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REPORT BY G EDWARDS TO PRGI ON THE DECOMMISSIONING OF POINT LEPREAU

1. Background
This report was prepared at the request of the Passamaquoddy
Recognition Group Incorporated (PRGI). PRGI is “a not-for-profit
Indigenous-led organization representing the Peskotomuhkati Nation in
Canada which aims to ensure the Commission hears and considers the
observations, perceptions, and concerns of the Nation regarding the NB
Power re-licensing application for the Point Lepreau Nuclear Generating
Station. The Passamaquoddy Recognition Group Inc. (PGRI) aims to bring
to the attention of the Commission, insights derived from indigenous
traditional knowledge, as well as the PFP-funded discovery of potential
implications of the re-licensing on treaty lands, traditional territories and
related rights and interests.”
The Point Lepreau Nuclear Generating Station is sited on a peninsula
bordering the Bay of Fundy. For thousands of years before the first
Europeans arrived in the New World, these lands were used by aboriginal
inhabitants for hunting, fishing and habitation. The government of Canada
has recognized the legitimacy of land claims by Indigenous people and is
currently negotiating with the Passamaquoddy, Mi’kmaq and Wollastoq
peoples, together with representatives of provincial governments, to arrive
at a mutually agreeable settlement based on the rulings of the Supreme
Court of Canada and the provisions of the relevant Treaties.
Fourteen thousand years of Aboriginal Traditional Knowledge have shown
the need to include the voice, and respect the values of the
Peskotomuhkati in any decision-making process. As signatories to the
Peace and Friendship Treaties, consultation must take place in accordance
with claims and rights as protected by the treaties, courts and the
constitution.

2. Financial Guarantee
One of the important decisions the Commissioners will have to make at the
conclusion of these hearings is whether or not to accept NB Power’s
Financial Guarantee of $711 million as adequate to allow for the complete
decommissioning of the Point Lepreau nuclear plant at the end of its
lifetime, under any reasonably foreseeable circumstances.
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From ENVIRONMENTAL IMPACT STATEMENT FOR THE IN SITU DECOMMISSIONING OF WR-1 AT THE
WHITESHELL LABORATORIES SITE – EXECUTIVE SUMMARY Revision 2. [WLDP-26000-ENA-002]

The following graph illustrates the simple fact that decommissioning wastes
remain radioactive for more than 100,000 years, based on the purely physical
characteristics of the radioactive materials. In this case, the wastes are from a
nuclear reactor (the WR-1 research reactor at Pinawa, Manitoba) that is 35 times
less powerful than the Point Lepreau reactor.
It is an interesting observation that the radiotoxic impact of these wastes is
expected to peak at about 1000 years after emplacement, then decline until
about 50,000 – 70,000 years after emplacement, and then increase again until
well beyond 200,000 years after emplacement.
Although the calculated radiation doses to humans portrayed in this graph are
reassuringly very low, it is important to realize that those calculations are based
on many questionable assumptions about the behaviour of nature for
unimaginably long periods of time into the far distant future. Such assumptions
are not subject to verification by any scientific method known.

Figure 1. Longevity of radioactive decommissioning waste
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Not long ago, the CNSC staff mistakenly reported that the Commission
“accepts” NB Power’s financial guarantee based on the Point Lepreau
Preliminary Decommissioning Plan document. The staff, however, is not
authorized to decide such things. The Commissioners themselves must
shoulder the responsibility for making the decision whether or not to accept
the financial. guarantee.
As the staff admitted in an “erratum” at the end of its powerpoint
presentation during Part 1 of these hearings, while CNSC staff may “accept
the decommissioning plan and associated cost estimate as the foundation
of the financial guarantee, the financial guarantee requires the approval of
the Commission.”
The financial guarantee is intended to include the cost of managing and
disposing of the large volume of intermediate level radioactive waste (ILW)
and low-level radioactive waste (LLW) that will result from the dismantling of
the plant. See Table 4 of the Point Lepreau Preliminary Decommissioning
Plan, reproduced as Annex A. The decommissioning wastes must be
isolated from living things for very long periods of time – for many thousands
of years, indeed hundreds of thousands of years, as shown on the previous
page. Such a time frame dwarfs the span of recorded human history.
One reason offered by the licensee for deferring the complete
decommissioning of the plant for decades after the final shutdown is the
lack of any final repository for LILW (low-level and intermediate-level
radioactive waste). It is assumed by the licensee, without any evidence, that
such a repository will become available in time to accept the large volumes
of long-lived radioactive decommissioning waste, as well as the previously
accumulated 1100 cubic metres of radioactive refurbishment waste (which
is a bit similar but much smaller in volume than decommissioning wastes).
The federal government does not accept responsibility for disposing of
decommissioning wastes or any post-fission wastes other than the used
nuclear fuel. Also Ontario Power Generation (OPG) has made it clear that
any repository they build for non-fuel post-fission wastes is intended only
for wastes from Ontario’s reactors and not those from other jurisdictions.
When Hydro Quebec suggested that they could send their refurbishment
wastes to Ontario, OPG was quick to put the record straight by saying
“absolutely no”.
3
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It therefore appears necessary for NB Power to locate and construct its
own waste repository for LILW, to house the existing refurbishment wastes
as well as the voluminous decommissioning wastes that will be produced.
This raises the question: does the financial guarantee cover such costs?
Unless the existence of a permanent resting place for the LILW from Point
Lepreau can be established beyond doubt, there is nothing to prevent
these wastes from remaining on site indefinitely, severely limiting the
possibility of restoring this land to the Indigenous people from whom it was
taken long ago without their permission.
Such a turn of events would be contrary to the expressed policy of CNSC
as articulated on page 107 of CMD-H2: “The CNSC ensures that all its
licence decisions under the NSCA uphold the honour of the Crown and
consider Indigenous peoples’ potential or established Indigenous and/or
treaty rights pursuant to section 35 of the Constitution.”
In section 4.1.2. of CMD-H2 we read “CNSC staff conclude that the licence
renewal will not cause any new adverse impacts to any potential or
established Indigenous and/or treaty rights.” If the financial guarantee turns
out to be inadequate to pay for the lengthy process of siting and
constructing a permanent repository for LILW, however, this conclusion
may be invalidated. It follows that any approval of the financial guarantee at
this time is not advisable unless the Commission members plan to revisit
this matter in the near future – certainly not 20 or 25 years from now.

3. Term of the Operating Licence
At the same time, the Commissioners will have to decide whether to grant a
25 year operating licence, as requested by the proponent, or a 20 year
licence, as recommended by the CNSC staff, or a much shorter licence, in
conformity with past practice. For instance, the current Power Reactor
Operating Licence (PROL) for the Point Lepreau Nuclear Generating
Station was granted for five years.
If the Commissioners were to grant an operating licence for 20 years or
more, and at the same time accept the proposed financial guarantee, there
will be no opportunity for the Commissioners or the public to revisit that
financial decision until the plant is permanently shut down. At that point it is
4
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no longer generating any revenues that could be used to bolster those
financial guarantee. If the money is found to be insufficient, there is no easy
way to increase it to an amount that is more adequate to the task.
Experience has shown that it is a difficult task to have the inhabitants of one
jurisdiction accept radioactive wastes that were generated in another
jursdiction. to The Preliminary Decommissioning Plan, on which the
proposed financial guarantee is based, has only two pages of text in section
9, entitled DECOMMISSIONING COST ESTIMATE, and only two sentences in
the following section 10, entitled FINANCIAL GUARANTEE ARRANGEMENTS.
Both are reproduced in Annex A.

4. Role of the CNSC
The present report recommends that the Commissioners refrain from
granting a Power Reactor Operating Licence (PROL) for a period longer
than three years, in part because of serious inadequacies in the proposed
financial guarantee, but more importantly because the Commission needs
more time to fulfill its fundamental responsibilities, as articulated in the
Nuclear Safety and Control Act, article 9:
9 The objects of the Commission are
•

•

(a) to regulate the development, production and use of nuclear energy and
the production, possession and use of nuclear substances, prescribed
equipment and prescribed information in order to
o

(i) prevent unreasonable risk, to the environment and to the health
and safety of persons, associated with that development,
production, possession or use,

o

(ii) prevent unreasonable risk to national security associated with
that development, production, possession or use, and

o

(iii) achieve conformity with measures of control and international
obligations to which Canada has agreed; and

(b) to disseminate objective scientific, technical and regulatory information to
the public concerning the activities of the Commission and the effects, on
the environment and on the health and safety of persons, of the
development, production, possession and use referred to in paragraph (a).
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If the Commissioners were to inadvertently approve a financial guarantee
that is seriously inadequate, and if those inadequacies were to remain
uncorrected for the rest of the plant’s operational lifetime, the long-term
repercussions could prove to be scandalous for the industry, the
government and the regulator. Due to inadequate resources, or inadequate
advance preparation, or both, the decommissioning waste could remain on
site in perpetuity, improperly stored in a surface facility having a relatively
short life time of a century or so, potentially a source of radioactive
contamination for countless centuries thereafter.
The present report provides reasons for the Commissioners not to accept
this financial guarantee if it also means foregoing the opportunity to insist
on revisions while there is still time to do so, in the last two or three
decades of the plant’s operating history. The easiest way to accomplish this
is to grant a PROL for not more than three years, and to make acceptance
of the financial guarantee conditional on subsequent revisions to the
amount proposed based on subsequent experience and perceived
shortcomings in the Preliminary Decommissioning Plan.
Some of these perceived shortcomings are discussed in the remainder of
this paper.

5. Perceived Shortcomings
5.1 Cost Overruns
Between 2009 and 2012, Point Lepreau was refurbished at a cost initially
estimated at $1.4 billion, but the actual expenditure turned out to be one
billion dollars more, leaving NB Power at that time with a $4.6 billion debt.
If a similar cost over-run were seen during decommissioning, the estimated
cost would double and the financial guarantee of $711 million would prove to
be inadequate. According to the present Preliminary Decommissioning Plan
(PDP), the estimated cost for the total decommissioning of the Point
Lepreau reactor is $1.08 billion (Table 4, PDP Appendix A).
To date, no large CANDU reactor has ever been completely dismantled.
Until the first dismantlement is completed we will not know exactly what to
expect in the way of costs. The CANDU core area (see drawing) is much
6
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more complicated than the cores of other reactors. That, and the limitations
on worker exposures, makes dismantling a CANDU reactor a slow, difficult,
and dangerous job. Contaminated airborne dust may not trigger alarms.

The CANDU core, with 380 individual fuel channels and 760 contaminated feeder pipes, is geometrically
complicated, making it hard for workers to avoid spreading contamination while cutting the pipes apart.

Figure 2. The complicated geometry of a CANDU core

5.2 Radioactive Contamination
In 2009, some 500 tradesmen working on the refurbishment of the Bruce Unit
1 reactor inhaled plutonium- and americium-contaminated radioactive dust
(emanating from contaminated feeder pipes) for a period of two and a half
weeks, due to lack of proper alpha radiation monitoring. The workers had
been told they did not need to wear respirators or other protective gear in that
space at that time. The radioactive material they inhaled is not soluble and will
remain in their lungs for a long time. Such dust will also be present in the
Lepreau reactor pipes during decommissioning. Those alpha emitters have
very long half-lives, measured in centuries and millennia. Such considerations
7
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can add considerably to the cost of decommissioning. The necessary
monitoring slows things down and costs a bundle.
On an earlier occasion, workers at the Pickering plant carried radioactive
carbon-14 dust out of the plant and to their homes for a considerable period
of time due to inadequate beta radiation monitoring. Some of these workers
contaminated furniture and bedclothes in their homes that had to be
subsequently confiscated by the authorities as radioactive waste material.
Unlike highly penetrating gamma radiation, which is easily detected with a
Geiger counter, alpha and beta radiation can be notoriously difficult to detect
and may pass through regular radiation monitors without triggering an alarm.
Such hazards will also exist during decommissioning work.
Special precautions will have to be taken during decommissioning to prevent
this very fine radioactive dust from spreading into the environment, whether
air-borne or water-borne, and to prevent such dust from contaminating
clothes and equipment. It all costs money.

5.3 Underestimating the Costs
As previously remarked, there is no experience with the complete
dismantling of a CANDU reactor, and so any cost estimates are necessarily
speculative, However there are CANDU reactors that have been shut down
for over 40 years and could be dismantled at any time if the decision is
made to do so. These include the Gentilly-1 reactor at Bécancour Quebec,
and the Douglas Point reactor at Kincardine Ontario, There are also two
larger Pickering A reactors just east of Toronto that have been closed for
25 years. With a shorter licence, the Commissioners will have an
opportunity to relate the decommissioning cost estimates to actual
experience.
The Nuclear Energy Agency of the OECD (to which Canada belongs) has
published a large and detailed report entitled “Costs of Decommissioning
Nuclear Power Plants” (2016, NEA No. 7201, NUCLEAR ENERGY
AGENCY) based on estimates and decommissioning experiences in a
variety of countries. The overall conclusions regarding the cost of
decommissioning are summarized in the following table, where all cost
figures are expressed in 2011 euros.
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Figure 3. Decommissioning costs as estimated by OECD-NEA

The bottom line cost of 1.141 billion euros, expressed in 2011 EU currency,
translates to about $1.83 billion, expressed in 2022 Canadian currency.
That’s two and a half times larger than the financial guarantee that the
Commissioners are being asked to approve in the present hearings.
Note one of the details in this NEA cost breakdown. The cost of “waste
processing, storage and disposal” is a full 28 percent of the total
decommissioning cost, whereas the Point Lepreau PDP [Annex A] assigns
only 5.6 percent of overall cost to radioactive waste. That’s exactly five
times less than the percentage found by the Nuclear Energy Agency. If the
PDP waste estimate is multiplied by 5 to bring it into line with the NEA
9
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report, we would have to add an extra $240 million to the financial
guarantee – a 33% increase. If we adjust the PDP cost figure to align with
the NEA estimate, we would have to add an extra $452 million to the
financial guarantee – an increase of more than 63%.

5.4 Siting a Repository
In the mid 1980s, the Government of Canada tried to make good on a
promise made to the town of Port Hope Ontario. The government promised
to remove from the town a large volume of radioactive waste, most of it
low-level but potentially dangerous, that had been carelessly dumped in
ravines, in the harbor, on a public beach, and in the building materials used
to construct hundreds of buildings, necessitating extensive remediation.
A federal agency was established, called the Siting Task Force, to find a
willing host community somewhere in Ontario that might be willing to
receive the Port Hope wastes for state-of-the-art safe disposal in geological
formations that were considered suitable for the task. An environmental
Assessment Panel had warned that the Port Hope area was not ideal to
safely contain the long-lived radioactive waste materials due to a number of
factors including proximity to Lake Ontario, rapid erosion of the shore, and
an unsatisfactory geological foundation to support a permanent waste
repository.
After eight years of effort and millions of dollars in expenditure, the Task
Force came up empty handed. No other community could be found to take
the wastes. As a result, Port Hope is now undergoing a $1.2 billion cleanup
to consolidate the wastes in a gigantic above-ground engineered mound
that is designed to last for about 500 years. The mound is not considered a
permanent solution, but it is unclear what will be done as a sequel.
More recently, the Nuclear Waste Management Organization has spent
more than ten years trying to find a willing host community somewhere in
Ontario to host all of Canada’s high-level radioactive waste, which would
include the irradiated nuclear fuel from the Point Lepreau reactor. It is still
unclear whether NWMO may also possibly come up empty-handed, as the
number of candidate sites has been narrowed down from an original 22
sites to only 2. NWMO hopes to be able to announce that they have
successfully identified a site by next year, but there are no guarantees.
10
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Experience has shown that choosing a site for the permanent disposal of
long-lived radioactive waste is not an easy matter. It takes time, money and
a lot of patience. The costs are not insignificant; NWMO has disbursed
many millions of dollars along the way.
An earlier repository site, chosen by Ontario Power Generation (OPG) to
host a Deep Geological Repository (DGR) for the low-level and
intermediate-level radioactive wastes from its own fleet of nuclear power
reactors, was cancelled after almost fifteen years of effort because the
Saugeen Ojibway First Nation – on whose unceded territory the repository
was to be located – voted overwhelmingly against allowing it on their
ancestral territory.
Locating a Waste Facility is not an easy task, and if NB Power expects to
have one available by the time Point Lepreau is decommissioned (as they
clearly indicate in their justification for delaying the decommissioning of the
reactor earlier) they are already late in starting. There is no repository site
anywhere in Canada that is willing or able to accept decommissioning
wastes at the present time. Moreover, the management and disposal of
decommissioning wastes is not a federal responsibility, but a provincial
one. Hopefully, CNSC Commissioners can help to put pressure on NB
Power to do the necessary work to find a site and construct a repository
before the money set aside for decommissioning has all been spent.
Experience suggests that the search for a site should be a distinct line item
in the PDP and should be clearly reflected in the financial guarantee.

5.5 Coping with Longevity
All industries have waste of one kind or another, but the nuclear industry is
the only one that creates significant amounts of new radiologically toxic
elements during normal operation.
A radioactive element is made up of atoms that are unstable. Such an
unstable atom will suddenly disintegrate, giving off subatomic projectiles
(called “atomic radiation”) that are damaging to nearby living cells. Chronic
exposure to such radioactive emissions can result in an increased incidence
of cancer, leukemia and genetic damage among those so exposed.
Unnecessary exposure is to be avoided if possible, and minimized
otherwise.
11
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The most intense accumulation of new radioactive elements is in the used
fuel bundles themselves. Cracks or leaks in the outer coating of the fuel
can spread radioactive contamination throughout the reactor, especially in
the primary cooling system.
The half-life of a radioactive element is the time it takes for half of its
unstable atoms to disintegrate. Some radioactive elements are so shortlived they disappear in the blink of an eye. Others remain radioactive for
centuries or even millennia.
Radioactivity is a form of nuclear energy that cannot be turned off; that’s
why we have a radioactive waste problem. Since most engineered
structures are in danger of cracking or crumbling or falling apart eventually,
the safe isolation of very long-lived radioactive materials is extremely
challenging. This is especially so in the case of used nuclear fuel.
In the core area of a nuclear reactor, structural materials can also become
intensely radioactive as a result of “activation”. Activation turns nonradioactive atoms into radioactive ones, and we do not know how to turn
them back again.
For example, non-radioactive cobalt-59 atoms are transformed into
radioactive cobalt-60 atoms. Non-radioactive hydrogen atoms become
radioactive tritium atoms. Non-radioactive oxygen-17 atoms become
radioactive carbon-14 atoms.
And each of these radioactive activation products has a different half-life:
for cobalt-60, it is 5.3 years; for tritium, it is 12.3 years; for carbon-14, it is
5,700 years.
Due to a combination of activation and radioactive contamination, many of
the structural materials in a nuclear reactor, especially in the core area of
the reactor and the primary cooling system, become very long-lived
radioactive wastes. Such materials cannot normally be recycled for any
other commercial use, they have to be isolated from the environment
forever.
As a result of activation, a single pressure tube taken from the core of a
CANDU reactor immediately after shutdown can give a lethal dose of
12
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radiation in half an hour to an unshielded human being in close contact with
it (850 rems per hour). The unshielded calandria vessel can give a lethal
dose in half a minute (49,000 rems per hour). The thermal shield can do
the same in 5.5 seconds (260,000 rems per hour). These data are taken
from the Pickering Preliminary Nuclear Decommissioning Cost Study. No
such information is to be found in the Point Lepreau PDP.
These extremely high levels of radiation die down over the years, making it
much safer for workers to deal with the materials – but they are still quite
dangerous even after decades have gone by. Inhaling or ingesting tiny
amounts of radioactive materials, or becoming contaminated with
radioactive dust, can still endanger life as these radioactive elements
become “internal emitters”, sometimes absorbed or lodged in bodily
organs.
Here are some activation products, listed with their half-lives, that can
make decommissioning wastes dangerous even after thousands of years:
carbon-14
calcium-41
chlorine-36
nickel-59
nickel-53
nionium-94

5,700 years
102,000 years
301,000 years
76,000 years
101,000 years
29,300 years

In cases when there are no activation products created directly in a structural
component, radioactive contamination can still make it a “forever” problem.
For example, look at the radionuclides that accumulate in the thousands of
narrow little tubes inside the steam generators, quite far away from the core
of the reactor where all these radioactive elements are created.
Over 90 percent of the mass of radioactive material accumulating in the
steam generator pipes is plutonium – five varieties of plutonium – a highly
toxic material created inside the solid ceramic fuel pellets. Somehow, these
plutonium isotopes manage to escape from the fuel pellets into the primary
cooling water and are carried through the pipes right into the heart of the
steam generators. Plutonium-239 has a half-life of 24,000 years. Note there
are 6 other nuclides in the list with half-lives more than 10,000 years.
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Figure 4. Radioactive contamination of steam generators
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This cutaway diagram gives you an idea of what the “tube bundle” inside a
steam generator looks like. (It is not a CANDU steam generator, but it is
quite similar.)

Figure 5. The inner “tube bundle” of a steam generator

The important thing for everyone to realize is that all of this voluminous
material, weighing thousands of tonnes, has become long-lived radioactive
waste that will remain problematic for many thousands of years.
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Does NB Power have the resources, the expertise and the determination to
keep these radioactive poisons out of the biosphere for hundreds of
thousands of years? Do the Commissioners have the sagacity to insist that
the financial guarantee be commensurate with the challenge? Many believe
that the perpetual sequestration of radioactive wastes is one of the major
unsolved problems of the human race. We cannot afford to cut corners.

5.6 Mobility of Radionuclides
Everybody knows about vacuum cleaner bags. They end up being the
dirtiest things in the room, by far. Air filters also become clogged up,
rendering them no longer useful. In nuclear plants, gelatinous materials
called “ion exchange resins” are used to filter out the radionuclides that
keep leaking into the various aqueous reservoirs, such as the spent fuel
pools, the moderator circuit, the primary and secondary cooling circuits,
and so forth.
It turns out that spent ion-exchange resins are among the most fiercely
radioactive items in the intermediate-level waste category.
In an on-line Q&A session entitled “Responses to Questions Raised from Peer Review
of Canada’s Fifth National Report for the Joint Convention on the Safety of Spent Fuel
Management and on the Safety of Radioactive Waste Management” (see link below),
CNSC states the following:

“Spent ion exchange resin represents more than one half of OPG’s intermediatelevel radioactive waste category at OPG’s generating stations. The resins in
storage tanks are not routinely agitated or fluidized and are kept fully submerged,
as operating experience has indicated that carbon-14 emissions . . . increase if the
resins are exposed to air while in the moist state. OPG does measure . . . airborne
carbon-14 release when resin is slurried from the tanks into shipping containers.”
https://nuclearsafety.gc.ca/pubs_catalogue/uploads/Responses-to-Questions-Fifth-Report-Joint-Convention-Safety-of-SpentFuel-Management-and-Safety-of-Radioactive-Waste.pdf

Of all the power reactors in use around the world, CANDU reactors create
the most tritium (radioactive hydrogen) and the most carbon-14 (radioactive
carbon). In both cases it is because of the use of a large volume of “heavy
water” as a moderator.
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In heavy water, the hydrogen atoms in the H2O molecules are replaced by
non-radioactive “heavy hydrogen”, also known as deuterium. In addition,
some of the normal oxygen-16 atoms are replaced by non-radioactive
“heavy oxygen”, oxygen-17.
When a deuterium atom absorbs a stray neutron it gets even heavier, and it
becomes unstable. It has been “activated” and is now a radioactive form of
hydrogen called tritium. Tritium atoms are three times as heavy as normal
hydrogen atoms. CANDU reactors produce at least 30 times more tritium
than light-water reactors, and a lot of the tritium escapes into the
environment in a gaseous form (as radioactive water vapour) or as a liquid
effluent. (radioactive water). The “tritiated” vapour turns into radioactive rain
or radioactive snow which falls out on the ground below.
In a similar way, when an oxygen-17 atom absorbs a stray neutron it is
transformed a radioactive atom of carbon-14. Since heavy water has an
unusually high concentration of oxygen-17 to start with, CANDU reactors
produce a lot more carbon-14 than other reactor types.
Tritium and carbon-14 have some important similarities. They each give off
a form of atomic radiation that is difficult to detect but nevertheless is
harmful inside the body. They are radioactive versions of ordinary hydrogen
and non-radioactive carbon, which are the basic building blocks of all
organic molecules, including DNA molecules. As such they pose biological
dangers that are unique, and they can both become “organically bound”.
They are both very mobile in the environment and can be given off in
gaseous form as radioactive water vapour or radioactive carbon dioxide or
carbon monoxide. They both have relatively long half-lives – 12.3 years for
tritium and 5,700 years for carbon-14 – which allows them to persist and
accumulate in the environment. Moreover, since there are few if any
containers that can be counted on to contain a radioactive gas for
thousands of years, it is inadvisable for intermediate-level waste such as
spent ion exchange resins to be stored on the surface or very near the
surface.
However, if NB Power is unable to construct a robust radioactive waste
containment facility, which will undoubtedly be costly, the decommissioning
wastes from Point Lepreau – including the ion exchange resins – may be
stored on site in an above ground or near surface facility that is in effect an
17
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engineered radioactive dump. This will turn the traditional Indigenous
territories in question into a permanent radioactive waste site, with chronic
leakage of carbon-14 and other long-lived radionuclides that are
environmentally mobile into the local air, food and water supplies.
If the CNSC Commissioners take steps to shorten the licence period to no
more than three years and determine to actively pursue the adequacy of
decommissioning waste management for the very long term, insisting on a
financial guarantee that will permit the licensee to do not just a minimal job
but a superb job, everyone will be the better for it. Because such decision
affect the health and safety of future generations and the integrity of the
local environment, such decisions should not be left to the discretion of
CNSC staff, but should be borne by the Commissioners themselves. They
are the appointed decision makers under the law.

5.7 Contaminated Soil
Because of the use of large volumes of deuterium oxide (D2O, or “heavy
water”) as both moderator and coolant, CANDU reactors generate and
release large amounts of tritium. Because tritium is chemically identical to
ordinary hydrogen, tritiated water is also chemically identical to ordinary
water. As such, tritium is notoriously difficult to contain.
As tritiated water cannot be easily separated from ordinary water, it
routinely escapes into the environment in both aqueous effluents and
as water vapour or steam. Tritium emissions from CANDU reactors are
much greater than from any other kind of commercial reactor, in the order
of 100 trillion becquerels per year per unit.
The significantly increased concentration of tritium in Lake Ontario
compared with that in Lake Superior is almost entirely due to tritium
emissions from reactors at Pickering, Darlington and Bruce.
After complete decommissioning of a CANDU power station, once the used
fuel and heavy water has been safely packaged and securely stored in
leak-proof containers, there remains a significant source term of tritium
contamination in the groundwater and soil beneath the plant’s foundations.
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Unfortunately there is no data readily available on this matter for Point
Lepreau, but in the case of the Pickering plant, the underground tritium
source term is estimated to be several quadrillion becquerels –
disregarding other radioactive contaminants that may also be there.
Dr. Frank Greening, who worked for 23 years in the Ontario nuclear
industry, and who once headed the Ontario Hydro Radioanalytic
Laboratory, has kindly provided me with some figures (see the latter portion
of Annex C).
Measurements of groundwater samples taken from beneath the Pickering
Nuclear Generating Station indicate an average tritium concentration of
more than 8 million becquerels per litre (Bq/L) – far in excess of the
Canadian regulatory limit of 3 million Bq/L for non-potable water.
This radioactive water (tritiated water) is chemically identical to ordinary
water and will be available to enter Lake Ontario for centuries to come if not
removed. Tritium is a highly mobile contaminant that enters freely into
all living things and, indeed, into all organic molecules, including DNA.
The total inventory of tritium in the groundwater beneath the Pickering plant
is conservatively estimated by Dr. Greening at two and a half quadrillion
becquerels: 2.5 x 10^15 Bq of tritium. (Annex C). That’s enough to render
315 trillion litres of water undrinkable using the existing Canadian standard
for tritum in drinking water, 7000 Brecquierels per litre.
315 trillion litres is about 2/3 the volume of water in Lake Erie.
As part of the decommissioning plan for Point Lepreau, the extent of soil
contamination underneath the plant should be assayed, and plans be made
to excavate the contaminated soil as part of the decommissioning activity.
Report by Gordon Edwards for the Passamaquoddy Recognition Group Inc., March 30 2022
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9. DECOMMISSIONING COST ESTIMATE
TLG prepared the original decommissioning assessment for Point Lepreau in 2000 (Ref.
9) and updated this estimate in 2005 (Ref. 10), 2010 (Ref. 11), 2015 (Ref. 12) and most
recently in 2020 (Ref. 8). The purpose of these analyses was to provide New Brunswick
Power (NBP) with sufficient information to assess its financial obligations as they pertain
to the eventual decommissioning of the Point Lepreau Nuclear Generating Station. The
TLG analysis provided a scenario-dependent cost estimate prepared in advance of the
detailed engineering preparations required to carry out the decommissioning of Point
Lepreau. The decommissioning strategy assumed by TLG for this cost estimate is in
agreement with the Deferred Removal strategy presented and described within this
PDP.
The decommissioning activities are performed in accordance with current regulations
that are assumed still in place at the time of decommissioning. Changes in current
regulations may have a cost impact on decommissioning. The cost estimate includes
activities and costs necessary to manage the decommissioning in accordance with the
requirements of CSA Standard N286-12 (Ref. 13) and includes necessary activities
identified in CSA N294-09 “Decommissioning of Facilities Containing Nuclear
Substances.” (Ref. 14)
The total projected cost, in thousands of year 2019 Canadian dollars, to decommission
the Point Lepreau facility is estimated to be $1,083.1 million . This cost reflects site
specific features of the station, NBP-specific conditions, the local cost of labor, and
projected future costs for radioactive waste disposal. Summaries of the major activities
contributing to the total cost are provided in Table 4. The anticipated annual costs are
provided in Table 5. All costs in both tables include appropriate levels of contingency.
This decommissioning cost is based on the acceptance and transfer of all Point Lepreau
irradiated fuel at a Canadian national repository no later than the year 2067. Following
the transfer, radiological remediation will be initiated.
The TLG decommissioning cost analysis for Point Lepreau was based upon current
regulatory and technical requirements and their present-day costs, available
technologies, and current decommissioning philosophies. Program management (Utility
and DOC) including management, engineering, specialists, technicians, and clerical
represent the majority of the costs to decommission the Point Lepreau Station. These
costs, which include the plant staff, are incurred at varying levels throughout the project,
from shutdown through transition, safe-storage, and final dismantling. The next largest
component is associated with the direct labor, equipment, and radioactive waste
management costs associated with decontamination and dismantling the station.

Section 9, Page 2 of 2

Security is another substantial contributor to the overall project costs. These costs are
also incurred throughout the decommissioning project, with annual staff and cost
reductions as the reactor is defueled, and as spent fuel is transferred from wet to dry
storage. Most of these costs are a direct result of the labor-intensive nature of the
decommissioning process, as well as the required management controls needed to
ensure a safe and successful decommissioning program.
Radioactive waste disposal rates projected are indicative of the life-cycle expenses
incurred in siting, developing, and licensing new disposal facilities, and then operating
and maintaining them. Packaging and transportation costs are sensitive to the waste
volume generated in the D&D process, transportation regulations and fees, and the final
destination location (i.e., distance to the disposal site).
The removal costs for systems, components, and structures are primarily driven by the
cost of labor. These costs reflect composite “craft” labor costs for Point Lepreau, as
supplied by NBP. Materials and consumables associated with removal activities were
included using representative costs for the region. Selected special materials or
equipment required for the decommissioning were assumed to originate in the U.S. and
reflect appropriate currency conversions. Productivity adjustments were applied to
activity durations, based on the anticipated working conditions for each particular station
area or major component.
There are many “Other” costs that are projected to be incurred during decommissioning
and significantly impact the estimate. These include property taxes, insurance,
corporate overhead and shared services, regulatory and emergency responder costs or
fees, energy, contracted engineering, and extensive surveys to ensure the
decommissioning meets the defined station release criteria. Costs such as property
taxes, corporate overhead and shared services and emergency responder costs or fees
were provided by NBP and incorporated directly into the estimate. Other costs such as
insurance, regulatory costs and fees, and energy were based on existing operational
data, with adjustments made in annual costs to reflect changes in the plant
configuration as the decommissioning project progresses.

10. FINANCIAL GUARANTEE ARRANGEMENTS
The initial decommissioning financial guarantee was provided to the CNSC
by NBP in July of 2003. The guarantee will be revised as a result of the
2020 decommissioning cost update and reported to the CNSC under the
current PROL Condition G.5.
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TABLE 4 : SUMMARY OF DECOMMISSIONING COSTS (Ref. 8)
Cost Elements

Costs 2019$ CAD
(thousands)

Percent of
Total Cost

Decontamination

11,337

1.0

Removal

91,900

8.5

Packaging

22,293

2.1

Shipping

34,623

3.2

Waste Disposal

60,858

5.6

Property Taxes

79,321

7.3

Insurance

35,684

3.3

Regulatory and Enviromental Fees

18,060

1.7

Emergency Response Fees

19,808

1.8

Emergency Response Fee (CSIS)

8,342

0.8

Spent Fuel Pool O&M

5,795

0.5

SRWMF and Dry Fuel Storage O&M

7,946

0.7

Plant energy budget

30,877

2.9

Contract Engineering

20,311

1.9

Security

139,085

12.8

Program Management (Utility)

123,112

11.4

Program Management (DOC)

69,915

6.5

Corporate Overhead & Shared Services

34,767

3.2

4,250

0.4

Independent Verification

13,357

1.2

Remedial action surveys

3,123

0.3

14,600

1.3

1,720

0.2

Isolate Spent Fuel Pool Systems

12,325

1.1

Equipment (not accounted for under the "Decontamination" or
"Removal" cost categories)

19,376

1.8

NBP Emergency Response Team

40,855

3.8

159,489

14.7

1,083,130

100.0

Characterization

Spent Resin Volume Reduction
Liquid Radwaste Processing Equipment/Services

Contingency
Total1
1. Columns may not add due to rounding

TLG Services, Inc.
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To whom it may concern:
Please accept this email as an intervention concerning the CNSC’s REGDOC-2.11.2,
entitled Decommissioning, issued July 2019. I wish to thank the CNSC for providing an
opportunity for interested parties to contribute to the debate on the vitally important issue of
nuclear power plant (NPP) decommissioning.
Having reviewed the 20 or so pages of text that constitute the issues addressed by REGDOC2.11.2, my first reaction is that the document as it now stands is of little practical value to a
reactor owner/operator wishing to decommission a nuclear facility, largely because of its nonprescriptive approach. Nevertheless, in looking at the interventions that have already been
submitted to the CNSC with regard to REGDOC-2.11.2, it appears that there are
essentially three approaches to NPP decommissioning that need to be considered:
(i) Immediate dismantling of the facility
(ii) Delayed or deferred dismantling of the facility for periods up to 50 years
(iii) Entombment of the facility
Generally speaking, option (i) is favored by environmentalists, while options (ii) and (iii) are
favored by NPP owner/operators. However, it is worth noting that the International Atomic
Energy Agency, the IAEA, has tacitly rejected option (iii), facility entombment, as a viable
approach to decommissioning. Thus, in the IAEA document entitled: Decommissioning of
Facilities, General Safety Requirements Part 6, GSR Part 6, issued in 2014, we read:
Entombment, in which all or part of the facility is encased in a structurally long-lived material, is
not considered a decommissioning strategy and is not an option in the case of planned permanent
shutdown. It may be considered a solution only under exceptional circumstances (e.g., following
a severe accident).
The rationale behind this opinion from the IAEA will not be discussed in this intervention.
Therefore, we shall restrict our evaluation of decommissioning strategies to the relative pros and
cons of options (i) and (ii): immediate dismantling and delayed dismantling, respectively.
1a. Immediate Dismantling, Pros:
The main positive attribute of Immediate Dismantling of an NPP as a decommissioning strategy
is that it fast-tracks the removal/disposal of something that has served its design purpose and is
no longer capable of further safe, reliable operation. In this “no longer of any use” state, a
shutdown nuclear facility is universally regarded as an eyesore – a structure that despoils a
potentially pleasant landscape, and therefore something that should be removed as quickly and as
efficiently as possible.
In this regard, most people consider a shutdown nuclear reactor as something akin to an old car
that sits abandoned on a downtown lot. And to continue this analogy, environmentalists dream of
this old car being towed away to a scrap yard with a minimum of fuss, and the lot converted into
a park or children’s playground – the ideal green field final state for a former nuclear site.
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1b. Immediate Dismantling, Cons:
A preference for, and the positive picture painted by many environmentalists of the immediate
dismantlement of an NPP, needs to be tempered by the fact that the radiation fields emanating
from a nuclear reactor are at their maximum immediately after reactor shutdown, even if these
fields decay at a predictable rate thereafter. Thus, delayed dismantlement is a simple way to
reduce reactor shutdown radiation fields to more acceptable levels and thereby reduce the
radiation exposure of workers assigned to tasks requiring close proximity to a reactor’s core,
where the fields are very, and frequently unacceptably high.
It is tempting to estimate the radiation doses expected for workers involved in a
CANDU decommissioning by referring to the known doses for workers involved in
reactor refurbishments such as those that have been successfully carried out on Units 1 & 2 at
Bruce A. However, the dismantlement of a CANDU reactor involves cutting up reactor core
components that are much more radioactive than the pressure tubes, calandria tubes and feeder
pipes that constitute the main radioactive wastes associated with CANDU refurbishments.
Thus, the radiation field emanating from removed pressure tubes is about 800 rem/hr – which, in
the absence of shielding, will give a lethal dose to an exposed individual in less than 30 minutes;
by comparison, the radiation fields coming off reactor core components such as the thermal
shield, calandria shell and dump tank are 260,000 rem/hr, 49,000 rem/hr and 12,000 rem/hr,
respectively. These are truly dangerous radiation fields that are lethal in less than 1 minute of
exposure and are impractical to shield!
The predicted radioactivity of such CANDU core components is described in detail in
OPG’s Preliminary Nuclear Decommissioning Cost Study, issued in 1981. For the present
discussion, Co-60 is the most important radionuclide since it is the principal gamma-emitter in
the decommissioning waste for a mature reactor, at least for the first 50 years or so after reactor
shutdown. Thus, in Table 5-4 of OPG’s 1981 report we find estimates of the Pickering A
shutdown activity of Co-60 in components of interest as follows:
Pressure Tubes = 3,300 TBq
Calandria Tubes = 1,200 TBq
End Fittings = 19,000 TBq
This gives the total Co-60 activity of Pickering A’s refurbishment waste at shutdown of 23,500
TBq.
By comparison, OPG’s 2016 prediction of the Co-60 shutdown activity of Pickering A,
(See Preliminary Decommissioning Plan – Pickering Generating Stations A & B), is 75,000
TBq, or about 3 times the refurbishment waste activity.
Fortunately, Table 5-4 of OPG’s 1981 Decommissioning Cost Study also provides estimates of
the Pickering A shutdown activity of Co-60 for the major core components as follows:
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Calandria Shell = 37,000 TBq
Thermal Shield = 19,000 TBq
Calandria Tube-sheet = 8,500 TBq
Containment Shell = 4,100 TBq
Adjuster Rod Guide Tube = 520 TBq
Shutoff Rod Guide Tubes = 410 TBq
Moderator Dump Tank = 3000 TBq
This gives a total Co-60 activity of Pickering A’s decommissioning waste of 72,530 TBq, as
noted above, or about 3 times the refurbishment waste activity of 23,500 TBq also noted above.
As described below, these activities, and the associated doses to decommissioning workers, may
be significantly reduced by allowing time for radioactive decay.
2a. Deferred Dismantling, Pros:
The main reason to defer the decommissioning of a CANDU reactor is to allow the shutdown
activity to decay to acceptable levels. As previously noted, Co-60, with a half-life of 5.27 years,
is the main activity responsible for over 90% of the reactor’s radiation field at shutdown. For this
reason, decay periods measured in tens of years are required to achieve significant reductions in
the radiation fields, as shown in Table 1 below.
Table 1: Decay of Cobalt-60 as a Function of Time
(Years After Shutdown)
Decay Period

Decay Factor

0

10

20

30

40

50

1

0.269

0.072

0.019

0.0052

0.0014

From Table 1 we see that a decay of 50 years reduces a Co-60 radiation field to a mere 0.14 % of
its shutdown activity. Such a means of dose reduction is in line with the ALARA (As Low As
Reasonably Achievable), principle of radiation protection by reducing a worker’s dose
commitment from decommissioning activities to an acceptable level.
2b. Deferred Dismantling, Cons:
The main disadvantage of deferring the dismantlement of an NPP, apart from the public’s
perception of a problem left unresolved, is that the facility has to be monitored on a 24-hour/7days-a-week basis for an extended period of time – potentially up to 50 years. However, this
monitoring, and the associated staffing of the facility, will be far less than the staffing that would
be required for a normally operating facility.
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Discussion:
So far in this intervention the radio-activation of an NPP’s physical structure has been considered
as the only radiological factor of concern in the dismantlement of the facility. However, in the
case of Pickering NGS, and to a lesser extent Bruce NGS, tritium that has escaped from
containment and entered the local aquifer is a very significant issue that must be dispositioned,
especially if the ultimate goal of the decommissioning is to return these facilities to a green-field
state. For this reason, we shall review what is known about the extent of this tritium escape
problem with particular focus on Pickering NGS.
The main source of tritium in a CANDU reactor is the moderator system which typically
contains about 300,000 kilograms of heavy water, or D2O. Virgin D2O contains no tritium, but
tritium (as DTO) builds up in a moderator during reactor operation at an initial rate of about 2
Ci/kg per year; with a combination of decay and de-tritiation, an “equilibrium” state is attained
whereby the reactor operates with about 10 Ci of tritium per kilogram of D2O. Thus, a mature
CANDU moderator contains 10 (Ci/kg) × 300,000 (kg) of tritium, which equals 3 million Curies
or 1.11 × 1017 Bq of tritium.
In the early years of operation of the CANDU Units at Pickering and Bruce, heavy water leaks
and spills were quite common, resulting in the following average leakage rates:
PNGS ‘A’ heavy water leakage rate (1978 estimate):
PNGS ‘A’ heavy water spillage rate (1978 estimate):
Total:
Total per year:

3.3 ± 0.2 kg/hour
8.5 ± 1.2 kg/hour
11.8 kg/hour

11.8 ´ 24 ´ 365 = 103,368 kg

Bruce ‘A’ moderator heavy water leakage (1982):
Bruce ‘A’ PHTS (IX and filter room) leakage (1982):

0.48 kg/hr = 16,800 kg/year
0.50 kg/hr = 17,500 kg/year

However, during this period, most of the heavy water that leaked or was spilt was recovered.
Thus, for PNGS ‘A’ Units, in comparison to the data given above, only 11,000 kg of heavy water
per year was actually lost, about 50% via airborne and 50% by waterborne emissions. Similarly
(in 1979), the Bruce ‘A’ heavy water loss was estimated to be 0.735 kg/hour per Unit. Thus, the
total heavy water loss for four Bruce ‘A’ Units in 1979, (again about 50% via airborne and 50%
by waterborne emissions), was equal to 0.735 ´ 4 ´ 24 ´ 365, or 25,754 kg/year.
Station condition records for the first decade of operation of Units at Pickering and Bruce show
that accidental spills and unexpected leaks were quickly dealt with and contained. Furthermore,
there is no evidence from that time period of any chronic escape of tritiated water from
containment. However, in 1997, for the very first time, OPG acknowledged the presence of
tritium in Pickering A groundwater samples. The samples in question were collected in
monitoring wells and groundwater tubes located adjacent to the Heavy Water Upgrader Plant and
the Auxiliary Irradiated Fuel Bay. In addition, in the year 2000, very high levels of tritium were
observed to be leaking into the site groundwater via the Unit 1 moderator pit.
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Between the years 2000 and 2005, highly elevated levels of tritium were identified in
groundwater samples collected at various locations, both at PNGS A and at PNGS B. The
samples listed below revealed just how serious groundwater contamination was at that time:
• PNGS A Unit1 moderator purification room pit had tritium concentrations up to 1.04 × 1010 Bq/L
• PNGS A & B foundation drain sumps had tritium concentrations up to 1.3 × 105 Bq/L
• PNGS A reactor auxiliary bay sumps had tritium concentrations up to 1.9 × 108 Bq/L
• PNGS B reactor auxiliary bay sumps had tritium concentrations up to 8.0 × 106 Bq/L
• PNGS B irradiated fuel bay ground-tubes had tritium concentrations up to 4.0 × 106 Bq/L
It is important to note that several of these samples show Pickering groundwater with
contamination levels that are well above the CNSC limit of 3 × 106 Bq/L for tritium in nonpotable water, (See Footnote 1). Indeed, tritium concentration contour maps of the Pickering site
measured between 2000 and 2003 show an area centered on Unit 1, Unit 2 and the Vacuum
Building with a groundwater tritium concentration over 32,000,000 Bq/liter.
More recent data on Pickering groundwater samples show that Unit 1 foundation drains continue
to exhibit very high levels of tritium, with concentrations as high as 1.19 × 109 Bq/L measured as
recently as the first quarter of 2018. Other Pickering site locations tend to show somewhat lower
tritium activities but many sampling locations, (for example the Irradiated Fuel Bay between
Units 2 and 3 and Monitoring Wells, (MWs), Nos 235-30, 239-30 and 273-20), have consistently
exhibited tritium concentrations above the CNSC limit of 3 × 106 Bq/L over the past ten years.
So, we need to ask: what is the impact of these elevated levels of tritium in Pickering’s
groundwater on the decommissioning of this site? OPG’s position on this was made quite clear
in its 2016 Report P-PLAN-00960-00001 entitled Preliminary Decommissioning Plan –
Pickering Generating Stations A & B, where we read:
Localized areas of slightly elevated tritium concentrations are present in the groundwater
located within the protected area of the Pickering site. The sources of these historical
releases were identified by previous assessments and subsequently eliminated through
procedural and/or operational changes, with steps taken to mitigate the risk of future
releases. Previous Environmental Assessments (EAs) indicate that tritium concentrations
are not migrating off-site and that no effects result from the tritium in groundwater on biota
are likely. The groundwater monitoring program will continue to track, monitor, and report
on the groundwater quality on site.
Furthermore, at the CNSC Licence Renewal Hearing for OPG’s Pickering Nuclear Generating
Station, held on April 4th 2018, the Commission concluded:
Tritium in groundwater is mainly localized within the station’s Protected Area. The
foundation drains act as hydraulic sinks that capture most of the tritium plumes in the
groundwater. The groundwater monitoring program results confirmed the site perimeter
concentrations remain low, indicating no off-site impacts.

5

ANNEX C
Appendix A: Intervention by Dr. Frank Greening on Decommissioning (Dec 2019)
Thus, we have statements by OPG and the CNSC that make two significant claims:
(i) OPG considers Pickering groundwater samples to exhibit only “slightly elevated tritium
concentrations”, even though many samples have consistently exhibited tritium concentrations
well above the CNSC limit of 3 × 106 Bq/L over the past ten years.
(ii) Tritium in Pickering groundwater is “not migrating off-site” because “the foundation drains
act as hydraulic sinks that capture most of the tritium plumes in the groundwater.”
However, in stark contradiction to claim (ii), we are also told in OPG’s Preliminary
Decommissioning Plan – Pickering Generating Stations A & B, that:
After the PNGS A and B Units are shut down and all the sources of tritium leakage have
been terminated, significant decreases in overall groundwater tritium concentrations can
be expected to occur over the course of the 30-year Safe Storage period due to dispersion
and radioactive decay over time. As such, tritium concentrations will naturally decrease
to levels that would meet the release criteria for the site.
Thus, when it comes to decommissioning, in spite of it being captured in a “hydraulic sink”,
OPG believes that Pickering’s groundwater tritium activity will “significantly decrease” due to
“dispersion and radioactive decay over time”. The amount of radioactive decay of tritium may
be precisely determined from its half-life of 12.3 years, as shown in Table 2, below.
Table 2: Decay of Tritium as a Function of Time
Decay Period
Decay Factor

(Years After Shutdown)
0
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1

0.569

0.324

0.184

0.105

0.0598

From Table 2, we see that for a decay of 30 years, the tritium activity will be 18.4% of its value
at shutdown. Thus, for example, an initial tritium activity of 32 × 106 Bq/L will have decayed in
30 years to 5.9 × 106Bq/L, which is still well above the CNSC limit of 3 × 106 Bq/L for tritium in
non-potable water.
And I would ask OPG to explain by what mechanism the tritium currently “captured” beneath
the Pickering facility will be “dispersed”, especially in view of OPG’s and the CNSC’s claim
that “Environmental Assessments indicate that tritium is not migrating off-site”.
Tritium in Groundwater: The Source Term for Pickering NGS
As we have seen, very high levels of tritium are known to be present in the groundwater located
beneath the foundations of Pickering NGS. However, in order to quantify the impact of this
radioactive contamination on the decommissioning of this facility we need a precise estimate of
6

ANNEX C
Appendix A: Intervention by Dr. Frank Greening on Decommissioning (Dec 2019)
the tritium in groundwater source term. Unfortunately, detailed records of when, where, and how
much tritium has leaked into Pickering’s foundation drains since the commissioning of this
facility in the early 1970s, (Pickering A), and early 1980s, (Pickering B), have not been
published by OPG – quite often because such data were not always collected. Thus, some
tritiated heavy water leaks at Pickering NGS were first “discovered” at some unknown point in
time that was evidently long after the leak began. Indeed, many heavy water leaks in CANDU
reactors are initially too small to detect – typically less than 1 gram/hr – but increase with time
until they eventually become detectable.
Nevertheless, some average leak rate data have been published in documents such as the annual
COG D2O Management Reports that allow an estimate to be made of the current source term for
tritium in Pickering’s groundwater. These reports show that Pickering’s D2O loss rate for the
mature station has typically been about 0.8 kg/hour/Unit. It is also known that the main sources
of D2O escape are moderator purification and heat exchanger maintenance, especially during
spent moderator resin and drum handling. These activities result in an average loss rate of “highCurie” D2O of about 0.4 kg/hour/Unit for which we estimate an average tritium concentration of
0.5 Ci/kg. In addition, we shall assume about half of this D2O, or 0.2 kg/hour/Unit has entered
the groundwater beneath Pickering, which is equivalent to 1750 kg/year/Unit.
Starting with these assumptions, the Pickering tritium in groundwater source term, SGW(Bq), may
be determined using the following equation and parameter values:
SGW(Bq) = R(kg/year) × C(Ci/kg) × N(Units) × T(years) × D(decay factor) × 3.7 × 1010 (Bq/Ci)
Where,
R is the rate of ingress of D2O into Pickering groundwater = 1750 kg/year/Unit
C is the average Curie content of the D2O = 0.5 Ci/kg
N is the number of operating Units = 2 PNGS A + 4 PNGS B = 6 Units
T is the effective operating time for each Unit = 30 years
D is an average decay factor for tritium taken as a decay of 15 years = 0.43
Hence,
SGW(Bq) = 1750 (kg/year/Unit) × 0.5 (Ci/kg) × 6 (Units) × 30 (years) × 0.43 × 3.7 × 1010 (Bq/Ci)
SGW(Bq) = 2.5 × 1015 Bq
Furthermore, if we assume the contaminated groundwater occupies a volume equal to the
Pickering A & B site area of (750 × 200) m2 extending to a depth of 2 meters, we have an effective
average tritium in groundwater concentration of 8.3 × 106 Bq/L; this is well within the range of
tritium concentrations measured in monitoring wells at Pickering, as previously discussed.
To provide some perspective on these tritium amounts and concentrations it is useful to consider
some comparative data, generously provided by Dr. Greening (Appendix A):
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Tritium inventory accumulated at Pickering NGS site at shutdown = 7.0 × 1017 Bq
Tritium source term for Pickering groundwater = 2.5 × 1015 Bq = 0.36% of station inventory
Tritium average concentration in Pickering groundwater = 8.3 × 106 Bq/L
Tritium inventory in OPG’s proposed DGR = 1.5 × 1014 Bq
Average tritium concentration in DGR waste = 1.5 × 106 Bq/L
Tritium inventory in CNL’s proposed NSDF = 8.9 × 1014 Bq
Tritium average concentration in NSDF waste = 1.0 × 106 Bq/L
These data show that Pickering groundwater is contaminated with tritium to a level that is
significantly higher than in the Low and Intermediate Level wastes slated for disposal in a DGR
or NSDF.
Interestingly, however, OPG does address the issue of the disposal of contaminated soil at
Pickering NGS in its 2015 Preliminary Decommissioning Plan report, where we read:
The longer half-life radionuclides that are typically found during decommissioning are
Co-60, Cs-137 and Sr-90. This contamination is likely to be found in soil relatively close
(within a few meters) to the underside of the structure or components from which the
leakage occurred. Remediation would likely entail excavation of the affected soil, with offsite disposal of the soil as radioactive waste. A preliminary estimate has been made, which
indicates six affected locations with an affected soil volume of 6,730 m3 that will have to
be excavated and disposed.
Clearly, OPG’s “plan” does not even mention tritium as a contaminant of concern in Pickering’s
near-surface soil; but I would argue that this tritium contamination must be properly dealt with
during the decommissioning of this facility simply on the basis of its high specific activity in the
site’s foundation drains. It also follows that the amount of soil requiring excavation and disposal
will be orders of magnitude greater that the 6,730 m3 estimated above by OPG. Indeed, if tritium
contamination of the Pickering site is taken seriously, it could well prove to be a proverbial
“show stopper” because of the sheer volume of contaminated material involved and the cost
entailed in its removal, shipping and emplacement in an appropriate disposal facility.
Footnote 1:
As first pointed out by W. Ruland in his October 2019 report for Lake Ontario Waterkeepers, the CNSC
limit of 3 × 106 Bq/L for tritium in non-potable water appears to have no scientific basis, and is much
higher than the US NRC Regulatory Limit of 37,000 Bq/L for the release of tritium to groundwater. In
addition, a large nuclear power station such as Pickering, Bruce and Darlington, is restricted in its tritium
discharges to its DRL limited concentration of about 0.5 × 106 Bq/L, or 6 times lower than the CNSC’s
“non-potable water” discharge limit of 3 × 106 Bq/L. The CNSC needs to explain these anomalies.
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ANNEX C
Appendix A: Intervention by Dr. Frank Greening on Decommissioning (Dec 2019)
Conclusions:
(i) Deferred or delayed dismantling of the Pickering, Bruce and Darlington NPPs is
the only viable option for the safe, ALARA decommissioning of these facilities.
(ii) The high levels of tritium in groundwater currently located beneath the foundations of
Pickering NGS pose a serious waste disposal problem that threatens the economic viability of the
decommissioning of this site and could potentially prevent it from ever being returned to a
true green field state.
For which of you, desiring to build a tower, does not first sit down and count the cost,
whether he has enough to complete it?
Luke 14:28
F. R. Greening
Hamilton, ON
December 2019
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