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ABSTRACT

A strength of radiation protection programs generally has been endorsement and application of the_AL.ARA
principle, In Ontario Hydro, which currently operates 20 commercial size nuclear units, great strides have
been made in the last three decades in reducing occupational radiation cxposure per unit of electricity
generated. This paper will discuss specific applications of elements of the overall ALARA program which
have most contributed to dose reduction as the nuclear program has expanded. This includes such things
as management commitment, ALARA application in the design phase and major rehabilitation work, the
benefits of the self protection coneept, a specific example of elimination (or reduction) of the source term
and the importance of dose targets. Finally, it is concluded that the major opportunities for further
improvements may li¢ in the area of information management.

INTRODUCTION

[slide 1] Ontario Hydro has been operating nuclear power stations using reactors of the CANDU design
since 1962 with the startup of the 22 MWe Nuclear Power Demonstration (NPD) station near Deep River,
Ontario. This was followed by the startup of Douglas Point Generating Station, a larger scale prototype
station (208 MWe) and the first nuclear facility to be built on the present Bruce site in 1967. Both of these
stations are now shut down (1987 and 1985 respectively). Today, Ontario Hydro operates 20 commercial
sized units with a total installed capacity of over 14,400 MWc, roughly half of Ontario’s total electrical
capacity [slide 21. As nuclear units are normally operated as base load stations, total delivered encrgy from
nuclear generation is currently on the order of 60%. These units are located at threc geopraphical sites
known as Pickering (8 x 515 MWe), Bruce (8 x 850 MWe) and Darlington (4 x 880 MWe). Pickering in
turn consists of two stations (albeit under one roof), Pickering A, which came into service between 1971
and 1973, and Pickering B, which came into service between 1983 and 1986. There are two four \nit
stations on the Bruce site known as Bruce A and Bruce B which came into service between 1977 and 1979
and between 1984 and 1987 respectively. Darlington is a four unit station which came into service between
1990 and 1993,

A strong commitment to the management of radiation protection has been an essential feature of our
nuclear program from the beginping. Corporate policy in radiation protection included a specific
commitment to minimize and avoid unnecessary radiation exposure as far back as 1962%.

The cost/benefit ratio of collective dose to energy produced has improved dramatically over the last three
decades at Ontario Hydro stations [slide 3]. This is perhaps best illustrated by comparing total dose
consumption in 1970, about 1585 person rem for 240 MWe installed capacity with total dose consumption
in 1993, 1307 person rem for 14400 MWe capacity. So how has this been achicved? Clearly there are many
factors but among the more important arc: [slide 4]

* management commitment/corporate policy

* integration of opcrating experience with design of new facilities and rehabilitation of existing ones
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* elimination of radioactive sources where possible
* training of personnel/self protection

* radioactive work planning

* use of protective equipment

* decontamination

* use of goals and dose targets

This paper will discuss a number of specific applications of some of these factors to Ontario Hydros overall
efforts at dose reduction and control.

HISTORICAL DOSE PERFORMANCE

A brief orientation to CANDU design is necessary before discussing ALARA application. Some of the
major differences and essential features relative to a light water PWR or BWR include: pressure tube
design, the use of natural uranium fuel, independent coolant (Heat Transport) and Moderator Systems both
using heavy water and on power refuelling. The basic circuit is illustrated in Figure 1.

Collective dose from the operation of Ontario Hydro reactors for the period 1963 to 1993 is shown in
Figure 2. Note that a significant component of the total is a result of internal exposure. This occnrs from
exposure to tritium oxide normally in the form of tritiated water vapour as a result of leakage from the
Heat Transport, Moderator and auxiliary systems. Tritium is produced in Jarge quantities in the core of
CANDU reactors as a result of neutron activation of deuterium in heavy water. In general, there has been
a downward trend in collective dose over a long period of time followed by a levelling off at about 1300-
1500 person rem/a despite significant increases in nuclear generation and major maintenance activities in
the last few years. Our collective dose target for 1994 has been set at 1250 person rem.

Average individual doses have also decreased over time levelling off in recent years at just over 200 mrem
per exposed worker {Figure 3]. This is in fact an established target of Ontario Hydro Nuclear policy, ie
200 mrem per exposed worker. The most highly exposed work group within our operating personnel for
routing operations are the mechanical maintainers. Typical average doses for that group are about 300
mrem/a.

MANAGEMENT COMMITMENT

Perhaps the most important and fundamental element of any corporate ALARA program is management
commitment. This requires that senior management understand the ALARA concept, believe in it and
actively support it in managing the business. In Ontario Hydro, the management of radiation protection
has been governed by a set of internally generated Radiation Protection Regulations since 1962. These
documents apply to all nuclear facilities in the corporation, to all phases of their life cycle and are
authorized by our regulators, the Atomic Energy Control Board. Compliance with the Radiation Protection
Regulations is a standard condition of ¢ach nuclear station’s operating licence. [stide 5]

The present day Radiation Protection Regulations are prefaced by a set of RP Policies and Principles?
including the following commitment to:
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Limit detrimental stochastic health effects occurring in emplayees or merbers of the public to levels as low
as reasonably achievable, social and economic factors being taken into account (ALARA).

This commitment is very real and is a primary driving force for many of the subsidiary RP programs in l.hr-
design and operation of our plants. A tangible example of this commitment is the }nclusmn of collective
dose targets for Ontario Hydro Nuclear as a whole and for individual stations into the performance
contracts of nuclear exccutives. In short, what gets measured gets done.

ALARA IN DESIGN AND REHABILITATION

Design

Ontario Hydro recognized very early in its nuclear lifetime based on experience at the 208 MWe station
known as Douglas Point that significant changes were required in the design of new stations to control
radiation exposure. Specifically, it became obvious early on (late 1960°) that one of the major causes of
high dose rates around reactor components was the presence of Co-60 due to activation of Co-39. It was
too late to reduce Cobalt content in the design and construction of the Pickering A station but replacement
components and later CANDU stations at home and abroad benefitted from this realization. This slide
[slide 6] shows how Cobalt levels have been reduced over the yvars starting with the Bruce A station in
the mid-70’s.

In gencral, the feedback from Operations personnel to the Ontario Hydro designers has improved
continuously over the years. In the early 19805, the design organization established an occupational
radiation safety engincering program in which a small group, with significant operational experience as
Health Physicists and Engineers were fully integrated into the design process with a specific mandate to
ensure that RP considerations were built into new system designs and modifications from the concept stage
through to construction and operation, This kind of resource commitment is another example of
management commitment.

This process had its greatest application in the design of the new Darlington Station (4 x 881 MWe) using
a program known as the Occupational Radiation Management Program (ORMP), the objectives of which
arc to; [slide 7]

* emphasize occupational radiation dose as a parameter in the design process

* establish an occupational radiation dose target for the station in its design stage and to break this dose
down into individual system design dose targets

verify that the design achieves the dose targets through a four stage radiation management review
process

identify the normal operational, maintenance and inspection activities implicit in the station design that
could be expected to involve significant dose expenditure and to estimate dose expenditures

provide direction to designer’s efforts to reduce the dose and to describe the methods available for
achieving dose reduction in the design stage

The radiation management review process consists of four stages as described below for all relevant
engincered systems:
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Stage 1

In this stage, gross dose estimates are developed based on design data and prior operati_onal exposure
history at other stations. Areas are then identified where dose reduction can be achieved using technigues
such as: [slide 8]

- elimination of equipment

- simplification and orientation of systcm components

- provision of adequate space for maintenance

- relocation of equipment into lower dose rate areas

- chemical control and purification of active systems

- extension of time intervals between scheduled maintenance

- use of radiation resistant materials

- provision of the means for quick removal of components for maintenance in low dose rate areas (eg
shops)

- reduction in the amount of time for in sitn maintenance including the use of special tools

- increased use of shielding

Stage 2

In this stage, detailed dose estimates are made accounting for operation, maintenance and in-service
inspections, The designs arc then checked for simplification, reliability, reduction and ease of maintenance
to optimize dose reduction. Included in this stage of the process are the system design engineer, operations
staff, the station Health Physicist, shielding specialists, the station layowt coordinator, reliability and
maintainability specialists and the design radiation safety specialists.

Stage 3

This stage consists of a followup on the decisions made in Stage 2 and an evaluation of the requirements
of layout change and/or supplementary shielding to offset any problems encountered in Stage 2. A subset
of the group involved in Stage 2 contribute to Stage 3.

Stage 4

In this stage, design changes resulting from the previous stages are confirmed to have been implemented
and that the resultant changes to dose estimates have been accounted for. Where dose targets eannot be
met, further consideration is given to dose reduction measures.

Consider application of this process to the Main Moderator Circuit at Darlington for example. The
Moderator System is a low temperature, low pressure system whose primary purpose is to moderate fission
neutrons in the reactor core. The core portion of the system is housed in a large steel tank known as the
calandria. As the moderator is exposed to high flux, it is a source of activation products including Co-60,
N-16 and tritium. Annual dose targets for the system (per reactor unit) were set in Stage 2 of the ORMP
at 30 rem external (gamma + ncutron) dose and 10 rem internal (tritium) dose. Some of the design
requirements (dose reduction measures) that were established were that: {slide 9]

* all piping in contact with heavy water is stainless steel with low cobalt content (< 0.1% by weight)
* all welds 10 be butt welded

*+ all rooms to be connected to the confinement ventilation system (i¢ dried to remove airborne tritium)

a4
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* all penetrations have been checked for adequate gamma and neutron shielding
More specific measures are then applied to each part of the circuit.

Overall, for the total four unit station, the initial Stage 1 dose estimates werc about 1570 rem per year for
maintenance, inspection, operations and some allowance for contingency. At the end of S.tagﬂ 4, this ha?d
been reduced to 550 rem per year, a reduction by about a factor of 3 due to dose reduction mcasures mn

the design stage.

REHABILITATION

Replacement of pressure tubes (the core of the Heat Transport (coolant) System) was always anticipated
to be required at some point in the life cycle in CANDU plants. For Pickering A, this happened somewhat
sooner than planned after discovery of a significant pressure tube leak (loss of coolant) in 1983 [slide 10].
The cause was ultimately determined to be delayed hydride cracking. As a resull, a decision was madc at
that time to replace all pressure tubes (390 per unit) in all 4 units at the Pickering A station. The actual
work commenced in 1985 on Unit 1 and terminated in 1992 with the completion of retubing work on Unit
4. This presented a major technical challenge since much of this work was to bc done in high radiation
fields. For a CANDU reactor, this is essentially a "heart transplant' conducted in a somewhat hostile
atmosphere. The overall project is conducted in several phases including defuelling of the core,
tubc/component removal, inspections, new tube installation and waste removal. Since this involves highly
activated components, it was recognized from the outset that a well planned RP program was required to
maintain exposures ALARA. One of the first steps was to assign an experienced operational Health
Physicist 1o the project team.

Again, integration of RP considerations with other engineering activities was a distinet advantage from the
outset. Management commitment to maintaining doses to levels ALARA was crucial and consistent with
corporate objectives for radiation safety.

This project involved a large volume of work in relatively high beams of gamma radiation and high general
gamma fields. There were many elements of the RP program that contributed towards minimizing
oecupational exposure but some of the more significant ones were>: [slide 11]

* establishment of individual and eollective dose targets at an early stage

* construction of a full scale mock-up facility on site of the reactor face and Fuelling Machine Vauit (the
containment). The facility was used to develop and test specialized tooling and train personnel in a
nonradiological environment.

training of multiple crews for a job series who worked as a team during training on a full seale mock-up
and remained intact for the actual job execution.

decontamination of the primary system (Heat Transport System) prior to retubing work using the Can-
Decon process. -Overall, this reduced radiation fields by a factor of between 5 and 6. The cost of this
procedure has been estimated at roughly $4400 (Can) per rem saved for the overall retubing project?
without consideration of future dose savings.

* design of a special 3 sided stcel shielding cabinet behind which most of the reactor face work was done.
A 1/4 inch thickness of lead was added to the front of the cabinct during the retubing of Units 3 and
4,
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* extensive use of personal alarming dosimeters to prevent unplanned exposures
* an effective radiation safety organization and work planning process.

The collective dose for the entire project on all 4 units was approximately 1390 person rem, about 23%
below the target of 1800 person rem [siide 12]. For units 1 and 2, actual collective doscs I."md to be
estimated since the appropriate mechanisms were not in place to distinguish betwecn dose received from
retubing activities and other sources in the station.

Individual doses were constrained by the following criteria:
* dose to be equalized to within + /-25% for equivalent trades/technical staff exceeding 500 mrem per year

* management and engineering review to be initiated for an individual dose total to exceed 1.3 rem/quarter
or 3.0 rem/year

* 5 year rolling average to be below 2 rem/year

Typical average doses to the most exposed workers (those at the reactor face) throughout the project were
900 mrem per year and no individual exceeded regulatory dose limits of 5 rem per year or 3 rem per
quarter,

ELIMINATION OF RADIOACTIVE SOURCES

A unique radiological hazard of heavy water reactors is tritium in the form of tritium oxide as water or
water vapour. Equilibrium concentrations of tritium theoretically approach 60-80 curies/kg in the
Maoderator System. In some years, tritium dose has been as high as 50% of a station’s whole body dose.
As tritium concentrations in CANDU Moderator and Heat Transport Systems grew in the 1970's, there was
increasing concern that tritium exposure to our workers would be difficult to maintain at acceptable levels
without addressing the source term. As a result, a decision was made in the early 1980's to build a tritium
removal facility (TRF) to service the needs of all Ontario Hydro stations. That plant has been built on the
Darlington site at a capital cost of roughly $120 M (Can) and first started up in 1988 and achieved sustained
production in 1990, [slide 13]

The objectives of tritium removal are to:

* reduce occupational dose from tritium exposure
* reduce public exposure as a result of (ritium ¢missions

A secondary objective was to exploit the commercial value of tritium for non-military uses. The process
basically consists of catalytic exchange of tritium in the vapour phase followed by cryogenic distillation to
separate the hydrogen isotopes. The end product (> 99% gascous tritium) is immobilized or titanium
getter beds for long term storage. To date, less than 1% of stored tritium has been sold for commercial
uses such as the tritium Hghting industry,

The designed decontamination factor is 35 for the tritium removal process (once through). So far,
treatment has primarily focused on removal of tritium from Bruce and Pickering Moderator System. More
recently, some water has also been processed for the Point Lepreau Station in New Brunswick.
Approximately 90 wmillion curies of tritium (6500 Mg of heavy water) have been removed and immobilized
to date.

ae
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Not only does this technology provide opportunities for reducing chronic dose consumption ﬁum_tritium
but also reduces the consequences of acute events such as heavy water spills. A Moderator spill, for
example, can result in several thousand MPCa (DACs) of tritium in the air above the spill. menally, our
workers are dressed in air supplied plastic suits when working on the Moderator System which prowde_s
excellent protection against inhalation and absorption through the skin of tritiated water, However, if
unprotected, a worker could receive a dose in excess of regulatory limits in a matter of minutes at such
concentrations. .

Although collective tritium dose corporate-wide has decreased in recent years, this is partly an artifacft.
Purely by coincidence, the startup of the TRF occurred at about the same time as a regulated change in
the dosimetric model for tritium which has the effect of reducing the dose commitment by 27% for the
same intake®. We will need to carefully monitor our tritium dose consumption in the years ahead to ensure
that we are receiving good return on our investment in tritinm removal.

TRAINING OF PERSONNEL/SELF PROTECTION PHILOSOPHY

Extensive radiation protection training of operating and maintenance personnel as well as supervisors,
managers and cngineering staff has been a cornerstone of Ontario Hydro’s RP program from the beginning
and is an element of the ALARA program that transcends all phases of project life cycle. [slide 14) This
commitment to the self protection concept has no doubt been a major contributor to our performance in
radiation protection. The overall program typically extends over a period of a few weeks with both generic
and station specific components. The operating budget corporate wide for the radiation protection training
program is of the order of $3 M (Can) annually. These are direct costs only, ie, it does not account for
lost production time for the students which is of course significant. The program includes a mixture of
classroom and skills training in such areas as: [slide 15]

* Radiological hazards and hazard levels associated with specific reactor systems
* Use of protective equipment and instrumentation

* Dosimetry

* Biological effects of radiation and risk

* Radiological work planning including contingency planning
* Emergency procedures

More advanced training is given to Shift Supervisors and Control Room Operators, in part to prepare them
for RP examinations set by the regulator which are part of the licensing process for such staff.

To quote ICRP 555, [slide 16} "The basic role of the concept of optimization of protection is to engender a
state of thinking in everyone responsible for control of radiation exposures such that they are continuously
asking themselves the question, Have I done all that I reasonably can to reduce these radiation exposures?”

*Everyone responsible for control of radiation exposures” includes many people in our organization including
the employees on the front lines doing the hands on work and their first line supervision. Some of the
advantages to the self protection philosophy include: [slide 171

* employees see radiation protection as a joint responsibility
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* employees are able to integrate RP responsibilities directly into their work

* the individuals performing the work become a valuable source of information for future improvements
to the radiological aspects of the work

* there is a reduction in the number of people required to do a task (normally no HP techs required)

Overall, this approach has worked well although clearly there arc associated costs and problems. In our
corporate culture, we have created an army of amateur Health Physicists in the field with the resu'ﬂt that
RP professionals and line supervisors are constantly challenged by employees and their representatives on
the essential elements of ALARA application, ie what constitutes "low”, "reasonable” and “achievabie”. Our
labour unions, particularly, have become very active in the management of dose control and reduction
largely through representation on joint committees at both the station and corporate level. This applies to
both policy development and execution of work practices in the field. Although difficult to quantify, it is
tikely that labour influences often result in policies and programs which are not cost justified, ie go beyond
reasonable efforts to reduce dose and minimize risk but these costs must be balanced against the benefits
of having a radiologically informed workforce. Making these judgements on a day to day basis is more art
than science.

GOALS AND TARGETS

A number of times in this paper, reference has been made to various collective and individual dosc targets.
Establishing such targets and integrating their use into the managed system is an important part of any
ALARA program. To repeat, what gets measured gets done. In establishing such targets, it is essential that
they are:

challenging but attainable

stated in measurable terms

consistent with corporate initiatives and policy

accepted and embraced by those directly responsible for achieving them

% # ® %

There must be real ownership for dose targets by facility management just as for production, reliability and
cost targets. Dose targets must not be viewed as belonging to the RP Manager, ALARA Engineer or
Health Physicist even though they may be responsible for deriving them.

In Ontario Hydro, dose targets are set on a broad basis by paolicy for the overall nuclear program for both
collective and individual dose. Collective dose targets are pyramided up to the corporate level by summing
contributions from each station or nuclear facility based on a detailed analysis of annual operating plans
and outage schedules. Within those targets are targets for specific jobs and shift crews. It is important that
adequate information systems exist to monitor and report performance in a timely manner.

Ontario Hydro Nuclear policy on exposure management’ contains the following explicit Limits. {slide 18)
Collective Dose-Standard

= 85 rem/unit/year

In essence, this is intended as a long term average target for any given facility who are required to develop
annual targets based on analysis of workload and diligent application of the ALARA principle.

Internal dose (tritivin) = 25% of collective dose
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Individual Dose Limits

- 5 year dose limit - total dose averaged over 5 years < 5.0 rem
- single year dose limit < 2.0 rem or % 1.0 rem if lifetime dose = 50 rem

INFORMATION MANAGEMENT

The traditional technical tools of the RP specialists will continue to be challenged in the 1990's as dosc
limits and RP standards tighten and available dollars shrink, But perhaps the most exciting opportunitics
for further progress lie in the field of information management with the advent of personal computers and
local area networks. As an example, for many years we have used a manual "Radiological Log" in our
plants as a tool for all staff to record information on plant radiological conditions and events. This log is
typically maintained in the main control room and reviewed by Operators and tradespeople prior to entering
the field to do work, This system is gradually being replaced by computerized logs which will provide
greater access to current and historical information at a number of locations throughout the plant.

Many other examples exist in dose control and work planning (eg, computerized Radiation Exposure
Permits) all of which will ultimately contribute to dose reduction. The gap is also closing between dose
control and dosimetry (dosimeter of record) with the emergence of electronic dosimetry. In Ontario Hydro,
we are actively developing future strategy for our external dosimetry system and electronic dosimetry is
certainly one of the options being seriously considered. We have been sponsoring and participating in
testing of one such device for some time, Its clear advantage lies in providing real time data at the
worksite. However, there are many issues to resolve yet in the use of this exciting new technology as a
dosimeter of record including quality assurance, cost, user acceptance and regulatory approval.

SUMMARY

Major progress has been made over the past three decades in control of occupational radiation exposure
in the Ontario Hydro nuclear program [slide 19). This has resulted from the collective efforts of workers,
supervisors, designers, RP specialists and has been driven by senior management commitment to the
ALARA principle. Investment in the self protection philosophy has also been a major contributor by
facilitating integration of RP considerations into all aspects of the work programs.

Economic pressures will provide further challenges in the future to maintain this performance while
remaining cost competitive, It is likely that fully exploiting the advantages offered by information
management will play a crucial role in meeting this challenge.
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