impact Region.

(When non-unionized trades are considered, the total is much

higher.) Given that many tradesmen are working reduced hours with little
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overtime, these unemployment rates may even underestimate the degree of
under-uti1ization in the industry.

The existing supply statistics in the Impact Regions which suggest
a significant supply of tradesmen, underestimate potential supply.
Additional workers with varying degrees of construction experience will
enter the non-compulsory trades in times of buoyant demand.

This is

particularly true of the lesser skilled trades which comprise the
construction labourers category.

Given the demonstrated mobility of construction trades, and the
current level of employment, the project has access to a sizeable labour
force. However, the labour supply must be evaluated in the context of the
competition for labour created by other major projects scheduled to be
completed concurrently with Lepreau 2. The next section provides an
indication of provincial labour demand in the region.

7.4.3

Concurrent Projects - Saint John CMA/Charlotte County Impact
Region
Table 7-5 provides a listing of the major projects underway or

under consideration in the Impact Region which could be competitors for the
labour pool. The potash mine developments in Sussex have been included
since, although the projects are not located in the Impact Region, trades
labour for these projects will likely come from Saint John.
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TABLE ,7-5
SAINT JOHN CMA/CHARLOTTfI COUNTY IMPACT REGION
CONCURRENT PROJECTS

PROJECT

PEAK YEARS

MANPOWER
AT PEAK

Lepreau 2

1987-1989

1,650

Canadian Patrol .
Frigate

1983-1992

700

Welders
Boilermakers

Potash
(Denison)

1984-1985

575

Iron Workers
Millwrights

Potash (B.P.)

1987-1988

600(?)

Iron Workers
Millwrights

Potash Terminal

1985-1986

60

Pulp Mill
Modernization

1984-1985

50

Source:

PRIMARY TRADES
Welders
Pipefitters

Carpenters

DPA Consulting Ltd., 1983, unpublished data.

Since few projects peak concurrently or involve significant
numbers of workers (relative to availability), it can generally be concluded
that manpower shortages are highly unlikely even if several of these
projects were to be undertaken at the sa.ne time as Lepreaj 2.

7.4.4

Concurrent Projects - Maritime Provinces
The availability of labour supply could be affected by other large

(or "mega") construction projects in the Atlantic region.
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The Atlantic Provinces Economic Council has recently surveyed the
likelihood of implementation of planned capital investments for the
provinces of Nova Scotia and New Brunswick. The status of projects which
are not already underlay is to a large extent unknown and time schedules are
tentative. At present, the only competing project with a reasonable
likelihood of proceeding is the development and production of the Venture
gas field near Sable Island. The peak labour demand for the Venture project
is estimated to be 4,658 person-years. The trades which conflict with those
involved in Lepreau 2 are welders and pipefitters, where total peak demand
for the Venture project will exceed 750 and 600 per annum respectively. On
the basis of current plans, the peak years of Venture and Lepreau 2 could
overlap (i.e., 1987-1989). Should this occur, the two projects would have a
peak demand of 900 to 1,000 persons for each category (pipefitters and
welders). The existing total supply of welders in New Brunswick is
approximately 2,000. Therefore the requirement to bring in tradesmen from
outside the province would only occur if there were to be significant other
construction activity at the same time.

7.4.5

Conclusion - Construction Labour Supply/Demand Conflicts
During the peak construction period approximately 1,650

person-years of trades labour will be required on-site. Maritime Nuclear
has estimated that at peak less than 10 per cent of the workforce will be
imported. Given the existing and projected construction trades unemployment
rates in the Saint John CMA/Charlotte County Impact Region, and the
unlikelihood that competing projects will be scheduled concurrently with
Lepreau 2, this estimate is likely to be an absolute maximum.

Sufficient
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labour supply in virtually all cases is available within commuting distance
of the plant site.

7.4.6

Labour Supply/Demand-Other Lepreau 2 Project Components
Project Office
The project office will involve approximately 350 person-years at

peak.

Because many of the skills required are highly specialized and only

to be fourtd within the nuclear industry, Maritime Nuclear has estimated that
approximately 150 persons will be brought into the province from other areas
of Canada, most likely from Ontario. Other staff positions will_ involve
primarily technical and administrative skills which are readily available
within the Fredericton Impact Region.

Plant Operation
Approximately 85 per cent of the Lepreau 1 operation's staff were
recruited -»rom among residents of New Brunswick. Given the lead time
available, Maritime Nuclear will have sufficient opportunity to train staff
as required and should be able to achieve at least the same level of
residency for Lepreau 2 staff.

7.5

Economic Impacts
7.5.1

Introduction
This section addresses the economic impact of project spending

during construction and operation phases. The impacts are discussed in
terms of labour income, Gross Domestic Product and value of shipments.
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Even though the plant will be located in New Brunswick, the
provincial economy will not be able to provide all the equipment and
suppliers required to construct and operate such a large undertaking.

Many

materials will have to be purchased outside the province. However, there
will be considerable multiplier effects from the operation and construction
of Lepreau 2, a substantial portion of which will occur in the province of
New Brunswick. The economies of the Impact Regions will be stimulated by
project expenditures in two principal ways:
direct effects: local labour and businesses
will be employed directly by the project; and

"spin-off", or multiplier effects: local
suppliers will be able to sell their services
and products to the project, and local firms
will benefit from the spending of the incomes
generated by the project.

7.5.2

Methodology
An input/output model is an economic model which is derived from a

comprehensive base of trade flow data.

Industries in the economy are

classified and then inputs (labour and materials) for each industry are
listed.

In this way, it is possible to trace an expansion in any one

industry throughout th.; economy as it causes other industries to expand.
For example, construction of Lepreau 2 causes an expansion of the machinery
and equipment industry, as the equipment is needed to build the plant. The
machinery and equipment industry will then need new inputs itself in order
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to expand. The total effect on the economy, the sum of all these inputs,
through each subsequent round, is said to be the "indirect effect".

Some input/output models also include "induced effects", which
stem from the spending of increases in household income. For example, a
worker employed at the Lepreau 2 plant will spend some of his income on
food, which will in turn require an expansion of the agricultural industry.

In the present study, a Statistics Canada model known as "The 1974
Inter-Regional Input/Output Model" was used to estimate the total effects of
expenditures. One of the features of this model is that multiplier effects
of a project in Canada can be estimated for each of the provinces.' The
multiplier effects calculated from this model include both indirect and
induced effects.

In the analysis, the levels of expenditure (inputs) and production
(outputs) related to the project are the key items of concern. The input
characteristics of the project are examined with respect to size, sources of
input supply (either local or imported), types of commodities used as
inputs, and amount of other primary factors of production (for example,
wages and salaries, profit).

Because the linkages between sectors in the

economy are modelled within the input/output model, it is possible to
estimate the project's effect on each sector of the economy. The model
relates direct spending to multiplier effects (indirect and induced) on
employment, labour, income and output. Rounds of spending are traced until
the incremental inter-industry linkages and household income re-spending
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effects approach zero; i.e., until the income created has finally "leaked"
out of the local economy to the larger world economy.

It is in this way

that input/output analysis has been used to estimate the cumulative effects
of re-spending cycles initiated by the operation and construction of the
plant.

Although input/output models are important economic tools, their
results should be interpreted with caution for several reasons. Most
importantly, they are entirely "demand-driven" and ignore supply
constraints. For example, if an expansion of the construction industry
requires increased inputs of skilled labour, then the effects of increased
labour income are shown in the model whether or not there is unemployed
skilled labour available for use in the project.

In reality, increased

demand for labour usually results in some increase in wages as workers must
"bid away" from other industries. The contraction in other industries due
to increased wages will not show up in input/output results.

Similarly,

price effects, such as changes in foreign exchange prices, price of domestic
electricity, or housing prices due to the project will not be represented in
the model results.

Economic multiplier effects have been calculated for the Province
of New Brunswick and the other regions of Canada. Because of the relatively
small size of the Impact Regions under consideration, there are many
problems involved in estimating economic impacts at this level. The
economic impacts in such a small area depend in large measure on the
availability, capability and initiative of local suppliers. Only very
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general comments can therefore be made about the Impact Regions defined in
this study.

The Point Lepreau Impact Region would have the smallest multiplier
because existing employment and commercial activity in that region suggests
that it is less able to "capture" spin-off effects. Similarly, Charlotte
County's small economic base offers a less diverse supply of goods and
services.

It is likely that most expenditures will be made in Fredericton

and the Saint John CMA, the regions which also exhibit higher multiplier
effects.

7.5.3

Value of Shipments
Construction Phase
The value of shipments is the total increase in industry shipments

which would occur because of the construction and operation of the plant.
(This value is the figure commonly reported in statistics relating to the
total activity of manufacturing in Canada and its provinces.) However, it
should be pointed out that the multiplier effects on shipments reflect some
double counting. For example, the total direct value of output of the plant
would be recorded in the provincial manufacturing statistics. At the same
time, the plant would need to purchase input commodities from other
provinces in Canada. This value of shipment would be included in the other
provinces' manufacturing statistics. Hence, the shipment of input
commodities is counted twice.
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Table 7-6 displays the direct and multiplier output effects of the
construction phase on the Province and the regions of Canada. For the
purposes of the analysis, a total construction expenditure of $1.05 billion
($ 1983) was used. This was spread over the period 1985-1989. The yearly
distribution of direct expenditures has been derived in consultation with
Maritime Nuclear. All direct construction expenditures are considered to be
sourced in the Province of New Brunswick. Multiplier effects allocations to
other regions are calculated by the model. Purchases of inputs required to
complete this construction.activity and the increase in economic activity
required to produce these inputs would result in a multiplier effect on the
total value of shipments in the Canadian economy of approximately $4.2
billion. The total effects on New Brunswick value of shipments would amount
to $2.4 billion, or about 57 per cent of the Canadian total. The remaining
impact on value of shipments would be spread across Canada with the majority
of the impact experienced in the provinces of Quebec and Ontario. Together,
these provinces would receive slightly over 37 per cent of the total impact
on the value of shipments.

Operation Phase
During a typical operation year, a total of $64 million in inputs
to the plant production process would be purchased, based on Lepreau 1
experience. The single largest component of purchases within Canada is
expected to be for the provision of labour. Approximately $17 million would
be used to pay wages and salaries and supplementary labour income to the
operating labour force. The remaining portion of plant purchases would be
materials including fuel and heavy water, and other services required to
produce electricity and operate the plant.
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TABLE 7-6
DIRECT AND MULTIPLIER OUTPUT (VALUE OF SHIPMENTS)
(Millions, 1983$)

REGION
Ont.

Western
Canada
& NWT

Canada

139

1-70

20

204
604

20

139

170

20

808

1986 Direct
237
Multiplier 269

23

178

217

23

237
710

Total

506

23

178

217

23

947

1987 Direct
210
Multiplier 258

24

145

177

20

210
624

Total

468

24

145

177

20

834

1988 Direct
213
Multiplier 284

17

138

167

20

213
839

Total

497

17

138

167

20

839

1989 Direct
187
Multiplier 283

16

101

119

17

187
536

Total

16

101

119

17

723

Other
Atlantic

Que.

1985 Direct
204
Multiplier 255

20

Total

459

N.B.
Construction Phase

470

Total Construction
Direct
Multiplier

1,051
1,349

100

701

850

100

1,051
3,100

Total

2,400

100

701

850

100

4,151

Source: DPA Consulting Ltd., 1983, unpublished data.
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The raw fuel or "yellow cake" will be purchased from Saskatchewan
and refined in Ontario, and manufactured into fuel rods in Ontario or New
Brunswick. Heavy water will be purchased approximately 50 per cent from
Ontario and 50 per cent from Nova Scotia.

Table 7-7 provides a detailed examination of the impact on the
value of shipments by selected industrial sectors. New Brunswick's main
increase in the value of shipments would be the direct output or sales of
the plant. The Province would experience an increase of $0.6 million in its
Primary industries, $1.3 million in its Food and Beverage industry and $4.6
million in its Manufacturing industries. Smaller increases in shipments of
$1.4 and $0.8 million would occur in the Transportation and Communications;
and Finance, Insurance and Real Estate sectors respectively.

The Province's

main gain in shipments would occur in the trade and personal services sector
where output would rise by some $5.2 million. As stated previously, it is
difficult to determine the allocation of these impacts by Impact Region.
However, in view of the Saint John CMA's proximity to the project site and
the strength and diversity of its Transportation, Service and Manufacturing
sectors, the majority of benefits will accrue to that Impact Region.

7.5.4

Gross Domestic Product
Gross Domestic Product (At Factor Cost) is the sum of wages and

salaries, (including overtime and benefits), net income of unincorporated
businesses and other operating surplus (i.e., profits). This measure
provides an estimate of the total return to labour and capital that would
occur as a result of the direct plus multiplier output.

It avoids double
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TABLE 7-7
OPERATIONS RELATED MULTIPLIER EFFECTS ON SHIPMENTS BY
INDUSTRY*

Industry

N.B.

(Millions, 1983$)

Rest of
Atlantic

Que.

Ont.

Western
Canada
& NWT
Canada

Primary
Industries

0.6

0.3

0.5

2.7

9.9

13.9

Food, Beverage
and Tobacco

1.3

0.4

1.4

2.2

0.8

6.0

-

-

1.3

0.6

0.1

2.1

Paper and Allied
Industries

0.2

0.1

0.6

0.6

0.1

1.6

Manufacturing

4.6

1.6

2.3

7.8

1.5

17.7

Construction

0.4

0.1

0.2

0.6

0.2

1.5

Transportation
& Communication

1.4

0.4

1.3

3.0

1.2

7.3

Finance,
Insurance and
Real Estate

0.8

0.3

1.7

6.1

1.5

10.5

Trade and
Personal
Services

5.2

0.5

1.9

5.0

1.7

14.3

Other

30.9

2.1

7.2

27.9

8.0

76.1

Total Indirect

45.4

5.8

18.4

56.5

25

151.0

Textiles and
Clothing

* Indirect and induced multiplier effects due to Lepreau 2 operating
expenditures (goods, services and labour) of approximately $80 million.
Source: DPA Consulting, 1983, unpublished data.

7-24
counting by providing an estimate of the value added at each stage of the
production process.

It is the best measure of the gross increase in

economic activity which would result from the Lepreau 2 project.

Construction Phase
Table 7-8 displays the economic impact of the construction phase
of the plant on the Canadian economy. -Direct effects were calculated and
allocated by year on the basis of construction phasing provided by Maritime
Nuclear. The multiplier effects and their distribution to other regions of
Canada were calculated by the model. This table shows the Gross Domestic
Product generated by the direct, indirect and induced phases of the
construction activity. The total Canadian GDP generated is estimated to be
in the order of $1.4 billion.

Because the construction activity would be undertaken in New
Brunswick, all direct GDP accrues to the province. When indirect and
induced GDP is included in the total, New Brunswick's share of total GDP
would be approximately 57 per cent or $810 million. The second largest
share of total GDP would be generated in central Canada, which accounts for
almost 38 per cent. The remaining $70 million would be distributed
throughout the rest of Canada.

Operation Phase
Once operation of the plant has begun, total Gross Domestic
Product at factor cost in Canada would be expected to increase by $210
million on a total value of shipments of approximately $514 million.
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TABLE 7-8
DIRECT AND MULTIPLIER GDP AT FACTOR COST*
(MilNions, 19835)
CONSTRUCTION PHASE

N.B.

Other
Atlantic

Que.

Ont.

Western
Canada
& NWT Canada

Construction Phase
1985 Direct
Muitiplier

99
53

6

47

60

8

99
174

152

6

47

60

8

273

99
58

7

61

77

9

99
213

Total

157

7

61

77

9

312

1987 Direct
Multipiier

99
54

7

49

63

8

99
181

Total

153

7

49

63

8

280

1988 Direct
Multipiier

119
54

5

46

59

8

119
174

Total

174

5

46

59

8

293

1989 Direct
Multiplier

119
54

5

34

42

7

119
143

Total

174

5

34

42

7

262

Total
1986 Direct
Muitiplier

Total Construction
Direct
Multipiier

535
273

30

237

301

40

535
885

Total

810

30

237

301

40

1,420

Sums may not add to total due to rounding. * GDP at Factor Cost
= Wages and Salaries + Supplementary Labour Income + Net Income
of Unincorporated Enterprises + Other Operating Surpluses.
Source: DPA Consulting Ltd., 1983, unpublished data.
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Approximately 81% of total GDP increase or $171 million would accrue to the
Province of New Brunswick (Table 7-9).

7.6

Employment Impacts
This section describes total employment impacts of the project.

An overview of Maritime Nuclear's proposed employment and recruitment
practices is provided, followed by an indication of possible training
opportunities. On-site manpower requirements for construction trades,
supervision and management have been discussed previously but are reviewed
briefly in terms of direct employment impacts. The design and
administration of the project will be conducted in Fredericton where
employment levels are expected to generate substantial economic benefits.
Finally, indirect and induced employment impacts of the project are
estimated for the regions of Canada and the impact regions in question,

7.6.1

Employment Hiring and Training Practices
Hiring
In general, it is Maritime Nuclear's intention to maximize local

employment opportunities and thus, where possible, local persons whose
skills are appropriate to requirements will be hired on a preferential
basis. Usually "local" is interpreted as an area within a relatively
restricted radius from the construction site.
this would mean Lepreau and Musquash parishes.

In the case of Lepreau 2,
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TABLE 7-9
DIRECT AND MULTIPLIER GDP AT FACTOR COST*
(Millions, 1983$)
OPERATION PHASE

N.B.

Other
Atlantic

Que.

Ont.

Western
Canada
& NWT
Canada

Operation
Direct
Multiplier

161
11

21

10

161
49

Total

171

21

10

210

Sums may not add to total due to rounding. * GDP at Factor Cost
= Wages and Salaries + Supplementary Labour Income + Net Incomeof Unincorporated Enterprises + Other Operating Surpluses.
Source:

DPA Consulting Ltd., 1983, unpublished data.

Construction management procedures remain to be finalized,
however, in all likelihood union hiring practices will be followed and
construction trades labour will be secured from union local hiring halls
whose jurisdiction includes the Lepreau site. This will mean that if local
unions have sufficient members, there will be no need to hire on a
'province-wide basis.

For construction trades, Maritime Nuclear will inform the
appropriate union authorities of their requirements and subsequently
established union hiring procedures will be followed.

For trades involving
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greater technical ability, advertising will be placed inside the province of
New Brunswick first. Alternatively, competition posters may be placed both
within the province and the rest of Canada simultaneously, but a short list
of applicants will be made up of New Brunswick residents and expanded as
necessary.

For skills requiring previous nuclear experience, Maritime

Nuclear will forward requirements to the Canada Employment and Immigration
Commission whose responsibility it will be to undertake a nation-wide or
international search as required.

For all skill levels, where rehire is possible, Maritime Nuclear
will prefer this option if previous performance is acceptable.

Training
The New Brunswick Department of Continuing Education, through the
Community College system, provides vocational training in both official
languages at eight geographically dispersed campuses. Table 7-10 outlines
those courses currently available which are relevant to the construction and
operation of the Point Lepreau Generating Station.

In 1982, these courses

produced 662 graduates.

During construction of Lepreau 1, the Human Resources Division of
NB Power, in conjunction with the New Brunswick Departments of Education and
Continuing Education, developed training programs for New Brunswick
residents in operations-oriented skill areas such as service maintenance and
radiation protection. It is expected that these programs will be
reinstituted for Lepreau 2.
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TABLE 7-10
SUMMARY OF EXISTING TRAINING COURSES
RELEVANT TO LEPREAU 2 IN NEW BRUNSWICK COMMUNITY COLLEGES

Course

Average
Duration
(weeks)

No . Courses
Per Year

Total
Capacity
Per Year

Graduates
(1982 Only)

Welding

40

' 9

190

154

Machine Shop

40

4

60

65

Plumbing

40

4

81

49

Pipefitting/
Steamfitting

40

5

70

56

Heavy Equipment
Repair

40

2

84

54

Heavy Equipment
Operation and
Maintenance

40

1

24

17

Carpentry

40

1

24

17

104

2

115

80

Electricity
(Industrial/
Construction)

40

5

91

90

Industrie! Mechanics

40

3

64

70

Sheet Metal
Fabrication

40

1

15

10

Civil Engineering
Technology

Source: New Brunswick Department of Continuing Education, 1982.
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7.6.2

Direct Employment Impacts
Direct employment impacts relate to person-years of work created

for persons hired directly by Maritime Nuclear or its contractors to
construct and operate Lepreau 2. Direct employment requirements for the
project have been discussed in detail in section 7.3. An overview of direct
employment is provided in Table 7-11, which indicates that 9944 person-years
of employment (including construction site and project office) will be
created during the period 1984-1990, and 270 permanent jobs will be created
once the plant begins operations.

7.6.3

Indirect and Induced Effects
Multiplier employment effects are expressed in person-years of

work created, and are shown in Table 7-12.

Indirect and induced employment

impacts have been estimated using the Statistics Canada Structural Analysis
Division Inter-Regional Input/Output model (described in Section 7.5) on the
basis of project expenditures during construction and operation. The
results are expressed in person-years.

7.6.4

Summary of Employment Impacts
The Input/Output model indicates that almost 22,700 person-years

of employment in Canada would be generated by the indirect and induced
impacts of the construction project. Thus total direct plus multiplier
effects would amount to 32,617 person-years for Canada (including the
project office.)
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TABLE 7-11
LEPREAU 2
DIRECT EMPLOYMENT IMPACTS SUMMARY

PROJECT PHASE

PERSON-YEARS

Construction
Trades Labour
Contractor's Overhead
Site Management/Supervision
Commissioning

4,954
879
1,445
555

Total-Construction
Project Office

7,833
2,111

Operation
Lepreau 2 Plant
Administration Office

220
50

Total-Operation

27Ô

Source: Maritime Nuclear and NB Power, 1984, unpublished
data.

The construction activity in New Brunswick will create 9,944
direct person-years and 7,591 indirect and induced person-years; thus, more
than half of total employment impacts (17,535 person-years) would occur
within the province. A substantial portion of the indirect and induced
impacts (13,601 person-years) is expected to accrue to Quebec and Ontario
where the majority of the materials for the projects will be purchased.
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TABLE 7-12
LEPREAU 2
EMPLOYMENT IMPACTS SUMMARY
CONSTRUCTION PHASE

N.B.

Other
Atlantic

P.Q.

Ont.

Western
Canada
& NWT

Direct

9944

-

-

-

-

Indirect

7591

879

6290

7311

602

22673

17535

879

6290

7311

602

32617

-

-

-

-

Canada

Construction Phase

Total

9944

Operation Phase
Direct

270

Indirect

285

44

157

494

185

1165

Total

555

' 44

157

• 494

185

1435

Source:

270

OPA Consulting Ltd., 1983, unpublished data.

Plant Operation
Indirect and induced employment effects of the plant operation
would be in the order of 1,165 person-years. These employment effects would
be distributed across Canada in a fashion similar to that of total value of
shipments and total Gross Domestic Product. New Brunswick would be the
location of 270 direct operation jobs and should expect approximately 285
additional person-years of work due to respending and purchases.
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7.7

Income Effects
Income effects are categorized as follows: direct income which

is the wages and salaries paid to direct project employment; indirect income
which is the benefits arising from purchases of goods and services; and,
induced effects which are benefits resulting from further rounds of
household spending.

All of these effects have been estimated for the Province of New
Brunswick and the regions of Canada using the input/output model and the
results expressed in terms of value of shipments and gross domestic product
at factor cost.

7.7.1

In this section the analysis is taken one step further.

Direct Income
Total direct income for New Brunswick residents during

construction has been estimated to be in the order of $521 million for wag.es
and salaries, and supplementary labour income. During operation, direct
income will be approximately $12 million annually. Wages and salaries for
project office personnel is not available at time of writing.
7.7.2

Indirect and Induced Income Effects
As previously noted, the multiplier effects of construction in New

Brunswick will result in 7,591 person-years of employment. During the
operations phase, 285 person-years of employment will be created through the
multiplier effect. Table 7-13 shows the distribution of this multiplier
effect on employment by industry.
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TABLE 7-13
DISTRIBUTION OF MULTIPLIER EMPLOYMENT BY INDUSTRY
(NEW BRUNSWICK)

NUMBER OF PERSON-YEARS
CONSTRUCTION

INDUSTRY

OPERATION
(annually)

Agriculture

147

5

Other Primary*

125

2

Food and Beverage

287

10

1,035

59

Construction

804

5

Transportation and
Communication

542

19

Utilities

128

5

Retail and Wholesale Trade

2,745

94

Services

1,776

87

Total**

7,591

285

Manufacturing

*

includes forestry, fishing, hunting and trapping and mining

** does not sum to total due to rounding
Source:

DPA Consulting Ltd., 1983, unpublished data.
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For both construction and operation, retail and wholesale trade is
the most significant sector, and accounts for approximately one-third of
multiplier employment effects. In construction, 2,745 of the person-years
created will be in trade; and 94 of the operations multiplier jobs will
be in trade. The second most important sector is the service sector, which
accounts for nearly one-third of all multiplier jobs in operation and nearly
one-quarter of the construction impacts. The service sector is comprised of
finance, insurance, real estate, education, health services, amusement and
recreation, services to business, as well as accommodation and food service.
Accommodation and food services is by far the most important sector in
terms of its employment impact. The importance of these "household serving"
sectors (accommodation and retail trade) indicates the dominance of "induced
spending" in the multiplier effects. These impacts are those which.are
caused by the respending of household incomes.

The next most important industries are the manufacturing and
construction industries, which account for 13.6 and 10.6 per cent of
multiplier employment for construction and 20.7 and 10.8 per cent for
operations. A large portion of this demand is likely caused by "indirect"
effects, or purchases of intermediate goods (i.e., goods eventually used in
the production of materials to the project).
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7.8 Community Impacts
This section provides an indication of the type, geographic extent
and magnitude of predicted effects on the social well-being of the residents
in the four Impact Regions. These effects result from the introduction of
new residents into the area and changes in the availability of community and
individual resources (income, public and private services, and amenities).
The significance of an effect of the project will depend to a large extent
on individuals' values and a community's social patterns, and on past
experiences with similar projects.

In this regard, the Charlotte County/Saint John CMA and Point
Lepreau Impact Regions have already experienced the construction and a full
year of operation of Lepreau 1.

In order to illustrate the potential extent

of effects of Lepreau 2, a brief review of the 'effects of Lepreau 1 are
discussed in the next section.

7.8.1

Impact of Lepreau 1
Overview
Construction of Lepreau 1 began in 1974, with the plant entering

commercial service in January, 1983, at a cost approaching $1.45 billion.
The project required 11,000 person-years for on-site management,
supervision, engineering and trades labour, 2,300 person-years for
engineering and design, and 1,000 person-years for commissioning.

Construction trade labour, the major direct employment benefit
which accrued to the province, cost in the order of $225 million, and
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overall 85 per cent of labour requirements came from within New Brunswick.
Even during the peak year (1979), 75 per cent of the construction labour
force were residents of the province. Imported labour was primarily
required for specialty tasks for which resident experienced workers were
unavailable.

The resultant demographic effects within the Impact Regions is
estimated to have been as follows:

Approximately 30 families moved into the Point
Lepreau Impact Region during construction.
160 single workers lived at the housing camp
on-site in 1977, while 300-500 workers lived
there during peak construction (1979-80).
20-30 men boarded with local residents in the
early stages of construction; most left by
1977.
10-15 families became permanent residents in
the Point Lepreau Impact Region as a result of
Lepreau 1.

The maximum total population influx to the province attributable
to Lepreau 1 construction is estimated to be in the order of 1,000 persons.
For the most part in-migration was concentrated in the Saint John CMA with
the remainder distributed over the general southwestern area of the province
between St. Stephen and Saint John.
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In spite of this influx of workers, the effects on government
services impacts in the general southwestern area were minimal, while in
large measure, economic impacts were deemed to be beneficial.

Construction of Point Lepreau 1 had economic effects on local
unincorporated communities surrounding the site as well as the entire
southwestern area of the province. Seven new commercial facilities,
including service stations, convenience stores, and restaurants, opened in
Lepreau, Maces Bay, Dipper Harbour and Chance Harbour. People in the
surrounding communities also gained income from workforce billeting.

Although the effects were less concentrated, induced effects
resulting from labour force expenditures benefitted retail and other
commercial operations throughout the southwestern region, but primarily in
the City of Saint John.

Government services such as police and fire protection, hospitals,
medical clinics and social services, were not unduly strained. The effects
of Lepreau 1 on school enrollment in the region served to reverse a decade
of decline and avoided the possible closure of some schools in the general
southwestern area.

The above noted effects provide a background to an understanding
of potential Lepreau 2 effects which are discussed in the following
sections.
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7.8.2

Population and Housing Effects
It has been estimated that Lepreau 1 contributed directly and

indirectly to the construction of approximately 2,000 dwelling units in the
Impact Region. Population and housing effects related to Lepreau 2 are
expected to be minor. In the light of existing and probably continued high
unemployment rates, most of the workforce for the project is anticipated to
come from the Charlotte County/Saint John CMA and Point Lepreau Impact
Regions. At peak construction, it is estimated that approximately 150-250
skilled tradesmen may be recruited from outside the province. A further
50-60 persons associated with site management, supervision and quality
control are also expected to be non-resident.

Assuming a marital status/family size profile similar to the
non-resident Lepreau 1 workforce, this will result in an influx of
approximately 120-200 single men and 80-110 families for a total population
increase in the order of 400-585 persons over the construction period
(assuming an average family size of 3.5 persons).

From the perspective of the Saint John CMA/Charlotte County and
Point Lepreau Impact Regions, this total population increase is less than 1
per cent of current population levels. Due to the small size of this
expected increase, and the fact that excess accommodation may exist in Saint
John, it is unlikely that significant on-site worker accommodation will be
required.

Should this situation change, Maritime Nuclear will re-examine

the need for an on-site worker's camp.
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If the total expected non-resident workforce decides to reside in
the Point Lepreau Impact Region, the population increase would be in the
order of five to ten per cent and more significant pressures would be
imposed on land and community services as well as culture and lifestyle.
However, during Lepreau 1, less than 1 per cent of the total workforce chose
to live in this area; most non-residents preferred to reside in rental
accommodation in the City of Saint John and commute daily to the site.

It is therefore unlikely that more than 15 households will be
established in the Point Lepreau Impact Region as a result of Lepreau 2.
This level of population increase will not create problems for municipal
services and facilities, particularly since all dwelling units in the area
rely on private wells and septic tanks. There is sufficient capacity in the
schools for another twenty-five children and other amenities can accommodate
increased usage.

The Fredericton Project Office will result in 150 new persons
moving into the Fredericton Impact Region. Due to this small increase,
(less than 1% of the existing population), multiplier effects will likely be
marginal. This workforce will entail an expected population increase in the
order of 400 persons (average household size = 2.7 for the City of
Fredericton).

Additional office space demand associated with the Lepreau 2
Project Office will serve to raise the estimated current annual office space
demand absorption in the city of approximately 20,000 sq. ft. Therefore,
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the Lepreau 2 Project Office, coupled with demand created by the nuclear
support industry (consultants, engineers, etc.), may present an opportunity
for the construction of additional office space in Fredericton.

It is highly likely that most Project Office staff will reside in
the City of Fredericton or the immediate surrounding area. Given the city's
vacancy rate of 0.3 per cent in October 1983 for rental accommodation and
relatively tight housing market, a strain on housing is to be expected.
However, the overall impact is minimal and the demand will likely be met by
new construction of dwelling units in the near future (City of Fredericton,
1983). For example, there are currently 3,756 dwelling units in various
stages of approval in the City (City of Fredericton, op_. cit.).

7.8.3

Land Use Impacts
Land use impacts can be categorized as either direct (attributable

to the construction of project components) or indirect (associated with
temporary and permanent housing requirements, community facilities and
retail spin-offs).

Direct land use impacts are negligible since the plant will be
constructed adjacent to Lepreau 1 and the total site is already considered
to be allocated to energy production and related uses. The reactor building
will be visible from Route 1, but since there is already a similar existing
structure in place the aesthetic impact of a second unit can be considered
minimal. The existence of the exclusion zone provides sufficient buffer to
eliminate the potential for incompatible land uses immediately adjacent to
the site.
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Since the additional community facilities and housing requirements
generated by the project will be minimal, related indirect land use impacts
will be minor.

In many cases, the communities will welcome new development

(R. Jackson, past Mayor of St. Stephen; E. Nason, Mayor of Black's Harbour;
N. Ruben, Mayor of St. George, personal communications to J. Paynter, 1983).

Community Development Plans and supporting legislation direct
future growth in order to ensure development occurs in accordance with
established land use policies. As indicated in Chapter 4, almost all of the
communities in the region have adopted the full range of development control
regulations within their mandate. Enforcement of these regulations will
serve to curtail undesirable types of development.

7.8.4" Industrial/Commercial Opportunities
Economic impacts resulting from expenditures on commodities for
the project have been discussed in detail in previous sections. This
section describes the direct demand for goods and services and the potential
for maximizing the local sourcing of materials and supplies.

It will be

Maritime Nuclear's policy in the procurement of materials, services and
equipment, to give preference to New Brunswick suppliers where quality and
price are competitive.

Construction Phase
With non-labour construction purchases from within New Brunswick
estimated at $208.5 million, the project will have a considerable impact on
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materials and services suppliers in the province. Many non-labour
construction purchases can be sourced within New Brunswick without placing
strain on the suppliers (Table 7-14). These include aggregate, concrete,
structural steel, prefabricated building materials and metal pipes and
fittings.

As mentioned previously, preference for procurement of goods and
services will be directed to New Brunswick suppliers. However, within the
province, no one region will be given priority over another. Therefore, it
is not possible to determine the extent of direct benefits accruing to the
various Impact Regions. However, since Saint John CMA contains a large
portion of the manufacturing base of the province, it would appear
reasonable to Conclude that many benefits will accrue to the Saint John CMA
Impact Region. Nevertheless, all- other areas of the province also could
stand to benefit (dependent upon the level and type of manufacturing
activity and the supplier's competitive prices, quality, delivery guarantees
and other related factors).

Another benefit of the existence of Lepreau 1 is that New
Brunswick contractors and suppliers can inspect the plant and gain a better
understanding of what will be needed for Lepreau 2, and how their own
operations could contribute to the requirements. There is ample scope for
increasing New Brunswick content in Lepreau 2, (e.g., fabricating tube ends
for pressure tubes, bending and heat treatment of boiler tubes and assembly
of heating tank).
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.TABLE 7-14
LEPREAU 2
ESTIMATED PROJECT EXPENDITURES - NEW BRUNSWICK
(S1OOO1s)

' 1985
Prefab Buildings
& Structures

70

1986

1987

1988

570

360

360

1989

Struc. & Fab.
Steel

5,880

10,750

5,880

-

-

Pipes/Siding/
Sheet Metal

0

660

660

-

-

2,070

2,760

2,760

-

-

Other Engineering

15,060

15,060

15,060

15,060

15,060

Office Supplies

17,978

17,978

17,978

23,018

23,018

Sub Total

41,058

47,778

42,698

38,876

38,078

Wages & Salaries

84,580

84,580

84,580

104,800

104,800

Supplementary
Labour Income

11,540

11,540

11,540

11,540

11,540

3,120

3,120

3,120

3,120

3,120

140,298

147,018

141,938

157,898

157,538

Concrete

Operating Surplus
Total

Source: NBEPC, 1983, unpubl ished data.
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Operation Phase
An estimated 64 million dollars in total will be spent annually to
operate Lepreau 2. The breakdown for major operational expenditures in New
Brunswick is provided in Table 7-15. As the table indicates, approximately
42 per cent of operational expenditures will occur in the province.

As with construction-related expenditures, many of the operating
phase benefits will accrue to the Saint John CMA Impact Region.

Substantial spin-off benefits accrued to New Brunswick industry
during Lepreau 1, both to manufacturing and service industries. For
example, to respond to Lepreau 1 requirements, the Research and Productivity
Council (RPC) took on approximately 30 more technicians, engineers and
scientists. After construction, the experience and expertise of these
professionals was successfully marketed primarily in the metallurgy and
non-destructive testing fields and provided RPC with the capacity to
undertake work related to the pulp and paper industry, off-shore oil and gas
exploration and the construction of the CANDU reactor in Korea. These
capabilities would not have been developed without the opportunity to learn
new skills afforded by Lepreau 1 (H. Drummond, Research and Productivity
Council, personal communication to B. Ferguson, 1984).

Another direct benefit of Lepreau 1 and the involvement of NB
Power in the nuclear power field has been the establishment of a chair in
Nuclear Engineering at the University of New Brunswick consisting of two
full-time faculty members.

It is intended to offer nuclear research
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TABLE 7-15
LEPREAU 2 OPERATING EXPENDITURES NEW BRUNSWICK
($ millions 1983)

EXPENDITURE TYPE

VALUE

Office Supplies

0.63

Fuel

3.75

Consumables

0.75

Services

h38

Wages & Salaries .

17.88

Taxes
Total

2.62
•

27.00

Source: Maritime Nuclear, 1983, unpublished data.

programs to graduate and undergraduates in chemical and mechanical
engineering beginning in September 1984. In addition, the training of
operators for Lepreau 2 will be undertaken (F. Steward, University of New
Brunswick, personal communication to J. Paynter, 1984).

Use of Rejected Heat
Residual heat from thermal generating stations has been used in
other jurisdictions for space heating and to support commercial agriculture
and aquaculture activities. In the case of Lepreau 2, Maritime Nuclear is
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prepared to work with other agencies or organizations to assist in the
development of potential uses of rejected heat.

In principle, Maritime Nuclear and NB Power support the concept of
utilizing waste heat rejected to the environment, and no charge will be
levied for the use of that heat. To that end, limited provision has been
made to allow recovery of rejected heat, i.e., the design will accommodate
the necessary piping and pumps to tap waste heat on the discharge side of
the condenser. However, Maritime Nuclear and NB Power will not incur any
costs associated with the delivery of waste heat off-site, nor assume any
liability in the case of system interruption.

In addition, the use of

rejected he.at cannot be permitted to interfere with normal operating
procedures.

Discussions with officials in various provincial government
departments indicate that financial and managerial assistance programs
specifically targeted to the development of waste heat for commercial
purposes do not exist. Technical assistance regarding crop management and
greenhouse construction would be available from the Department of
Agriculture.

It is also possible that the Farm Adjustment Board may provide

low interest loans to contribute to capital costs (A. Currie, Department of
Agriculture, personal communication to J. Paynter, 1984). The New Brunswick
Department of Fisheries has in the past provided financial and managerial
assistance for aquaculture operations based upon the results of
pilot/feasibility studies. This policy will continue in the future
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(R. Henry, Department of Fisheries, personal communication to J. Paynter,
1984). The Department of Commerce and Development has several programs
avaiTable but these would be applicable only to processing operations, not
the development of the raw material (A. Goodwin, Department of Commerce &
Development, personal communication to J. Paynter, 1984).

7.8.5

Government Service Impacts
This section discusses the potential for impacts on community

facilities and infrastructure as well as provincial government services.
The nature of these effects is highly dependent upon the diversity of
amenities and services and infrastructure capacity in the Impact Regions as
well as its size and capability to absorb an influx of population.

Ir this

regard, Chapter 4 has described the Impact Region characteristics in detail.

Discussions with local authorities indicate that during Lepreau 1,
government service impacts were virtually negligible in Charlotte County (R.
Jackson, N. Ruben, E. Nason, personal communications to J. Paynter, 1983)
and the Saint John CMA (C. Campbell, City of Saint John, personal
communication to J. Freeman, 1983).

In the former case, the population

influx was sufficiently dispersed that no undue strain was placed on any one
location.

In the latter case, the range and volume of services available in

the metropolitan area easily absorbed all impacts.

For Lepreau 2, it is expected that changes in the demographic
characteristics of the Impact Region will be minor in view of the
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anticipated small imported labour requirements for construction.

It is

therefore a reasonable assumption that associated impacts will be
negligible, especially since many retail, service and community facilities
in the region currently have excess capacity.

In the Fredericton region, the design office will contribute to an
approximate incremental population of 400 persons (Maritime Nuclear
employees, families and spin-off creation). Assuming the majority of these
people will locate in the City of Fredericton and environs, associated
impacts with the possible exception of housing demand, will be minor as the
city has a diverse range of amenities and facilities for a community of its
size.

In addition, Fredericton's population has remained relatively stable

during the 1976-1983 period and sufficient capacity exists in the level of
available government services (R. Danziger, City of Fredericton, personal
communication to J. Paynter, 1983).

7.8.6

Municipal Finance
A community's ability to raise revenue is directly related to its

assessment base and tax rate. The municipal tax base for various areas in
the Impact Regions is provided in Table 7-16. Charlotte County, Saint John
City and Fredericton City have had substantial (in excess of 30 per cent)
increases in assessment base betweeen 1976 and 1977 and again between 1979
and 1980 (increases or 10 to 30 per cent).

In other years the tax base

increased from 3 per cent to 18 per cent depending on the region. Lepreau
and Musquash parishes experienced significant increases (greater than 10 per
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TABLE 7-16
MUNICIPAL TAX BASE - IMPACT REGIONS

SAINT JOHN "
CITY

FREDERICTON
CITY

LEPREAU/
LSD

MUSQUASH
PARISH

YEAR

CHARLOTTE
COUNTY

1974

112,191,790

762, 776,215

480,123,190

2,371,100

2,491,270

1975

129,047,290

898, 828,585

521,070,580

2,847,430

5,024,550

1976

161,038,140

960, 974,795

567,584,590

3,987,430

5,707,140

1977

209,666,400

1,328,064,380

747,636,580

3,333,030

9,145,900

1978

246,511,640

1,426,993,810

863,346,930

6,563,210

46,568,400

1979

270,930,580

1 ,458,435,270

895,560,320

8,097,370

49,455,940

1980

352,147,420

1 ,665,482,140

983,924,720

10,741,860

60,458,280

1981

374,396,560

1,717,811,990

1,053,179,640

11,192,020

74,250,950

1982

394,874,220

1,832, 257,820

1,091,536,890

12,294,470

77,413,200

1983*

377,198,935

1,557,082,892

964,920,705

12,145,040

80,070,060

*

Does not include business properties.

Source: New Brunswick Department of Municipal Affairs, Assessment Branch,
unpublished data.

cent) for all years between 1974 and 1981 with the exception of Lepreau in
the 1976-1977 period and Musquash in the 1978-1979 period. The dramatic
increase in Musquash Parish {$37.4 million) for the interval 1977-1978 is
due to the initial assessment of Lepreau 1 buildings. Both Lepreau and
Musquash exhibit increases above normal for rural parish tax bases, which is
attributable to activity related to Lepreau 1.
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The effect of Lepreau 2 is likely to result in similar increases
to assessment bases, particularly in Musquash Parish but to a lesser degree
in other areas since labour force influx will be substantially reduced in
comparison with Lepreau 1.

Local tax rates for the Impact Regions are indicated in Table
7-17. All regions exhibit tax increases in spite of the fact that the
assessment base increases.
TABLE 7-17
LOCAL TAX RATES

SAINT JOHN CITY

FREDERICTON CITY

LEPREAU LSD

YEAR

INSIDE

OUTSIDE*

INSIDE

OUTSIDE*

1974

.9000

.4500

.6402

.4802

1975

1.Î030

.5515

.8243

.6182

.0111

1976

1.3859

.6930

1.0089

.7563

.0111

1977

1.1517

.5759

.8042

.6031

.0109

1978

1.1652

.8156

.8052

.6040

.0299

1979

1.2087

1.0274

.8458

.6344

.0303

1980

1.1567

1.1567

.8380

.6286

.0512

1981

1.2795

1.2795

.9646

.7234

.0572

1982

1.3657

1.3657

1.0517

.7888

.0626

Source: New Brunswick Department of Municipal Affairs, Assessment Branch,
unpublished data
* limited municipal services available
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Unincorporated areas obtain basic services (road maintenance, snow
removal, police protection, etc.) from the province, paid for through a
basic tax rate of $.65/5100 assessment.

If other services are desired, such

as fire protection, ambulance, garbage collection, etc., a supplementary tax
(usually about $.10/$100 assessment) is levied. The actual cost of the
service is cost shared 45% by the province and 55SS by the LSD. Because of
this formula, an increase in assessment would decrease the tax rate.
Unincorporated areas are also able to purchase services from incorporated
municipalities. For example, the Town of St. George provides fire
protection to Lepreau LSD. The total cost of this service is distributed
according to the assessment bases of each area, thus as the LSD's assessment
increases due to the project its proportionate share of the cost of these
services will also increase.

In the case of a municipality, the assessment base also affects
the size of the unconditional grant, an important source of revenue. The
unconditional grant is paid by the province to a municipality based upon its
population, length of roads and assessment base. The grant is not fully
equalizing, so that while the grant is decreased if the assessment base
increases, the system works to decrease the tax rate. In other words, an
increasing assessment base generally improves a municipality's fiscal
situation overall. The impact of the project on Musquash Parish and Lepreau
LSD will be to significantly increase the tax base, without the need for any
appreciable increase in municipal services. Even if municipal services and
infrastructure need to be upgraded, the Impact Region should be readily able
to accommodate any additional costs.

7-53
Impact of Property Values on Municipal Assessment
Lepreau 2 may potentially affect property values in two ways: (1)
increased demand for commercial and residential accommodation due to
population influx in the impact regions may cause an upward trend in prices;
and (2) the perceived risk associated with living in the vicinity of a
nuclear plant may serve to lower property values (and speculation activity)
in the immediate Point Lepreau vicinity.

Property transaction records are regarded as confidential
information and permission to access these files could not be obtained
during the study.

In addition, Federal and Provincial housing authorities

have not conducted appropriate surveys for many years (B. Read, CMHC and' B.
Buskin, NBHC, personal communication to 0. Paynter, 1984).

Consequently

professional opinion was sought from knowledgeable real estate agents who
have worked in the area for over a decade.

During the construction of Lepreau 1, property values in the Point
Lepreau and Charlotte County Impact Region do not appear to have been
affected, although transactions in the area were few, and the data is
insufficient to permit a definitive conclusion. However, in the Saint John
CMA, particularly east Saint John, housing prices increased dramatically
(approximately 25 per cent appreciation per annum) during the 1974-1978
period, with overall sales volumes peaking in the latter year. Normal rates
of appreciation would be in the order of 7-8 per cent for these areas.
Beginning in 1979 prices began to fall off and market listings reached a
peak in 1982, causing a severe depression in property values, which only
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began to return to a normal balance in late 1983 (R. Kincaid, Kincaid Realty
and R. Patstone, Patstone Realty, personal communication to J. Paynter,
1984).

Although the above property value cycle correlates closely with
Lepreau 1 activity, the results should be interpreted with caution as
precisely during the same periods, the housing market throughout North
America was experiencing similar dynamics due to poor economic activity and
high mortgage rates.

It is likely that the initial price appreciation was

due to Lepreau 1; however the fall in property values was probably due to
high interest rates. At present, sales volumes are increasing as the
economy brightens and interest rates are low. Without Lepreau 2, prices in
the Saint John area are expected to increase in the order of 15 per cent;
with Lepreau 2, it is likely that rates of increase will exceed 15 per cent
(R.-Kincaid, Kincaid Realty, personal communication to J. Payriter, 1984).
7.8.7

Transportation Impacts
During the construction phase of Lepreau 1, traffic volumes on

Routes 1 (between Lepreau and Saint John) and 790 increased substantially.
It is expected that most of the workforce for Lepreau 2 will commute from
the Saint John CMA and thus traffic volumes on Route 1 and 790 are expected
to increase substantially over normal levels as projected by the Department
of Transportation.

Discussions with Department of Transportation officials indicate
that when a level of service on a portion of a provincial highway is
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reduced, recommendations are made to senior management for corrective action
(B. McEwing, N.B. Department of Transportation, personal communication to J.
Paynter, 1983).

7.8.8

Community Cohesion, Lifestyle
Community cohesion as considered here relates to the homogeneity

of people and values within a community, its territorial integrity and its
degree of stability (cf.: Griesman, 1980). Community cohesion and
lifestyles reflect the well-being of Point Lepreau area residents and their
ability to respond to change. The unincorporated communities between
Pennfield and Prince of Wales cannot be collectively considered as one large
community. They vary greatly in social character, in their internal
cohesion, in their attitudes toward development and in their willingness to
become part of a larger political unit such as a local service district.

A difficulty in assessing changes in community cohesion and
lifestyle is that, according to the literature, effects of large projects
vary. Webb, Krannich and Clémente (1980) in their study of eighty-five
rural area communities concluded that "local" inhabitants perceived largely
salutary effects from such developments. Other studies describe the
negative implications of large-scale industrial projects upon communities
(see for example the boom/bust literature as in Foote, 1979).

The assessment of the impact of Lepreau 2 is further complicated
by other changes occurring in the community.

By the time the facility comes

on line, the characteristics of the communities involved may change under
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the on-going influence of the operational Lepreau 1 unit, urban sprawl,
technological change, government policy and community development
initiatives.

7.8.8.1 Rationale for Community Consultation
Community consultation ideally provides a forum facilitating
cooperation between the community and the proponent, open discussion of
concerns, and optional compromise solutions to these concerns. A
consultative process operating at the community level fosters the
development and maintenance of an organizational structure in the community
sufficient to define, express and resolve the collective needs of the
community.

Social scientists have long maintained that families and

individuals are better able to adjust to new behavioural demands if they are
connected with continuing networks of social support than if they become
socially isolated. Community political efficacy can be maintained or
enhanced through collective action to deal with impacts. Such political
efficacy can consequently be used to confront and mitigate internal problems
of social adjustment (e.g., family break-up, erosion of traditional values)
which may result from impacts. Some impacts may be beneficial; community
leaders in the Point Lepreau area expressed hopes during the construction of
Lepreau 1 that a judicious merger of traditional and newcomer's "values and
images" would be good for the communities (Thompson, 1978).

7.8.8.2 Community Consultation, Lepreau 1
Lepreau 1 was the first project in Canada to come under the
Federal Environmental Assessment and Review process. Due to the novelty of
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the process, the attendant public information/participation requirements
were not clearly defined by the Panel nor clearly understood by the
Proponent at that time. The assessment process for Lepreau 1 was also
compressed by financing requirements and manufacturing lead times.

In the

intervening years, both electrical utilities and environment departments
have considerably advanced their understanding of public participation
programs.

Although community consultation did not precede the selection of
the Point Lepreau site [announced l£f July 1974], a public information
program- was initiated in 1972. In 1972 and 1973, a number of nuclear
presentations were made to New Brunswick civic leaders, service clubs,
summer exhibitions, teachers 'and schools. On 5 March 1974, the Throne
Speech to the Legislative Assembly announced the Government's intention to
build a 1200 megawatt, two-unit nuclear generating station in New Brunswick.
Following Premier Hatfield's announcement on the Point Lepreau site, a
number of Fundy area community leaders toured the Pickering Generating
Station (25 July, 28 August and 10 September, 1974), three public meetings
were held in Saint George and Saint John, and six community meetings were
held in Saint John and Charlotte Counties (August - September 1974).

A

Point Lepreau Area Citizens' Committee was also formed in the summer of
1974.

Within six weeks of AECB site approval for a two-unit nuclear
generating station (18 October 1974), NB Power appointed an experienced
community liaison officer to the Point Lepreau site. This individual's
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mandate was to consult with local citizens' groups and interested persons,
especially in the unincorporated communities between Pennfield and Prince of
Wales.

In January 1975, five months prior to the granting of a construction

license by the AECB (May, 1975), the liaison officer met for the first time
with the Point Lepreau Area Citizens' Committee on matters related to the
construction of the plant. The community liaison officer position was
actively maintained until the commissioning of the generating station,
facilitating discussion between community residents and construction
management, nuclear operations management and consultants. During the fall
of 1975, a public relations officer was added to the site with specific
responsibility for a visitor information centre and tour program.

Both

personnel resided in the Point Lepreau area communities during the major
construction period.

The Point Lepreau Area Citizens' Committee was a committed and
articulate defender of community interests, although the committee
experienced several changes of leadership and purpose. Among the issues
raised by the committee during its two-year tenure were concerns related to
traffic (heavy trucks and commuters), housing (construction workers and
operations staff), employment opportunities, recreation facilities, adequacy
of local schools, dynamiting, property acquisition, transmission line
right-of-way, zoning, docking facilities and operating funds for the
committee. Operational concerns expressed by the committee which included
releases of radiation to the environment, concerns about catastrophic
incidents, and radioactive waste management, were discussed in the committee
forum but usually addressed by NB Power through alternative means such as
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"get acquainted" evenings with plant personnel, the public information
centre, in-plant tours for area residents, literature and film
presentations.

Particularly during the early stages of the construction at the
project site, the Committee was accepted as a useful forum, both by area
residents and NB Power. The members, appointed from communities on the
Lepreau peninsula, wanted solutions to current and potential community
problems. NB Power provided the liaison officer, periodic meetings with NB
Power management, and hall rental fees in recognition of this need. As the
project evolved from the more disruptive civil construction phase to
mechanical and electrical phases, and as construction traffic was rerouted
from the communities to the new plant access road, construction impacts
diminished and meeting attendance waned.

Recognizing potentially disruptive effects of the construction
project, NB Power implemented several steps to respect and sustain the
traditional lifestyles of the Fundy shore communities. A local history,
The Tides of Discipline, (Thompson, 1978) was partially funded by NB
Power. Local fishermen participated in the site selection for a project
dock, thereby avoiding disruption in Dipper Harbour and Welch Cove - the
sites initially selected.

Blasting activities were scheduled to minimize

effects on herring migration. The project newspaper, The Nucleus, carried
articles on local lifestyles and personalities.

Interference with fishing

seasons and wharf facilities was limited through the combined vigilance of
fishermen and community liaison staff. When lobster traps were damaged by a
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project delivery vessel, fishermen were compensated for their losses although there were administrative delays in processing the claims. A
time-honoured community picnic area was preserved in Duck Pond Cove.
Certain impacts, such as the competition of an industrial wage economy with
a traditional barter or volunteer economy were inevitable and perplexing
(Thompson, op_. £_rt.). For instance, traditional means of building a
house or herring weir through the exchange of,volunteer labour were
jeopardized by lucrative overtime at the Lepreau project.

Innovative public relations ventures - the construction of a
community recreation facility (known as Trynor Field) and the publication of
The Beacon: Point Lepreau Community News Bulientin, met with mixed
success. Trynor Field, established on route #790 between Dipper Harbour and
Maces Bay, presently consists of a baseball diamond, bleachers and a tennis
playing surface. The facility is on NB Power land and was constructed
through volunteer services from local residents and construction firms. The
community sports enthusiasts who administer the field believe that its
utilization would be higher if landscaping and an equipment building were
supplied (current utilization is 60% on summer evenings and weekends.)

The Beacon was launched on 7 May 1976 and is currently (March
1984) in its 75th issue. Eight hundred copies are currently distributed.
The publication was primarily intended to provide:

(1) a statement of NB

Power's interest in and availibility to local residents; (2) information on
construction scheduling (especially marine) and progress; (3) nuclear
operations/CANDU information and (4) support for traditional community
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institutions such as churches, senior citizens, Women's Institute, and
others. Several unsuccessful attempts were made to shift the publication to
community control and production, as the quality varied with on-site'
editorship and staff workload.

An unsolicited letter (Mrs. Harriet Thompson

to Beacon Editor, 16 May 1977) indicated, however, that some 'cohesion'
resulted from the news bulletin: "Folks seem to like the Beacon.

It

brings the communities together as neighbours."

These public consultation programs did doubtlessly serve to
mitigate some construction impacts of Lepreau 1 (along with facilitating the
assimilation of nuclear operations personnel into local communities). Using
an Environment Canada checklist of public participation techniques and
methodologies (Vindasuis, 1974), it is evident that, from the outset of
environmental assessment in 1974 to plant operations, a majority of these
mechanisms were implemented during the Lepreau 1 project. The project was a
new experience for residents and project management alike. This experience,
coupled with contemporary approaches in public participation (such as
community compensation, mediation and arbitration, cf.: Institute of
Environmental Research, 1981) and less heavy construction (relative to
Lepreau 1) should ease the burden on community cohesion and lifestyles
resulting from the construction and operation of Lepreau 2.

7.8.8.3 Community Consultation, Lepreau 2
A dynamic model of public consultation for Lepreau 2 will be
inevitably grounded in the experiences during construction and operation of
Lepreau 1. As well, community consultation for Lepreau 2 will be somewhat
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conditioned by consultation on emergency planning and the success of local
participation in the Lepreau 2 Environmental Assessment and Review Process.
There would be sufficient time between the Panel's deliberation and
increased activity in the Point Lepreau area communities to negotiate a
forum for community interaction, agreements on procedure and a liaison
office if the Panel and communities favoured these arrangements.

The experience of Lepreau 1 has decreased the likelihood of a
simplistic "charitable" approach which says that, if people are just nice to
each other and lay their cards on the table without playing games,
agreements will eventually be reached.

"Given human nature it seems more

pragmatic to conceive of interaction in terms of hard-nosed bargaining, in
which participants are asked only to seek a compromise consistent .with their
.own interest" (Ducsik, 1981).

In this way, accommodation is more likely to

be reached than if, for example, the Proponent of Lepreau 2 and local
community representatives do not accept each other's facts, figures or line
of reasoning, because each side is motivated at least initially by the
realities of what can be gained from compromise.

Maritime Nuclear, as proponent of Lepreau 2, is aware of the
history of community consultation during the Lepreau 1 project. There are
certain practices which the Proponent and construction management of Lepreau
2 will continue, repeat and/or enhance. At the senior management level,
there will be a continued commitment and willingness to consult with
communities adjacent to the Point Lepreau Generating Station.

Clearly, the

precedent of a community liaison office bears repeating, although it is
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difficult to project the staff requirement at the present time. Also,
greater value can be derived from the community news bulletin, especially
during the construction phase of the project when additional staff would be
available for news-gathering (assuming that NB Power or'Maritime Nuclear
continues the publication).

On their behalf, the communities in the Parishes of Lepreau and
Musquash have demonstrated their increased political efficacy through the
organization of Local Service Districts. The Parish of Lepreau was
designated a Local Service District in 1967, although it has not yet
appointed an Advisory Committee to the Minister of Municipal Affairs (March
1984). Musquash Parish, which contains the Point Lepreau Generating
Station, formed a Local Service District on 11 October 1983 and has elected
an Advisory Committee. Although these Districts and Adv.isory Committee(s)
are formed with specific intents such as improved fire protection and first
aid service, upon application to the Minister, they may expand their mandate
to encompass other matters such as recreation, street lighting or community
planning.

For Maritime Nuclear, the formation of Local Service Districts and
Advisory Committee(s) introduces two important new dimensions to community
consultation.

Firstly, the Advisory Committee is a significant local

political organization, elected at-large from a duly advertised public
meeting.

The Advisory Committee, with a direct and legislatively defined

liaison with the Minister of Municipal Affairs, has access to both municipal
services and community planning staff. This was certainly not the case with
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the ad hoc Point Lepreau Area Citizens' Committee which consulted with NB
Power at the outset of Lepreau 1. As well, the members of the local
Advisory Committee(s) who have already experienced the construction of
Lepreau 1, will be quite definite in their expectations for Lepreau 2 and
Maritime Nuclear.

Secondly, there is the consideration of the distribution of
Lepreau 2 benefits and costs. All of the Point Lepreau Generating Station
is presently included in the tax assessment base for the Parish of Musquash,
despite the fact that the plant is within a few hundred metres of the
Lepreau Parish (in Charlotte County.)

If a second nuclear unit is added to

the site, the substantial tax benefits to Musquash Parish will be further
increased without a beneficial impact on Lepreau Parish and Local Service
District. This has real implications for community services, household
insurance rates and, ultimately, community cohesion. Residents of Lepreau
Parish (including Maces Bay and Little Lepreau) perceive that they have an
equal share of Lepreau 1 risks without the full tax benefit of the plant.

Maritime Nuclear is prepared to establish a community impact
monitoring program in consultation with the local Advisory Committee(s).
This program is explored in conceptual terms in section 8.0 of this
Environmental Impact Statement but has not been reviewed by provincial or
local authorities and as such is only a proposed program at this time.
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8.0

8.1

MONITORING

General

A wide range of on-going and special programs comprise the
monitoring efforts for a project such as Lepreau 2. Some monitoring
programs are required independently of the EIS by regulatory requirements
(e.g., AECB requirements for monitoring radiation releases).

Other

monitoring efforts may be part of on-going government programs and may
incidently contribute to the monitoring of Lepreau 2 (e.g., monitoring of
shellfish for bacterial contamination). In the case of Lepreau 2, benefits
are obtained from long-term monitoring programs which were set up in
conjunction with the construction and operation of Lepreau 1.

It was necessary to consider a number of factors in order to
evaluate the need for a monitoring program and to define its scope. To be
effective, a monitoring program must lead to a practical result (i.e., the
changes in parameters monitored must be distinguishable from normal
background changes). For example, the effects of the proposed project on
the marine environment of the Bay of Fundy are considered to be at such a
low level that impacts on fisheries stocks and background water quality will
be negligible. Therefore, monitoring these parameters would not provide
useful information. The monitoring program should also be linked to a
mechanism of controlling the factors responsible for change. The extent to
which economic benefits of the project are gained by any particular group
may, for example, depend upon business decisions taken in the business
community. The magnitude and extent of these impacts will be out of the
control of the proponent.
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The design of any new programs should also be considered only
where meaningful information will be added to the monitoring programs
presently in place.

8.2 Radiation Monitoring
Radiation monitoring programs are summarized below according to
the type of program undertaken. These programs are explained in more detail
in previous sections of the EIS.

8.2.1

Environmental Radiation Monitoring
Included in environmental monitoring is the pre-operational

monitoring for Lepreau 1 (Section 3.3.2) as well as operational monitoring
for Lepreau 1 (see Section 3.3.4) and the BIO monitoring program in the Bay
of Fundy near Point Lepreau.

The NB Power pre-operational monitoring program was carried out
from October 1976 to July 1982. The environmental substrates sampled were
air, well water, sea water, marine sediments, seafood and milk.

In addition

background gamma radiation was measured at various points near the proposed
site. The pre-operational monitoring program provided baseline data for
Lepreau 1 and is available as baseline data for Lepreau 2.

Following th.e reactor start-up for Lepreau 1, an operational
environmental monitoring was begun and is still underway. This program
measures radioactivity in the same substrates as the pre-operational
monitoring program.

It will serve as both a baseline program and an ongoing

monitoring program for Lepreau 2.
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The Bedford Institute of Oceanography undertook a wide-ranging
monitoring program in 1979 in the environment near Point Lepreau. This
program is designed to gain a better understanding of the accumulation and
transport of radionuclides in the environment. The program is continuing
and is expected to continue for another five years.

8.2.2

Effluent Monitoring
Both liquid and gaseous radioactive effluents are continuously

monitored to ensure that plant emissions remain within standards set for
operation and that corrective^ action can be taken to prevent standards from
being exceeded. These procedures are explained in more detail in Sections
2.7.3 and 2.7.4.

8.2.3

Monitoring of Plant Employees for Radiation Exposure
Several programs are in place to monitor the radiation dose

received by plant employees. Every employee wears a thermoluminescent
dosimeter which measures exposure to gamma radiation. These dosimeters,
which measure cumulative exposure over the period of use, are processed
every two weeks. Urine samples from each employee are also analysed weekly
(or more frequently if required) for tritium. Other more specialized
monitors such as the chair counter and self-serve thyroid monitor are used
as required. As a result of these programs, action is taken to ensure that
workmen do not receive radiation doses above standards set to protect their
health. The personal dosimeter program for plant employees is described in
more detail in Section 2.8.4.
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8.3

Monitoring the Bio-physical Environment
8.3.1

Monitoring of Biota
In the assessment of effects due to the operation of the condenser

cooling water system, estimates of (1) densities of biota in the vicinity of
the Point Lepreau plant, (2) susceptibility of organisms to capture, and (3)
mortality (i.e., for organisms larger than phytoplankton, 100 per cent
mortality of entrained organisms is assumed) are considered to be
conservatively high. Also the assessment is conservative in that estimates
were not adjusted with respect to compensatory mechanisms of populations
affected which would lessen actual impacts. When effects are considered
relative to the densities of biota and bio-physical processes in the
vicinity of the plant, or in the Bay of Fundy as a whole, the effects appear
to be several orders of magnitude below those which could result in a
measurable impact on the receiving systems.

The nature of the aquatic system in the vicinity of the plant and
in the Bay of Fundy (essentially an open ocean system) precludes the design
of any monitoring system with sufficient sensitivity to detect effect of the
operating plant on the biological systems in the Point Lepreau area. With
respect to fish communities in particular, there are no sensitive fish
spawning, nursery, or migratory routes which have been identified in the
near field (i.e., within 3 km radius of Point Lepreau). The known spawning
areas of the most commercially important species (e.g., herring, haddock,
cod, pollock) are either far removed from Point Lepreau (at Georges Bank or
the mouth of the Bay of Fundy) or, if found in the Point Lepreau area, are
abundant elsewhere along the New Brunswick coast of the Bay of Fundy (e.g.,
winter flounder).
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In the identification and assessment of effects due to the
condenser cooling water system, particular attention was paid to defining
effects of impingement, entrainment and the thermal plume. Programs could
be designed to measure entrainment, impingement and the thermal plume;
however, the sensitivity of such programs, and the ultimate application of
the data to the Lepreau Plant, would require that the program be extended
considerably beyond the environs of the plant. For example, given an
extensive sampling program, the numbers of organisms entrained and their
condition on leaving the plant could be measured. However, for this
information to be useful, it would be necessary to undertake a sampling
program at the same time to describe the density and composition of the open
water biological system in the vicinity of Point Lepreau and in the Bay of
Fundy in general.

Even when considering "worst case" scenarios, effects on Lepreau
area biological communities, stocks, and populations are likely to be so
small that in monitoring programs they will not be detectable against the
background natural variation in the system. The probability of being able
to measure, on a community, population, or stock level, the effect of
operating the proposed plant is so low as to make design of an appropriate
sampling program outside the environs of the plant virtually impossible.
The predictable result of such a program would be "no measurable effect".
In view of the factors considered above, a monitoring program to assess
effects due to entrainment, impingement or the thermal plume is not
required.
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8.3.2

Monitoring the Physical Environment
The discharges of non-radioactive chemicals from Lepreau 2 are

anticipated to be at sufficiently low levels that changes in the normal
background chemistry of the receiving environment are not expected (Section
6.2).

Therefore, it is not recommended that an environmental chemistry

monitoring program be put in place.

Assessment of bacterial contamination in shellfish is carried out
on a regular basis by Environment Canada. The geographical areas of
interest under, this program are much larger than any area potentially
affected by discharges from Lepreau 2. Therefore, the program would not
likely isolate bacterial contamination effects due to Lepreau 2 from the
many other potential sources in the area. However, this program will
provide an overall monitoring function on bacterial contamination in the
Lepreau area.

When surveys are being undertaken in the area (such as the BIO
Survey), it may be possible to gather more data on the thermal plume, on an
opportunistic basis. Such data would be useful to estimate effects should
any future design or operating changes in the cooling system be proposed.

8.3.3

Effluent Monitoring
NB Power regularly monitors the effluent from the inactive waste

treatment facility to ensure that it operates within the guidelines provided
by Environment New Brunswick. This monitoring would continue for Lepreau 2.
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It is recommended that similarly a regular monitoring program of the
effluent from the sewage treatment system be undertaken.

8.4

Monitoring the Socio-Economic Environment
8.4.1

General
Predictions concerning socio-economic impacts are based on a

number of assumptions or on events which appear most likely to occur, given
the low level of probability of occurrence of other events. It will be
important for the monitoring system to focus on the principal variables or
assumptions used to forecast impacts. By establishing good monitoring
practices, the possibility of variance from the assumptions can be
determined in advance, and appropriate corrective action taken.

Monitoring the precise location and magnitude of. the economic
effects of the project is problematic as geographic specific benefits are
dependent upon the initiative, competitiveness, and supply/deli very
capabilities of the commercial enterprises which may be able to offer goods
and services to the project. However, the established procurement policies
of the proponent (i.e., "New Brunswick first") will ensure that a
substantial portion of the project's beneficial effects accrue to the
province. The proponent will monitor purchase orders and contracts to
ensure compliance with this policy as construction proceeds. Similarly the
proponents' monitoring of its established hiring, training and recruitment
policies will serve to maximize job opportunities for the province's
residents.
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Significant economic impacts are anticipated in the area of labour
and income. Estimates of these impacts are based on the current labour
supply/demand situation with respect to known or likely future projects.
New major project activity in the region could alter the prevailing
situation substantially.

Thus, the proponent will monitor developments

regarding major project activity to ensure that labour availability will not
be a problem.

This monitoring will include: regular updating of all major

capital projects in the region; regular updating of labour availability
records; and monitoring of attendance at training courses; updating of
in-region versus out-of-region labour supply statistics.

If these monitoring instruments indicate a significant change in
the situation from that assumed in the study, appropriate corrective action
should be taken, either to increase labour availability through more
training, or to prepare the communities for an influx of workers in greater
numbers than predicted.

Community and government services effects are expected to be
minor, primarily due to the low numbers of labour to be imported from
outside the region. The monitoring of the potential need for new
infrastructure and facilities is undertaken on a continual basis by both the
municipal governments and the various provincial departments. For example,
the Department of Education has prepared enrollment forecasts to the year
1992 in an effort to predict future needs for schools, additional classrooms
and teachers. Other government departments are engaged in similar exercises
to ascertain future needs within their individual jurisdictions.
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However, these agencies must be informed by a proponent when the
effects of a major project are expected to cause pertubations to their
forecasting programs. The magnitude of the trend line deflection can be
determined "and appropriate corrective action taken if necessary. As a
matter of principle, the proponent intends to maintain close liaison with
all departments and municipalities regarding the ongoing monitoring of
changes in the assumptions used to predict the effects resulting from labour
being imported to the construction site.

The proposed plant has an assessed value which serves to increase
the tax base in the area and thus can be considered to "pay" for any
possible need for new community facilities or services directly attributable
to the project.

In 1978, the Lepreau 1 plant added approximately $37.

million to t+ie local tax base. The plant now has an assessed value in the
order of $70 million and NB Power pays approximately $3 million in taxes
annually.

It is to be expected that a similar increase in tax revenues for

the province will result from the construction and operation of Lepreau 2.
Tax revenue distribution within the Lepreau and Musquash Parishes on a per
capita basis is difficult to determine. Given the low density of population
in the area it would appear reasonable to conclude that these funds are more
than sufficient to offset any possible increased demands directly related to
the effects of the plant.

8.4.2

Community Impact Monitoring and Evaluation
Community planning, community cohesion and Lepreau 2 impact

assessment/monitoring are issues which are inextricably linked. The
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Lepreau 2 Environmental Impact Statement will have value both as a baseline
document and as an aid to planning. Community cohesion has already led to
new local organizations which, in turn, will provide a new measure of impact
monitoring and planning. The objective of a community impact monitoring
program should be to provide working goals for the integration of a second
nuclear unit in Lepreau area communities as well as means of monitoring and
evaluating this process.

Some agencies recommend baseline surveys in local impact areas to
identify and priorize concerns about community cohesion and lifestyles. In
the case of Lepreau 2, where community concerns and Lepreau 1 impacts have
already been recognized and where residents feel they have been sufficiently
surveyed, this approach may meet with mixed success. The NBEMO demographic
data base, from a public protection and planning perspective, should remain
as the primary source of data in the Lepreau area.

It is proposed that a community impact monitoring committee be
established as a mechanism which will receive support of community
representatives. This committee could have representation from the local
service district(s), Municipal Affairs, Point Lepreau 1 Generating Station,
and senior construction management (Maritime Nuclear/Lepreau 2 ) . The
purpose of the committee could be to identify achievable goals and
assignment of responsibilities relative to the construction and operations
of Lepreau 2. This committee would primarily resolve issues within local
unincorporated communities. Matters involving larger incorporated
communities may require a corporate rather than Point Lepreau site response.
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The committee's goals and responsibilities could be the basis of a
formal agreement which would clarify the role of support staff (the
community liaison officer), levels of appeal or conflict resolution, funding
and limits of jurisdiction. Specific means of mitigation or compensation
should also be anticipated. Provision to add (pro-tern) representatives from
community associations (for example, fisherman's groups) or government
agencies (NBEMO, Environment, Fisheries and Oceans) should be incorporated
in this agreement. The committee's tenure and frequency of meetings could
not be ascertained until the start of the project. This committee would
supplement the normal planning process of government and the Local Service
Districts.

Presently, plant management at the Point Lepreau Generating •
Station monitors community impact via a public affairs office. This site
function could be amplified, as an alternative to the multi-partite
committee approach for Lepreau 2, if the latter proved untenable to local
representatives. The site public affairs office might then consist of
community liaison and public information staff.
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1.

INTRODUCTION
These Guidelines were developed by the Lepreau II

Environmental Assessment Panel which was established
jointly by the federal and New Brunswick Ministers of the
Environment.

They are intended to assist in the preparation

of an Environmental Impact Statement (E.I.S . ) for the
proposed second reactor at the Point Lepreau, N.B. site.
The responsibility for preparing the E.I.S. lies with the
Proponent, Maritime Nuclear.

The Guidelines identify the

priority issues and concerns which the Panel has determined
should be addressed.

These are:

- Impacts on the Biological Environment
- Impacts of Radiation on Humans
- Impacts on the Socio-Economic Environment
- Monitoring
- Emergency Planning
- Decommissioning
Section 2 provides background information on the review
process itself and the role of the various participants.
Section 3 discusses basic requirements for an E.I.S. document.
Section 4 outlines the general information required about
tne proposed nuclear plant and its site.

Section 5 indicates

the general approach that should be taken in the impact
assessments.

Section 6, which is the main body of the

document, indicates the nature of information required for
each of the issues listed above.

Finally, Section 7 discusses

the scope of the review and explains why certain issues are
considered to lie outside the Panel's mandate.
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2.

BACKGROUND
The Environmental Assessment Panel reviewing the

Lepreau II proposal was established in November, 1983.
Terms' of Reference for the Panel were issued by the
Ministers of the Environment for Canada and New Brunswick
(See Appendix A ) . Details on the membership of the Panel
are included in Appendix B.
The first Panel activity was a public scoping exercise
designed to assist in developing the Guidelines.

Open

houses were held by the Panel Secretariat in Dipper Harbour,
Maces Bay, and Saint John on November 28, 29 and 30
respectively.

Later, two scoping workshops were conducted

by the Panel in Saint John on December 9 and 10, 1983.

A

verbatim transcript of the scoping workshops is available
from the Panel Secretariat.
The object of both the open houses and thé workshops
was to identify issues and concerns associated with the
proposal considered important for further examination
during the review.

A number of groups, government agencies

and individuals raised several issues for discussion.

The

Panel appreciates the time and effort which the participants
contributed.

This has assisted the Panel in focussing the

Guidelines on the key issues.
An Environmental Impact Assessment Study Advisory Group
consisting of experts in environmental disciplines has been
established to assist in the environmental review process.
Its function is to provide advice to the Proponent on the
design and implementation of scientific studies needed to
satisfy the Panel's requirements.

After completion of the

E.I.S., the E.I.A. Study Advisory Group will report to the
Panel on the adequacy of the studies undertaken in support of
the E.I.S. by the Proponent.
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Once completed, the E.I.S. will be made available
for review and comment by the public, academic groups and
government agencies.

When the Panel is satisfied that the

E.I.S. contains sufficient information upon which to base
further review, it will schedule public meetings where
interested parties will have an opportunity to present their
views to the Panel on the environmental and related social
impacts of the proposed project.
Following the public meetings, the Panel will report
its recommendations to the federal and provincial Ministers
of the Environment. -The Panel may recommend that the project
proceed as proposed, or proceed but with modification, or
not proceed.

The Governments of Canada and New Brunswick

will decide whether to proceed with the project and, if so,
under what conditions.
Further information on the review process can be
obtained from the Panel Secretariat.

3.

THE ENVIRONMENTAL1* IMPACT STATEMENT
The E.I.S. should describe, in a systematic manner, the

predicted environmental and socio-economic impacts of the
proposed project.
The project Proponent, Maritime Nuclear, is responsible
for preparing the E.I.S. in response to the Panel's
Guidelines.

The Proponent will assume responsibility for

the statements and conclusions presented in the E.I.S., and
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identify any agents who have acted on behalf of the
Proponent in preparation of the document.

Technical

reports and other documents used in the preparation of
the E.I.S. should be referenced in appendices.

Copies of

the supporting documents are to be submitted to the Panel
with the E.I.S. and will be made available to the public
on request through the Panel Secretariat.

A separate

summary of the E.I.S. should be prepared for wide
distribution-

It should be written in terms understandable

to the general public and consolidate the important findings
of the E.I.S.
The E.I.S. and the summary should be prepared in both
official languages with sufficient copies for review by
the Panel, the public, as well as appropriate federal and
provincial government agencies.

4.

THE PROPOSED PROJECT
In order for the Panel and reviewers to understand

the nature of the proposed project and to relate predicted
impacts to specific features of the proposal, the Proponent
should briefly describe construction and operation plans for
the facility.
The Proponent should use suitable scale maps and other
descriptive means to show the proposed project in relation
to recognizable geographic features, human settlements and
any other existing or proposed developments in the
immediate area.

The maps should also identify all structures

or areas which will be used to support the construction and/
or operation of a second unit.
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These should include existing and proposed roads,
proposed construction sites, borrow .and waste disposal
areas, water and fuel supply areas and other ancillary
facilities.

The site perimeter and exclusion boundaries

should be clearly described.
A brief description of the existing natural environment
and human settlements should be provided to assist the
reader in understanding the setting within which the
proposed plant would be built and operated.

More detailed

information is required in addressing specific issues
outlined in Section 6.
An outline of the various construction phases and
schedules should be presented for all permanent and
temporary structures as well as any proposed roads or
other site access facilities.

4.1

PLANT DESIGN AND OPERATION
Information should be provided in sufficient detail to

allow a reader to gain an understanding of how the plant
operates and the relationship between its operation and
predicted effects on the environment.
Detailed design and operational plans are not required.
Only information in sufficient detail to gain a general
comprehension of the project components outlined below is
necessary.
Any changes in design or operating procedures envisaged
for Lepreau II which may differ from the existing Lepreau
plant should be emphasized.

Any shared facilities with

Lepreau I should be identified.
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The description of plant design and operation should
emphasize :
1.

containment, emission and effluent control systems
to prevent or minimize release of radioactive
material to the atmospheric or aquatic environment;

2.

cooling water systems for both normal and upset
operating conditions?

3.

the management system for non-radioactive waste
during both construction and operation;

4.

the transportation of fuel to the plant and the
disposal of low-level radioactive substances;

5.

5.

the storage, transportation and disposal of highlevel radioactive waste.

APPROACH TO THE ASSESSMENT OF ISSUES
The Panel has identified six issue

areas for compre-

hensive analysis in the Environmental Impact Statement.
These issues are outlined further in Section 6 and include:
- Impacts on the Biological Environment
- Impacts of Radiation on Humans
- Impacts on the Socio-Economic Environment
- Monitoring
- Emergency Planning
- Decommissioning
During the public scoping exercise, three issues were
identified which the Panel considers to be outside the scope
of its review. These issues are discussed in Section 7.
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In discussing the issues listed above, the Proponent
should describe existing environmental conditions to the
extent necessary to predict changes which may occur in the
natural and human environment.

The Proponent should take

advantage of all relevant information concerning Lepreau I
and Lepreau II and present a clear indication of the
relationship between the proposed reactor and the existing
one in discussing the various impacts identified.

Several

monitoring programs are already in place which should
provide baseline data for use in addressing some of the
issues identified in Section 6.
Impact predictions should be stated explicitly and the
basis for predictions clearly presented.

The predictive

analysis should strive to ascertain the nature, magnitude,
duration, extent (geographic distribution), level of
confidence and range of uncertainty of the predicted changes.
Where knowledge gaps exist which make the analysis or
prediction of impacts difficult, the Proponent should
describe its efforts to fill them.

The Proponent should

also identify the rationale behind the various component
studies- carried out in support of the E.I.S.

Any choice of

a particular strategy or approach to such studies should be
identified as well.

Plans to monitor possible environmental and socioeconomic effects of the proposed project should be described.
The scope, timing and relationships with existing monitoring
programs should be provided.

The Proponent should clearly

present its proposals for mitigating predicted changes
considered to be undesirable, their anticipated effectiveness,
and residual impacts.

The commitment of the Proponent to

implement recommendations regarding mitigating measures should
be indicated.
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6.

ISSUES TO BE EXAMINED IN THE E.I.S.

6.1

IMPACTS OH THE BIOLOGICAL ENVIRONMENT
It should be demonstrated that sufficient data has been

collected to make an assessment of short-term and long-term
impacts of the proposed project on various components of the
biological environment.

An ecosystems approach to the design

of studies, collection of data, analytical procedures and
interpretation of results should be demonstrated.

Predictions

of effects should take into account the combined operation of
Lepreau I and II.
6.1.1
1.

Radionuclides
Predict the short-term and long-term impacts
of radionuclides on the environment in
consideration of plant operation under normal
and upset conditions.

In addressing this issue,

the Proponent should describe:
a)

sources, types and levels or radioactive
releases into the marine and terrestrial
(via atmospheric pathways) environments;

b)

the trajectory and dispersion of radioactive
releases in the atmosphere and water taking
into account weather and océanographie
conditions;

c)

the expected persistence, accumulation,
mobility and ultimate fate of various
radionuclides in the surrounding terrestrial
and marine environment;
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d)

the probability of upset conditions that
would result in a release of radionuclides
and the level or radionuclides that would
be expected for such events;

e)

the levels of radiation that could lead to
a closure of food harvesting in the area
and the likelihood that such an event will
occur.

2.

Describe plans for monitoring the effects of
radionuclides in the environment.

6.1.2

Sewage Discharge

In light of experience with Lepreau I, predict the
potential increased volumes and sources of sewage effluent
from the plant site as well as the surrounding unincorporated
area, as a result of construction and operation of Lepreau II.
Describe the appropriate mitigating measures required to
prevent shellfish contamination in the local area.
6.1.3
1.

Heavy Metals
Predict the short-term and long-term impacts of
released heavy metals on algae, shellfish and fish.
Information should be provided describing:
a)

sources, types and levels of heavy metals
released into the marine environment;

b)

the expected persistence, mobility, accumulation
and ultimate fate of heavy metals released into
the marine environment;
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2.

Describe plans for monitoring heavy meta." s at the
outfall and any impacts on the environme: .

6.1.4
1.

Organic and Inorganic Compounds
Predict the short-term and long-term impacts of
released organic and inorganic compounds' on the
marine environment.

Information should be

provided describing:
a)

the sources, types, levels and toxicity of
organic and inorganic compounds

(biocides

and anticorrosive agents) released into the
marine environment ;
b)

the expected persistence, mobility,
accumulation and ultimate fate of organic and
inorganic compounds in the marine environment.

2.

Describe plans for monitoring organic and inorganic
compounds at the outfall and any impacts 'on the
marine environment.

6.1.5
1.

Entrainment
The Proponent should predict the effects of
entrainment on various biological parameters
(density, diversity, etc.) and population
parameters (recruitment) for species of economic
significance (fish, shellfish) and species
entrained in large numbers.

In addressing this

issue, the Proponent's analysis should include,
but not necessarily be limited to:
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a)

the seasonal entrainment rates of ichthyoplankton
(larvae & eggs), zooplankton

(including important

shellfish larvae) and phytoplankton at Lepreau I;
b)

the percent survival of the above organisms
following passage through the cooling water
systems ;

2.

Describe plans for monitoring the effects of
entrainment,

6.1.6
1.

Impingement
Predict the effects on the marine environment of
impingement of marine organisms in the vicinity of
Point Lepreau.

Information should be provided on:

a)

the seasonal impingement rate of specific
organisms;

b)

the viability of organisms impinged;

c)

the methods of preventing impingement and
returning entrapped organisms to the marine
environment in a viable state.

2.

Describe plans for monitoring the effects of
impingement of organisms on the marine environment.

6.1.7
1.

Thermal Effluent
Predict short-term and long-term effects of thermal
effluent on fish, birds, and macroinvertebrates.
Information should be provided on:
a)

the configuration of the thermal plume
indicating seasonal variations;
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b)

the frequency and the effect of plant shutdowns
on the quantity and temperature of thermal
effluent (e.g. ranges of temperature to which
fish and invertebrates would be exposed);

c)

upper and lower lethal limits of fish and
invertebrates likely to be affected.

2.

Describe plans for monitoring the effects of thermal
effluent on fish, birds, and macroinvertebrates.

6.1.8

Combined Biological Effects

Discuss the overall environmental effects in light of
the impacts identified in the above sections.

6.2

IMPACTS OF RADIATION OH HUMANS
It is recognized that the proposed plant would operate

under Atomic Energy Control Board statutory limits for
radiation exposures, and that the generally acceptable
principle that radiation exposures should be kept as low as
reasonably achievable would be applied.

Nevertheless, a

description of how the Proponent would apply these limits
and principles to reducing the exposure of humans to
radiation from the combined operation of Lepreau I and II
should be provided.
1.

a)

Estimate the total annual radiation dose to
humans caused by radioactive effluents and
emissions from Lepreau II during normal
operating conditions, as received by:
- persons living 1 kilometre from the plant;
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- persons living between 1 kilometre and
5 kilometres from the plant;
- persons living between 5 kilometres and
10 kilometres from the plant;
b)

provide comparable dose estimates from the
Lepreau I plant and from the natural background;

c)

discuss the potential health risk associated
with each of the above estimates, and their
total, with particular reference to the
incidence of cancer and genetic defects.

2.

With reference to each of the above estimates (l(a)
(b)) provide a breakdown of probable radiation exposures
via:
- air
- water
- locally harvested foods (.vegetables, fish, other
marine organisms, etc.)
- direct gamma exposure.

3.

Discuss any existing and proposed monitoring programs
to study health effects on humans, indicating the
number and locations of people to be examined.

4.

a)

Describe the range and estimated frequency of
potential upset conditions (including risk of
earthquake) at the Point Lepreau Development
which would result in increased release of
radionuclides to the environment and subsequent
exposure to humans;

b)

describe exposure levels related to such events,
as measured in various environmental media, at
which action would be taken to protect human
health, and the nature of such actions;
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c)

discuss the additional radiation dose to
humans involved in the above scenarios,
specifying the geographical areas concerned
and the risks to human health with particular
reference to the incidence of cancer and
genetic defects.

5.

Discuss the risks associated with off-site transport
of high-level radioactive wastes and the potential
health impacts involved.

6.

Describe measures for health protection of workers
from radiation exposure at the Point Lepreau development.

6.3

IMPACTS ON THE SOCIO-ECONOMIC ENVIRONMENT
It should be demonstrated that sufficient data has been

collected to make an assessment of short-term and long-term
impacts of the proposed project on various components of the
socio-economic environment.

The design of studies, collection

of data, analytical procedures and interpretation of results
should allow for a structural view of the social environment
where the components are interrelated.
6.3.1

Employment

Information should be provided describing:
1.

the number, types of jobs to be created and skills
required during each of the major phases of the
Lepreau II development (i.e. planning, construction
and operation) as a direct result of expenditures
by the Proponent;

2.

the numbers and types of jobs to be created during
each of the major phases as a result of indirect
effects of the Lepreau II project (e.g. housing
construction, stimulation of related industries, etc.);
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3.

where the jobs identified in answer to the above
questions would be created with specific reference
to the following areas:
a)

the local communities surrounding the existing
plant at Point Lepreau,

b)

the greater metropolitan area of Saint Jchn,

c)

the southwestern region of New Brunswick

(Saint

Stephen - Saint J o h n ) ,
d)

the central region of New Brunswick

(the

Fredericton area);
4.

the availability of human resources to fulfill the
jobs described in response to question 3, taking
into consideration competing labour demand, by job
category, from other major development projects (e.g.
the frigate construction program in Saint John,
potash developments near Sussex, a natural gas
pipeline);

5.

any plans or policies of the Proponent in regard to:
a)

hiring people who currently reside in New Brunswick,

b)

training people who currently reside in New.
Brunswick to fulfill required jobs,

and how these policies would complement any government
policies and the effect of such policies on
employment, and/or training opportunities for New
Brunswick;

6.

the impact of Lepreau II on the long term employment
situation in New Brunswick, after construction, for
scientists, professionals, technicians and construction
workers.

6.3.2

Economic Effects of Project Expenditures

Information should be provided describing:
1.

any plans or policies of the Proponent to procure
New Brunswick goods and services during the various
project phases and how. such pol-icies would
interact or complement any existing government
policies;

2.

the impacts of the Proponent's purchases of goods
and services during the various project phases on
business activity in the following areas:
a)

the local communities surrounding the existing
plant at Point Lepreau,

b)

the greater metropolitan area of Saint John,

c)

the southwestern region of New Brunswick

(Saint

Stephen - Saint John),
d)

the central region of New Brunswick (the
Fredericton area);

as part of this analysis, _he various sectors
affected should be identified and the significance
of the effects quantified;
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3.

the overall impact of increased levels of personal
income associated with the various phases of
Lepreau II on business activity (construction,
service industries, etc.) in the geographical areas
noted above, taking into account existing social
assistance payments;

4.

the impact of the various phases of the project on
tax bases, tax revenues and property values, with
reference to the geographic areas surrounding Point
Lepreau noted above; the special circumstances
regarding unincorporated areas and a specific comparison
of impacts during and after the construction period.

6.3.3

Potential Industrial Spin-Offs

Information should be provided describing:
1.

the probability of any other commercial or
industrial developments being attracted to the
area by the Lepreau II development and the nature
and significance of economic impacts in the
affected communities which would result from such
developments ;

2c

a)

the Proponent's policy on making thermal
energy available for commercial use,

b)

the nature of public/private support required
to attract to the surrounding area commercial
or industrial enterprises which could utilize
such thermal energy.
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6.3.4

Impact on Community Services and Structures

Information should be provided describing:
1.

the expected population and demographic changes
in response to employment opportunities during the
planning, construction and operation of Lepreau II
for the following areas:
a)

the local communities surrounding the existing
plant at Point Lepreau,

b)

the greater metropolitan area of Saint John,

c)

the southwestern region of New Brunswick (Saint
Stephen - Saint John),

d)

the central region of New Brunswick (the
Fredericton area);

2.

the additional housing demands related to the
changes described in response to the above question;

3.

the needs of the new residents described above for
social, health and welfare services, educational
services, communication, transportation, police and
fire protection systems, recreational services and
facilities, etc.; existing community services and
structures should be described in sufficient detail
to predict impacts in those communities where the
influx of new residents is determined to be
significant;

4.

any financial burdens placed on agencies responsible
for providing community services and infrastructures
both during and after construction;
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5.

any social impacts which would result if the
services are not expanded to meet the project
demands ;

6.

any demographic changes which may follow the
termination of construction related employment
at the site as well as changes in demand for
social services support programs

(unemployment

insurance, welfare and any other community
structures and services).
6.3.5

Community Cohesion, Lifestyles

The Proponent should describe existing and future plans
to consult with

local citizens in the unincorporated areas

surrounding Point Lepreau, in order to understand any local
concerns regarding community cohesion (e.g. neighborhood
helping networks) and lifestyles.

The means by which the

Proponent would attempt to resolve or mitigate any concerns
should be identified.

6.4

MONITORING
A well-designed and comprehensive monitoring program is

essential for environmental protection.

The E.I.S. should

reflect-a recognition of this principle.and indicate a
continuing commitment to these concerns throughout the life
of the plant.
1.

Information should be provided describing:

the ways in which the validity and accuracy of
predicted impacts would be evaluated;
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2.

the identification of objectives, strategies,
measurement criteria and action levels;

3.

the basic data collection needed to define a
suitable baseline against which future impacts can
be assessed;

4.

mechanisms for evaluating the results of the
monitoring program, including plans for amending
the monitoring program in response to these
evaluations ;

5.

mechanisms for using monitoring information to
control or modify plant operations in order to
maintain environmental quality;

6.

the responsibilities of all government agencies and
private companies involved, their inter-relationships,
communication links and reporting practices;

7.

the relationship of the proposed program to that
already in place for Lepreau I.

6.5

EMERGENCY PLANNING
An emergency plan was established as a result of the

construction of Lepreau I.

However, concern has been

expressed about its implementation.

It is recognized that

the existing plan may have to be modified, or >a new plan
produced, as'a result of the proposed Lepreau II facility.
The New Brunswick Emergency Measures Organization and
the Proponent both have certain responsibilities regarding
future emergency planning.

In order for the Panel to
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understand the proposed plan, and the roles and responsibilities of the Proponent and the New Brunswick Emergency
Measures Organization, information should be provided
describing:
1.

procedures for notifying the public regarding the
existence of an emergency situation;

2.

mechanisms which will be used to ensure effective
communications with the public ;

3.

contingency plans for unfavourable weather
conditions ;

4.

specific plans for notification and handling of
the construction work force in the event of an
emergency situation at Lepreau I ;

5.

the specific responsibilities of the Proponent
and government to initiate and implement an
emergency plan, including responsibility centres
and reporting procedures;

6.

the time frame for specific actions in the
implementation of the plan;

7.

the relationship of the proposed plan to existing
and proposed contingency plans carried out by the
Proponent and various government agencies ;

8.

the conditions which would bring about activation
of an emergency plan ;
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9.

the probability of occurence of plant operating
conditions which would require:

10.

a)

public notification,

b)

evacuation;

the required actions of the public in response to
(a) and (b) above;

11.

the geographical boundaries of the area involved
in any proposed plan, relative to the scenarios
outlined above.

6.6

DECOMMISSIONING
The Proponent should discuss the long term future of

the Lepreau II site, when the useful life of the reactor ends.
At that time, there may be a requirement to dismantle the
plant, remove radioactive materials and return the site to
its former state.

The E.I.S. should address this possible

scenario, indicating:
1.

the magnitude of the financial burden and on
whom it would rest;

2.

the probable environmental and health risks and
how they might be reduced to acceptable .levels;

3.

any restrictions that might have to be placed on
the future use of the site;

4.

any residual structures or radiation levels that
could not be completely removed;
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The E.I.S. should also address an alternative scenario
in which the plant may not be required to be completely
dismantled.
5.

In this case, the E.I.S. should indicate:

the land and sea area which would be effectively
prevented from being returned to normal
unrestricted use because of residual radiation
levels;

6.

the period during which this control would be
required;

7.

the means by which unauthorized public access
would be prevented, and the costs involved for
such control measures.

7.

SCOPE OF THE REVIEW
The federal and provincial Ministers of the Environment

issued Terms of Reference which defined the scope of the
review and outlined the major steps in the review process
(see Appendix A ) . During the scoping workshops held by
the Panel in December, 1983, several participants made
presentations which reflected raried interpretations of
the Terms of Reference.

Some recommended specific issues

for inclusion in the scope of the review.
As a result, the Panel has carefully examined its Terms
of Reference,

Section 6 of this Guideline document reflects

the Panel's interpretation of which issues fall within its
mandate, and should be addressed by the Proponent in
preparation of the E.I.S.

Issues considered by the Panel

to be outside the scope of the review are-outlined below.
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7.1

Nuclear Arms Proliferation
Concern was expressed by some that further construction

of nuclear reactors in Canada would increase the likelihood
of nuclear weapons proliferation in other countries,
particularly in developing countries which might receive
Canadian nuclear power plants.

It was also suggested that

further development at Point Lepreau could lead to an
increase in the possibility of sabotage and increase the
likelihood of the area becoming a target in the event of a
nuclear war.

These are very broad issues related to national

and international policies on the management of nuclear
energy.

The role of nuclear energy within the context of Canada's
National Energy Policy has been specifically excluded from
the mandate of the Lepreau II Panel.

Responsibility for policy

formulation and implementation in this regard clearly rests
with the Government of Canada.

Therefore it is inappropriate

for the issue of nuclear arras proliferation to be addressed
within the framework of an E.I.S. which is specific to
Lepreau II.
7.2

Alternative Energy Sources
The Panel recognizes that the generation of electricity

using nuclear technology may cause the displacement of other
energy generation options.

A number of biophysical and socio-

economic issues could be examined in studying various energy
options (e.g. reduction of sulphate deposition, capital vs.
labour intensive economic strategies, renewable energy and
conservation alternatives, etc.).
However, the mandate received by the Panel is very clear
in specifying a responsibility to "... assess the environmental
and related social impacts of a second nuclear unit at

ne

Point Lepreau Generating Station in New Brunswick ..."

The
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Lepreau II project has not been proposed as an alternative
source of export electrical power, in comparison to coal,
oil, hydroelectric, solar, or other alternative energy
projects in Canada or the United States.
It is more relevant for governments, rather than the
Lepreau II Panel, to examine any alternative energy scenarios
in the context of developing broad energy and economic
strategies.
7.3

Transmission Line
The construction of Lepreau II would necessitate the

building of a high voltage electrical transmission line to
transport power from the plant to the U.S. border.

At the

same time, the Panel understands that a second line from the
Lepreau area may be constructed even if Lepreau II does not
proceed, to provide backup support for present New Brunswick
export lines.

The construction of such a line could

potentially have environmental and socio-economic impacts.
However, the terms of reference do not require the Panel
to address the question of a transmission line associated
with the Lepreau II development.

The Panel also recognizes

that other agencies have direct responsibility for reviewing
the potential environmental effects of such a proposal.

In

Canada, electrical transmission lines constructed by
provincial utilities fall primarily under the jurisdiction
of the provincial government concerned.

In instances where

such lines are related to export of electrical power to the
United States, they fall under the jurisdiction of the National
Energy Board.
The Panel understands that the Environmental Impact
Assessment program of the New Brunswick Department of the
Environment and the National Energy Board certification program
will be able to address the environmental and social impacts of
such a line on the Canadian side of the New Brunswick border.
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APPENDIX B

DECOMMISSIONING

B.I

Introduction
Decommissioning of a nuclear powered generating station can be

defined as the removal of the facility from service at the end of its useful
life, and the transformation of the facility into an out-of-service state in
a manner providing adequate protection for the health and safety of the
decommissioning workers and the general public, and for the environment. In
Canada, this must be accomplished within the regulatory requirements of the
Atomic Energy Control Board (AEC8).

The design life of the CANDU 600 reactor is a minimum of 30 years.
Due to a variety of factors impacting on plant capacity and the
economics of changing components the actual life is expected to be in excess
of 40 years. There will be considerable economic incentive to operate it
as long as is reasonably possible. Therefore, it is reasonable to assume
that decommissioning would begin some 40 years after the in-service
date.

In the case of Maritime Nuclear1s proposed Point Lepreau 2 unit, this

would be 2030, and perhaps even further in the future.

The particular decommissioning scenario which may be adopted at
that time is highly dependent on the specific situation that might exist
with respect to need of the site for new generating capacity or for
alternate uses.

It is, to some extent, unrealistic to make commercial

decisions many years ahead of when they are actually needed. Also, there is
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at this time only limited experience with the decommissioning of CANDU
reactors. By the time actual decommissioning is required, there will be
more such decommissioning experience, as the earliest units' have entered
commercial service some 10-15 years ago. Accordingly, concepts and
techniques will evolve beyond what can be defined today. Nevertheless, the
following section describes what at this time is considered to be a
reasonable decommissioning scenario in terms of both technical viability and
social acceptability.

B.2 Decommissioning Options
The International Atomic Energy Agency (IAEA) has defined three
possible options for decommissioning a nuclear facility, which may be
implemented in full, in part, or in combination for a specific reactor.
These three options are in fact different stages in a continuum of events,
although the period of time between stages can vary considerably. These
stages, as delineated by the IAEA and adapted to suit the CANDU reactor, are
described in the following section.

B.2.1 Stage 1 Decommissioning
The initial stage involves the removal of nuclear fuel and heat
transport fluids, and the partial decontamination of systems. The
facilities are placed for a period of time into a mode which has been called
"storage with surveillance", during which overall radioactivity levels
decrease by natural decay. The steps in this stage are:

a) The reactor is completely defuelled.
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b) The heat transport fluids, readily removable
contaminated materials and some highly
contaminated materials are removed.
c) The first containment barrier (e.g. the
reactor vessel) is kept as it was during
operation but with all mechanical openings
(valves, piping, etc.) blocked and sealed.
d) The containment building is maintained intact
in a state appropriate to the remaining
hazard.
e) The atmosphere inside the containment building
(and in all areas containing radioactivity) is
controlled and the ventilation systems are
operated as required.
f) Access to the inside of the containment
building is controlled by physical barriers
and administrative procedures.
g) Surveillance, inspection and tests: the plant
is kept under continuous on-site surveillance,
and the equipment necessary for monitoring
radioactivity both inside the plant and in the
surrounding area is kept operable and used as
required.

Surveillance is maintained in

accordance with applicable regulatory
requirements. Periodic measurements and
visual checks are carried out to ensure that
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the contamination control systems (i.e.,
ventilation systems and containment barriers)
continue to function properly,
h) In general, dismantling of structures,
systems, or components does not take place,
i) Limited quantities of low level wastes may be
shipped off-site for disposal (assuming a
disposal facility exists).

B.2.2 Stage 2 Decommissioning
This stage involves the decontamination of some parts of the
facility, the sealing and surveillance of remaining contaminated areas, and
the release of some portions of the site to other uses. This stage has been
referred to as "restricted site release". The steps are as follows:

a) The reactor is completely defuelled.
b) All heat transport fluids are removed.
c) Contaminated areas are decontaminated to the
extent possible using conventional techniques.
Remaining areas with relatively high residual
radioactivity levels are sealed to prevent
unauthorized access. Various containment
features remain and are augmented where
necessary. Contaminated parts that are easily
dismantled are removed and transferred
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off-site or into plant areas that are to be
sealed.
d) The containment ventilation systems and other
active safety systems are not needed and are
deactivated. Some monitoring equipment will
likely remain operational, depending on the
specific circumstances.
e) With certain constraints, some parts of the
plant or site could be converted to new uses
or released for uses not involving other
radioactive sources.
f) Some dismantling of structures, systems, or
components could take .place (in excess of any
which might occur for Stage 1 ) .
g) Dependent on the availability of a disposal
site, Low Level Waste could be shipped
off-site and, again depending on conditions,
the same could be done with used fuel.
h) Surveillance, testing, and inspection continue
but at extended intervals and with less rigour
than for the Stage 1 case.

B.2.3 Stage 3 Decommissioning
The final stage is the logical extension of the preceding stages,
and results in a stage of what has been called "unrestricted site use". The
steps in attaining this stage are:
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a) The reactor is completely defuelled and the
irradiated fuel is shipped from the site.
b) All heat transport fluids are removed.
c) All materials, equipment and structures in
which radioactivity levels exist above
prescribed limits are removed to an approved
storage or disposal site.
d)

In all remaining plant areas, radioactivity
will have been reduced to levels which permit
unrestricted access. The site and any
remaining equipment and materials may be
released for other purposes without any
radiological protection restrictions.

e) From the radiological point of view, no
further surveillance, inspection or tests
are required.

B.3 Experience to Date
There is considerable American and European experience in the
decommissioning of research reactors and small commercial stations, but none
of these reactors are comparable in size to the CANDU 600.

The United States leads other countries in decommissioning
experience in terms of both the number and size of reactors decommissioned.
From 1960 to 1978, five licensed nuclear power reactors, four demonstration
reactors and six licensed test reactors were decommissioned in the United
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States. Of these, 10 have been decommissioned to Stage 1, three to Stage 2,
and two to Stage 3.

In addition, some 50 research-type reactors have been

decommissioned, mostly by dismantling. The 22 MW Elk River reactor, which
was shutdown in 1968, is the largest nuclear station which has been
decommissioned to Stage 3 to date in the United States. The 72 MW
Shippingport reactor will be decommissioned to Stage 3 over a period of four
and one-half years beginning in the summer of 1984. The experience in the
U.S. has led to a recent policy statement by the American Nuclear Society to
the effect that "decommissioning alternatives are environmentally and
technically acceptable", and "conventional and safe processes and techniques
exist and have been demonstrated" (American Nuclear Society, 1983).

• West Germany is involved in the .dismantling of two nuclear
reactors: the 237 MW(e) Gundremmingen I and the 100 MW(e) KKN pressure-tube
reactor at Niederaichbach. Decommissioning of the Gundremmingen plant is
now underway and work on the Niederaichbach plant will begin' in the fall
of 1984. Similar activities on smaller plants in the United Kingdom, France
and Japan are also under way.

Canadians have gained some experience from the rehabilitation of
the NRX and NRU reactor vessels at Chalk River Nuclear Laboratories, and the
replacement of some pressure tubes in Ontario Hydro's Pickering "A"
reactors. These experiences have demonstrated that the capability exists to
decommission nuclear plants in a safe and efficient manner. The recently
implemented Large Scale Fuel Channel Replacement program for Pickering "A"
units 1 and 2 will augment this experience.
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In the absence of real experience with the decommissioning of a
larger CANDU reactor, both AECL and Ontario Hydro have carried out studies
of decommissioning concepts and techniques for planning and cost estimation
purposes. The Ontario Hydro study (1981) was concerned with the actual
Pickering "A" (four units of 515 MW each) and Bruce "A" (four units of 740
MW each) generating stations. The initial AECL study (Unsworth, 1979)
addressed concepts, techniques and issues of decommissioning a typical CANDU
600 MW unit. More recently, AECL has investigated in detail the
decommissioning concepts and technology for application to the Gentilly-1
plant in Quebec (a 250 MW prototype boiling light water cooled and heavy
water moderated reactor). This appendix ha^ relied extensively on these
earlier studies, as they are the most relevant source documents available at
the time of writing. All studies concluded that the CANDU reactor can be
decommissioned safely and to an acceptable state using presently available
technology and proven engineering methods.

B.4 Decommissioning Considerations
The IAEA scenarios described earlier are useful in terms of
establishing a general decommissioning framework. However, the particular
scenario chosen will be dependent on site-specific faotors and the economic
climate at the time(s) decisions must be made. The principles described
here have evolved from the earlier studies and reflect current concepts
pertaining to the decommissioning of nuclear power plants.

It is relevant at this point to discuss the implications of the
unique nature of radioactivity on the decommissioning process.

Radioactive
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fission products decay with time to lower and lower levels. Thus, even in
the absence of external intervention, the radiological risk associated with
a shutdown (e.g., defuelled) nuclear plant decreases dramatically with time.
There is a mix of radioactivity source types in a typical plant, and
although most sources decay rather rapidly with time, some are much longer
lived. After approximately 30 to 80 years have elapsed (depending on the
specific radionuclide), the shorter-lived radioactivity sources have decayed
to such a level that the long-lived sources now contribute more to the
radioactivity fields; hence, these fields tend to decay more slowly with
time beyond 80 years. This transition in the dominant radioactivity sources
will occur in more and more equipment during the 30 to 80 year range. From
the point of view of limiting exposure of workers to radioactivity, there is
much to be gained by allowing radioactive sources to decay naturally for at
least 30 years before intervening to remove the remaining radioactivity and
releasing for unrestricted use those components, materials and structures
that exhibit contamination at acceptable levels.

It is estimated that, after approximately 50 years from plant
shutdown, essentially all radioactive materials including in-core and
out-of-core will decay to levels such that they can be qualified as Low
Specific Activity material. This would simplify significantly the method of
packaging and transportation.

Approximately 80 to 120 years after shutdown

and defuelling, the decay in all systems and components (with the exception
of the reactor assembly) would be such that radiation fields would be at
background (innocuous) levels, equivalent to those that would be acceptable
with Stage 3 decommissioning.

There would be further reductions in
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radiation fields and accordingly even less exposure to decommissioning
workers. Also, the volume of radioactive waste to be handled, shipped and
disposed of would be drastically reduced, as only the reactor would need to
be removed to a radioactive waste disposal site. Furthermore, at this time
(80-120 years) the great percentage of reactor materials will have low
radioactivity such that they can be classified for near surface disposal.

In addition to the above considerations, there are several other
factors which could influence the timing of any intervention to remove the
remaining radioactivity such as economics, changes in regulations, or
developments related to transportation and waste disposal sites.

Risk assessment, in the context of decommissionirfg, must be
addressed.

The AECB regulations are formulated to protect both the public

and the atomic workers. The decommissioning concepts discussed herein are
predicated on meeting these regulations and on the belief in the integrity
of the structures, materials, and equipment which were put in place in the
design of the plant to contain radioactivity during its operation.

It is

based on current engineering judgement that:

- All systems, components, and structures which are associated
with the nuclear processes and either exhibit or contain
radioactivity can be put into a static state, such that with
minimal surveillance and maintenance they can be counted on to
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maintain this containment function for
prolonged periods up to the 80 to 120-year
range.
There is a lower overall risk to maintain this
static state for up to 80 to 120 years than to
commence dismantling and transport of
radioactive materials at an earlier time.
After attaining the range of 80 to 120 years
after shutdown most radioactivity, except for
some long-lived radionuclides in the reactor
vessel itself and in its vault, will have
decayed to acceptable limits without any
external intervention.

The above concept is believed to be viable, realistic, and
technically achievable. However, it may not necessarily be applicable to
any specific plant because of site-specific conditions. For example, local
conditions indicating that the site could be used for other purposes may
provide adequate incentive to undertake an early decommissioning schedule so
as to make the site available.

At Gentilly-1, AECL is currently taking steps to decommission the
plant to an acceptable state and to release parts of it in an uncontaminated
state (i.e., Stage 3) to Hydro Quebec for alternate use, only a few years
after plant closure.
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B.5 Steps in Decommissioning
Before decommissioning, the nuclear reactor must be shut down in
an orderly fashion, similar to that carried out during routine maintenance.
Following this, a number of steps must be implemented, as described below.

B.5.1

Fuel Removal from Reactor
The initial step following reactor shutdown is the removal of used

fuel.

The CANDU 600 reactor contains 4,560 fuel bundles, which must be

transferred to the used fuel storage bay. This bay would be operational for
an additional 5.5 years following the reactor shutdown, since used fuel can
be more easily transported by allowing a reasonable decay period following
its removal from the reactor. The technology of used fuel storage has been
developed to the extent that there is no environmental or safety concern
during such storage.

B.5.2 Heavy water Removal
There are two main heavy water systems, the moderator system and
the heat transport system.

In addition, there are the heavy water clean-up

and the heavy water upgrading facilities and several other a xiliary
systems. The decommissioning of the station includes the removal of the
heavy water.

The heavy water, as removed from service, is tritiated and so
cannot be released as is. However, the technology presently exists in the
form of drum storage to hold it in a safe and secure state inside the
containment structure or at any other suitable storage facility. Drummed
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heavy water may be stored during prolonged periods during which time normal
radioactive decay reduces the hazard posed by the tritium contamination.

Tritium itself is a potentially useful and valuable byproduct} and
it is possible that extraction of the tritium may be justified.

In this

case, the decontaminated heavy water may be reused in operating CANDU
nuclear plants. Should there be no use for this commodity following
prolonged storage, it can be safely disposed of since its radioactivity will
have decayed to acceptable limits.

In any case, the effect on the environment due to handling or
storage of tritiated heavy water is negligible.

B.5.3

Decontamination
Decontamination technology is well developed from the point of

view of operation and decommissioning. There are various techniques for
decontamination which are presently available commercially. The selection
of a particular technique depends on many factors, such as the purpose of
decontamination (i.e., re-use, contamination reduction for release), the
item(s) to be decontaminated, the equipment and experience available at
site, the location and type of activity in the corrosion film, the type and
condition of the surface to be decontaminated, the radwaste disposal
facilities available, and the economics of the situation.

There is no single technique which can be applied universally for
an entire decontamination program. Basically, there are five techniques
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which are in common use and exoerience has proven that these are effective,
safe and economical. These are hydrolazing, hand scrubbing,
electropolishing, ultrasonic cleaning, and chemical decontamination.
Several other techniques are also being developed and could in the future
provide for more effective and more efficient decontamination accompanied by
further reduction in the wastes produced.

The hydrolazing technique (water jetting) is considered best for
removing loosely adherent surface contaminants from a wide variety of pipe
sizes, tanks, and large planar or curved surfaces.

If chemical components

and/or suitable abrasives are added to the water, even tightly adherent
surface films may be removed.

Decontamination Factors (DFs) up to 50 can be

achieved through this technique, and through judicious recycling of water
and appropriate filtration contamination can be contained and restricted
from effluent streams.

The hand scrubbing technique is simple, yet it produces DFs up to
20.

This technique is effective for concrete surfaces, structural steel,

tanks, and piping. A very limited amount of liquid waste is produced and
most solid contamination can be filtered out of the stream.

The electropolishing technique, which employs phosphoric acid as
an electrolyte solution, is basically a reverse plating method.

It is

effective for components or sections of material which can be immersed in
the electrolyte tank. OFs of between 5 and 50 may be achieved depending on
the component geometry.

Special precautions for handling and neutralizing
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the spent (or loaded) electrolyte will provide adequate protection to the
environment.

Ultrasonics is very effectively employed for decontamination of
small tools and equipment such as valves and pump parts. Minimal effluent
is produced and waste is easily collected and stabilized.

Chemical decontamination involves both soaking and flushing
techniques and generally creates a large amount of liquid chemical wastes.
It is therefore employed only in situations where other techniques are not
feasible or possible. OFs can be in the range of 1 to 100 depending on the
application.

Because of the chemicals present, they are not discharged

through the effluent stream; rather, evaporative techniques are utilized to
stabilize (solidify) the residue which is then treated as Low Level Dry
Active Waste.

As discussed earlier, it is desirable to put the plant into a
static state after shutdown so that minimal surveillance and monitoring
would be required. No decontamination of components, systems, or equipment
inside the containment building to reduce radioactivity doses is required,
since no immediate dismantling is planned. There may be contamination
activity in other parts of the plant outside of the containment, and in
order to render these locations into a static state with minimum
surveillance and inspection requirements, some combination of the above
described techniques may be utilized. Alternatively, material which is not
easily decontaminated (or cannot be) may be removed and placed into the
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containment structure for long-term storage.

There will not be an enormously large amount of decontamination
dose to put the plant into a static state. To afford secure storage of
wastes for a prolonged period, liquid wastes generated will be neutralized,
reduced in volume, and stabilized into solid form. The resultant solidified
waste, along with dry wastes reclaimed during decontamination operations,
will be treated as Low Level Dry Active Waste and disposed of in a manner
accepted for this waste form.

Decontamination activities will not place any significant burden
upon the environment.

B.5.4. Gaseous Effluents During Decommissioning
During placement of the plant into a static state, gaseous
emissions will be less than those generated during operation. Extensive
efforts will be made to minimize the creation of airborne contamination by
the effective use of tenting (plastic envelopes), HEPA vacuum cleaners, and
rigorous controls over the spread of contamination. Ventilation systems
would be among the last permanently shut down as the preparation for
placement into a static state is completed. No plant ventilation systems
will be operational in the static state.

B.5.5

Important Criteria During Decommissioning
It is envisaged that an orderly shutdown of the plant and a

defuelling of the reactor will take approximately one to two years.
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Subsequent to this, placing:the plant into a static state will take an
additional two to three years. One of the last activities that will have to
be held over for approximately another two years is the decommissioning of
the used fuel bay and its support systems. The constraint here is having
fuel cool enough to be easily transported to either a national waste
repository or a, reprocessing plant, or to be placed into passive interim dry
storage in concrete canisters.

During this period, personnel and/or the public may be exposed to
radioactive emissions. The potential exposure of the public to radioactive
material during its transportation from the station to the repository area
is controlled by federal and provincial transportation regulations.
Specific guidelines will have to be developed in more detail to cover the
situations outlined below.

1.

Derived Emission Limits

As during station operation, emissions of radioactive material
from the station in air or water throughout all stages of decommissioning
must not exceed the derived emission limits for the station.

It has already

been pointed out that there will not be any liquid effluents.

2.

Safety Guidelines While Achieving Static State

As is the case during normal operation, the ALARA principle will
be adhered to and worker radiation exposures will be kept within the limits
prescribed by international convention.

All work will be carried out in

accordance with a fully developed and closely monitored Health and
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Industrial Safety program. Extensive use will be made of personal dosimetry
monitoring devices and of radiation monitoring equipment and analytical
devices.

Use will be made of labour-saving equipment such as automated or
semi-automated cutting and cleaning equipment, so as to minimize personnel
exposure. Tools and handling equipment will be regularly decontaminated.

Extensive efforts will be made to minimize the risk and
consequences of possible spread of contamination. All applicable transport
and waste packaging regulations which are already in place will be strictly
adhered to.

3. Safety Guidelines During Static State
Human intervention is kept to a minimum during this mode, by
design. Surveillance activities will be carried out unde7 close control and
the appropriate protective equipment will be employed. Throughout this
period, radiological risk to workers and the public is reduced as a result
of the natural radioactive decay of the radioisotopes. Long-lived sources
are concentrated in activated components in the reactor itself (Section
8.5.6) and these, by their very nature and location, are secure.

During dismantlement of the containment structure and its
internals after the static state period, radiological risk to workers will
be minimal. Those components or material which had been considered
contaminated at plant shutdown would have decayed to essentially background
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levels. Gamma emitters (the most significant radiation form) would have
decayed to only slightly above background levels and the remaining risk
would come from Beta emitters (reasonably easily shielded with thin sections
of metal). The activated components will have decayed somewhat as well.
Therefore, less sophisticated remote tooling for reactor dismantling would
be required than would have been the case for earlier dismantling.

Industrial safety would be a major concern in dealing with
building internals as aged as these could be at the time. These risks would
be the same as those associated with a conventional industrial plant.

B.5.6

Radioactivity Inventory
Nuclear power plant components become radioactive by two

processes:

1. Activation
A material becomes radioactive by absorption of neutrons; in other
words, the material has to be exposed to a neutron flux. Therefore, only
those materials in the reactor vault, such as reactor components, concrete,
and end shields, are activated. Activated material has become radioactive
and only time changes the intensity.

It will be necessary'to prepare an

inventory of those components susceptible to induced radioactivity, listing
each item, the material of which it is constituted, the specific activity,
the contact dose rate, and other information which will be useful in the
storage, handling, transport and disposal of these items, at the end of the
static state period.
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Much work has already been done to estimate the activation
inventory of operational plants. The precise inventory for a given plant is
highly dependent on the operational history of that plant, so final exact
figures cannot be developed until the operation has ceased. Nevertheless, a
reasonable estimate can be made well in advance.

2.

Contamination

Corrosion products produced inside process systems can be
transported through the reactor and become activated by the high neutron
flux there. These corrosion products (typically Cobalt 60) become
radioactive and are deposited in, and from time to time, on components and
material in nuclear generating stations.

This contaminating radioactivity is not restricted to the vault
area, but .is distributed throughout the reactor process equipment and piping
both inside and outside the reactor building. Since it is the corrosion
product material which is radioactive, and not the host material that it is
deposited on, it is possible (although not necessarily practical nor
economical) to remove it using the decontamination methods described
previously.

Radiological surveys are generally conducted after plant shutdown
and reasonably accurate estimates can then be made of the quantity and types
of radioisotopes present. This inventory is also highly dependent on the
plant operating history.
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Depending on the length of the static state period, it is possible
that radioactivity due to contamination will have been reduced to background
(innocuous) levels at the time of dismantlement.

B.5.7 Methodology of Dismantling Systems in Preparation of the
Static State
1. Systems Outside the Reactor Building
Some of these systems may contain low-level radioactive material.
Approximately 25 low-level radioactive systems and many more subsystems must
be addressed. These include systems such as cooling systems, resin handling
systems, upgrading systems, ion-exchange systems, fuel transfer systems,
recovery and drainage systems, ventilation systems, and liquid radioactive
waste systems.

Those systems which are contaminated above acceptable levels
create an impediment to a static state of a prolonged duration and must
either be decontaminated or dismantled (in whole or in part) to reach the
specified levels. On the other hand, it may not be necessary to do anything
more than provide simple physical barriers to access. Depending on the
expected longevity of the contamination, the amount of time these barriers
must stay intact may be relatively short.

Non-contaminated systems, such as the instrument air systems,
instrumentation and control systems, steam lines and electrical distribution
systems, need not be dismantled. Simple isolation or disconnecting is
regarded as being sufficient.
these systems may be reusable.

If they are dismanted at this time, parts of
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2. Reactor Building Systems

:

No significant dismantling of these systems would be undertaken at
this time. Some activities such as draining of oil and blanking off of
piping exiting the Reactor Building (on the Service Building side) are
required. The Reactor Building is put into a static state, for the most
part by permanently isolating it from the outside. The Personnel Airlock is
permanently sealed and the Equipment Airlock is maintained operational
(manual crank system).

Door seals are not maintained but a suitable means

of low pressure sealing (tape or equivalent) is applied. All ventilation is
isolated, minimal lighting capability is maintained, the building is not
heated, and all combustible material is removed.

B.5.8

Final Dismantling
It has been pointed out that the static state condition of the

shutdown unit could be some 30 years at the least, and that this state could
beneficially be extended to up to 120 years. At the end of the static state
period, it is possibe that the unit would either be dismantled or
alternative users would be found for the remaining structures.

In the case

of dismantlement the following steps would be taken:

1. Systems Outside the Reactor Building
These systems may have been previously removed (Section B.5.7).
If not, they can be removed at this time.
2.

Dismantlement of Standard Buildings

Buildings constructed from standard building materials can be
dismantled using normal building dismantlement methods. The working
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environment will be non-radioactive after the associated equipment has been
removed.

3. Systems Inside the Reactor Building
The dismantlement of the contents of the reactor building may be
separated into two prime activities:

A.

Dismantlement of the contents of the reactor building
excluding the contents of the reactor vault

The equipment in this building is not exposed to a neutron flux,
and the concern is only with radioactively contaminated material. For
example, after a static state period of 30 years, the original radioactivity
is reduced by a factor of over 3,000, a factor of 50 being credited to
decontamination and an additional factor of over 60 to the decay of the
radioactivity remaining after decontamination (Ontario Hydro, 1981).
Alternately, with a static state period of 120 years, the radioactivity
contamination would be reduced to background levels by decay alone.

The occupational dose associated with exposure to this residual
radiation during the shorter static state period is very low compared to
that received during an equivalent amount of maintenance work in an
operating station. One can work in these areas with only respiratory
protection, and standard cutting methods may be used.

After a 30-year static state period, all equipment and process
materials which have been in contact with heavy water would be considered
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radioactive and would likely require disposition in a repository, depending
on the degree of earlier decontamination.

After the prolonged static state

(80-120 years), this radioactivity would be at or near background levels,
and would not require disposal in a repository.

B. Dismantling of the Reactor Vault
After the reactor building equipment has been removed, the reactor
and the end shields in the reactor vault would be dismantled.

Because these

components have been exposed to a high neutron flux throughout the operating_
life of the station, the radioactivity is significantly higher than anywhere
else in the station. This is true at the time of the shutdown, as well as
at the time of dismantlement.

There will be substantial decay of

shorter-lived radionuclides during a 120-year static state period, but dose
rates will not diminish significantly after such a time as they are
dominated by long-lived radionuclides.

Consequently, care and planning must

be used in order to safely dismantle this equipment.

The dismantlement of the reactor and the end shields would have to
be done remotely and would require specialized equipment.

The longer the

static state period, the less sophisticated remote equipment would be
required.

Detailed methods and procedures will be established for these

activities.

4.

Dismantlement of Reactor Building

After removal of the equipment and other material from the reactor
vault and the reactor building, the demolition of these structures would
commence.

B-25
The reactor vault would be removed first. The inside walls and
floors in the reactor building would then be removed. All material in the
reactor vault, including the reinforced concrete of the reactor vault, is
considered radioactive and would be disposed of at a repository. The
reinforced concrete of the reactor building is not considered to be
radioactive.

5. Removal of Below-Grade Materials
Non-radioactive material more than 0.3 m below the surface would
not be removed.

B.6 Establish Removal, Packaging and Transportation Requirement
The volume of material which would be generated by the
dismantlement of systems outside the Reactor Building will be reduced via
the use of volume reduction equipment or through high packaging density
(nesting). The material will be low-level waste.

The packaging and transportation of low-level waste is relatively
simple. Dry active waste is generally packed in plastic bags, primarily to
prevent the spread of loose contamination, and transported in sturdy wooden
boxes.

Decontamination chemicals, because they have been concentrated and
then stabilized or solidified, are somewhat higher in activity and are
generally placed into high integrity containers (HIC) which are shipped in
shielded casks commonly used for this service.
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B.7

Documentation
Documents that would conceivably be needed for decommissioning are

as follows:

1.

A complete set of design drawings of the containment building and
the systems and equipment inside.

2.

The design and operating manuals of the buildings, systems and
equipment mentioned above.

3.

Quality assurance documents.

4.

All decommissioning information including manuals and records of
material disposition.

5.

Unusual occurrences with fuel of the reactor that would have
resulted in abnormal contamination.

6.

Post shutdown radiation field surveys.

7.

Special decommissioning, decontamination, packaging, handling,
dismantling, and transportation instruction.

B.7.1

Decommissioning Manuals
Two types of procedures are prepared for commissioning a nuclear

generating station, and it is assumed that this would also be the case for
decommissioning.

These are the general procedures to obtain regulatory

approval and detailed procedures or instructions to carry out the job in the
station. They would need to be prepared some time before the shutdown date
and will include the following:
1. Station operation prior to permanent shutdown
It is assumed that the reactor would operate at full power to

B-27
the last day of operation.

In order to obtain optimum burn-up of the last

fuel in the core, a procedure detailing such techniques as fuel shuffling
and operating with some adjusters out of the core towards the end of reactor
life should be prepared.

It would be advantageous to develop a maintenance strategy and a
policy of replacement of equipment during the last year of operation. In
addition, an assessment should be made as to the disposition of equipment
which has useful life following plant shutdown.
2. Shutdown procedures
Detailed procedures are to be prepared to cover the following:
a) The order in which systems should be drained,
and methods for disposal of the liquid.
b) The order in which to decontaminate systems
and how decontamination would take place, by
whom, the type of equipment and material to be
used as well as how to dispose of the
contaminated liquids resulting from this
operation.
c) Defuelling procedures, including provision for
available storage and cooling of the
irradiated fuel.
d) Removal and disposal of all flammable and
toxic materials.
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3. Dismantling procedures
Step-by-step procedures for dismantling the selected systems or
portions of systems must be prepared. These procedures should include
material handling and shipping details. Generally speaking, procedures
would be prepared on an area basis.
4.

Safety Manual

A saf.ety manual must be prepared. This manual should deal with
the radioactivity inventories at different times, radiation protection
procedures and instruction for decommissioning personnel.
5. Field Surveys
A procedure must be prepared for periodic radiation field surveys.

B.8 Occupational Exposure
The first steps in decommissioning will probably be spread out
over approximately six years following shutdown with major activities
concentrated in the first four years of the decommissioning process.

Initially the station will be placed into the static mode. During
this period, the main activities will include fuel removal, heavy water
removal and decontamination.

After the station is placed into the static mode, the only
activities will be very limited surveillance and maintenance, with the
exception of the removal of used fuel from the storage bays through year
six.
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No estimates have been made to date of the occupational exposure
but it is anticipated to be well below that which would have otherwise been
the case for the same period-under normal plant operating conditions.

The static mode would be followed by the dismantlement of the
remaining equipment and buildings. The estimated collective dose exposure
for these stages and activities will be summarized.

B.9

Environmental Impact
The decommissioning process as outlined above wil'l have only

minimal effect on the local environment. The only effect that would not
normally be encountered with any large construction project would be that
due to disposal of a limited amount of radioactive inventory.

All shipments of radioactive material will be 'in approved shipping
containers and made in such a way as to meet all relevant requirements.
These shipments will not create any undue hazard to the public or result in
exposure of the public to levels of radiation above those permitted by the
AECB.

None of the decommissioning activities should result in the
release of any significant amount of active gases or dust to the atmosphere
or otherwise externally from the containment.

At this time, no estimate has been made of the volumes of material
which would have to be removed to put the plant into a static state. For
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reference purposes, the following figures are given, based on the as-built
configuration of Lepreau 1 and indicating radioactivity levels at the time
of shutdown after commercial service.
highly active material (activated) associated
with the reactor (calandria, fuel channels,
calandria tubes, thimbles, reactivity
3
mechanism deck and vault liner) - 2,150 m .
high level (greater than 10 mr/hr @ contact)
contaminated material - 3,500 m .
low level (less than 10 mr/hr @ contact)
contaminated material - 1,800 m .

These volumes do not include the accumulated irradiated fuel,
which will be disposed of in a permanent disposal facility, nor the volume
of Low Level Wastes which may be accommodated in the radwaste storage area.
These wastes are a result of operations and produced independently of any
decommissioning-related activities.

B.10

Financial Considerations
Maritime Nuclear has not yet made a decision regarding the precise

decommissioning option to be implemented for the Lepreau 2 unit, as this is
considered premature at this time. Thus, it is not possible to determine
the exact magnitude of the- costs involved. However, it is possible to
estimate costs based on assumptions made for Lepreau 1.
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In relation to Lepreau 1, NB Power has stated its belief that "the
site of the Point Lepreau Generating Station should ultimately be restored
to a condition of unrestricted site use or a condition suited for the
construction of another generating station" (NBEP, 1981). Accordingly, NB
Power undertook a financial study to estimate the revenue requirement
consistent with the condition of unrestricted site use (equivalent to Stage
3 decommissioning), assuming a 40-year operating life and final
dismantlement of the facilities following a static mode of 30 years. This
study was based on studies conducted by Ontario Hydro for the Pickering "A"
and Bruce "A" Generating Stations, and adjusted to Lepreau 1 condition's.
The equal annual revenue requirements which, with accrued interest at
forecast long-term rates, would meet decommissioning expenses as they are
incurred, was $1.83 million (1980). These requirements then became a
component of the contracted price to export customers.

Maritime Nuclear would collect such a charge and would assume
responsibility for decommissioning of the unit. In this way, the burden of
the cost is actually borne equally by the customers who have equally enjoyed
the benefits of the unit during its operating life.

The above costs include those for surveillance and security
systems which must be maintained during the static state period. The
property area to be guarded will be the same as that guarded during the
operating life of the station, and there would be no further restrictions on
the use of adjacent land and sea areas.
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APPENDIX C

TRANSPORTATION OF USED FUEL

At present the vast majority of used fuel resulting from the
operation of nuclear fuel generating stations is safely stored underwater in
main and auxiliary storage bays at each station. The steady accumulation of
this used fuel indicates that at some point in the future it will be
transported on a regular basis from each station to a separate facility for
either reprocessing or permanent disposal.

Used fuel has been transported in Canada in relatively small
amounts since the 1940's. This transport has involved shipments to and from
experimental or demonstration reactors, and since 1963 from Ontario Hydro
plants to experimental facilities. The amount shipped is in the range of 12
to 20 bundles per year. Most shipments have been between the Nuclear Power
Demonstration Plant at Rolphton, Ontario, which has limited storage
capacity, and the nearby Chalk River Nuclear Laboratories. Occasionally,
Ontario Hydro ships used fuel to research centres such as Whiteshell Nuclear
Research Establishment in Manitoba. There have also been some shipments to
Europe.

The International Atomic Energy Agency (IAEA), an agency of the
United Nations, has developed guidelines for the safe transport of
radioactive materials. The Atomic Energy Control Board (AEC8) in Canada has
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jurisdiction over the packaging of such materials for transport, and it has
formulated regulations based on the IAEA recommendations. The IAEA
guidelines are reviewed regularly by international experts to ensure that
they reflect current experience. Also, Transport Canada has promulgated
regulations under the "Transport of Dangerous Goods Act" (1980), which
govern the actual transport of radioactive products. An interdepartmental
memorandum of agreement assures close cooperation and consistency of the
application of regulations between the two organizations.

Because of high radiation levels, used nuclear fuel requires a
very durable and heavy container called a Type B package, also known as a
"cask" or "flask". The design and use of flasks in Canada is governed by
conditions set by the AECB. The flasks now used in Canada are made of
either laminated steel or a combination of lead and steel and weigh about
15,000 kg. The flask walls are more than 25 cm thick. The used fuel in a
flask represents between one and ten per cent of the total mass transported.
The rest of the mass provides structural integrity and shielding which
provides protection against radiation during transportation of the used fuel
bundles. Flasks must be capable of surviving a series of torture tests that
simulate severe accidents. These tests are rigorous. They include, in
sequence: a drop of 1 m onto a hard, unyielding, flat surface, a drop of 1 m
onto the end of a steel pin 15 cm in diameter and 20 cm long, and exposure
to an 800°C petroleum fire for 30 minutes. The flasks then must also be
capable of withstanding immersion in 15 m of water for at least eight hours.

C-3
During transport, the flasks are securely fastened onto a flatbed
truck. They are clearly marked "radioactive". Drivers carry a yellow
instruction card identifying the cargo and its potential hazards and
providing instructions for accident situations. The card also contains an
emergency telephone number that enables response teams to be notified.

There are limits on radiation levels from radioactive material
packages and from vehicles carrying such packages. The limits are such that
the driver must be able to transport the package 40 hours a week, 50 weeks a
year, without exceeding regulated radiation dose levels (25 uSv/hr).

In comparison with the driver, any member of the public will be
near the vehicle for only a fraction of this time. Accordingly, if a
transport truck loaded with used fuel were to pass through a built-up area
at normal traffic speeds, the resulting dose to individual members of the
public would be so small that it would be difficult to measure.

There is no known way to completely eliminate accidents but
experience with nuclear fuel transportation shows there are ways to limit
the Consequences. Experience in Ontario and around the world has been
excellent. The safety record is significantly better than the tranportation
of .noxious commercial products and petrochemicals. In the relatively small
number of vehicle accidents involving nuclear materials, the greatest risk
by far has been physical damage to the vehicles or drivers rather than the
fact that the load was radioactive material.
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To date, as shipments of used fuel have been relatively limited,
the cask in use has been designed to carry only two bundles of CANDU fuel.
Studies are under way to develop special flasks for handling larger
quantities of used fuel for transportation in Canada. As part of a
cooperative "Nuclear Fuel Waste Management Program" with AECL, Ontario Hydro
is responsible for the design and implementation of an expanded used fuel
transportation system. For transport by road, present plans call for the
design of a cask that will hold two modules loaded with a total of 192 used
fuel bundles.

These large casks are also designed to meet the exacting
requirements of the AECB. The cask will have massive walls with a thickness
equivalent to 25 cm of steel.

It w-ill weigh approximately 35,000 kg. For

transport by rail, a larger cask of about 75,000 kg is being considered.
This cask would be designed to the same degree of strength and shielding
capability as the cask for road transportation.

Two conceptual cask designs, rectangular and cylindrical, have
been selected for detailed evaluation. Preliminary cost comparisons favour
truck transportation over rail and intermodal methods. There are also
indications that an integrated used fuel management system, utilizing
concrete casks for a combination of dry storage, transportation and
disposal, would be a promising and economical approach.

A major series of tests conducted at the Sandia Laboratories in
the United States provide evidence that casks designed to meet the AECB
requirements will survive real accidents. A flask mounted on a tractortrailer was propelled into a concrete wall, and a collision was set up
between a truck-mounted flask and a locomotive. Both crashes occurred at
130 km/hr. A flask was also dropped 610 m onto the New Mexico hardpan
desert floor from a helicopter. There was no leakage from or significant
damage to the flasks during all these tests. More recent tests in Germany
on new flasks included firing a heavy block of steel at the weakest point of
the flask to simulate the worst effects of a military jet crash. No serious
damage resulted.
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APPENDIX D '

LONG-TERM DISPOSAL OF USED NUCLEAR FUEL

Used fuel from CANDU nuclear power generating stations in Canada
can be safely stored in existing water-filled fuel bays until the
mid-1990 1 s, when further expansion of some of Ontario Hydro's storage bays
will be necessary. Research and over thirty years of experience have
demonstrated this to be a safe and acceptable means of storage. Further
expansion of storage bays as required can extend this storage period for
many decades. While such storage could, in principle, be safely continued
for a very long time, it has been considered prudent to develop a permanent
disposal system which would not require ongoing maintenance and attention.
A decision on reprocessing of used fuel and recycling of its fissile content
is not required for many years in Canada.

Disposal technology is therefore

being developed to accommodate either used fuel or the wastes that would
result from reprocessing.

In principle, the disposal system could also

accept decommissioning waste.

In recognition of this need, Canada has put in place a national
plan and associated research and development program for safe disposal of
the used fuel and other high level radioactive wastes. This program is
known as the Canadian Nuclear Fuel waste Management Program.

It was created

in 1978 in response to an analysis of the issue of long-range management of
radioactive products, conducted for the Department of Energy, Mines &
Resources (EMR) in 1977 (Aikin et al., 1977).
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Key conclusions from the EMR study were:

There are good prospects for the safe, permanent disposal of
reactor wastes and irradiated fuel, and there is no reason why the
disposal problem need delay the country's nuclear power program,
provided that the government proceeds immediately to the
recommended program of research and development;

The objective of the waste management program must be the
protection of the health and safety of the Canadian public.
Economic expediency must not stand in the way of this objective;

Radioactive wastes and irradiated fuel are now accumulating at
generating stations. The mass and volume of these materials are
not large and they present no immediate hazard. Their total
radioactivity is, however, great and they cannot be allowed to
accumulate indefinitely in interim storage;

Of the various options for disposal of reactor wastes and
irradiated fuel, underground disposal in geological formations is
considered to be the most promising within Canada;

The repository chosen - initially one will suffice - should be
regarded as a central, national facility, and should be located in
Ontario.

It should be federally-owned and operated and be

available to all provincial utilities.
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Subsequently, the governments of Canada and Ontario agreed in 1978
to implement the Canadian Nuclear Fuel Waste Management Program, with the
objective of ensuring that there will be no significant effects on man and
the environment from nuclear wastes at any time. Ontario Hydro has
responsibility for developing technologies for the interim storage and
transportation of irradiated fuel. Atomic Energy of Canada Limited (AECL)
is responsible for the coordination and management of the research and
development of technologies for the immobilization and disposal of fuel
wastes.

The EMR study proposed that an independent review committee be
established to conduct regular review of the program. To this end, AECL
approached the various professional societies and associations in Canada, to
assist in the formulation of terms of reference for such a Committee, and to
establish its membership. This Committee, known as the Technical Advisory
Committee, was formed in 1978. Its members are nominated exclusively from
the professional societies, and it reports in the public realm. The
Committee is comprised of highly specialized and internationally renowned
professionals, and it acts as an independent, peer-review committee
operating at arms-length from the program itself. As such, it has had a
beneficial effect in steering the program as a whole. The Committee has
been able to maintain high regard among the various agencies of government
with which it deals. In fact, the review mechanism is considered to be a
model of its kind. As an indication of the stature and esteem which the
Committee has developed, it has been formally requested by the Government of
Sweden to review its nuclear waste management program.
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The overall program is based on the concept of disposal of
immobilized waste deep in plutonic rock in the Canadian shield, as was
suggested in the EMR study. The present phase is a generic phase, funded at
an adequate level for a 10-year period.

This will be followed by a site

specific phase during which it is intended that an actual repository will be
developed.

It is anticipated that a repository will be available early in

the next century in expectation of demand for such a facility to accept used
fuel from the earliest Ontario Hydro nuclear plants.

Initial storage bays

at Lepreau 2 will suffice until the year 2000 and expansion of storage bays
will accommodate .used fuel production until a disposal facility is
available.

The generic phase of the program is many-sided, and will not be
described in detail here. There are many reference documents which address
various aspects of the program. The overall program is described by Boulton
(1978), and AECL has recently described its role in the program in a revised
edition of its "Guide to the Canadian Nuclear Fuel Waste Management Program"
(Rosinger et_ a]_., 1983)..

Also, the whiteshell Nuclear Research

Establishment (WNRE) of AECL, which directs the program, has published four
annual reports describing its development (Boulton and Gibson, 1979;
Boulton, 1980; Dixon and Rosinger, 1981; Rosinger and Oixon, 1982.).

The

Technical Advisory Committee has also issued four annual reports (Shemilt,
1980; 1981; 1982; 1983). More detailed reports on all technical components
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of the program are available, and are referenced in the above-mentioned
documents. Participants in the program, who range from government
departments and crown corporations to universities and private industry, are
listed in the "Who's Who of the Nuclear Fuel Waste Management Program".
Finally, overviews are often presented at international conferences and in
the open literature - a prime, current example is that by Shemilt and Sheng
(1983), which casts the Canadian approach against a background of
international efforts.

It is of interest to summarize briefly the key features of the
immobilization and disposal studies. The following are excerpts from the
AECL Guide (Rosinger et _al_., 1983).

1.

Immobilization Studies
For the direct disposal of irradiated fuel in a deep geologic
vault, studies are concentrating on cylindrical containers
employing a high integrity, corrosion-resistant metallic shell to
isolate the fuel during its high-toxicity phase (about 500 years).
Additional studies are considering container materials such as
ceramics that may offer substantially longer isolation.
Engineering development includes design, fabrication, testing, and
assessment of these containers. The discovery of highly saline
groundwaters within some of the plutonic rocks of the Canadian

D-6
Shield suggests that candidate materials for container
construction should have high resistance to corrosion.

Several container concepts are under study. The simplest, called
the "stressed-shell" design, has a shell of sufficient thickness
to withstand the hydrostatic pressure in a flooded vault. Another
container concept, called the "supported-shell" design, includes
some form of internal support, permitting the use of
thinner-walled containers. When all container prototypes have
been tested, the performance of the various design concepts will
be compared.

Eventually, one will be selected as the reference

design for more detailed study.

The dissolution and leaching of irradiated fuel are being
investigated in detail. Dissolution rates in typical groundwaters
have been studied over a wide range of water-chemistry conditions.
Experiments under conditions that are probable for a disposal
vault have begun..

Disposal vault sealing research is concerned with the buffer
material to be placed around each waste container (the backfill
material to fill the rest of the excavated space) and the plugs
and grouts which seal the man-made openings to the surface. The
objective of this work is to provide materials and technology for
each of these barriers and to assess the effectiveness of each.
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Areas of research include the investigation of additives to
potential buffer materials to retard the movement of specific
radionuclides, and the investigation of biological effects in
buffer materials. Mass transport in the buffer and backfill is
being modelled. A preliminary evaluation of backfill materials
has also begun. Studies of water-uptake and permeability
characteristics of potential backfill materials, as a function of
temperature and composition, are in progress. The applicability
of cements and clays for grouting is being investigated. Plugging
materials for boreholes and shafts are expected to be similar to
those used for the buffer.

2.

Geoscience Research
Geoscience research entails the development of methods for
characterizing and quantifying those features of the geosphere
that are important in the design and construction of a disposal
vault and in the long-term isolation of the waste from man and the
environment.

As a result of a recommendation by the Geological Survey of Canada
(GSC) in the early 1970's, Canada is directing the main thrust of
its geoscience research toward plutonic igneous rocks within the
Canadian Shield. Some effort is also being devoted to an
examination of alternative geologic formations. As part of the

I
I
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assessment of salt formations in Canada, the GSC has carried out a
literature study of areas in Saskatchewan, the Maritimes, and
Ontario. The suitability of shale as a potential host rock is
also being examined.

In addition, Canada is participating in

cooperative studies of disposal in the seabed.

Field research is underway on rock bodies at five research areas:
(1) gneissic rock at the Cholle River Nuclear Laboratory (CRNL)in
Ontario; (2) gabbroic rock at East Bull Lake near Massey, Ontario;
(3) granite at Forsberg Lake near Atikokan, Ontario; .(4) gabbro at
Overflow Bay near Kenora, Ontario; and (5) granite at WNRE and
near Lac du Bonnet, Manitoba. Field studies are being performed
to quantify the major features.of the geologic formations, to
develop and evaluate equipment and methods for characterizing the
formations, and to obtain an understanding of their hydrogeology
and geochemistry.

Important aspects of the field research are the

correlation of results from various test methods and the
identification of subsurface characteristics from measurements at
the surface and in boreholes.

Laboratory studies include investigation of the extent to which
waste/rock interactions can retard radionuclide migration.
Results to date suggest that it may be possible to predict
radionuclide sorption if the chemical and mineral compositions of
the rock are known.
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An Underground Research Laboratory is to be constructed in the Lac
du Bonnet area near WNRE.

It will be the first research facility

constructed below the water table in previously undisturbed
plutonic rock. After extensive site characterization, laboratory
rooms will be constructed at a depth of 240 m. They will be used
for experiments intended to validate predictive models for the
performance of a full-scale disposal facility, but no radioactive
waste will be used or stored there. A detailed design of the
Underground Research Laboratory has been completed with
construction scheduled to begin this year.

3.

Environmental and Safety Assessment
Environmental and safety assessment involves the estimation of the
effects of storage, transportation, immobilization, and disposal
of nuclear fuel waste on man and the environment. The assessment
will form the basis on which endorsement of the disposal concept
will be sought from the regulatory authorities, the technical
community, and the public.

The assessment is divided into two parts, pre- and post-closure.
Pre-closure assessment considers the time until the vault has been
backfilled and sealed, and the surface facilities removed.
encompasses radiological (pathways) analysis,
biophysical/resources analysis, socioeconomic analysis, and
occupational safety analysis. The post-closure assessment

It
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considers the potential long-term effects of the disposal facility
on future generations. In the post-closure assessment, the
migration of radionuclides from a disposal vault through the
geosphere and biosphere, and the effects on man and the
environment, are analysed.

Environmental and safety assessment draws together information
from all parts of the program and is based on a systems approach.
Laboratory and field research provide data and empirical models,
while detailed computer programs help interpret the measured data.
The systems assessment is performed with a computer program which
links a set of submodels, representing the various components of
the system, i.e., the vault, the geosphere, and the biosphere.
The submodels are executed in sequence leading to an estimate of
the consequence for a given scenario. The consequence is
presently defined as the maximum annual radiation dose to an
individual in the most exposed group during the first million
years after disposal.

The assessment philosophy is to perform the analyses with the
information currently available and to prepare updated assessments
as the research and development progress. During the generic
research phase, each updated assessment document will be
distributed to the regulatory and review agencies and to
scientists and other interested parties for review and comment.
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During the later stages of the generic research program, a formal
assessment document will be presented at public hearings and
finally will form the basis for evaluation of the concept.

A program has been developed to provide information on the
disposal concept so that an evaluation and an approval process may proceed.
The program is essentially in two phases, and it has been decided by
government that no disposal site selection will be undertaken until after
the concept has been accepted.

It is anticipated that this decision will be

made about 1990, following completion of the research phase.

The governments of Canada and Ontario issued a joint statement on
4 August 1981 regarding the details of the disposal concept assessment
process (Anonymous, 1981). That statement reads, in part, as follows:

"Preamble: Spent fuel wastes from nuclear power reactors in Canada
are presently maintained under water in storage bays at the reactor
sites. They can be stored in this fashion cheaply, safely, and
reliably for periods of at least 50 years. Ultimately the wastes from
spent fuel will have to be disposed of permanently and safely.
Under the Canada/Ontario Agreement of June 1978 for the management of
radioactive spent fuel wastes, Ontario Hydro is performing research on
storage and transportation, and Atomic Energy of Canada Limited (AECL)
is performing research on the immobilization and permanent dispojal of
spent fuel wastes deep in stable rock formations.
This present document defines the process by which AECL 1 s concept of
geological disposal will be evaluated by government. It is expected
that this process will be completed by 1990.
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The Atomic Energy Control Board (AECB) will be the lead agency in this
concept assessment process and will carry out its role through the
powers assigned to it under the Atomic Energy Control Act. It will be
assisted in the development of requirements and other regulatory
functions by the Ontario Ministry of Environment and the Federal
Department of Environment. Together these agencies form the
Interagency Review Committee (IRC). Interested provincial governments
will be kept informed and consulted as this process proceeds.
Once the disposal concept is accepted, proposals for the various
stages of licensing, required under the Atomic Energy Control Act and
Regulations, can be submitted to the AECB. It is expected that a
full-scale commercial repository for disposal of the spent fuel wastes
would be preceded by a demonstration repository which would operate
for some years before the commerical repository is built. The
province in which a repository is located would ensure that it met
conventional provincial criteria for health, safety, and environmental
impact.
Issuance of this document constitutes step No. 1 in this process.
Subsequent documents will be developed and released according to the
steps outlined below.
1. Public Announcement: Announcement by the Governments of Canada
and Ontario of the overall process to be implemented in the
concept assessment phase of the waste management program.
2.

Issuance of Initial Statement on the Regulatory Review and
Assessment of the Disposal Concept: Issuance by the AECB of a
statement on the- regujatory review and assessment of the disposal
concept for public review and comment. This statement will
include requirements on the content of the AECL submissions and
performance requirements on the impact of a sealed repository on
the biosphere over long time periods.
Concurrent issuance by the three IRC agencies of an explanation of
the joint consultative nature of the regulatory review.

3. Submission of Interim Concept Assessment Document: Submission by
AECL to the members of the IRC, interested groups, public
libraries and Government offices across Canada of the Interim
Concept Assessment Document, which will include a safety and
environmental assessment, for review and comment.
4.

Issuance of Final Statement on the Regulatory Review and
Assessment of the Disposal Concept: Issuance by the AECB of the
final statement on the regulatory review and assessment of the
disposal concept. This document will provide a basis for
decisions on the acceptability of the proposed concept.
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5.

Issuance of Updated Concept Assessment Documents: Updated
Concept Assessment Documents issued by AECL from time to time
including new data from the research.

6.

Formal Submission for Acceptance of. the Concept Assessment
Document: A Formal Submission of the Concept Assessment Docurnent
for the acceptance of the AECB will be made by AECL. This is not
expected to occur until several years after the start of the
process. This document will also be submitted to the members of
IRC, interested groups, public libraries and Government offices
across Canada.

7. Review of Concept Assessment Document: Annoncement by AECB of
the receipt of the submission and of the specific arrangements and
schedule for regulatory review including public consultation
through a public hearing process under the auspices of the Federal
Government. A report from the IRC on the concept assessment
document will be made available to the public before the hearing.
8. Report from Public Hearing: Recommendations arising from the
Public Hearing Process submitted to AECB by the responsible body
and made available to the public.
9.

Statement on Acceptability or Non-Acceptability of the Waste
Disposal Concept: Issuance of a statement by the AECB on the
acceptability, conditional acceptability, or non-acceptability of
the concept.

10. Concept Acceptance: In the case of acceptability, the
Governments of Canada and Ontario may accept the concept
assessment document. Acceptance would be a prerequisite to
selection of any site for a waste disposal facility.
In the case of conditional acceptability, further research work by
AECL and resubmission of a final Concept Assessment Document will be
required.
In the case of non-acceptability, the Governments of Canada and
Ontario must consider alternative proposals."
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Further to the above process, AEC8 issued for comment on 10 March
1982 an "Initial Regulatory Statement Regarding Concept Assessment Stage"
(Atomic Energy Control Board, 1982).

This statement is a proposed position

paper describing the philosophical perspective from which the AEC8, in
cooperation with other regulatory agencies, will review the Concept
Assessment Document to be prepared by AECL. Also included are more detailed
statements regarding the required scope of the assessment, matters which
should be addressed in the Document, and the extent to which reviews,
analyses and predictions should be taken at this stage.
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APPENDIX E

EMERGENCY PLANNING

The design, construction and operating procedures of CANDU nuclear
generating stations ensure that an accident causing a significant risk to
people living near the stations is extremely unlikely. However, despite the
excellent safety record of nuclear stations (there have been no known deaths
or injuries to the .staff or public from radiation-related accidents in the
operation of commercial power stations), it is common practice to prepare
emergency plans for such facilities.

E.1

Authority
In the Province of New Brunswick, emergency planning for the Point

Lepreau Generating Station falls under two jurisdictions, the Atomic Energy
Control Board (AECB) and The New Brunswick Emergency Measures Organization
(NBEMO), with two distinct but interrelated spheres of responsibility. AECB
establishes criteria for on-site emergency plans, while NBEMO formulates the
off-site emergency plan in conjunction with government agencies which have
designated emergency assignments.

Regulations to the Atomic Energy Control Act require NB Power,
as plant licensee for Lepreau I, to:
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describe the measures to be taken, including
any plan in case of accident, to prevent the
receipt by any person of a dose of ionizing
radiation in excess of any dose specified in
respect of such person in Schedule II or to
prevent or minimize other hazards involved in
the operation of the nuclear facility.
(C.R.C., C365, Part III, Section 9, (1) (b).)

The licensee must, furthermore, provide
information:

respecting any arrangements that have been
made to compensate any person for injury or
damage resulting from the operation of the
nuclear facility (C.R.C., C365, Part III,
Section 9, (1) (b).)

A separate act, the Nuclear Liability Act (RSC. c. 29, s. 1 ) ,
which was promulgated in October 1976 and is also administered by the AECB,
requires NB Power to maintain $75,000,000 nuclear liability coverage.

With the exception of a draft regulatory guide for off-site
contingency planning issued in 1981 (Hodgkinson, 1981), there are no
mandatory federal standards for off-site contingency planning for commercial
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nuclear generating stations. The New Brunswick Emergency Measures
Organization, by virtue of The Emergency Measures Act (R.S.N.B., E-71),
and agreement with the Atomic Energy Control Board (Dr. A.T. Prince, AECB,
personal communication to Mr. R.L. Bishop, Municipal Affairs, 7 December
1976), is thus responsible for off-site emergency planning at the Point
Lepreau Generating Station. Such a plan was a pre-requisite to plant
start-up. Provincial authorities consulted with the AECB on general
planning concepts, the interface of on-site and off-site contingency plans,
and periodic exercises of these plans.

E.2

History
NBEMO initiated off-site planning in late 1976, drawing from both

North American (AECB, U.S. Nuclear Regulatory Commission) and international
(International Atomic Energy Agency) planning criteria. By late 1979, an
initial planning document was drafted by NBEMO from a modified Provincial
Emergency Action Plan (NBEMO, 1980).

This document and the responsibilities

of the respective Emergency Control Group agencies which it detailed were
reviewed with Point Lepreau area opinion leaders in October of 1979.
Subsequently, an extensive community participation program was launched in
the summer of 1980 which consisted of public meetings, an exhaustive
•

demographic survey within a 20 km radius of the Point Lepreau Generating
Station, and public participation in various exercises of the plan. This
program is repeated annually as current community data and periodic public
input have greatly aided the evolution of the plan.
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The Point Lepreau Generating Station: On-site Contingency Plan
(General) (NBEPC, 1980) was prepared by an independent consulting firm and
implemented on 28 December 1980. Following two exercises and re-assignment
of Control Group tasks, the Off-site Emergency Plan, Volume One (NBEMO,
1982a) was approved by the New Brunswick Lieutenant-Governor-In-Council on 6
May 1982, prior to the first criticality of the Point Lepreau reactor. A
door-to-door public information campaign was also conducted at this time, in
conjunction with the New Brunswick Department of Health's distribution of
potassium iodide pills to area residents. Additionally, the potassium
iodide program encompassed commercial establishments within the survey
radius and stockpiles on the Fundy Islands of Grand Manan, Deer Island, and
Campobello.

E.3 Levels of Planning
Through the Ministerial Authority vested in The Emergency
Measures Act (R.S.N.B., E-71), NBEMO has both planning and emergency
control functions with respect to the agencies signatory to the Off-site
Emergency Plan. These agencies include: NBEMO, which has separate staff
functions in addition to overall control, New Brunswick Departments of:
Agriculture, Environment, Fisheries, Health, Justice, Labour (Fire
Marshall), Natural Resources, Transportation, the New Brunswick Electric
Power Commission and a hybrid Information Service. Emergency Planning
Canada provides the principal liaison with federal government agencies, and
advisory services are provided by AECB, the Atmospheric Environment Service
and the Department of National Defence.
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The responsibilities of the foregoing agencies, as well as being
detailed in the Volume I plan/agreement, are contained in a comprehensive
second volume of the Off-site Emergency Plan which specifies operational
details and systematic staff notification procedures. This plan is a
controlled access document and is updated regularly. Departments or
agencies with complex responsibilities have, additionally, devised reference
digests for staff orientation. An example in this regard is the Information
Services Digest (Interim), (NBEMO, 1983).

The On-site Contingency Plan is actually a composite of a general
document and appendices for radiation, fire, medical, chemical and natural
event contingencies. These documents provide a framework for the
contingency procedures which are part of the instructional program for Point
Lepreau plant personnel and are-tested periodically. The On-site
Contingency Plan, with the exception of the Security Appendix, and the
Operating Manual: Contingency Procedures are available to the public on a
controlled access basis.

At the national level, the Department of Health, Radiological
Protection Division has initiated arrangements for a concerted federal
response to radiation emergencies and would augment provincial resources, if
required. As well, NBEMO and Maine Civil Emergency Preparedness have
undertaken a joint emergency planning agreement for contingencies either at
the Maine Yankee Atomic Power Station or the Point Lepreau Generating
Station. This accord is a Canadian precedent, reflecting a unique spirit of
mutual cooperation.
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E.4

Initiating Events
Under normal operational conditions, the fission products created

in a nuclear reactor are contained within the metal cladding which surrounds
the fuel. There are four containment barriers to prevent the escape of such
fission products, namely:
1. the fuel material itself,
2. the fuel cladding,
3. the high integrity piping of the reactor
cooling systems,
4. the reactor containment building.

If a serious reactor accident were to occur involving failure of
the coolant system piping and rupture of the fuel cladding, some fission
products would be released into the reactor building.

It is remotely

possible that, either as a result of the original accident or due to some
coincident failure, a leak path through the containment might exist in which
case a release of radioactive matter might occur. The quantities and types
of the fission products which could be released would depend upon the nature
of this leak path. For example, gaseous fission products might pass freely
along the leak path whereas most or all of the solid or liquid products
would be retained.

A nuclear incident may thus involve a series of events

extended over a period of hours or days.

E.5

Action by a Shift Supervisor During a Radiation Emergency
The contingency procedures manual (see Emergency Procedure (EP)

23, NBEPC, 1984) at the Point Lepreau Generating Station stipulates the
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initial action to be taken by the Shift Supervisor during a radiation
contingency at the station (NBEPC, op_. cit.). The possible escalation
of on-site events at the station may begin with an unusual event or
occurrence which warrants a mandatory report to the AECB and prompt
notification to the general public under NB Power's formal public reporting
policy for the Point Lepreau Generating Station (NBEPC, 1982). An unusual
event or occurrence will not necessarily escalate to the subsequent
contingency levels of station alert or station emergency which are precisely
defined in both the On-site Contingency Plan and the procedures manual (see
EP 8, NBEPC, 1984).

Upon reviewing information of an unusual event or occurrence, the
Shift Supervisor signs an incident record form, declares an "alert" or
"emergency" status as warranted by the event and initiates a series of
actions and notifications, as defined in the emergency procedures.

If there

is an actual or potential release of radioactive matter from the station,
the Shift Supervisor dispatches two qualified surveyors in an emergency
vehicle for an initial survey of off-site releases. The direction of these
surveys is also detailed in the emergency procedures (see EP 24 for liquid
releases and EP 25 for gaseous releases, NBEPC, op. cit.).

Extensive

surveys may entail the opening of an off-site emergency centre several
kilometres from the plant. Action levels for the Shift Supervisor's
guidance appear in Table E-l. It should be noted that the Shift Supervisor
may take action, due to operational considerations, at levels lower than the
recommended action levels. Furthermore, NBEMO, which is responsible for
public protection may choose to act at radiation levels other than those
listed.

TABLE E-1
ACTION LEVELS FOR RELEASES OF RADIOACTIVITY

GAMMA
Liquid
Release

Airborne
Release

ACTION LEVEL
AIRBORNE
CONTAMINATION
Not
Applicable

1 uGy/h

OTHER

LOCATION

10%
Monthly
DEL

Bay of Fundy
Declare an Alert
Perform
Notifications
as per Call Charts

1 uGy/h

0.5 DAC

10%
Weekly
DEL

1 km
from
Station

10 uGy/h

5 DAC

100%
Weekly
DEL

1 km
from
Station

Declare an Emergency
and open OEC.
Perform Notifications
as per Call Charts

1 mGy/h

40 DAC

Outside
Exclusion
Zone

Recommend to N8EM0
that they initiate
planned evacuation of
public

5 mGy/h

200 DAC

Outside
Exclusion
Zone

Arrange for prompt
notification of
public to evacuate

1 DAC

Administration
Building

Evacuate
Administration
Building

40 DAC

Emergency
Stations

Relocate to Emergency
Station or evacuate
to OEC.

25 uGy/h
*
Station
Contingency

ACTION

1 mGy/h

Source: NBEPC, 1980 (Appendix 1 ) ; 1984 (EP 23).
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Notification of both NBEMO and AECB is documented in the
contingency procedures manual (see EP 27, NBEPC, 1984).

Basically, if there

has been or may be a release to the environment greater than 10% of the
derived emission limit (DEL) or radiation fields at 1 km from the Station
exceeding 1 uGy/h gamma or 0.5 Derived Air Concentration (DAC), the New
Brunswick Emergency Measures Organization will be notified via NB Power
dispatch in Marysville.

If NBEMO does not return the Shift Supervisor's

call within ten minutes, then direct contact is established.

The Shift

Supervisor conveys his identity, information on the severity of the
incident, weather conditions, survey results, if known, and action
recommended.

NBEMO's options could include: stand-by for further

information, assembly of the Emergency Control Group and possible
evacuation.

E.6

Protection of Workers - Plant Operations and Construction Workforce
The protection of plant personnel during routine operations is

documented elsewhere in this Environmental Impact Statement, and worker
protection during plant contingencies is identified in both the On-site
Contingency Plan (General) and Radiation Contingency Appendix (see Appendix
1, NBEPC, 1980).

Canadian experience with multi-unit nuclear sites is quite

extensive, as are the radiological protection procedures for operating units
adjacent to units under construction. The preferred approach, which is to
create an operating "island" with its own strict compliance to AECB worker
protection standards, would likely apply to the Lepreau 1 nuclear generating
unit.

I
I
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Although the actual start of construction and logistics of the
Lepreau 2 workforce are still tentative, therefore precluding the
development of a specific construction contingency plan at this time, it is
likely that Lepreau 2 personnel would be segregated from Lepreau 1 by access
control points comparable to those at Pickering and Bruce nuclear generating
stations. The characteristics of a construction contingency plan are,
nonetheless, common to any industrial site with functional, units or
processes nearby: a management linkage between operations and construction
personel to assess hazards and prescribe courses of action, an alerting
system to gain the attention of the workforce, a notification or public
address system for specific instructions, and a series of practice drills to
ensure an orderly response. Complicating factors, such as inclement weather
conditions hampering worker access to and from the plant, have already been
anticipated in the Natural Events Appendix (see Appendix 6, NBEPC, 1980) to
the On-Site Plan and are reflected in "priority maintenance" agreements with
New Brunswick Department of Highways, the RCMP and other involved agencies.

E.7 Off-site Radiological Release
Any airborne release of radioactive matter resulting from an
accident condition would form a "cloud" or "plume" which would not
necessarily be visible. The concentration of released material in this
plume will depend upon the distance it has travelled from the facility and
on the amount of dispersion that has taken place. This dispersion will
depend upon the initial release characteristics, the effects produced by
surrounding structures, and the local meteorological conditions. Other
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releases to the environment, either to ground or water, would likewise be
dispersed in the'river, the sea, lake or ground water in question.

In an extreme contingency at a nuclear generating station, there
are three main pathways that radioactive matter can follow to the public:
irradiation - being in close contact with radioactive matter; inhalation breathing in contaminated air; and ingestion - eating or drinking
contaminated food or fluids. For these reasons, it is necessary for the
Shift Supervisor to promptly dispatch radiation surveyors to areas
surrounding the plant, as well as to forward other relevant information such
as prevailing weather conditions, to the NBEMO Emergency Control Group in
Fredericton where potential risk is assessed by NB Department of Health and
NBECP health physicists.

E.8 Public Protection Measures
Public protection measures for nuclear generating stations vary
according to jurisdiction.

Factors such as population density, isolation of

the generating station, prevailing weather conditions and local response
capability are all assessed by the provincial emergency planning authority.
The New Brunswick Emergency Measures Organization is the sole agency in
Canada, and one of few in North America, to compile an extensive demographic
data base on all homes, businesses and institutions within 20 km of the
plant. This data is updated annually as it contains vital information on
household occupants, mobility, food and water supply, livestock, fishing
activities and individual emergency preparedness. The data is used as a
planning tool to ascertain local support for warning systems, a community
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warden service and telecommunications among area resident, and provides
on-line support in exercises or potential incidents. A 95% response rate in
the annual survey update*is a strong measure of community support for the
program.

Due to the unique location of the Point Lepreau plant, features
such as the pre-distribution of potassium iodide (Kl), the siren alerting
system, and the warden system were incorporated in the Off-site Emergency
Plan, Based on the philosophy that self-help is a cornerstone of good
emergency planning. Certain criteria, known as emergency reference doses,
were established by NBEMO in consultation with New Brunswick Department of
•Health and NB Power health physicists which tie potential emission levels to
appropriate countermeasures.

These emergency reference doses are:
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Emergency Reference Dose

Countermeasure

Annual limit of intake (ALI) to
members of the public (5mSv wholebody) etc.

Control of drinking water,
food consumption and
recreational activities.

500 mSv infant thyroid dose
equivalent saved.

KI pills issued, stay-in,

50 mSv whole-body dose equivalent
saved.

Evacuation,

Time Frame for Specific Actions in Implementation of Plan
In turn, these emergency response doses (ERD) have been translated

into Action Guides for quick and easy interpretation by on-site and off-site
emergency response teams (see Table E-2). Consequently, off-site emergency
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TABLE E-2
ACTION GUIDES

ACTION

ACTION GUIDE

Off-Site Surveys by
PLGS Station Staff
(to assess hazard)

Short-term release
> 1 weekly DEL
(gaseous)
1 monthly DEL
(liquid)

INDICATED BY
Effluent Monitors,
Observation of
station conditions,
shift supervisor's
assessment

Traffic Control
(to prevent
unnecessary exposure
and spread of
contamination)

10 uGy/h

ground gamma survey

Distribution of KI
pills and stay-in
ordered (to
minimize thyroid
exposure)

50

ground gamma survey

Planned evacuation
initiated by
Fredericton Control
Group (to save
50 mSv whole-body
exposure in one week)

1 mGy/h

ground gamma survey

5 mGy/h

ground gamma survey at
1 Km

Prompt evacuation
i n i t i a t e d by NBEPC
at site (to save
approximately 50 mSv
whole-body exposure
before planned
evacuation would be
in effect)
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ACTION GUIDES

ACTION

INDICATED BY

ACTION GUIDE

Curtail use of
drinking water
(precaution until
sample data
available)

Short-term release
> 100 weekly DEL
(gaseous)

Stack Monitors,
water samples

Curtail consumption
or sale of seafood
(precaution until
sample data
available)

Short-term release
> 10 monthly DEL
(liquid)

Effluent Monitors
water samples

Curtail use of all
food pathways

Limit consumption
to less than annual
limit of intake
(Public)

Food samples

Source:

NBEMO. 1982a. (Volume 11, Annex B to Tab A, Control Group.)

response is based less on time parameters than on actual environmental
conditions, the nature of the radioactive matter released and definite
pre-determined action guides. This is substantiated in sections E.4 and
E.7.

Evacuation, which presents its own liabilities, must be carefully

assessed against the benefits of simple sheltering activity.

E.10 Response of the Off-site Emergency Organization
The response of NBEMO, as noted in E.6, upon receiving information
of an incident at the Point Lepreau Generating Station includes a"spectrum
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from standing by for further information to assembly of the Emergency
Control Group and subsequent evacuation. Depending on the circumstances,
NBEMO may assemble the Control Group at an Emergency Operations Centre (EOC)
in Fredericton by means of a notification chart included in Off-site
Emergency Plan, Volume I, to execute the following actions:
a) assemble at the EOC when alerted by NBEMO;
b) obtain information on the reported incident,
and on what actions have been taken;
c) assume control, direction and coordination of
emergency activities to whatever extent
necessary;
d) authorize the publication of information
warnings and advice to the public and the
Government of New Brunswick;
e) advise the Minister of Municipal Affairs on
the formal declaration of an emergency in
accordance with the Emergency Measures Act
(R.S.N.B., E-71);
f) direct NBEMO to inform Emergency Response
Agencies in Nova Scotia, Prince Edward Island
and the State of Maine, and
g) take any other actions considered necessary.

Responsibility centres and reporting procedures are defined in
Volume I of the Plan (see Table E-3).
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TABLE E-3
RADIATION EMERGENCY ORGANIZATION

STATION

LEPREAU AREA

FREDERICTON

Radiation
Surveyors

Government
Agencies

Fredericton
H.P.
LAB

Point
Lepreau
Generating
"Station

Off-Site
Emergency
Centre
(OEC)

NBEMO
Control
Group
NBEPC
Head
Office

E.ll

The Public Response to an Off-Site Contingency
If, upon consideration of radiological survey data from the Point

Lepreau area (transmitted to the EOC by telephone, telecopier or UHF radio),
the Control Group advises the declaration of an emergency and public
protective action, the Shift Supervisor at the plant will be directed to
sound the six civil defence sirens in the Point Lepreau area by means of a
radio transmitter or through manual means, if necessary.

It must be

remembered that the public may have been previously advised by NB Power of
an unusual event or on-site contingency at the plant, and the sirens are
only intended to alert residents to turn on their radios or televisions.
New Brunswick is the only Canadian jurisdiction to use public alerting
sirens near a nuclear generating station.
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A network of trained community wardens, informed of resident with
mobility problems or disabilities, provides a door-to-door supplement to the
sirens and would be assisted by roving police cruisers with sirens.
Alternate warning systems are also under review by an independent consulting
firm which will report in May 1984 to NBEMO and Emergency Planning Canada
officials. During the 1980 demographic survey, the following preferences
for warning systems were expressed by local residents: fixed siren - 522
persons (1st, 2nd and 3rd choices), device-on-line - 38 persons, car with
siren - 322 persons, and door-to-door - 284 persons.

In addition to the personalized emergency assistance, which is
directed by two-way radio networks, an off-site emergency in the Point
Lepreau area would involve extensive use of the mass media. Public meetings
and a brochure, Emergency Response Guide for Point Lepreau area residents
(NBEMO, 1982b) have thoroughly conveyed this fact to Lepreau area
communities. Each householder (and fishing boat) also has a synoptic Action
Guide (affixed to the KI uottle) and a reflective checkered evacuation card
for mounting in front windows or on the mailbox. The eleven steps on the
Action Guide are intended to reinforce radio or television messages which
will convey simple protective measures such as closing windows and staying
inside.

(In certain circumstances, this action could be more effective than

evacuation). The Action Guide clearly indicates that KI would only be
required if a release of radioactive iodine occurs. Due to the high
percentage of battery operated radio receivers and transceivers in the area,
and the active interest of the news media, it is expected that effective
communications could be maintained with the public. This is understood from
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consultations with the (Atlantic) Radio and Television News Directors
Association.

The mass media, such as radio and television stations and
newspaper offices will be promptly connected to a telecommunications (TWX)
network which will carry frequent messages from the Emergency Measures
Organization. Media in southwestern New Brunswick have been presented with
pro-forma advisory bulletins to hold in advance of an emergency at Point
Lepreau, for possible broadcast. The media have already participated in two
large exercises, Bird Cage (3 October 1980) and Gray Owl One, (29 June
1983).

As detailed in the Off-site Plan, Volume I and II, media centres
will quickly be established at the Emergency Operations Centre in
Fredericton and in the Saint John area. The media centres are augmented by
notification of government and municipal officials, toll-free inquiries
lines and a log entry system for all actions taken.

The most frustrating and contentious aspect of public alerting has
been the civil defence siren network which is prone to environmental
corrosion, sabotage and electronic malfunction. There is a strong desire by
provincial and federal authorities to resolve this matter, as evident from
the warning system study.
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E.12

Geographical Boundaries
While the public information and alerting system activities have

been most extensive within a 20-km radius of Point Lepreau, it must be
understood that this is a relatively conservative approach compared to
either the United States (where a 10-mile emergency planning zone is
required) or Ontario (where municipal authorities, in the absence of a
defined public warning system, plan to use helicopters, firefighters and
mass media alerting for the Pickering township).

NBEMO has primarily

performed a municipal planning function in the unincorporated communities
adjacent to the plant, comparable to contingency planning in the Port of
Saint John where a broad array of potential hazards exists.

Beyond the possibility of precautionary evacuation of the -Point
Lepreau peninsula which itself is extremely unlikely, provincial authorities
have not contemplated larger and more specific evacuation plans due to the
unique behaviour of radioactive matter released to the environment.
Radiation monitoring activities, both during routine plant operations and
during a radiation contingency at Point Lepreau, are and would be conducted
from Coleson Cove to Chamcook Lake. Whatever precautionary measures NBEMO
and Health Officials deem necessary will be taken within the appropriate
area effected by a plume or the release of liquid radionuclides.

E.13 Restoration and Compensation.
Radionuclides released from a severe accident would appear in
foods harvested in the Point Lepreau area only after a long delay time (in
the order of days to weeks). Any change in radionuclide levels would be
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assessed against (baseline) background radiation monitoring programs, a
routine health physics process, and in the context of demographic and
consumption data acquired on behalf of New Brunswick Departments of Health,
Fisheries, Agriculture and Environment.

Following such an accident, the NBEPC Environmental Radiation
Monitoring Laboratory in Fredericton would be supplied with local food
samples and would analyse these for radionuclide content. The results and
the analysis indicating the risk inherent in consuming such food would be
immediately forwarded to the EMO Control Group for a decision on whether
food harvesting in the area should cease. The EMO Control Group includes
radiation experts from NBEPC and the New Brunswick Department of Health and
is well qualified to make such a decision.

Closure of food harvesting would

be appropriate only for very severe accidents.

As stated in Section E.I, NB Power maintains $75,000,000 coverage
in nuclear liability insurance, under the Nuclear Liability Act (RSC C.29,
s.l.). The public is thus absolved of proving negligence for damages which
occur to the public due to a nuclear incident at the Point Lepreau
Generating Station.

If claims exceed $75,000,000, the Federal Government

would establish a Nuclear Damage Claims Commission to settle all claims
received due to the incident.

All evacuation expenses incurred by evacuees, including
accommodations, meals and lost wages, would be covered by NB Power's
insurance. Similarly, any nuclear clean-up expenses relating to people's
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homes, furnishings, wells or other property would be covered. A member of
the public can claim against NB Power for nuclear-related damages within
three years from the date when the damage became known, provided this is
within 10 years from the date of the nuclear incident.

E.14

Maritime Nuclear, Proposed and Existing Contingency Plans
Maritime Nuclear and NB Power, the owner operator, respectively of

the proposed Lepreau 2 unit, would be required to implement on-site
contingency procedures.

In the event of an emergency, the response team

would be dispatched to either of the operating units. At this time, one
should postulate that a common on-site contingency plan, with some
modification to the existing contingency procedures, would readily
accommodate Lepreau Units 1 and 2.

Likewise, the New Brunswick Emergency Measures Organization,
beyond implementing a traffic management method for construction workers
during a Lepreau 1 contingency, would use virtually the same Off-site
Emergency Plan for a two-unit site as exists for the first unit. From the
perspective of potential risk to the public, a two-unit nuclear generating
station will increase the probability of an incident, but will not alter
significantly the potential consequences or magnitude of the risk. Hence,
the same off-site response plan and precautionary measures would apply. The
plan will be modified at the appropriate time to take into account the
construction workforce associated with Lepreau 2.
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APPENDIX F

LISTING OF POSTULATED ACCIDENTS WHICH FORM
THE SAFETY ANALYSIS REQUIREMENTS

The following lists are events which form the safety analysis
requirement. They are provided here to demonstrate the comprehensive nature
of safety evaluation of the plant design. Each event listed in the
following tables forms the basis for a safety analysis or evaluation and the
results must be demonstrated (to the satisfaction of the Atomic Energy
Control Board) to be acceptable, based on pre-established limits which are
consistent and in many cases more restrictive than those used in other
countries.

Table F-l
Category 'A' Events

SDS IMPAIRMENTS

EVENT

SDS1

SDS2

ECC IMPAIRMENTS
INJECTION
AND CRASH LOOP
COOL
ISOLATION

CONTAINMENT IMPAIRMENTS

ISOLATION

DOUSING*

LOCAL
AIR
COOLING

X

X

Loss of Coolant Accident
(large pipe break)
Loss of Coolant Accident
(small pipe break)

X

X

Steam Line Break

X

X

X

X

Feed Line Break

X

X

X

X

Pressure Tube Rupture

X

X

X

X

X

X

X

End Fitting Failure

X

X

X

X

X

X

X

Loss of Grid Power

X

X

Loss of Pressure Control

X

X

Loss of Power Control

X

X

X

X

X

* Dousing impairment means failure of four out of six dousing headers.
X Denotes a specific analysis (each analysis may have more than one component or set of conditions).

F-3
Table F-2
Category 'B' Events
1. Mechanical damage to the fuel during refuelling
2. End shield system cooling control failures
3. Loss/impairment of recirculating cooling water (RCW) flow to the end
shield system heat exchangers
4.

Valve failures in the end shield cooling system

5. End shield system leakage to the annulus gas system
6.

End shield system pipe break

7. Loss of moderator cooling control, resulting in fuel failures from a
loss of calandria structural integrity
8. Loss/impairment of RCW flow to the moderator heat exchangers,
resulting in fuel failures due to loss of calandria structural
integrity
9. Moderator system instrument line failures
10. Moderator system pipe breaks
11. Moderator leakage to the annulus gas system
12. Loss of moderator deuterium control
13. Spurious loop isolation resulting in high heat transport system (HTS)
pressure
14. Spurious loop isolation resulting in low HTS pressure
15. D 2 0 feed valves fail open
16. DgO feed valves fail closed
17. DpO bleed valves fail closed
18.

Inadvertent start-up of inactive D ? 0 feed pump

19. Operating D~0 feed pump fails
20. HTS liquid relief valves fail open
21. Pressurizer heaters turn on spuriously
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22. Pressurizer heaters fail de-energized
23. Pressurizer sprays on spuriously
24. Pressurizer steam/bleed valves fail open
25.

Degasser condenser sprays on spuriously

26.

Degasser condenser level control valves fail open

27.

Degasser condenser level control valves fail closed

28. Valve/control failures at HTS/emergency cope cooling system (ECCS)
interface, resulting in low HTS pressure
29. Valve/control failures at HTS/shutdown cooling system (SDCS)
interface, resulting in low HTS pressure
30. Valve/control failures at HTS/emergency water system (EWS) interface,
resulting in low HTS pressure
31.

Valve/pipe failure in ECCS, resulting in a loss of HTS inventory
outside containment

32.

Valve/pipe failure in energy cope cooling system, resulting in a loss
of HTS inventory inside containment

33.

Valve/pipe failure in purification system, resulting in a loss of HTS
inventory inside containment

34.

Valve/pipe failure in feed/bleed system, resulting in a loss of HTS
inventory inside containment

35. HTS pump seal failures, resulting in a loss of HTS inventory outside
containment
36. HTS pump seal failures, resulting in a loss of HTS inventory inside
containment
37. Valve/pipe failure in pressurizer systems, resulting in a loss of HTS
inventory inside containment
38.

Valve/pipe failures on HTS side of HTS/shutdown cooling system
interface, resulting in a loss of HTS inventory inside containment

39. Shutdown cooling system failures resulting in a loss of HTS inventory,
inside containment
40.

Shutdown cooling system heat exchanger tube failures, resulting in a
loss of HTS inventory outside containment
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41.

Steam generator tube failures

42. Fuelling machine failure on reactor
43.

HTS instrument tube failures

44.

Pressure tube failure

45. Feeder pipe break
46.

End fitting failure

47. HTS pipe break
48.

Loss of shutdown cooling system control, resulting in loss of HTS heat
sink while on shutdown cooling

49. Local loss of RCW flow to shutdown cooling system heat exchangers
50. Steam generator instrument line failures
51. Steam generator blowdown system failures
52.

Steam line break

53.

Spurious opening of condenser steam discharge valves or atmospheric
steam discharge valves

54.

Spurious opening of main steam safety valves

55. Turbine trip
56. Turbine stop valve closures
57. Turbine control valve failures
58. Loss of condenser vacuum
59. Condensate extraction pump failures
60. Condensate system pipe failures
61.

Reheater drains line failures

62

Mechanical failure of feedwater pump

63. Local loss of service water cooling to feedwater pump
64.

Feedwater control valve instrumentation failures resulting in
insufficient feedwater flow

65.

Excessive feedwater flow
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66. Feedwater system breaks
67.

Single channel flow blockage

68.

Single HTS pump trip

69.

Single HTS pump seizure

70.

Single HTS pump shaft impeller failure

71. Control failures to all HTS pumps during normal operation
72. Local loss of service support systems to all HTS pumps during normal
operation
73. Mechanical failures of all HTS pumps while on shutdown cooling using
HTS pumps
74. Control failures of all HTS pumps while on shutdown cooling using HTS
pumps
75. Local loss of service support systems to all HTS pumps while on
shutdown cooling using HTS pumps
76. Mechanical failures of shutdown cooling pumps while on shutdown
cooling with HTS drained
77.

Control failures of shutdown cooling pumps while on shutdown cooling
with HTS drained

78. Local loss of service support systems to shutdown cooling pumps while
on shutdown cooling with HTS drained
79. Mechanical failure of all shutdown cooling pumps while on shutdown
cooling -with HTS full
80. Control failures of all shutdown cooling pumps while on shutdown
cool ing with HTS full
81.

Local loss of service support systems to shutdown cooling pumps while
on shutdown cooling with HTS full

82.

Control failure in the cover, gas system

83.

Pipe failures in the cover gas system

84.

Valve failures in the cover gas system

85. Loss of moderator cooling control resulting in tritium releases from
moderator system pressure boundary failure
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86. Loss/impairment of RCW flow to moderator heat exchangers resulting in
tritium release from moderator system pressure boundary failure
87. Mechanical damage to irradiated fuel in spent fuel bay
88.

Draining of spent fuel bay

89. Loss of bay water cooling
90. Loss of fuelling machines cooling inventory
91. Loss of cooling to fuelling machines.
92.

Spent fuel port loss of bundle cooling

93.

D 2 0 upgrader system failures leading to tritium release

94.

Tritium releases from D 2 0 storage

95. Class IV power lost, and restored at switchyard within 30 minutes,
with both Class III buses energized and sequenced
96. Class IV power lost, and restored at switchyard within 30 minutes,
with various degrees of unavailability of Class III power
97.

Class IV power lost; and restored at switchyard beyond 30 minutes,
with both Class III buses energized and sequenced

98. Class IV power lost, and restored at switchyard beyond 30 minutes,
with various degrees of unavailability of Class III power
99. Loss of the 4.15 kV Class III bus, with Class IV power available
100.

Individual losses of electrical buses of other classes and voltages

101. Loss of all RCW pumps
102. Loss of all RSW pumps
103. Loss of cooling to RSW pump bearings
104.

Isolation of five RSW/RCW heat exchangers

105. RSW strainer blockage and bypass not opened
106. Both RSW travelling screens blocked
107. Loss of RCW - passive component failures
108. Loss of RSW - passive component failures
109. Loss of RCW due to interconnection between RCW and emergency water
system at ECC heat exchanger
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110. Failure of two air compressors when the third is unavailable
111. Failure of all air compressors when all are available
112. Failure of one or more air compressors when all three are required
113. Air receiver failures in the air distribution system
114. Valve failures in air supply system
115. Pipe failures in air supply header distribution
116. Non-isolable failures in air supply system pipework
117.

Isolable failures in air supply system pipework

118.

Dual computer control failure

119. Computer failure with Class IV power available
120. Computer failure with loss of Class IV power and Class III power
available
121. Computer failure with loss of Class IV power and Class III even bus
122. Computer failure with loss of Class IV power and .Class III odd bus
123. Computer failure with loss of Class IV and Class III power
124. Heat transport system control failure
125. Steam generator pressure control failure
126.

Steam generator level control failure

127.

Internal reactor building, turbine building, or service building
flooding

Table F-3
Category ' C Events
1.

Earthquake

2.

Site flooding from external sources

3.

Station fires

4.

Tornidoes and storms
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Table F-4
Category 'D' Events

1.

Steam generator support failure

2.

Turbine breakup

3.

Massive failure of cooling water intake tunnel

4.

Massive failure of cooling water discharge duct

5.

Failure of HTS pump casing or driveshaft

