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I
ABSTRACT

• The term decomissioning applies to the actions involved in taking a
nuclear station/reactor permanently out of service and placing and

I maintaining it in a safe mode.

The decommissioning process may be accomplished by the implementation of

I three possible options or combinations thereof. The three basic
decommissioning options considered are:

1. Storage With Surveillance (SWS)

I
I
I
I

2. Restricted Site Release (RSR)

3. Unrestricted Site Use (USU)

Storage with surveillance (SWS) involves relatively few activities and
modifications to the station immediately after shutdown. The reactor is
defuelled and drained of coolant. Surveillance of the station on a
continuous basis is a key feature in ensuring proper protection of the
public and environment. Restricted site release (RSR) goes further in
that there are more activities, including removal of some systems,
following permament shutdown. Surveillance plays a much less central
role because the additional activities consolidate the radioactivity

I hazard; there is a greater reliance on passive means to ensure adequate
isolation. Unrestricted site use (USU) is based on the complete removal
of all radioactivity from the site.

I
I
I
I
I
r
i
i

This preliminary study concentrates on the logistical, technical and cost
aspects of decommissioning a multi-unit CANDU generating station using
Pickering GS as the reference design. Pickering GS 'A1 is located on the
shore of Lake Ontario, 32 km northeast of downtown Toronto. The station
consists of four reactors, each reactor having a gross thermal power of
17M MW. The reactors are heavy water moderated and cooled.

The decommissioning procedure chosen for evaluation in this study is:

i) Removal of the fuel and heavy water followed by decontamination
of the systems prior to placing the station in the SWS mode for
many years.

ii) Complete dismantlement to achieve a USU state.

The initial radioactivity inventory, even after decontamination of the
systems, is such that immediate dismantlement (USU) would result in
higher occupational radiation exposure. Because of this, the combination
of SWS and USU with an interim period of surveillance allowing for
radioactive decay and hence less occupational exposure in achieving USU
has been selected as a basis for the costing study.
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I
This study makes several assumptions, some of which are:

1. The conventional side of the station (including such items as I
the turbine-generator systems, switchyard, etc.) has been
excluded from the study.

2. Low and high radioactivity level waste disposal repositories are I
located 1600 km away from the station and it is assumed that
these sites will be available at the time they are required. •

3. Only presently available technologies have been used to develop
decommissioning methods and costs. _

It has been found that with the exception of reactor core dismantlement, ~
which will be done remotely, the dismantlement of all other systems and
buildings can be accomplished using Ontario Hydro's current operating, I
maintenance and construction procedures and practices. •

The reactor core, end shields, dump tank and some portions of the reactor
vault structure are exposed to neutron flux; therefore decontamination
will have only negligible impact on the radioactivity of these
components. Time and associated radioactive decay is required to achieve
significant reductions in radiation fields for these areas. Reactor If
materials, after approximately 30 years, may be classified, for •'
transportation purposes, as Low Specific Activity
(LSA 2.59 x 10 4 MBq/kg or 0.7 Ci/kg for C o 6 0 ) ; however, the contact ffi
dose rate can be as high as 3.85 x 10 4 mSv/h (3850 rem/h). ||
Consequently, remotely operated cutting methods are assumed to be
employed. «

IThe pressure tubes and the calandria tubes are removed in accordance with
the existing and proposed reactor retubing procedures. The dismantlement _
of the calandria, the dump tank and the end shield is assumed to "be done II
underwater with a remotely operated plasma arc cutter. This is a proven ••
method and it is more versatile and maneuverable than other methods
presently available.

Other system and component materials outside the reactor vault which are
contaminated will be reduced by about a factor of 3000 in radioactivity «T
due to a combination of decontamination and 30 years of radioactive ji
decay. A minimum of shielding is thus required during the dismantlement
procedure. • .

With the delayed dismantling approach, station operating personnel will I.
not be available for consultation and consequently all documents required
for decommissioning after the SWS period have to be stored for future use. fi

If
With this study decommissioning scenario the total decommissioning period
would be spread out over approximately 40 years with major activities p
concentrated in the first and last five years. The estimated dose to {
decommission the station would be approximately 1800 rera. Of these,
approximately 1400 rem are expended in the last five years.
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I
All the cost figures included in the study are based on present

( technology, present work habits and present wages as if Ontario Hydro
were to do the work today, but with 'end of life1 predicted radioactivity
inventories. In these terms the overall Pickering GS 'A1 decommissioning
cost would be $162,000,000 (1980 $); consisting of:I i) placement into SWS $13.5 M

ii) maintaining SWS $7.0 M (reference period approximately 30 years)

iii) total dismantlement $141.5 M.

I
I
I
I
I
I
I
I
I
I
I
I
I
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I
1.0 INTRODUCTION

I The Preliminary Nuclear Decommissioning Cost Study addresses the
technical and cost aspects of decommissioning Ontario Hydro's CANDU,
multi-unit, nuclear stations.

1 Although the need to decommission these stations is very much in the
future, Ontario Hydro has undertaken this study to outline the technical

( feasibility of decommissioning, to identify an acceptably safe
decommissioning approach and to prepare a preliminary estimate of its
cost.

I
I

I

I
I
I
I
I
I

1.1 OBJECTIVE AND SCOPE OF THE STUDY

The term decommissioning applies to the activities involved in taking a
nuclear atation/reactor permanently out of service and placing and
maintaining it in a non-operating state.

I The objective of the study is to review and summarize the present
engineering evidence with respect to the approaches to be undertaken for
the decommissioning of Ontario Hydro's nuclear plants, emphasizing the

_ timing and estimated costs of their decommissioning.

B The scope of the engineering review limits its specific plant analysis to
Pickering GS A as the basic reference station. The costs and activities
associated with the decommissioning of Bruce GS A are extrapolated from
the base estimates for Pickering GS A. The study restricts its scope to
examining the costs and activities associated with decommissioning the
nuclear side of generating facilities and does not examine the costs of

I decommissioning the conventional portions of these stations

1.2 CUHflENT DECOMMISSIONING EXPERIENCES AND PRACTICES

The American and European experiences in the decommissioning of nuclear
stations are limited to research reactors and small commercial stations,
none of which are comparable in size to the Bruce or Pickering generating
stations. Canadian experience (9) of decommissioning nuclear reactors
includes the rehabilitation of the Nuclear Reactor 'X' (NRX) and Nuclear
Reactor 'U' (NRU) vessels at Chalk River Nuclear Laboratories and the
replacement of pressure and calandria tubes in the NPD G.S., Douglas
Point G.S. and Pickering GS A reactors. These projects indicate that
decommissioning of a large scale reactor may be achieved in an acceptably
safe manner.

The United States leads other countries in decommissioning experience,
both in number and in size of reactors decommissioned.

The Elk River reactor (USA) (1), 73 MW(th) or 22 MW(e), which was
shutdown in 1968, is the one most frequently referred to in
decommissioning studies. The decommissioning of this reactor is well
documented, and it is the largest station to be totally dismantled.
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dismantling of nuclear stations.

II
- 2 -

I
From 1960 to 1978, five licensed nucle; r power reactors, four
demonstration reactors and six licensed test reactors were decommissioned
in the United States (2). Of these, 10 have been placed in a Storage If
with Surveillance (SWS) mode and three in a Restricted Site Release (RSR) II
mode; two, including the Elk River Reactor, have been dismantled and the
areas have been prepared for Unrestricted Site Use (USU), In addition, |i
some 50 research-type reactors have been decommissioned, mostly by |[
dismantling. Table 1-1 lists reactors which have been shutdown and are
in various stages of decommissioning. •

Even though most of the reactors have been placed in SWS, this is not '
regarded as the final decommissioning mode. The intent is either to
dismantle the reactor at a later date and prepare the area for USU or to II
make a final decision at a later date. It

West Germany is planning to dismantle two nuclear reactors: the 250 |i
MW(e) Gundremmingen (3) and the 200 MW(e) KKN pressure-tube reactor at ||
Niederaichbach (4). Following the dismantlements, the areas will be
prepared for USU. •-

The 250 MW(e> Gundremraingen reactor was shutdown during the commissioning •-
of the station after a failure developed during a load rejection test.
Consequently, the induced radioactivity and component contamination were
at extremely low levels or non-existent.

The KKN reactor has been shutdown since 1974. Planning is underway and •-
it will take 4 to 9 years before dismantlement and area preparation are Ij
complete.

1.3 KEY BASES AND ASSUMPTIONS OF THE STUDY l|

In undertaking a study review of the decommissioning costs of Ontario
Hydro's nuclear faci]
bases for the study:
Hydro's nuclear facilities, certain key assumptions had to be adopted as If

1. The decommissioning activities follow a normal operating life cycle «;
of a nuclear station which results in a normal amount of |j
contamination and a relatively trouble-free decommissioning. The
normal operating life cycle is considered to be in the range of 30 to
50 years. The study does not deal with the teohnical/financial |j
considerations resulting from a premature shutdown of a nuclear l±
station.

2. The decommissioning is to be carried out within the framework of
existing regulations. Where no regulatory guidelines are available,
study guidelines are assumed in such areas as: security and *,
surveillance requirements, classifications of radioactivity, ||
environmental limits and required personnel at various stages of
decommissioning. In this regard, it is assumed that government
regulations would permit extended storage periods before the I'

(I

li
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I
• 3. Only presently available technology and proven engineering methods

are assumed to be utilized in undertaking the decommissioning
I activities.

I
I
I
I
I
I
I
I
I
I
I

r
i

4. It is assumed that an acceptable methodology and means for the
disposal and transportation of irradiated fuel, radioactive waste and
other radioactive components will be available. In addition, it is
assumed in estimating these decommissioning costs that a waste
disposal facility will be available within a reference distance of
1600 km from a station.
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TABLE 1-1
Decommissioning Experience

Nuclear Reactors Decommissioned as of January 1979 in the United States.

Reactor

Saxton

Sefor

Westinghouse
Test Reactor

Nasa
Plumbrook

GEEvesr

Babcock 81
Wilcox

Hallam

Piqua

Elk River

Bonus

Size MW
Per Reactor

23.5

20

'60

0.1

17

6

256

45.5

58

50

Decommissioning
Mode

Storage with Surveillance

Storage with Surveillance

Storage with Surveillance

Storage with Surveillance

Storage with Surveillance

Dismantled except some
concrete structures

Restricted Site Release

Restricted Site Release

Unrestricted Site Use

Restricted Site Release

Location

Saxton, Pa.

Strickler, Ark.

Waltz Mill. Pa.

Sandusky, Oh.

Alameda Co.. Ca.

Lynchburg, Va.

Hallam, Neb.

Piqua, Oh.

Elk River, Min.

Punta Higuera, Puerto Rico

Reactor
Type

PWR

FBR

Tank
Type

LWB

BWR
Nuclear

Superheat

Pool Type

SGR

OMB

BWR

BWR
. Nuclear

Superheat

BWR — Boiling Water Reactor
FBR — Fast Breeder Reactor
HTR — Gas-cooled, Graphite-

moderated Reactor
HWGCR - Heavy Water-moderated,

Gas-cooled Reactor

LEGEND

GCR — Gas-cooled Reactor
OMR — Organicly-cooled and -moderated Reactor
PHWR — Pressure Tube, Heavy Water-cooled and

-Moderated Reactor
PWR - Pressurized Water Reactor
SGR — Sodium-cooled, Graphite-moderated Reactor



TABLE 1-1 (Cont'd)

Nuclear Reactors Decommissioned Elsewhere (A Partial List)

Reactor
Size MW

Per Reactor
Decommissioning

Mode Location
Reactor

Type

Chinon-1

G1

EI-2

Pegase

HDR

KKN

Lingen

Gundremmigen

Agesta

Versuchsatom-
kraftwerk

300

46

2.8

35

100

316

160

250

80

30

Unrestricted Site Use

Storage with Surveillance

Storage with Surveillance

Partial Dismantling

Storage with Surveillance

Storage with Surveillance, for
future Unrestricted Site Use

Storage with Surveillance, for
future Unrestricted Site Use

Storage with Surveillance, for
future Unrestricted Site Use

Storage with Surveillance

Restricted Site Rele-î e

Chinon, France

Chinon, France

Niederaichbach.
Federal Republic of Germany

Lingen,
Federal Republic of Germany

Gundremmigen,
Federal Republic of Germany

Sweden

Lucens, Switzerland

GCR

GCR

HWGCR

Pool Type

BWR

HWGCR

BWR

BWR

PHWR

HWGCR

BWR - Boiling Water Reactor
FBR - Fait Breeder Reactor
HTR - Gas-cooled, Graph ite-

moderated Reactor
HWGCR - Heavy Water-moderated,

Gas-cooled Reactor

LEGEND

GCR — Gas-cooled Reactor
OMR — Organicly-cooled and -moderated Reactor
PHWR — Pressure Tube, Heavy Water-cooled and

-Moderated Reactor
PWR — Pressurized Water Reactor
SGR — Sodium-cooled, Graphite-moderated Reactor

J



TABLE 1-1 (Cont'd)

Reactor

VBWR

FERMM

CVTR

Peach Bottom 1

Pathfinder

SRE

Size MW
Per Reactor

5 0 ,

200

65

115

190

20

Decommissioning
Mode

Storage with Surveillance

Storage with Surveillance

Storage with Surveillance

Storage with Surveillance

Storage with Surveillance
& Conversion to Steam

Unrestricted Site Use

Location

Pleasantown, Ca.

Lagonna Beach, Mi.

Parr,S.C.

Peach Bottom. Pa.

Sioux Falls, S.D.

Santa Susana, Ca.

Reactor
Type

BWR

FBR

PHWR

HTR

BWR
Nuclear

Superheat

SGR

Note: Approximately 50 research and test reactors have also been decommissioned in the U.S.A.

BWR — Boiling Water Reactor
FBR — Fast Breeder Reactor
HTR — Gas-cooled, Graphite-

moderated Reactor
HWQCR - Heavy Water-moderated,

Gas-cooled Reactor

LEGEND

GCR — Gas-cooled Reactor
OMR — Organicly-cooled and -moderated Reactor
PHWR — Pressure Tube, Heavy Water-cooled and

-Moderated Reactor
PWR - Pressurized Water Reactor
SGR — Sodium-cooled, Graphite-moderated Reactor
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2.0 CONCLUSIONS AMD RECOMMENDATIONS

2.1 CONCLUSIONS

1. Ontario Hydro's nuclear generation facilities can be removed from
service at the end of their useful lives in a safe manner. With the
exception of reactor dismantling, decommissioning of nuclear
generation facilities may be performed by using Ontario Hydro's
existing maintenance and demolition methods. Reactor dismantling
operations require remotely operated cutting equipment and tools
which have been developed and successfully used in the United States.

1 2. For costing purposes only, it was concluded that a decommissioning
scenario of storage with surveillance (SWS) for 30 years, followed by
dismantlement and unrestricted site use (USU), should be used as the

•

reference case. This alternative would allow time for decay of
radioactive materials, thereby reducing exposure of dismantling crews
to radioactivity and reducing the complexity of decommissioning
efforts. The choice is cost-related and does not imply that earlier
dismantling cannot be done.

2.2 RECOMMENDATIONS

1. Due to design differences of Ontario Hydro's nuclear generating
facilities, specific decommissioning estimates should be developed
for each future nuclear generating station.

2. Perform a detailed radioactivity inventory calculation for
Pickering GS A.

3. Initiate a program for the development of low, medium and high level
waste disposal repository(s) suitable for decommissioning wastes.

4. Develop a plan, schedule and budget for a research project to
investigate decontamination methods and develop deminiraus criteria
for classifying waste materials as 'non-radioactive' suitable for
sanitary landfill disposal and/or recycling.

5. Perform a detailed decommissioning study of conventional thermal
generating stations and hydraulic generating stations.
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3.1 INTRODUCTION

I
1

3.0 DECOMMISSIONING OPTIONS *

I
To initiate the decommissioning of a nuclear station, the reactor(s) must
first be rendered inoperative. This normally requires an orderly
shut-down of the reactor, similar to periodic shut-downs required for
routine maintenance. Following shut-down, all nuclear fuel is removed to
assure non-operability of the reactor. _

The decommissioning process may be accomplished by the implementation of ™
one of three possible options, which may be adopted in whole or in part
or in combination for a specific reactor. These options are defined in B
the draft IAEA guide, "Factors Relevant to the Decommissioning of the •
Land-based Nuclear Reactors"(5) and are quoted in full here:

1. Option 1: Storage with Surveillance (SWS) •

(a) The reactor is completely defuelled.

(b) The heat transport fluids, readily removable contaminated ™
materials and some highly contaminated materials are removed.

(c) The first containment barrier (e.g. the reactor vessel) is kept (§
as it was during operation but with all mechanical openings
(valves, piping etc.) blocked and sealed. m

(d) The containment building is maintained intact in a state
appropriate to. the remaining hazard.

(e) The atmosphere inside the containment building (and in all areas m.
containing radioactivity) is controlled and the ventilation
systems are operated as required. K

(f) Access to the inside of the containment building is controlled
by physical barriers and administrative procedures. rr

(g) Surveillance, inspection and tests: The plant is kept under
continuous on-site surveillance, and the equipment necessary for
monitoring radioactivity both inside the plant and in the |T
surrounding area is kept operable and used as required. 11
Surveillance is maintained in accordance with applicable
regulatory requirements. rr

Periodic measurements and visual checks are carried out to
ensure that the contamination control system (i.e., ventilation ,-»
systems and containment barriers) continue to function properly. j|

2. Option 2: Restricted Site Release (RSR)

(a) The reactor is completely defuelled. Li
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(b) All heat transport fluids are removed.

(c) Contaminated areas are decontaminated to the extent
appropriate. Remaining areas with important residual
radioactivity levels are sealed to prevent unauthorized acce«s.
Various containment features remain and are augmented where
necessary. Contaminated parts that are easily dismantled are
removed and transferred off-site or into plant areas that are to
be sealed. For example, this sealing may range from using rigid
barriers that can be removed through moderate efforts by man, to
sealing with a thick overlay of reinforced concrete.

(d) The ventilation utilities and other active safety systems are
not needed, and are deactivated. Some monitoring equipment will
likely remain operational, depending on the specific
circumstances.

(e) With certain constraints, some parts of the plant or site could
be converted to new uses or released for uses not involving
other radioactive sources.

(f) Surveillance, inspection and tests: Surveillance around the
restricted areas is required in accordance with regulatory
conditions but is less extensive than in Option 1. For example,
spot surveys around the barriers are continued as well as
surveillance of the environment. The maximum surveillance may
be the continual monitoring of instrument outputs at a location
remote from the site with only periodic on-site inspection and
maintenance, plus periodic environmental monitoring. As a
minimum, for cases requiring extensive encasement of
radioactivity within massive structural materials such as thick
concrete or steel, access controls may be as simple as warning
signs citing laws prohibiting access, and surveillance may
consist of periodic inspections and repairs, plus limited
periodic environmental monitoring.

3. Option 3: Unrestricted Site Use (USU)

(a) The reactor is completely defuelled and the irradiated fuel is
shipped from the site.

(b) All heat transport fluids are removed.

(c) All materials, equipment and structures in which radioactivity
levels exist above prescribed limits are removed to an approved

| storage or disposal site.

<d) In all remaining plant areas, radioactivity will have been
reduced to levels that permit unrestricted use. The site and

] any remaining equipment and materials may be released for other
~ purposes without any radiological protection restrictions.
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(e) Surveillance, inspection and tests: No further surveillance,

inspection or tests should be necessary. _

3.2 REFERENCE DECOMMISSIONING SCENARIO •

Of these three options, only parts of SWS and USU are considered part of j|
the reference decommissioning scenario that is costed in this study. •
Since the SWS mode is the first step in any decommissioning process, it •
becomes the starting point for the reference method. It was decided for I
cost estimating purposes that the final step would be total dismantlement
(ITSU). The reference decommissioning scenario chosen for this
decommissioning study assumes delayed dismantlement until such time that, I
with the exception of the reactor itself, dismantlement can be •
accomplished with a minimum of shielding. This scenario is based on the
assumption that the land occupied by the structures is not required for
other generating stations within the SWS period prior to actual
dismantlement.

The main reasons for delaying dismantlement of the station is to minimize a
radiation exposure. Radiation exposure increases from 4.56 Sv (456 rem)
per reactor to 123 Sv (12 300 rem) per reactor, if the approximately
30 years delay period for dismantlement is reduced to immediate K
dismantlement, and if the same shielding protection is used throughout. m
However, more realistically, with immediate dismantlement and more
extensive shielding and remote working techniques, the radiation exposure
may decrease from 123 Sv (12 300 rem) to 10 to 20 Sv (1000 to 2000 rem)
per reactor (6).

The delayed USU results in a 15 to 30 per cent (6) straight cost saving I
in 1980 dollars, and it has the beneficial effect that the expenditures *
occur in a later time frame.

The reference decommissioning method is, therefore, a combination of ft
parts of SWS and USU with an interim period of surveillance of about
30 years allowed for radioactive decay. ft

This study has determined that decommissioning may be carried out in an
acceptably safe manner and at a reasonable cost, using a practical and „
logical decommissioning method. This study has been based on the Jf
application of present technology to Pickering GS A as the reference '*
station.

In Germany, eventual dismantlement is mandatory; in the United States the I:
Nuclear Regulatory Commission (NRC) is favoring dismantlement. In both
these countries it is expected that large commercial reactors will first ri
be placed into SWS, and only after a decay period will dismantlement | (
start. ~

The site description, the specific decommissioning activities and the II
activity study path are summarized in Chapters 4 and 5. '

08910
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4.0 FACILITY DESCRIPTION OF THE REFERENCE STATION

The reference station for this study is considered to be Pickering GS A.
History, site and design data for Pickering GS A are presented in this
chapter.

1.1 HISTORY

Pickering GS A was designed by Ontario Hydro and Atomic Energy of Canada
Limited and is owned and operated by Ontario Hydro. Construction of the
station began in September 1965 and the first of the four units which
constitute Pickering GS A came into service in July 1971. The remaining
three units came on line in December 1971, June 1972 and June 1973
respectively. These four units and the surrounding site are shown in
Figure 4-1.

4.2 SITE DESCRIPTION

4.2.1 LOCATION

The station is located along the shore of Lake Ontario approximately
32 km northeast of downtown Toronto, in the Township of Pickering, and is
in close proximity to the towns of Ajax, Whitby and Oshawa. The number
of people within a 5 km radius of the station is approximately 35 000,
while in a 20 km radius there are approximately 55 000, and in a 40 km
radius there are approximately 2 200 000 people (1979 data).

The site is well-served by road, rail and to a limited extent, water
transportation, making several options available for the movement of
materials to and from the site.

4.2.2 GEOLOGY

The station is built on a highly impervious till which extends between 12
to 15 m down to a shale bedrock. The lower 5 to 8 m of till consists of
a dense granular formation while the surface layer is made up of a fairly
stiff layer of weathered till with an appreciable clay content.

4.3 STATION CHARACTERISTICi

4.3.1 REACTOR TYPE

Pickering GS A uses a CANDU-PHW* reactor which is fuelled with natural
uranium dioxide (UO2) and uses heavy water (D2O) for both moderating
and cooling.

* CANada Deuterium Uranium - Pressurized Heavy Water
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FIGURE 4-1
Pickering GS A Site Layout
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4.3.2 Reactor Building

I The four reactor buildings of Pickering GS A are identical except for
• minor differences such as the location of some penetrations through the

perimeter wall. Each building contains, in addition to the reactor

I itself, the entire primary heat transport and moderator systems together
with their associated auxiliary systems. It also contains the fuel
loading and discharge equipment. The leading dimensions of the building

m are shown in Table 4-1.

Since the till overburden does not provide a suitable foundation, the

(
building is supported on a system of about 750 piles driven to the
bedrock. These piles are capped by a circular reinforced concrete slab

I

I
1
1
II
1
I
II
B

which extends 1.2 m radially beyond the building perimeter.

4.3.3 Calandria Vault

The calandria vault is a rectangular heavy concrete structure, 10.7 m

I long, 5.94 m wide and 16.7 m high. It provides radiation shielding and
support for the calandria vessel and dump tank.

The ealandria vault is built completely separate from all adjacent
I structures in order to allow independent vertical movement from thermal
Mi expansion and shrinkage.

4.3.4 Reactor Assembly

The cutaway view (Figure 4-2) shows the reactor assembly and its main
component parts. The reactor core contains 390 fuel channels and has a
radius of 3«l85 m and a length of 5.94 m. It is surrounded by a heavy
water reflector with an average thickness of 0.714 m to give the neutron
economy necessary in natural uranium-fuelled reactors, i.e., to conserve
neutrons.

Both the core and the "reflector are contained in the calandria, a
horizontal, single walled, cylindrical, austenitic stainless steel vessel
with an outside diameter of 8.09 m and a length of 5.94 m (not including
end shields}.

The calandria has internal peripheral shell shields of 0.11 m thick
austenitic stainless steel positioned close to the cylinder wall of the
vessel. At each end and integral with the calandria vault, are the
calandria end shields which provide both thermal and biological
shielding. The end shields also provide support for the calandria shell
and for the calandria tubes which are rolled into the inner tube sheets
of each end shield. The vessel is stepped down at each end to provide a
corner cutout, and the entire assembly is supported at the ends by eight
support rods.
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• All reactivity control mechanisms penetrate the reactor from the top of
the calandria and are enclosed in Zircaloy-2 guide tubes in the reactor

I core.

I
I
I
I
I
I
I
I
I
1
1
1
]

1

TABLE 4-1
Pickering GS A Reactor Building Dimensions

Internal diameter 4.27 m

Wall thickness 1.2 m

Height of Cylindrical portion 35.7 ffl

Dome rise to crown 10.9 m

Dome thickness - at crown 0.45 m

- at springline 0.6 m

4.3.5 Dump Tank (Pickering GS A only)

The dump tank is a horizontal) cylindrical, stainless steel vessel with
dished heads. It is 11.7 m long and 5.6 m in diameter and is located
below and perpendicular.to the calandria. It is connected to the
calandria by four dump ports attached to its upper two quadrants at
either end of the tank. Expansion joints on each port allow for vertical
and lateral movement of the calandria relative to the dump tank.

The dump tank serves to remove enough water to make the reactor
subcritical in the evetit of a discharge of primary coolant into the
moderator.

4.3.6 Miscellaneous Data

Tables 4-2, 4-3 and 4-4 provide additional technical data outlining the
power, fuel requirements and moderator and heat transport fluid data.
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1
2
3
4
5
6

7
8
9

10
11
12
13
14
15
16
17
18
19
20
21

22
23

Calandria ^ S ^
Dump Tank I ^
End Fittings 1 ^
Feeders \
End Shield Outer Tube Sheet V
End Shield Cooling >
Inlets and Outlets
End Shield
Baffles
End Shield Inner Tube Sheet <<
End Shield Key Ring
Anchor Plate
End Shield Ring
Ring Thermal Shield
Cooling Pipes
Calandria Support Rods
Calandria Shell
Calandria Tubes
Calandria Shell Shields
Control and Shut-Off Rods
D2O Spray Cooling
Htlium Balance and
Blow Off Lines
D2O Inlet Manifold
DjO Inlet No2zles

1

24
25

26
27
28

29
30
31

> \

\
Dump Ports
Shall Shiald
Support Plates
Helium Balance Line
D2O Outlet <;
Dump Port & Dump Tank
Spray Cooling Lines
Dump Tank Supports
Dump Tank Drain Line
Rehearsal Facility Rev. 1 44,31000.4 1967 AECL

FIGURE 4-2
Pickering GS A Reactor Assembly

15



I
- 16 -

TABLE 1-2
_ Pickering GS A REactor Power Data

Gross thermal power 1744 MW

I Gross electrical power 542 MW

• Net electrical power 515 MW

Net efficiency 29.5%

I
{ TABLE 4-3

Pickering GS A REactor Fuel Statistics

I Fuel load 105 Mg
(4680 bundles)

I
I
I Average thermal, neutron 5.1 x 1013 n/cm2 s

flux in core (9.1 x 10^3 n/cm2 s max)

I
TABLE 4-4

I Pickering GS A Reactor

Moderator and Heat Transport Fluid Data

j Moderator and reflector 301 Mg
(D2O) quantity

I

Fuel bundle assembly 28 pencil bundles
each 0.495 m long

Total weight of fuel 22 kg
per bundle

Moderator purity 99.5? D2O

by weight

T° Heat transport fluid quantity 143 Mg

Total mass flow rate of heat 7724 kg/s

„ . transport fluid
i
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I
I

I
I
I
I

t
I
I
I

5.0 DECOMMISSIONING STAGES AND ACTIVITIES

5.1 INTRODUCTION

The term decommissioning applies in this instance to the activities
involved in taking a nuclear* station/reactor permanently out of service
and placing and maintaining it in a safe mode. For this study,
decommissioning is the placing of a nuclear station in SWS for about
30 years and the station's subsequent total dismantlement (preparation
for USU).

A nuclear generating station consists of two basic sections - the
conventional section and the nuclear section:

1. The conventional section includes:

(a) The service facilities, i.e., water supply and return, standby
power, etc.

(b) Administration building and maintenance shops.

(c) Power generating equipment areas.

(d) Switchyard.

2. The nuclear section includes:

(a) The reactor buildings.

(b) Pressure relief duct and vacuum building.

(c) Reactor auxiliary bay including all irradiated fuel bays.

(d) D20 upgrading and handling facilities.

There is a distinction between the two basic sections, and only the
nuclear section is evaluated for the purposes of this decommissioning
study.

Major decommissioning activities to be performed immediately following
reactor shutdown are limited to:

r 1. Removal of the fuel.

2. Removal of the heavy water.

I 3. Decontamination of the systems.

4. Sealing of the systems and buildings.

I
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Once these activities are completes she station is placed in SWS ™
(Option 1) for a period of approximately 30 years following first reactor
shutdown. At the end of this period, the dismantling of the systems and B
buildings is initiated, and the site is prepared for USU. Many m
maintenance, shutdown and decontamination activities, as well as retubing
of the Pickering GS A reactor, represents relevant experience for *
decommissioning activities. During the operation and maintenance of •
Pickering GS A, procedures have been developed and experience has been
gained in the removal and replacement of piping and equipment, the _
shuffling of fuel and the replacement of heavy water. These data are I
valuable for determining methods for decommissioning. *

Only the removal of the oalandria, dump tank and end shields require I
development of new techniques and procedures. For the removal of these •
components, this study relies on American and European-developed
techniques and methods. m

Highly radioactive materials are assumed to be placed a nominal 1600 km
from the station in the same disposal repository as the irradiated fuel. —
Low level radioactive materials will also be disposed of at a site •
1600 km from the station. The cost of the high level repository is taken ••
from the Ontario Hydro "Management of Irradiated Fuel Storage Siting
Options" (7) report. The costs for the low level repository are taken M
from the costs of low level waste repositories of the land fill type in (
the United States.

5.2 STUDY PATH ff

A study path network has been developed (Figure 5-1) whereby all major
decommissioning activities
elapsed time requirements.
decommissioning activities are tested, including methods, costs and •

Study findings are based on Ontario Hydro design, operating and m
maintenance experiences plus: |

1. Actual American experience of decommissioning experimental and —
prototype nuclear reactors, e.g., Subsection 5.3.9.2, 2., Reactor I!
Dismantlement. ll

2. Externally produced decommissioning study reports, e.g., IT
Subsection 6.2.2.2, Disposal Cost. II

5.3 ACTIVITIES ft

Based on the study path network, the following sections detail the major
decommissioning activities required, from the initial fuel removal to the
final documentation of removal and transportation of site systems and I:
structures. The associated costs are shown in Tables 6-3 and 6-4. ' -

r
r;
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5.3.1 Fuel Removal, Activity 1-2

( Decommissioning starts immediately following reactor shutdown. The cost
of the work which follows is not charged to Nuclear Generating Division
reactor operation, although certain activities have to be performed by

( nuclear generating station personnel. The costs of all activities
discussed after fuel removal will be charged to the decommissioning
project. However, this is not entirely true for "Fuel Removal, Activity

1 1-2". The charge to Operations stops the moment the reactors are
permanently shutdown. There are two activities relating to fuel removal,
each with its specific purpose, scope and cost allocation. These
activities are:

I
I
I
1
I
I
1
I
I
1
1
I
I

1. Removal of Irradiated fuel from the reactor

The decommissioning project will absorb the costs of unloading the
fuel from the reactor, an operation which will take one-half year.
Because of this operation, the primary irradiated fuel bay has to be
operated one-half year longer than otherwise would be necessary. The
decommissioning project will also absorb the costs of operating the
primary irradiated fuel bay for one-half year.

Each reactor contains 4680 fuel bundles or a total of 18 720 fuel
bundles in the four reactors of Pickering GS A. The primary
irradiated fuel bay must have this space available for final reactor
defuelling and therefore the shuffling of 18 720 irradiated fuel
bundles from primary bay to auxiliary bay is charged to
decommissioning. The calculated heat release from the irradiated
fuel bundles will not overload the heat removal systems in the
primary irradiated fuel bay; however, it is necessary that the
primary irradiated fuel bay be operational for at least 5.5 years
following the last reactor shutdown since irradiated fuel cannot be
transported immediately following its removal from the reactor, due
to a required 5 year decay period.

2. Irradiated fuel storage.

Irradiated fuel management is defined to start when irradiated fuel
enters the primary irradiated fuel bay, and includes operating and
maintaining the primary irradiated fuel bay and the auxiliary
irradiated fuel bay, the loading f.nd transportation of irradiated
fuel to the repository and operation of the repository. These
charges, other than indicated in point 1 above, are not included as
decommissioning costs.
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Study Path Network
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5.3.2 Heavy Water Removal, Activity 1-3

I There are two main heavy water systems, i.e., the moderator system and
the heat transport system. In addition, there are the heavy water
clean-up and the heavy water upgrading facilities and several other

• auxilliary systems.

The decommissioning of the station includes the removal of the heavy

I water and its placement in the corporate heavy water inventory, as well
as the Qlean-up, and upgrading to reactor grade where necessary, of the
heavy water. Once the heavy water is delivered to inventory, at an
assumed distance of 240 km (Pickering-Bruce), this decommissioning
activity is complete.

I
I
I
I
I
I
I
I
I
I
t
r

5.3.3 Decontamination, Activity 1-4

After removal of the fuel and heavy water from the reactor systems, these
systems will be decontaminated, flushed and sealed.

It has been assumed that decontamination of the systems should take place
immediately following the shutdown rather than prior to the dismantling,
for the following reasons:

1. Reduced long-term system maintenance would be required.

2. Decontamination at this stage would eliminate the need for
decontamination prior to dismantlement, i.e., if decontamination was
not carried out immediately following shutdown, the contaminant in
the reactor systems.would not have sufficiently decayed at the time
of dismantlement, and these systems would still require
decontamination.

3. The systems would be operable, i.e., no leaks, valves would operate,
no corrosion problems.

4. Auxiliary systems and equipment would be available for use.

5. Trained operating staff would be available.

At present, non-aggressive chemicals, compatible with heavy water, are
used for decontaminating the systems during maintenance. These are
selected to minimize corrosion. During decommissioning, corrosion is not
considered to be a problem and consequently more aggressive chemicals may
be used, achieving considerably higher decontamination factors (DF).
During operation and maintenance, decontamination factors averaging 6
(DF=6) have been achieved; however, during commissioning the DF may be
equal to or higher than 50.

Two methods of decontamination will be employed, a mechanical and a
chemical method.
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5.3.3.1 Chemical Decontamination

This process involves the circulation of a chemical solution to dissolve t\
and remove the scale. The nuclear decontamination rig, a standard 11
nuclear maintenance tool - a portable, skid-mounted assembly, will be
available from Operations. This rig consists of a mixing tank and a main fr
solution tank with a pump, a filter and an ion-exchange column. As soon ||
as the decontamination procedure is completed, the deoontaminant may be
pumped to liquid waste cleanup systems, that are supplied as part of ^
normal station equipment. |[

The systems to be chemically decontaminated are:

1. The primary heat transport systems and subsystems. l£

2. The moderator systems and subsystems. p

3. The end shield tanks.

4. The DjO storage tanks. j |

5.3.3.2 Mechanical Decontamination

Water-jetting is a mechanical decontamination method used to 1,1
decontaminate accessible surfaces such as the fuelling machine heads and
heat exchangers. The equipment for water-jetting would be rented from a p
contractor. Besides the automated equipment and special nozzles, Ontario If
Hydro will has to provide a filtration and collection facility,
disposable filter cartridges and ion-exchange columns and resins. With r.
water-jetting, a DF of 1000 can be achieved. 11

5.3.3.3 Waste from Decontamination Activities

Both chemical and mechanical decontamination methods produce large (M
quantities of radioactive waste, which have to be stored and shielded
during SWS. n

\\
Chemical decontamination will produce 4000 m3 of active decontaminate
solution, which by evaporation and solidification will reduce to „,
800 m3. This is equivalent to 4000 drums which will be stored in the i [
reactor buildings. After the decay period, the radioactivity will be ••-
100 mSv/h (10 rem/h).

- f

Waterjetting will produce 40 m^ of solid waste and typical radiation ]
fields 100 mSv/h (10 rem/h) at the time of storage, consisting mainly of
Co-60. -.

In addition, some 2500 filters will have to be stored with typical
radiation fields of 140 mSv/h (14 rem/h) at the time of storage.
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I
I
I
I
I
I
I
I
I
I
I
I
1

5.3.1 Establish Criteria for the Decommissioning Modes,
Activities 1-5. 1-6, 1-12 and 1-13

There are three specific periods in the decommissioning of a station:

1. Placing the station into a Storage with Surveillance (SWS) mode.

2. Maintaining the station in the SWS mode.

3. Placing the remaining parts of the station into a Unrestricted Site
Use (USU) mode.

During each of these periods personnel and/or the public may be exposed
to radioactive emissions. The potential exposure of the public to
radioactive material during its transportation from the station to the
repository area is controlled by federal and provincial transportation
regulations. The estimated transportation costs are based on the
transport regulations presently in force.

5.3.4.1 Derived Emission Limits

As during station operation, emissions of radioactive material from the
station in air or water must not exceed the limits summarized in Table
5-1 throughout all stages of decommissioning. In addition, as with
normal station operation, the intent will be to meet an emission target
corresponding to 1 per cent of the regulatory dose limits.

5.3.t.2 Safety Guidelines During SWS

Decommissioning personnel will be exposed to radiation fields, especially
during the two periods when the station will be placed into the SWS mode
and when the station will be placed into the USU mode.

Even during the period while the station is in the SWS mode, some
occupational radiation" exposure may be anticipated.

The average airborne contamination inside the building shall not exceed
0.1 MPCa».

Entry to the reactor buildings will be controlled. Total dose exposure
of the security guards during the year of surveillance is not expected to
exceed 5 mSv/a (0.5 rem/a).

r Maximum Permissible Concentration in air
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Nuolide Group

Radioiodines

Particulates

Noble Gases

Tritium (Oxide)

TABLE 5-1
Derived Emission Limits for

Hadionuclides in Air and Water

Airborne Emission Limits

Limit

Tbq/wk

1.5 x 10"2

3.7 x 10~2

1.6 x 103

7.4 x 103

* Gamma TBq-MeV (Ci-Mev)

(Ci/wk)

(4.0 x 10"1)

(1.0 x 10°)

(4.3 x 104)«

(2.0 x 105) 1
1

Nuclide Group

Aquatic Emission

Tbq/wk

Limits

Limit

(Ci/wk)

Gross beta-gamma

Tritium (Oxide)

2.8 x 10°

5.2 x 104

(7.5 x 101)

(1.4 x 106)
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5.3.4.4 Safety Guidelines During the Period when the Station is Being
Placed into USU

I

I

I

I
I
I
I
I
I

r

Some of the equipment, especially in the reactor vault, is highly
radioactive, even after the SWS period. Heavy shielding is required;
however, during this period no station individual shall be exposed to
over 40 mSv/a (4 rem/a).I

- 5.3.5 Radioactivity Inventory, Activity 1-10

" Reactor components become radioactive by two processes:

1. Activation.

In this process, a material becomes radioactive by absorption of

I neutrons; in other words, the material has to be exposed to a neutron

flux. Therefore, only those materials in the reactor vault, such as
reactor components, concrete and end shields are activated.

2. Contamination of Surfaces by Depositing Radioactive Particles.

In this case, the radioactivity is not restricted to the vault area,
but is distributed throughout the reactor process equipment and
piping both inside and outside the reactor building.

Radioactive corrosion products which are carried with the water
through the reactor, are deposited on piping and equipment surfaces,
and consequently these materials become radioactive due to
contamination.

In this study, calculations of induced radioactivity in structures and
equipment materials have been restricted to those radioactive components
which are gamma ray emitters. Co-60, with a half-life of 5.25 years,
will dominate the radiation field for several years after shutdown.
Immediately after shutdown, however, Nb-95 and Zr-95 contribute similar
levels of radioactivity, but because of their relatively shorter
half-lives, their radiation soon becomes insignificant. Fe-55, although
a beta and electron capture x-ray emitter, is a contributor to the
overall radioactivity, which cannot be ignored until some years after
shutdown.

Table 5-2 shows the radioactivity inventory of structures and equipment
materials after 30 years of station operation.

For cost calculation purposes, the SWS period is assumed to be 32 years
for the following reasons:

1. After 32 years, all reactor components' radioactivity levels will
have decayed to a "low specific radioactivity" level of less than
2.59 x 101* MBq/kg (0.7 Ci/kg) for Co-60. Although the contact dose
rate is still high, the transportation requirements other than the
shielding requirements are reduced considerably.
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n
2. After 32 years and a 2.5-year allowance for reactor components'

dismantlement, the radioactivity in the concrete will have decayed to
a contact dose rate of less than 100 uSv/h (10 mrem/h). Again this j. f
means a significant reduction in transportation shielding and -
packaging requirements.

Table 5-3 shows the dose rate, after 30 years of station operation, as a |
result of contamination. For the systems and components shown in this
table, the radiation fields are almost entirely the result of -:
contamination by corrosion products. In terms of decommissioning, the I
most important radionuclide in the corrosion product is Co-60. The
radiation fields quoted are based on radiation surveys of Pickering
GS A. It should be noted that the measured fields are due almost j
entirely to Co-60. In nuclear plants newer than Pickering GS A, a cobalt ;

reduction program has been implemented at the design stage.

It is recommended that the systems be decontaminated immediately ..
following shutdown. After a delay period of approximately 30 years, the
dose rate is reduced by a factor of 3000. Table 5-4 shows the total
induced activity at the time of shutdown and at the time of the proposed j!
dismantlement.

Figure 5-2 shows the variation of activity with time. This graph shows |i
clearly that a few years following shutdown, Co-60 is the deciding and 1-
dominating radionuclide.

5.3.6 Identify Systems and Buildings •

5.3.6.1 Identify Systems, Activity 5-7

All radioactive systems and components (induced and contaminated) are
listed for Pickering GS A in Table 5-5. Once the irradiated fuel has
been removed, the primary and auxiliary fuel bays are placed in the SWS ,
mode. Prior to this, Irradiated Fuel Management is responsible for the -
operation of the bays2

5.3«6.2 Identify Buildings, Activity 6-7 i

The buildings to be prepared for SWS are:
I

1. Reactor building. ;

2. Auxiliary irradiated fuel bay building. '

3. D 20 upgrader buildings.

H. Reactor auxiliary bay building including the primary irradiated fuel [
bay building.
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TABLE 5-2
Radioactivity Inventory at Shutdown (Induction)

The induced radioactivity in tht following components is much more significant than contamination and as such, decontamination would prove ineffective in sub-
stantially raducing radiation fields.

Item

1. Primary Heat
Transport Fluid

2. Moderator

3. Concrete
Biological
Shield

4. Calandria Shell

5. Thermal Shield

6. End fittings

7. Calandria Side

Material

D2O

D2O

Heavy Concrete
(3.36 g/cm3

density)

Austen itic
SS304L

SS30O

Modified
SS403

Austenitic

Radionuclide

N-16
N-17
*H-3
0 -19 '
Na-24
Zr-85
Zr-95
Fission

Products
Corrosion

Products

N-16
*H-3
0-19
Corrosion

Axial
Fe-55
Co-60
Zn-65

Radial
Fe-55
Co-60
Zn-65

Fe-55
Co-60

Fe-55
Co-60

Co-60

Co-60

Specific Activity
MBq/kg

1.0 X10 3

1.7 x iO ' 1

8.5x10*
3.6 X 10'
4.8 x 10°-
9.6 x10"2

22 x 10"2

8.1 x 10">

1.3x10°

2.3 xiO3

2.0x10*
8.9 x 102

4.4x10''

6.3x10'
5.6 x 10"'
4.4 xiO"2

1.5x10°
1.4 x10"2

15x10"'

52 x 106

1.4x10*

5.6 x 106

1.6x10*

2.1 x 10s

6.3 x 10s

(Ci/kg)

(2.8 x 10"2)
(4.7 x 10"6)
(2.3x10°)
(9.8 X 10"*)
(1.3x10*)
(2.6x10"*)
(6.0 x 10"7)

{22 x 10s)

(3.5 XIO"5)

(6.3 x 10"2)
(5.5 X101)
(2.4 x 10"2)
(1.2'x10'5)

(1.7 x10"3)
(1.5x10's)
(1.2x10'*)

(4.0 X 1O'S)
(3.9 x 10"')
(3.2 x 10"*)

(1.4 xiO2)
(35x10' )

(1.5 x 102)
(4.3x10')

(5.7 x 10°)

(1.7 x10')

Contact Dose Rate
Radio-
nucTide mSv/h 1 (rem/h)

— The dose rate from Fission & Cor-
rosion Products is approximately
1.0x10° (1.0x10"')

— Tritium is not a radiation hazard
if it is contained.

— The other isotopes are fairly short
lived and thus are not of concern
to decommissioning.

— The dose rate from corrosion
products is approximately
1.0x10° (1.0x10' ' )

Modelling the Reactor Vault as a
spherical shell 30 cm thick:
Co-60
Zn-65

Co-60

Co-60

Co-60

7.3 x 10°
1.1 x iO' 1

4.9 x 10s

2.6 x 10s

4.3 x 10*
from hottest section

Co-60 5.4 x 10s

(7.3x10"M
(1.1 x10'a )

(4 .9x10*)

(2.6 X 10s)

(4.3 x 103)

(5.4 X 10*)

Comments

The induced activities during
operation will depend on short
lived isotopes such as N-16. The
long term radioactivity inventory
is due to:

1. Impurities in the field.
2. Corrosion products
3. Fission products

The major impurity of concern
is sodium, while the major cor-
rosion productsare Co-60, Co-58.
and Fe-59 and major fission pro-
ducts are Ba-140, Cs-137 and
1-131.

Same as PHT fluid except that
in general, fission products are
not present in the moderator in
significant quantities.

The flux was estimated to be
1 x 10'°n/cm2-s radially and
1 x 10 ' 2 n/crn2- s axially at the
biological shield. The activation
calculation was carried out for
one mean free path and multi-
plied by two to account for the
remaining concrete.

The flux at the shell was esti-
mated to be 5 x 101 2 n/cm2-s.

The flux at the thermal shield
was estimated to be 5.6 x 1012

n/cm2-s.

Only the activation of cobalt
impurities was considered.

See # 6 .



TABLE 5-2 (Confd)

Item

8. Containment Shell:
Reactor Side
F/M Side

9. Shielding Slabs

10. F/M Side Tubesheet

11. Pressure Tubes

12. Calandria Tubes

13. Flux Monitor in
Core Tubes

14. Adjuster Rod Guide
Tubes

15. Shut Off Rods

16. Shut Off Rod
Guide Tubes

17. Liquid Zone
Control Tubes

18. Dump Tank

Material

Austenitic
SS304L.

Carbon Steel

Auxtenitic

Zr-2

Zr-2

Zr-2

Zr-2

Cadium
Sandwiched
Between SS

Zr-2

Zr-2

Austenitic
SS304L

Specific Activity
Rid/g-
nuclide

Co-60
Co-60

Cc-60

Co-60,

Fe-55
Co-60
Nb-95
Zr-85

Fe-55
Co-60
Nb-95
Zr-85

Co-60
Zr-95
Nb-95

Co-60
Zr-95
Nb-95

Co-60

Co-60
Zr-S5
Mb-95

Co-60
Zr-95
NMffi

•Fe-55
Co-60

MBq/kg

6.3x10'
3.2 x 10°

22 x 10'

32 x 10°

1.3 x 10s

1.3 xiO5

6.0 x 10s

6.0 x 10*

1.3x10'
1.3x10'
6.0 x 10'
6.0 x 10'

5.6 x 10'
2.6 x 10*
2.6x10*

9.3 x 10'
4.5 x 10*
4.5 x 10

8.0 x 10°

9.3 x 10'
4.5 x 10'
4.5 x 10*

5.6 x 10'
2.6 x 10'
2.6 x 10«

5.2x10'
15x105

(Ci/kg)

(1.7x10')
(8.6 x 10"s)

(6.0 x 10°)

(8.6 X 10"s)

" (3.4x10°)
(3.4 x 10°)
(1.6 xiO2)
(1.6 x102)

(3.4x10°)
(3.4 x 10°)
(1.6x10*)
(1.6x10*)

(1.5x10')
(7.0x10')
(7.0x10')

(2.5x10')
(1.2 xiO2)
(1.2 xiO2)

(25x10-*)

(2.5x10')
(15x1Q2>
(1.2 xiO2)

(1.5x10')
(7.0x10')
(7.0x10')

(1.4x10')
(4.0x10°)

Contact Don Rate

Radionuclide

Co-60
Co-60

Co-60

Co-60

Co-60

Zr-95-Nb-95

Co-60

Zr-95 -Nb-95

Co-60
Zr-95- Nb-95

Co-60
Zr-95-Nb-95

Co-60

Co-60
Zr-95 -Nb-95

Co<H3
Zr-95-Nb-95

Co-60

mSv/h

5.4 x 10s

1.3 X10"1

1.1 x 10s

1.9 x 10"'

7.8 x 103

4.6 x 10s

2.5 x 103

1.5 X 10s

6.1 x 103

3.6 x 10*

15x10*
15x10*

5.2 x 10"'

15x10*
7.1 x 10*

7.8 x 103

4.6 x 10*

15x10'

(ram/h)

(5.4 x 10*)
(1.3 x10"2)

(1.1x10*)

(1.9 x10"2)

(7.8 x 102)

(4.6 x 10*)

(2.5 x 102)

(1.5x10*)

(6.1 x 102)
(3.6 x 103)

(1.2 x103)
(7.1 x 103)

(5.2 x 10-2)

(15x103)
(7.1 x 103)

(7.8 x 102)
(4.6 X tO3)

(1.2x10*)

Comments

See # 6 .

See # 6 .

See # 6 .

Although the new pressure tube
tubes being installed are Zr-2.5
Nb, the activities calculated are
a fairly good estimate of the
expected inventory.

See#11.

The average neutron flux was
estimated to be 0.3 x 1 0 M

n/cm2 • in the flux monitors and
liquid zone control regions.

The average neutron flux was
estimated to be 0.5 x 10'*
n/cm2- s in the adjuster rod and
shut-off rod regions.

Assuming an effective insertion
of ten seconds.

See #14.

See #13 .

The average flux at the dump
tank was estimated to be
5 .Ox10"n /cm 2 s .

raa



TABLE 5-3
Radioactivity Inventory (Contamination)

I
I
I
1
I
I
I
I
t
I
I

Item

1. Liquid in Zone Control System

— on compressors

— on pumps

2. Channel Closures

3. Primary Circuit Feeders

— average on reactor face

- at header

— maximum field

4. Primary Circuit Header

5. Primary Circuit Heat Exchanger

- inside

— outside

6. Primary Circuit Pump

7. Moderator Piping

8. Moderator Heat Exchanger

— average

— some hot spots at average

9. Moderator Pumpsx

10. Moderator Valves

12. Spent Resin Vaults

13. Ion Exchange Columns

14. Hoses (to and from Ion exchange columns)

15. D2O Storage Tank

Dose Rate (at approximately 1 m)

mSv/h

2

0.4

10

5

10

10

10

100

10

50

20

5

40

5

2

3

2

5

1

(rem/h)

(0.2)

(0.04)

(1.0)

(0.5)

(1.0)

(1.0)

(1.0)

(10.0) inside

(1.0) outside

(5.0)

(2.0)

(0.5)
(4)

(5.0)

(2.0)

(0.3)

(0.2)

(0.5)

(0.1)
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TABLE 5 4
Total Induced Radioactivity Inventory

Item

1. Concrete - Biological Shield

2. Calandria Shell

3. Thermal Shield

4. End Fittings

5. Calandria Side Tubesheet

6. Containment Shell

7. Shielding Slabs

8. Fuelling Machine Side Tubesheet

9. Pressure Tubes

10. Calandria Tubes

11. In Core Flux Monitor Guide Tubes

12. Adjuster Rod Guide Tubes

13. Shut-Off Rods

14. Shut-Off Rod Guide Tubes

IS. Liquid Zone Control Rods

16. Dump Tank

Radionuclide

Fe-55

Co-60

Zn-65

Fe-55

Co-60

Fe-55

Co-60

Co-60

Co-60

Co-60

Co-60

Co-60

Fe-55

Co-60

Zr-85

Nb-95

Fe-55

Co-60

Zr-95

Nb-95

Co-60

Zr-95

Nb-95

Co-60

Zr-95

Nb-95

Co-60

Co-60

Zr-95

Nb-95

Co-60

Zr-95

Nb-95

Fe-55

Co-60

Activity

(at shutdown)
TBq

8.5 x 101

7.4 x 10''

5.9 x 10"2

1.3 x 10s

3.7x10*

2.5x10*

1.9 x 10*

13x10*

8.5 x 10'

4.1 x 10'

3.2 x 10s

3.2 x 10"3

3.3 x103

3.3 x iO 3

1.6 x 10s

1.6 x 10s

1.2 x103

1.2x10?

5.9x10*

5.9 x 10*

2.2 xiO1

1.1 x102

1.1 x 102

5.2 x 102

2.4 x 103

2.4x10'

3.7 x 10"*

4.1 x 102

2.0 xiO3

2.0 x 103

2.0 xiO1

45 x 102

4.8 x 102

1.0x10*
3.0x10'

(CD

(2.3x10'l
(2.0 X101)

(1.6x10°)

(3.5 x 10*)

(1,0x10*)

(6.75 x 10s)

(5.0 x106)

(5.1 x 10s)

(2.3 x 10s)

(1.1 x10s)

(8.7x10*1

(8.5 x JO'2)

(8.8x10*)

(83x10*)

(4.3 x 10*)

(4.3x10*)

(3.3x10*)

(3.3x10*)

(1.6x10*1

(1.6x10*)

(6.0 xiO2)

(2.9 x 10')

(23 x 103>

(1.4x10*)

(6.5 x 10*)

(6.5 x 10*)

(1.0 x10"2)

(1.1 x10*)

(5.3x10*)

(5.3x10*)

(5.4 x 102)

(1.3x10*)

(1.3x10*)

(2.8 x 105)

(8.0 x 10*)

(at time of dismantlement]
TBq

8.1 x 10"'

5.5 x 102

2.7 x 103

2.8 x 102

1.3 x 1 0 2

5.9 x 101

4.8 x 1O2

4.8 X 10"s

4.8 x 101

1.8x10'

3.3 X10"1

4.4 x 101

(Ci)

(2.2 x 10"1)

(1.5x10*)

(7.4 x 10*)

(7.6 xiO3)

(3.4x10')

(1.6x10')

(1.3x10*1

11.3x10"')

(1.3 x 10')

(4.9 x 102)

(8.9 x 10°)

(1.2x10')

II
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C

II
0
r
f
E
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TABLE 5-5
Identification of Systems

Reactor:

— Coolant Assemblies
~ Calandria
— End Shield Rings
— Calandria Supports
— Dump Tank
— Calandria — Dump Tank Connections
— Reactivity Control Units
— Shut-Off Units
— Flux Monitor Unit
— Zone Control Unit
— Reactor Shielding

Moderator System:

— Piping & Hardware
— Main Circulation System

— Heat Exchangers
— Pumps
— Valves
— Exhausters

• — Piping
— Purification System
— Cover Gas System
— Auxiliary Cooling Systems
— Dump Tank Spray Cooling
— Control Rod Coding
— Collection Systems
— Liquid Poison Systems

Primary Heat Transport System:

— Piping and Hardware
— Main Heat Transport System

— Boilers
— Main Circuit

— Purification System
— Decontamination System
— Feed and Bleed System

— Feed Circuit
— Bleed Circuit
— Storage Circuit
— Gland Seal Circuit
— Emergency Injection Circuit

— Standby Cooling System
— Relief System
— Transfer System
— Leakage Collection System
— D2O Recovery System

All components are located in the Reactor
Building and are either inside or integral
with the calandria vault.

All components and systems, except the
cover gas system are located in the Reactor
Building. All components of the cover gas
system except the helium tank and some
piping are also inside the building. The
tank and piping are located in the Reactor
Auxiliary Bay.

All systems and components are located
in the Reactor Building except the Transfer
System which is located in the Reactor
Auxiliary Bay.

I
I
I
I
I
I
I
I
i
I
I
I
I
[

II
I
1
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TABLE 5-5 (Cont'd)

Auxiliary Systems:

— Shield Cooling Systems
— Calandria End Shield Cooling
— Thermal Shield Cooling
— Biological Shield Cooling
— End Shield Ring Cooling

— Spent Fuel Bay System
— Cooling Circuit
— Purification Circuit

— Resin Handling
— Resin Transfer and Drying
— Resin Deuteration
— Resin De-Deuteration

— D2O Upgrading Plant
— Vacuum Distillation System
— Feed Storage Facilities
— Product Storage
— D j O Transfer System

— Liquid Zone Control System
— Miscellaneous D2O Collection Systems
— D2O Evaporation Cleanup (Partially Mothballed)
— Heavy Water Upgrading
— Helium Sampling
— Heavy Water Addition and Transfer
— D2O Ion Exchange Clean up

Fuel Handling and Storage System:

— Fuel Transfer System
— New Fuel Loading System
— Transfer Port and Closure
— Transfer Mechanism
— Elevator
— Conveyor
— Conveyor Unloader
— Storage .Loader
— Fuel Transfer Auxiliaries

— Fuelling Machine
— Fuelling Machine Head
— Fuelling Machine Carriage
— Fuelling Machine Bridge
— Fuelling Machine Fluid and Electric Supply
— Servicing Equipment

— Fuelling Machine Ancillary Equipment
— Fuelling Machine Auxiliaries
— Fuel Handling and Transfer System Access
— Spent Fuel Inspection and Storage
— Auxiliary Spent Fuel Bay

The pumps, heat exchangers, filters, ion
exchange columns and some piping are
located in the Reactor Auxiliary Bay. The
other components are in the Reactor
Building.

The storage system is located in the
Reactor Auxiliary Bay.

Located in the Reactor Auxiliary Bay.

Located in the Reactor Auxiliary Bay and
also in the yard.

All Systems except the Helium sampling.
Heavy Water Addition and Transfer and
DjO Ion Exchange Cleanup are located
inside the Reactor Building. These three
systems are located in the Reactor Aux-
iliary Bay.

All components are located in the Reactor
Building except the Conveyor, Conveyor
Unloader and the Storage Loader. The
Conveyor is enclosed beneath the Reactor
Auxiliary Bay while the Conveyor Un-
loader and Storage Loader are located in
the Spent Fuel Bay.

All components are located in the Reactor
Building.

All systems and components except the
Spent Fuel Inspection and Storage System
and the Auxiliary Spent Fuel Bay are
located in the Reactor Building. The Spent
Fuel Inspection and Storage System is in
the Spent Fuel Bay while the Spent Fuel
Auxiliary Bay is in the yard.
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TABLE 5-5 (Cont'd)

Boiler Steam and Water Systems:

— Blowoff System
— Boiler Emergency Cooling System

Water Systems (Light):

— Active Drainage

Building D2O Recovery:

— Liquid Recovery
— Vapour Recovery

— Boiler Room Vapour Recovery System
— Moderator Room Vapour Recovery System

Heating and Ventilation Systems:

— Reactor Building Heating and Cooling
— Reactor Vault Atmosphere System
— Reactor Building Ventilation System
— Spent Fuel Storage Bay Ventilation System
— Decontamination Centre and Laboratory

Ventilation Systems
— Auxiliary Spent Fuel Bay Heating and

Ventilation System
— D2O Upgrading Tower Heating and

Ventilation System
— D2O Upgrading Plant Heating and

Ventilation System

Material Handling and Maintenance Equipment:

— Boiler Room Crane
— Spent Fuel Storage Bay Gantry
— Spent Fuel Shipping Flask Crane

MShould be non-radioactive but located
inside the Reactor Building.

Located in the Reactor Auxiliary Bay.

These systems are all located in the Reactor
Building. Their Exhaust Dryers however,
are located in the Reactor Auxiliary Bay.

Some of the Reactor Building Ventilation
System is outside the building itself, eg.
stack. Also, the Spent Fuel Bay Ventila-
tion System and the Decontamination

. Centreand Laboratory Ventilation Systems
are located in the Reactor Auxiliary Bay.
The Auxiliary Spent Fuel Bay and Up-
grader Systems are located in the yard. All
other systems are in the Reactor Building.

Both Gantry and Shipping Flask Cranes are
located in the Spent Fuel Bay. The Boiler
Room Crane is in the Reactor Building.

0
[I
i l
]

1
I
1
1
1
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1
I
I
1
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5.3*7 Establish Methods of Placing Systems and Buildings in SWS,
Activities 7-8, 8-9

I
I
I
I
1
I
1
I
1
I
1
1
1

It has been established that once the fuel and heavy water have been
removed and decontamination is complete, the decommissioning activities
for SWS are basically complete. The remaining buildings and system
equipment are stored in situ.

The access to buildings must be controlled through only a few openings,
the remaining openings are to be blocked and secured.

During the SWS period, some systems (e.g., radiation detection equipment
and lights) have to be maintained.

5.3.8 Establish Security Surveillance and Maintenance Requirements,
Activity 9-18

During the SWS period, the buildings and systems will remain at the site,
and an effective security system will still be required. The property
area to be guarded will not change from that guarded during the operating
life of the station.

Periodic inspection and maintenance of the buildings will be required to
assure the integrity of the building structure and system envelopes.

The security force may be shared initially with Pickering GS B Operations
and later with the Pickering GS B decommissioning security force.

5.3.9 Establish Methods of Dismantling Systems in Preparation for USQ,
Activity 12-14

The systems to be dismantled in order to allow eventual USU are
categorized in two ways: systems outside the reactor building and
systems inside the reactor building.

5.3-9.1 Systems Outside the Reactor Building

The systems outside the reactor building are located in the reactor
auxiliary bay, the DgO upgrader buildings and the auxiliary irradiated
fuel bay building. These systems may contain low-level radioactive or
non-radioactive material.

Approximately 25 low-level radioactive systems and many more subsystems
must to be removed. These include systems such as cooling systems, resin
handling systems, upgrading systems, ion-exchange systems, fuel transfer
systems, recovery and drainage systems, ventilation systems, helium cover
gas and liquid radioactive waste systems. The removal of these main
systems will require 37 300 man-hours and the movement of 2012 Mg of
materials.
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1
The remaining non-radioactive systems to be dismantled, such as the
instrument air systems, instrumentation and control systems, steam lines, _,
electrical distribution system and the service water system, will require i
an additional 17 850 man-hours and the movement of about 5M4 Mg of -l

materials. Although some of this material may be reusable, no credit is
considered for it at this time. ~j

5.3.9.2 Reactor Building Systems

The dismantlement of the contents of the reactor building may be f
separated into two prime activities:

A. Dismantlement of the contents of the reactor building excluding the ~[
nnnt-.sntR of fche »v»anfcnr> vault. »contents of the reactor vault.

The equipment in this building has not been exposed to a neutron flux
and the concern is only with radioactively contaminated material.
After the SWS period, the original radioactivity is reduced by a
factor of over 3000: a factor of 50 being credited to the
decontamination and an additional fector of over 60 to the decay of
the Co-60 remaining after decontamination.

The maximum estimated radiation field is then 150 uSv/h
(15.0 mrem/h). This occurs in the primary heat transport (PHT)
pumps. Consequently, the occupational dose is very low compared to
that received during an equivalent amount of maintenance work in an
operating station. One can work in these areas with only respiratory
protection, and standard cutting methods may be used. Where very
large items are to be removed, e.g. boilers, essentially the same
handling techniques would be U3ed as in the original installation of
the equipment. This would entail the reopening of the construction
entrance in the south wall of the reactor building.

The removal of equipment from the various areas in the reactor
building is discussed as follows:

(a) Removal of equipment from the boiler room.

This work includes the removal of the main PHT system, the PHT
auxiliary systems, the boilers and the utility piping.

The estimated volume to be removed is 1600 m3/reactor or
6400 m3/station.

(b) Removal of the equipment from moderator room.

This work includes the removal of heat exchangers, main pumps,
ion-exchange columns, and piping.

The estimated volume to be removed is 83 m3/reactor or
332 m3/3tation.

I
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(c) Removal of liquid zone control auxiliaries.

This work includes the removal of pumps, compressors, tanks,
piping, instruments and ion-exchange columns.

The estimated volume to be removed is 8.5 m3/reactor or 34I The estimat

m3/station.
(d) Removal of other auxiliary equipment.

This work includes water piping, air piping, cables, cable
trays, ventilation equipment, DgO recovery equipment, PHT

I purification equipment and motor control centres.

The estimated volume to be removed is 123 m3/reaetor or
• U92 m3/station.

(e) Removal of fuel handling equipment.

( This work includes dismantling of the fuelling machine head and
bridge assembly, fuel transfer mechanism, elevators, new fuel
magazines and fuel handling auxiliary equipment.

I The estimated volume to be removed is 80 m3/reactor or
320 m3/station.

I (f) Summary of removal of equipment.

Estimated volume to be removed is 7578 m3 or 11 500 Mg of low
I radioactive material (less than 150 uSv/h (15.0 mrem/h)).

All equipment and process materials which have been in contact
with heavy water are considered radioactive and have to be
disposed of in a repository.

B. Reactor dismantling.

After the reactor building equipment has been removed, the reactor,
the dump tank and the end shields in the reactor vault will be
dismantled. Because these components have been exposed to a high
neutron flux throughout the operating life of the station, the
radioactivity is significantly higher than anywhere else in the
station. As this is true at the time of the shutdown, as well as at
the time of dismantlement, great care and planning must be used in
order to safely dismantle this equipment.

Although, the material is classified as low specific activity (LSA of
2.59 x 104 MBq/kg (0.7 Ci/kg) for Co60) after the SWS period, the
contact dose rate may be as high as 3*85 x 101* mSv/h (3850 rem/h)
in the case of the thermal shield material. At this point in time,
the Co-60 is still the most active radionuclide.
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I
In any event, the dismantlement of the reactor, the dump tank and the u

end shield have to be done remotely. Plasma-arc cutting under water
is the most attractive of all the methods available. It is a proven j
method in the United States (the Elk River Nuclear Reactor -I
dismantlement, reference 1), and it is more versatile and
maneuverable than any other method. However, the calandria tubes, ~j «
the pressure tubes and end fittings will be removed in accordance J
with the "Pickering GS A Large Scale Retubing" (8) proposal. It is
assumed that the retubing equipment is not available for ~
decommissioning and therefore new equipment (not as sophisticated) is f
included in the estimate, based on remote cutting utilizing '
mechanical cutting, not plasma-arc cutting.

Reactor dismantlement is a costly activity. This is due partly to '
the types of equipment required for this operation, namely:

1. Remote work station j
2. Remote manipulator system
3. Volume reducer
4. Cutter manipulator |
5. Shipping flasks '•

The transportation and repository costs of the reactor material also 7\
contributes significantly to the overall equipment and dismantlement _;i
costs.

Some of this radioactive material includes: !

1. Calandria shell, mass - 25 Mg _.
2. Thermal shield, mass - 116 Mg I
3. Calandria tube sheets, mass - 12 Mg •'
4. Shielding slabs, mass - 145 Mg
5. Dump tank, mass - 20 Mg "j

' i
These materials have to be shipped in heavily-shielded flasks.

Since all the work will be done remotely, the remote manipulator
system for fuel channel removal has to be installed on the fuelling
machine vault floor and the remote work station has to be set up on
the fuelling machine bridge. Also, a volume reducer is required so f '
that the tubes may be flattened prior to transportation. i

All the penetrations in the reactor vault must be sealed, including ~>
the 780 (2 x 390) openings in the end shields which have to be capped }
and welded prior to flooding the reactor vault. Also, a shielded
water purification system has to be provided. -•

*
Once the reactor vault is flooded to the ceiling, the vault hatch may '
be removed and the remote manipulator and cutting equipment may be
lowered inside. A working platform may then be mounted over the j
hatch opening. Utilizing the cutting equiment, the calandria shell -!
and dump tank can now be cut, packed in canisters and flasks (all

08910



- 39 -

under water), and shipped. It is anticipated these activities will
be relatively straightforward, although the detailed procedures have
yet to be established.

When the removal, packaging and shipping of the calandria shell and
dump tank is complete, there are two, 15.2 am carbon steel end shield
plates to be removed. Once again, detailed work methods must be
developed.

I After the removal of the end shields, the tubesheets on the fuelling
machine sides are left standing. At this point, the vault will be

I
drained and these tubesheets will be cut in air. Since the

radioactivity of the tubeaheets is considerably lower than the end
shield material, the cutting does not have to be done remotely.

5.3.10 Establish Methods of Dismantling Buildings in Preparation for
USU, Activity 13-14

5.3.10.1 Dismantlement of Standard Buildings

Four buildings built from standard building materials will have to be
dismantled:

1. DgO upgrader building (Lummus).

2. D20 upgrader building (Sulzer).

3. Auxiliary irradiated fuel bay.

4. Reactor auxiliary bay.

These four buildings may be dismantled using normal building
dismantlement methods in a non-radioactive environment after the
associated equipment (including the irradiated fuel bay liner) has been
removed.

5.3.10.2 Dismantlement of Concrete Buildings

1. Reactor building.

After removal of the equipment and other material from the reactor
vault and the reactor building, the demolition of these structures
will commence.

The reactor vault, which will have a maximum dose rate on contact
with the inside of the wall of 70 uSv/h (7 mrem/h), will be removed
first. The inside walls and floors in the reactor building will then
be removed. All material in the reactor vault, including the
reinforced concrete of the reactor vault, is considered radioactive
and has to be disposed of at a repository. The reinforced concrete
of the reactor building is not considered radioactive.

08910
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For the reactor vault and other internal walls and floors, the
proposed method is to cut and fell wall segments in 9 m widths to the
full height of the building or wall. Once on the ground, large
hydraulic breakers and/or blasting will convert the segments into
rubble suitable for transport.

Using a large-diameter circular saw, the roof of the reactor building
will be cut into segments (maximum 5 Mg pieces) for lifting off with
a crane. Cuts can also be made with oxygen-metal lances. The
reactor building wall will be demolished in the same manner as the
reactor vault.

2. Vacuum building.

The vacuum building also has to be removed, but not until its service
is no longer needed for Pickering GS B, i.e., it will continue to be
in-service for Pickering GS B until its service life is complete.
The full removal costs will be charged to Pickering GS A
decommissioning costs, while other common services facilities'
decommissioning costs will be charged to Pickering GS B
decommissioning costs.

5.3.10.3 Removal of Below-grade Materials

Non-radioactive material more than 0.3 m below the surface will not be
removed.

5.3.11 Establish Removal, Packaging and Transportation Requirements,
Activity 11-15.

An extremely large volume of material will be generated by the
dismantlement of these systems, even with the use of volume reduction
equipment. However, with the exception of the reactor raa^rial and
decontaminant, the material will be low-level waste.

The packaging and transportation of low-level waste is relatively
simple. All of this material should be packed in plastic bags, primarily
to prevent the spread of loose contamination. The decontaminant has to
be packed in shielded containers while the reactor material has to be
transported in heavy flasks. The estimates are based on the existing
transportation rules with the vehicle external dose limits as follows:

1. 20 uSv/h (2 mrem/h) in the cab.

2. 100 uSv/h (10 mrem/h) at any point 2 m from the vehicle.

3. 2 x lO^ uSv/h (200 mrera/h) at the external surface of the vehicle.

4. 1.0 x 101* uSv/h (1000 mrem/h) at 1 m from the external surface of
any package transported in an enclosed vehicle.
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For the shipment of the vault concrete, some shielding of the truck cab
will be necessary, since the dose rate would be of the order of 70 uSv/h
(7 mrem/h).

5.3.12 Documentation, Activities 1-16

The type of documentation to be retained should be for all phases of
decommissioning to total USU.

There should be sufficient information retained to dismantle embedded
equipment and enclosed systems. Records should be kept of the history
dockets and quality assurance experience of equipment similar or
identical to those in use at other stations.

Documents that would conceivably be needed for decommissioning after the
SWS period are as follows:

1. A complete set of design drawings of the containment building and the
systems and equipment inside.

2. The design and operating manuals of the buildings, systems and
equipment mentioned above.

3. Quality assurance documents.

I
I
I
I
I
I
I
I H. All decommissioning information including manuals and records of

material disposition.

5. Unusual occurrences.with fuel of the reactor(s) that would have
1 resulted in abnormal contamination.

6. Post shutdown radiation field surveys.

1 This information can all be stored on microfiche cards for future
reference, enabling a complete reference library to be established in a

(
very concise form. A storage facility for this information is being
planned by Ontario Hydro and is expected to be in operation in 1962. It
is planned that nuclear station*s drawings and history dockets will be
stored at this facility during the station's operating life.

5.3.13 Decommissioning Prerequisites, Activity 1-17

5.3.13.1 Decommissioning Manuals

Two types of procedures are prepared for commissioning a nuclear
generating station, and it is assumed that this would also be the case
for decommissioning. These are the general procedures to obtain
regulatory approval and detailed procedures to carry out the job in the
station. They would need to be prepared some time before the shutdown
date and should include the following:
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1. Station operation prior to permanent shutdown.

It is assumed that the reactor would operate at full power to the
last day of operation. In order to obtain optimum burn-up of the
last fuel in the core, a procedure detailing such techniques as fuel
shuffling and or operating with some adjusters out of core towards
the end of reactor life should be prepared.

It would be advantageous to develop a maintenance strategy and a
policy of replacement of equipment during the last a of operation.
In addition, an assessment should be made as to which equipment still
has further useful life, where it is to be stored, etc.

2. Shutdown procedures.

Procedures are to be prepared to cover the following:

(a) Orderly shutdown of the unit.

(b) The order in which systems should be drained and how to dispose
of the liquid.

(c) The order in which to decontaminate systems and how
decontamination would take place, by whom, the type of equipment
and material to be used and how to dispose of the contaminated
liquids resulting from this operation.

(d) Defuelling procedures, including provision for available storage
and cooling of. the irradiated fuel.

(e) Removal and disposal of all flammable and toxic materials.

3. Dismantling procedures.

Step-by-step procedures for dismantling each system have to be
prepared and designated to establish which part is to be done for SWS
and which part is to be done to make it available for USU.

The decommissioning procedures have to include material handling and
shipping details.

4. Safety manual.

A safety manual has to be prepared. This manual should deal with the
radioactivity inventories at different times, radiation protection
procedures, and instructional lessons needed for the decommissioning
personnel.

5. Field surveys

A procedure and call-up system has to be prepared for periodic
radiation field surveys.

B
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5.3.13.2 Resources Needed

The estimate of manpower requirements for preparing commissioning manuals
is approximately 46 000 man-hours for Pickering GS B (1979 data). It is
assumed that at least the supervisory personnel would be familiar with
working in a radioactive environment, eliminating the need for extensive
training. It is estimated that preparing decommissioning procedures will
take approximately half as much effort as the commissioning manuals'
preparation because station personnel are intimately familiar with the
systems, and equipment and existing maintenance procedures may be
modified and used. Detailed equipment checks may be eliminated.

5.3.14 Occupational Dose, Activity 1-18

I
I
I
I

The decommissioning will be spread out over almost 40 years with major

I activities concentrated in the first 5 years and in the last 5 years of
the decommissioning process.

(
Initially the station will be placed into SWS. During this period, the
main activities will include fuel removal, heavy water removal and
decontamination.

I The estimated collective dose will be 9.5 x 10"1 sV (95 rem) per
reactor unit or 3.8 Sv (380 rem) for Pickering GS A.

After the station is placed into SWS, the surveillance and maintenance
will be approximately 5.0 x 10~3 Sv (0.5 rem) per unit per annum or a
total of 4.8 x 10"1 Sv (48 rem) for the station.

This surveillance period will be followed by the dismantlement of the
remaining equipment and buildings.

These activities will consist of:

1. Removal of equipment in the boiler room.

2. Removal of equipment in the moderator room.

3. Removal of auxiliary equipment.

4. Removal of fuel handling equipment.

5. Removal of the reactor.

6. Removal of the reactor vault and the reactor building.

These activities will result in a dose expenditure of about 3.49 Sv
(349 r*em) per unit or 13.96 Sv (1396 rem) per station.

The above mentioned dose rates cover removal, shipping and burial doses.
Table 5-6 summarizes the exposure data.
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5.4 DECOMMISSIONING SCHEDULE

Based on time requirements for each stage of the decommissioning process
and the radioactive lives of contaminated materials still remaining in
the station after fuel removal, heavy water removal and decontamination
procedures, a schedule has been developed to illustrate the time frame
for the decommissioning of Pickering GS A. Figure 5-3 shows a time span
from shut-down to total dismantlement of all four units.

TABLE 5-6
Collective Dose Exposure Summary

Per Unit Per Station

sievert (rem) sievert (rem)

Placing into "Storage 9.5 x 10"1

with Surveillance" mode

During "Storage with 1.2 x 10"1

Surveillance" mode

Placing into "Unrestricted 3.49 x 10°
Site Use" mode

Total exposure 4.56

95.0

12.0

349

456

3.8 x 10° 380

4.8 x 10"1 48.0

13.96

18.24

1396

1824

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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6.0 ESTIMATED COST OF DECOMMISSIONING ACTIVITIES

6.1 INTRODUCTION

The decommissioning of a nuclear station involves many activities that
are carried out at different times. The work spans a period of nearly
HO years with most of the labour concentrated at the very beginning and
at the very end of the decommissioning project.

All figures in this study are based as if the decommissioning activities
are being performed by Ontario Hydro with today's work habits, wages and
technology, but with future radioactivity inventory figures. The costs
are calculated in 1980 dollars.

6.2 BACKGROUND TO COSTING

Costs related to the various decommissioning activities fall into three
main categories:

1. Labour costs.

2. Transportation and disposal costs.

3. Equipment rental and material costs.

6.2.1 Labour Costs

The Nuclear Generation Division costs, compiled in 1980, are based on
1980 dollars. These figures include payroll burden (SAVH*) and
departmental and divisional overheads.

6.2.2 Transportation and Disposal Costs

6.2.2.1 Transportation Costs

Transportation costs have changed rapidly in the last few years. In
"Transportation of Ontario Hydro Spent Nuclear Fuel," Study Document No.
5, Rev l, September, 1976, the predicted freight rates (recalculated in
1980) varied from a low of $57/Mg to a high of $275/Mg over a distance of
1600 km. The $57/Mg seemed •• realistically low. An independent survey
done by Generation Services department confirmed the $275/Mg over a
distance of 1600 km to be a more dependable estimate. For this reason,
the following figures have been used:

Radioactive material: $275/Mg gross 'payload1 shipped
over a distance of 1600 km

Non-radioactive material: $5.50/Mg over a distance of 25 km

Sickness, accidents, vacations and statutory holidays, i.e.,
unproductive time.
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I The expenses of disposal in permanent storage of both low and high level
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~I
6.2.2.2 Disposal Costs - Radioactive Material

radioactive wastes must be examined separately. The cost of disposing of
low level radioactive wastes requires the use of a charge table (Table
6-1). The cost of disposing of high level radioactive wastes reflects a
flat rate based on the volume of the wastes considered.

I As previously stated in the study assumptions, the estimated
decommissioning costs are to include the costs of disposal, and
transportation of radioactive waste and material to the disposal facility
within 1600 km from the station, but to exclude all costs of

I transporting, storing and disposal of irradiated nuclear fuel.

1. Low level radioactive disposal costs (6).

| Table 6-1 outlines the disposal costs for low-level radioactive
materials. These are consistent with Ontario Hydro estimates.

I 2. High level radioactive material disposal costs (7).

The disposal of high level radioactive wastes are cost-based on a
flat rate of $12 500/m3.

6.2.3 Equipment and Material Costs

g All day-to-day working tools are available from the station tool crib;
therefore, no tool charges will be allowed when placing the station in
the SWS mode.

There will be various materials required in order to carry out fuel
removal, heavy water removal, decontamination and the phases of

I dismantlement.

The type, number and cost of the various reactor dismantling equipment
required is shown in Table 6-2.

6.2.4 Heavy Water Value

I No credit has been taken for the value of the heavy water.

6.2.5 Real Estate Costs

1 Even though it is recognized that there will be some payments for grants
in lieu of taxes after station shutdown, no attempt is made at this stage
to include an estimate of these costs as part of the decommissioning
costs. Payments for grants in lieu of taxes are considered immaterial
and as such will be charged to the cost of power as incurred.

If these costs become material, then this position should be reassessed.
It should also be noted that the land is considered part of an energy
centre and land values are not depreciated, and accordingly the value is
not associated with any particular station.

08910



TABLE 6-1
Low-level Radioactive Material Disposal Costs (8)

I
I
E
I
I
I
I
I
I
1
I
I

1. Disposal Changes

Steal Drums, Wood or Fibre Boxes

Emissions at Container Surface
mGy/h

0 . 0 -

2 . 0 -

10.1 -

2 0 . 1 -

50.1 -

100 .1 -

200.1 -

400.1 -

6 0 0 . 1 -

800.1 -

- 2.0

10.0

20.0

50.0

100.0

200.0

400.0

600.0

800.0

1000.0

over 1000

(H/b)

(0 .00-

(0 .20-

0.01 -
(2.01 -

( 5 : 0 1 -

(10.01 -

(20.01 -

(40.01 -

(60.01 -

(80.01 -

over

020}

1.00)

2.00)

5.00)

10.00)

20.00)

40.00)

60.00)

80.00)

100.00)

100.00)

Price/m3"

138.50

156.80

182.93

23730

292.70

397.20

525.30

810.10

998.30

1097.60

at request

* Radiation readings are maximum generated at surface of
the burial container, irrespective of physical size or
configurations.

" Minimum Disposal Charge $148.00/Shipment.

2. Surcharges

Surcharge (per load)
1. 0 - 4 T B q ( 0 - 1 0 0 CO
2. 4 - 1 1 T B q (101-300Ci )
3. 11 TBq - license limits (301 - license limits)

Man-sievert (man-rem) exposure
(Because of design or physical
defect of container or shield)

Biological
(on containers which are
not sealed vapour tight)

Crane
1. 0 - lei! than 4500 kg
2. 4500 to limit of site equipment
3. special equipment

Special Slings
Each Use

Minimum charge for unloading
a shielded container

no charge
$450

$450 plus $0.37/100 TBq ($0.10/Ci)

$4.50/man-sievert ($450/man-reml

$25.10/m3

no charge
$75.00 plus $0.03/kg
by special quotation

$150.00

$300.00
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TABLE 6-2
Reactor Dismantling Equipment Costs

Item

Boiler room crane

Remote work station

Remote manipulator system

Conveyor

Volume reducer

Contamination control envelope

Shipping casks

Burial canisters

Temporary plugs

Plasma-arc torch

Cutter-manipulator

T.V. cameras and sets

Vault shieldlns water purification
system

Boiler room work bay

Assorted undeiwater tools

Underwater lights and
viewing windows

Number Per
Reactor Unit

1

1

1

1

1

2

5

394

780

1

1

As required

1

1

As required

As required

Unit Cost
($000)

30

1000

2000

10

2000

2

300

7

0.01

25

368

10

10

5

30

6

n
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6.3 SUMMARY OF COSTS - PICKERING GS A

I Tables 6-3 and 6-4 summarize cost data for decommissioning the station.
Once again, it must be emphasized that the figures are based on 1980
dollars as if the work was done in the a 1980.

I 6.4 EXTRAPOLATION FOR BRUCE GS A - SUMMARY OF COSTS

( The same basic cost categories used in estimating costs for Pickering
GS A were identified and used to estimate the decommissioning costs for
the larger Bruce GS A. These categories are labour, materials,
transportation (including repository) and equipment rentals. The

I difference between the decommissioning costs at Pickering GS A and Bruce
GS A as shown in Table 6-5 is accounted for by three main factors:

1. Building dismantlement cost, $75 500 000.

Although on a per-unit-volume basis the structural demolition cost of
Pickering GS A is equal to the cost for Bruce GS A, the volume of
concrete for Bruce GS A exceeds that of Pickering GS A by
57 500 m3, creating a much higher dismantlement cost, i.e.,
Pickering GS A volume is 111 700 ra3 and Bruce GS A is 169 200 m3.

2. Systems dismantlement cost, $8l 545 000.

There are distinct design differences between the Pickering GS A
vault contents and the Bruce GS A vault contents, i.e., the presence
of a dump tank and thermal shield at Pickering GS A and the use of a
shield tank at Bruce GS A. It is assumed the removal cost for the
shield tank at Bruce GS A would be the same as the removal cost for
the dump tank and thermal shield at Pickering GS A. All other costs
considered being the same, the reactor dismantlement cost
differential between Pickering GS A and Bruce GS A may be accounted
for by the mass difference of the calandrias (33.3 Mg/reactor for
Bruce GS A versus 25.6 Mg/reactor for Pickering GS A) and the
calandria tubes (45 Mg/reactor for Bruce GS A versus 36.5 Mg/reactor
for Pickering GS A ) .

3. Other costs, $38 955 000.

The remaining costs include these main expense areas: fuel removal,
heavy water removal, decontamination, security, surveillance,
maintenance and miscellaneous equipment removal costs. Bruce GS A
has less equipment and more acceasiblity, but the equipment is larger
in size than the Pickering GS A equipment. Therefore, the equipment
removal cost is estimated to be the same as that of Pickering GS A.
The expense areas of security, surveillance and maintenance are also
very comparable to the Pickering GS A costs. This leaves the
remaining cost differential based on the three remaining expense
areas:
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(a) Fuel removal.

I Fuel removal cost is higher for Bruce GS A due to the greater
nnmhpn nf fuel hnnrilo.Q n*»T» nhannel M ^ hnnriiAR f*nr> Rt»nn*» fiS A

I
I
I
1
I
I
I
I
I
t
I
I
I
r

number of fuel bundles per channel (13 bundles for Bruce GS A
versus 12 bundles for Pickering GS A), and the number of tubes
(480 tubes for each Bruce GS A reactor versus 390 tubes for each
Pickering GS A reactor).

(b) Heavy water removal.

The heavy water removal cost is based on the volume of heavy
water to be removed, i.e.) one and one-half times the Pickering
GS A cost.

(c) Decontamination.

The volume of heavy water is also used as the basis for the
decontamination cost at one and one-half times the Pickering
GS A cost.

For the purposes of estimating Bruce GS A decommissioning costs, other
than those cost differentials mentioned above, all other decommissioning
activity costs are considered to be similar to those estimated for
Pickering GS A. This brings the total decommissioning cost for Bruce
GS A to $196 000 000.
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TABLE 6-3

Pickering GS A Estimated Cost of Decommissioning in 1980 Dollars
($000)

~ ~ ~ — ~ - _ Year(s)
Activities ^ ^ _ _ _ ^

Fuel Removal

(Act. 1 -2)

Labour

Material

Heavy Water Removal
1 Act. 1-3)

Labour

Material

Transportation

Decontamination
(Act. 1 -4)

Labour

Material

Transportation fit
Disposal

Security, Surveillance
and Maintenance

(Act. 9-18)

Labour

Dismantling — Building
(Act. 13-14)

Labour

Transportation &
Disposal
Equipment

Dismantling - Systems
(Act. 12-14)

Labour

Material

Transportation &
Disposal

Equipment

Total Annual Payments
in 1980$

Miscellaneous
Expenditures

Total Cost of
decommissioning

in 1980$

1

1980

215

2 195

38

215

-

253

-

-

-

-

-

-

_

-

-

-

_

_

-

-

-

2448

2

1620

430

2050

370

2J5

-

585

1268

3 510

-

4778

-

-

_

-

_

-

_

_

-

_

-

7 413

3

810

216

1026

191

-

191

633

65

-

698

100

100

_

-

_

-

_

_

-

-

-

2015

4

8

-

8

147

72

219

634

65

-

699

200

200

_

-

-

-

30

20

-

-

50

1 176

5

30

-

30

-

-

-

-

-

-

-

200

200

-

-

-

_

_

-

-

-

230

6-32

—

-

-

_

-

-

_

-

-

-

5 400-

5400

-

-

-

-

_

-

-

-

5400

33

-

-

-

—

-

-

-

—

800

-

200

200

—

-

-

-

1 151

9997

2 891

250

14289

15 289

34

-

-

-

-

-

-

-

-

-

-

200

200

-

-

-

-

2650

2960

12178

600

18388

18588

35

-

-

-

-

-

-

-

-

-

-

200

200

-

-

-

-

1 177

2960

9 203

600

13940

14140

36

-
-
-

_

-
-

-
-
-
-

200

200

1092

160

300

1552

1 176

2960

9 203

350

13689

15441

37

-

-

-

-

-

-

-

-

-

-

200

200

1773

1584

36925

40 282

1 176

2960

9203

-

13339

53821

38

-

-

-

-

-

-

-

-

-

-

200

200

1363

2 847

-

4 210

196

493

1534

-

2 223

6633

39

-

-

-

-

-

-

-

-

-

-

100

100

2 781

1 424

_

4205

_

_

-

-

-

4305

Total

4448

861

5309

746

430

72

1248

2535

3640

800

6975

7200

7200

7009

6 015

37 225

50 249

7 556

22 350

44212

1800

75918

146899

15101

162 000

R
n

P.
D
D
0
0

'Based on $200 000 ptr annum.
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TABLE 6-4
Summary of Pickering GS A Estimated Cost of Decommissioning in 1980 Dollars

($000)

I
I
I
I
I
I
I
I
1
I
I

t

Activities

* Fuel Removal

Heavy Water Removal

Decontamination

Security, Surveillance & Maintenance

Diimantling — Buildings
(includes reactor building and reactor vault)

Dismantling - Systems
(includes reactor dismantlement)

" Miscellaneous Expenditures

Total

Labour

4448

746

2535

7200

7009

7566

Material

861

430

3640

-

-

22 350

Transport &
Disposal

_

72

800

-

6015

44212

Equipment

_

-

-

-

37 225

1800

Total

5300

1248

6975

7200

50240

75918

15101

162000

' Includes preparation of manuals and decommissioning procedures.

' Provision for unforeseen costs.

TABLE 6-5
Summary of Bruce GS A Estimated Cost of Decommissioning in 1980 Dollars

($000)

Activities

* Fuel Removal

Heavy Water Removal

Decontamination

Security, Surveillance & Maintenance

Dismantling - Buildings
(includes reactor building and reactor vault)

Dismantling - Systems
(including reactor dismantlement

••Miscellaneous Expenditure*

Total

Labour

4882

829

2S13

7200

10 531

8280

Material

916

476

4039

-

-

23885

Transport &
Disposal

-

79

888

-

9 038

47 457

Equipment

-

-

-

-

55931

1923

Total

5808

1384

7740

7200

75500

81S45

16823

196000

* Includes preparation of manuals and decommissioning procedures.
* * Provision for unforeseen costs.
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GLOSSARY OF TERMS

I Actinides. The group of heavy elements from actinium to lawrencium. The
™ series includes the naturally-occurring and man-made isotopes of thorium

and uranium and of the higher actinides such as neptunium, plutonium,
I americium and curium. Many are long-lived alpha emitters.

Active components. Nuclides which have become radioactive in consequence
m of bombardment by neutrons or other nuclear particles.

Activities. Details the major decommissioning steps based on study path
drawing (Figure 5-1).

• Airborne. Radioactive products include radionuclides in the form of
particulates, noble gases or tritium (oxide) which become suspended in

• the air.

Alpha particles. Positively-charged particles emitted by a radionuclide

I comprising two protons and two neutrons. Alpha particles will not
penetrate the skin, but are a hazard only when taken into the body.

Aquatic borne. Radionuclides which become suspended in the water.

I
I
I
I
I
I

1

Atom. The basic building block of all substances. Cannot be broken down
further by chemical means. Each atom has a nucleus surrounded by one or
more orbital electrons.

Austentic stainless steel. Nonmagnetic stainless steel.

Background radiation. The levels of ionizing radiation received by man
in his natural environment, including cosmic rays and naturally occurring
radioactive elements in soil, building materials, etc.

Becquerel (Bq). The unit which describes the decay rate of radionuclides
and equals one disintegration per second.

Beta particles. Negatively charged electrons emitted from the nucleus of
a radionuclide during beta decay.

Biosphere. The only part of the world in which life can exist, including
the lithosphere, hydrosphere.

Bundle - fuel bundle. An assembly or cluster of several uranium oxide
fuel elements sheathed in Zircaloy. A typical bundle used at Pickering
GS A has 28 such elements. Each bundle has a diameter of 102 mm and a
length of 495 ran.

Calandria. A cylindrical reactor vessel which contains the heavy water
moderator. Hundreds of tubes extend from one end of the calandria to the
other containing the uranium fuel and the pressurized high temperature
coolant.
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Calcination. Evaporation of a waste solution to dryness and heating the
residue to convert the waste to the oxides of the metallic constituents.

1CANDU. A Canadian developed nuclear power reactor system. The name is K
derived from CANada Deuterium Uranium, indicating that the moderator is
deuterium or heavy water, and that the fuel is natural uranium. fr

Capture. A nuclear reaction in which a nucleus absorbes an additional
neutron or proton. A neutron increases the mass number of the nucleus by _
one, giving a different isotope. With a proton, both mass number and fi
atomic number increase by one creating a different element. "c

Chain reaction. A reaction that initiates its own repetition. In If
nuclear fission, a neutron induces a nucleus to fission, which releases It
neutrons which cause more fissions.

Cladding. Material used to cover nuclear fuel in order to protect it and J|
to contain the fission products formed during irradiation. Zircaloy, an
alloy of zirconium, is used as the cladding material in CANDU reactors. _.

IICo-60. A radioactive isotope of cobalt. The most important contaminant *•"
with a half life of 5.25 years.

Containment. A virtually leak-proof, gas-tight shell around the reactor \\
systems to hold and contain radioactive products that could be released
to the environment in the event of an accident. •-.

Contamination. The radioactive state of an article covered with airborne
or waterborne radionuelides.

[fCore. The region within a reactor which contains the nuclear fuel.

fiCoolant. A liquid or gas being circulated through the reactor core to
extract and transport away the heat of the fission reaction.

Critical mass. The minimum amount of fissile material needed to sustain
a chain reaction. Depends on geometry and enrichment of material and the
presence of a moderator and reflector.

Curie. A measure of the rate at which a radioactive material
disintegrates. A curie is the radioactivity of one gram of radium, named
after Pierre and Marie Curie. One curie corresponds to 3»7 x 10 1 0

disintegrations per second.

Decay. The spontaneous transformation of a radioactive material from one
nuclide to another or into a different energy state of the same nuclide.

Decay heat. Heat generated during the transformation of a radioactive
substance into its decay product, e.g. irradiated fuel.

Decommissioning. Talcing a facility permanently out of service and
placing and maintaining it in a safe state.
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Decontarainant. Material used to remove radioactivity or to decontaminate.

I Decontamination factor (DF). Radioactivity of undesired material in a
ratio before decontamination to after decontamination

I
I
I
I
I
I

Electron* A negatively-charged particle which orbits the nucleus of an
m atom.

Element. There are 92 naturally-occurring elements, each with its own

I distinctive atom. All .substances are compounds of various combinations
of elements.

Emissions, radioactive. Radionuclide emissions in air and water which
produce radioactive contamination.

Derived emission limit (DEL). The limit at which release of a
radionuclide occurring from a nuclear station or a facility will not
result in dose to individual members of the public and populace, by
exceeding the dose limits set by the Atomic Energy Control Board.

Deuterium. A stable naturally-occuring hydrogen isotope with a mass of
two (2). It combines with oxygen to form heavy water. It is used in
CANDU reactors as a moderator and coolant.

Disposal. The emplacement of waste materials without the intention of
retrieval.

Dose. The amount of absorbed energy imparted to matter when ionizing
radiation passes through the matter per unit mass of the irradiated
material.

Dump tank. A horizontal, cylindrical stainless steel vessel below the
calandria designed to collect the moderator heavy water.

Fast neutrons. Neutrons normally resulting from fission that are not
intentionally slowed down by a moderator.

Fe-55. A radioactive isotope of iron.

Fission. The splitting of a heavy nucleus into two parts accompanied by
the release of energy and neutrons. It may occur spontaneously or be
induced by capture of bombarding particles, particularly neutrons.

Fission products. The smaller nuclei formed by the fission of heavy
elements. Over 300 different stable and radioactive fission products
have been identified. They represent isotopes of about 35 different
chemical elements.

Fuel bundle. An assembly of zirconium alloy fuel elements containing
nuclear fuel pellets.
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Fuel sheath. The Zircaloy tubing into which ceramic fuel pellets are
inserted and sealed to make a fuel element.

!
Fuel waste. The most highly radioactive waste from fuel reprocessing, >•
containing most of the fission products and typically containing millions
of curies per cubic metre when first separated. It also contains small "1 .
amounts of unseparated uranium and Plutonium, plus the greater proportion i
of the other actinides produced by the reactor.

Gamma radiation. High energy, highly penetrating electromagnetic !•
radiation. Similar in effect to x-rays but of much shorter wave length ~
and more penetrating. They are emitted by many radioactive atoms during
radioactive decay. j

Gray (Gy). The (SI) unit of absorbed dose of ionizing radiation.

Half-life. The time taken for one half the atoms of a radioactive \
substance to disintegrate; hence the time to lose half its radioactive
strength. Each radionucllde has a unique half-life ranging from -.
millionths of a second to billions of years. f|

Gross beta-gamma. Total radiation in beta-gamma from aqueous
contaminants. [•

Heat exchanger. A device that transfers heat from one medium to
another. A typical example is the steam generator in the CANDU system.

Heat transport. Removal of heat from the uranium fission process by
circulation of heavy water in heat exchanger, which then heats steam
boiler with normal water to generate steam to power a steam turbine.

Heavy water. A compound of hydrogen and oxygen containing a higher
proportion of the hydrogen isotope, deuterium, than does normal water.
It is also known as deuterium oxide.

High efficiency particulate air filter (HEPA). An air filter designed to
achieve 99«7 per cent minimum efficiency in the containment of airborne
radioactive particulates of greater than 0.3 micron size.

IAEA. International Atomic Energy Agency.

Immobilization. The process of connecting waste to a stable solid form
which ties up the radionuclides, thereby preventing (or slowing) their
migration to the biosphere.

Ion. An elementary particle, atom or molecule not electrically neutral.

Ionization. A process by which an atom, electrically neutral, becomes
electrically charged by gaining or losing one or more orbital eleo
The loss of an electron produces a positive ion while gaining one
produces a negative ion.

electrically charged by gaining or losing one or more orbital electrons. ...

i
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Ion exchange. The recovery of products or removing impurities from
solutions. The substance adheres to the surface of resins in the ion
exchange process.

Irradiated fuel. Nuclear fuel whose fissionable isotopes have been
partly consumed and which has accumulated fission-product poisons to such
an extent that it can no longer sustain a chain reaction.

Irradiated fuel storage. Irradiated fuel bundles which cannot sustain a
chain reaction are placed into a water-filled primary irradiated fuel bay.

Induced radioactivity. A material becomes radioactive by being exposed
to a neutron flux.

Isotope. Species of an atom with the same number of protons in their
nuclei, hence belonging to the same element, but differing in the number
of neutrons. The chemical qualities are practically the same.

(
Mass number. The sum of the numbers of protons and neutrons in the
nucleus of an atom or nuclide. Also known as nuclear number, nucleon
number.

Material flow analysis. Analysis of irradiated fuel accumulation and
transfer rates in and among various facilities.

Moderator. A material used in a reactor to slow down or moderate the
fast neutrons produced by fission, thus increasing the likelihood of
further fission. The CANDU reactor uses heavy water as a moderator.

Module. A container for irradiated fuel used during storage and
transportation.

MPCa. Maximum permissable concentration in air.

Nb-95. A radioactive isotope of niobium.

Neutron. An unchanged (neutral) elementary particle with a mass nearly .
equal to that of the proton and associated with it in the nuclei of atoms.

Neutron flux. Total distance travelled by all the neutrons in 1 cm3 in
1 s.

Noble gases. A gas of group 0 in the periodic table of elements. They
are raonatomic and chemically inert.

Nuclear. A group of atoms joined directly to the central group of atoms
or centre ring of a module.

Nuclear energy. The energy liberated by a nuclear reaction such as
nuclear fission or nuclear fusion.
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Nuclide. A specific type of atom that has a measurable mean life and is
characterized by its nuclear properties, such as the number of neutrons
and protons and the energy state of its nucleus.

Particulates. Fine solid radioactive particles which remain individually
dispersed in gases, stack emissions, with irradiated fuel bundles or by
oxidation of fuel pellets.

Plutonium. A heavy radioactive metallic element with an atomic number 94
is a major fissile material. It is produced artificially in reactors
through neutron absorption of U-238.

Pressurized heavy water (PHW). A reactor such as the Pickering CANDU
uses heavy water under pressure. It is known as CANDU-PHW.

Rad (rad). The unit used to measure the energy of radiation absorbed by
matter (radiation dose); one rad is equal to the absorption of 100 ergs
of the energy carried by the radiation per gram of material.

Rad waste. Radioactive waste. Errant material that has been in contact
with radioactive materials and has become radioactive.

Radiation. The emission and propagation of energy through space and
matter in the form of electromagnetic waves and fast-moving particles
such as gamma rays and beta particles.

Radioactivity. The spontaneous decay of an unstable atomic nucleus into
one or more different elements or isotopes. It involves the emission of
particles on spontaneous fission until a stable state is formed.

Radionuclide. A radioactive nuclide (see nuclide}.

Reactor, nuclear. A device containing fissionable material in sufficient
quantity and so arranged as to be capable of maintaining a controlled
self sustaining nuclear fission chain reaction.

Rem (rem). The abbreviation for Roentgen equivalent man. The unit of an
absorbed dose of ionizing radiation in biological matter. It is the
absorbed dose in rads multiplied by a factor which takes into account the
biological effect of the radiation.

SAVH. Sickness, accident, vacation and statutory holidays. Defined on a
financial basis as unproductive time for the establishment of schedules
and work programs.

Shielding. A mass of material or sheet of lead which reduces radiation
intensity to the required level to protect personnel, equipment or
nuclear experiments from radiation, injury, damage or interference.

Sievert (Sv). The unit of dose equivalent in SI radiological units.
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Slow neutrons. Neutrons that have been slowed down by means of a
moderator to increase the probability of their collision to promote
fission.

Tritium. The radioactive isotope of hydrogen having an atomic weight of
3 and a half-life of about 12.5 years. It decays by beta particle
emission. Tritium is formed when deuterium absorbs a neutron.

Uranium (U). A heavy, slightly radioactive metallic element with an
atomic number of 92. As found in nature, it is a mixture of isotopes
U-235 (0.7 per cent) and U-238 (99.3 per cent).

Uranium dioxide (UOg). the fuel in CANDU power reactors, chosen
because of its radiation stability, good gaseous fission product
retention and high melting point.

Vault, calandria. A rectangular heavy concrete structure. Provides
radiation shielding and support for the calandria vessel and dump-tank

• (Pickering GS A only).

Zirconium. A naturally occurring metallic element with an atomic number

I of 48. Zirconium alloyed with other materials is used extensively in the
construction of in-core reactor components.

Zircaloy. An alloy of zirconium used in the manufacture of sheathing to
hold ceramic uranium oxide fuel pellets.

Zr-95. A radioactive isotope of zirconium.
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