
8 Canada's RW

Canada's LLW Volume Projections to year 2025.
Canadian nuclear industry (m3

) %
Refining 65,000 18
Fuel fabrication 14,800 4
Utilities 156,500 42
Isotopes and research 61,200 16
Licensed users 12,900 3
Industries using naturally radioactive feedstocks 57,100 15
Total 367,500 100

Irradiated fuel bays at Ontario Hydro's NGS.
Station Type Dimensions - m C ISD BFD LM

Width Length Depth
PickeringAIB PIFB 16.3 29.3 8.1 93/1581972/83 1995 E

AIFB 17 34 8.1 214 1978 1994 E
Bruce AlB PIFB 10 41 6 21/36 1977/832002 SS+E

IFB 18 46 9 352/330 1979/872002 SS+E
Darlington PIFB 9.7 20.65 212 1987 1996 SS
C =capacity 1000's bundles, ISD = in-service date, BFD =
bay fill date, LM = liner material (SS = Stainless steel, E =
Epoxy)
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Irradiated fuel bay purification system capacity.
Station Type F-lls E Type F E
Pickering AlB PIFB 12/64 IX AIFB 65 F+IX
Bruce AlB PIFB 76/76 IX AIFB 38 IX
Darlington PIFB 92 F+IX
F =flow rate, E = equipment (F = filters, IX = ion exchange)

Used-fuel centre life-cycle cost and labour requirements.
Cost - 1991 M$ Labour - person*years

Estimate low nominal high low nominal high
Siting (23 a) 1850 2180 30506880 8100 11330
Construction (7 a) 1540 1810 25306240 7340 10280
Operation (41 a) 6850 8060 11280338803985055800
Decommissioning(16 a) 1060 1250 1750572067309430
Closure (2 a) 30 30 40 120 150 200
Total 11320 13320 18650528406217087040
Scaled nominal cost (M$ 1991) and Duration CD in years)
estimates for disposal vault capacities of 5, 7.5 and 10.1
Million used-fuel bundles at depth of 1000 m.
Million ofbundles 5 7.5 10.1

D Cost D Cost D Cost
Siting 23 2140 23 2160 23 2180
Construction 5 1520 6 1630 7 1810
Operation 20 4060 30 6040 41 8060
Decommissioning 13 940 15 1090 16 1250
Closure 2 30 2 30 2 30
Total 63 8680 76 10950 89 13320



..... e.--

1000m
D Cost
23 2180

7 1810
41 8060
16 1250
2 30

89 13320

Comparison of nominal cost (M$ 1991) and schedule
durations (D in years) for a disposal centre with a vault at
depths of 500 and 1000 m (Capacity = 10.1 million
used-fuel bundles).
Depth - 500m

D Cost
Srting 22 2110
Construction 7 1780
Operation 41 8060
Decommissioning 14 1130
Closure 2 30
Total 86 13110

comp~ en s a a.

Amount remaining 1-129 C-14 Tc-99 U-238
•m

Containers 96.06 28.0 91.0 99.99

Backfill + Buffer 3.85 1.9 5.79 2E-7

Geosphere 0.07 0.02 0 0

Released biosphere 0.02 0 0 0

Percentage of contaminants present in different
artm t t 1E+4



Mean concentrations (MC) ofcontaminants in soil and water
and their environmental increments (El).

129-1 14-C
Medium MC El MC El
Soil Bq/kg 2 1E-5 9E-3 9E-3
Water Bq/L 3E-3 4E-8 5E-4 2E-5

Arithmetic mean ofthe maximum doses to four hypothetical
organisms estimated in 1000 simulations for a 100 OOO-year
simulation time (mGy/a).
Nuclide Plant Fish Mammal Bird
129-1 4E-3 3E-3 1E-2 5E-2
14-C 2E-42E-2 5E-4 5E-4
Total 4E-3 2E-2 1E-2 5E-2

Percentage of a nuclide released by a barrier over 100 000
years.
Nuclide T - a Fuel Container Vault Rock
3-H 12.4 30 «0.001 «0.001 «0.001
90-Sr 29.1 0.05 «0.001 1 «0.001
39-Ar 269 8 0.08 «0.001 «0.001.
14-C 5730 6 60 0.8 0.007
239-Pu 2.41E+4 «0.001 100 «0.001 «0.001
99-Tc 2.13E+5 6 100 «0.001 0.1
129-1 1.57E+7 6 100 10 5
Br stable 6 100 10 5
Sb stable «0.001 100 0.003 5
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comp~ en sa a.

Amount in Br C-14 1-129 Kr-81 Pu- U-238
239

InventOlV· 11000 3000 56000 0.011 19E+5 67E+7

Containers 9900 0.015 52000 0.0072 lE+5 67E+7

Buffer 0 0 0 7E-5 5E-4 4.2

Backfill 590 16E-4 3100 5E-4 2E-4 8E-3

Vault 11000 16E-3 55000 8E-3 lE+5 67E+7

Released" 2E-2 81E-8 0.28 lE-8 0 0

Maximum Estimated Risk (MER) and Time ofOccurrence
(TO) from four human intrusion scenarios.
Scenario MER/y TO - y
Drilling 3E-IO 40
Core Examination 9E-ll 500
Construction 4E-13 3000
Resident 3E-I0 150
Amounts of contaminants (in mol) present in different

artm t t lE+5

• initial, •• to biosphere.



•

w.,.

Aw

'I'..teon
Burnen

M....oI••od
DvM FuM
a..,n_

w..,.
0,1

(O,.ionoll

A..
Millin,
Ch_

500'C

EfiNeftt to
AtMO....,. t

Steck
EfIt"...,

Men,t.,,,,.
Inltrumentl

Shel. Cooline
ond Socondlt'f

Air FII'I

- Cittt.

'nmirY
Ai, F..

An

"0....

O,kltlOn
AI<

i.
- c• •.":z: u•...

Coolin,
end Oilu Cion

A.,f..

InduOMi
Or.h
Fan S,-

(a)

Relief
Duct

Waste
Loading -r--'"'T

Chamber

(b)

Stack

HEPA
Heat Filter
Exchanger

Excess
Air

Primary
Air

,

Ash
Handling

Primary
Chamber
-500°C

Air
Annulus

•

Figure 1: LLW Incinerators in Canada (a) Ontario Hydro (b) CRNL



BACKAL1.

WEATHER·T1GHT BUILDING

GRAVEL

COMPACTtD MIXED
lAND AND CLAY

REINFORCED CONCRm TRENCH
100m LONG. 20m • 10m DEEP

. :-::~i.;
I " I.:" .-(-",,,'1 • .,_# .' .,,'

fl:!1.-~' ......_ ...-_ .
, .'!\~ .;;=:::;;~---- :'"'

.'!\ 'j/;;;:",,'~.~y.'
~<: .":.' ,: .'.'.,

....; .

WATER fABLE

Figure 2: CRNL shallow land burial (su) facility.

LIb
---_.



Pickering OS
fuel Storage Basket

(32 Bundle Capacity. Storage
Density = 1393kg U/m3) Shipping and Storage Module

(96 Bundle Capacity. Storage
Density = 2189 kg U1m3)

I
I
i

i
i .

BnaccGS
Irradiated fuel Storage Tray
(20 Bundle c.p.eity, Storage

Density. 16tH, Ulm3)

. ..
Figure 2 Ontario Hydro Irradiated Fuel Storage Containers



figure 3 Pickering NOS·A Irradiated fuel Stacking frame

;
I
i

I
I

i



•
U-

(

"-\~ \/ ',\ ,
\, .

::, . ~s . \ _ %•. ::::$ _ ••
~.__ ..-

..
•..
....

f
,..
I

I..
~
I

•0,

C
I

(

~,
(
I
I

I
eo

~



--------------_..

""....... ~~
Ho....

,.........,-

V••dl..lo.
In'.' .

J.4- Loodi.g c.n

.-:.I:!:.......-.. ripe
~~Ol.,.

SIll.....
S'MI Ll_

1=SH FIGURE 3: CENTRAL POOLS - CUTAWAY (From Ref. 5)· A~el-~I'll



., .

•

-
\\_..-' to.... ~

. -

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I



-- .,
)/...t Port ---------,

EIS3-3.26
Storage Lid

Fuel Bundles
(ToIa1384)

Fuel Modules
(ToIa14)

t::~;;:'=,--LId-Lilting Lug

I SI..llnner Liner
_ Steel Outer Shell

Reinforced
High-Density
Concrete

Lift Trunnion

ModUle-Alignment
Frame

Approximate Dimensi
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(including fuel) : 70 Mg

FIGURE 3-26: Ontario Hydro Dry Storage Container, Original Cylindrical
Design
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MontmorillonIte Crystal Structure
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Illite Crystal Structure
Structure is similar to montmorillonite;
potassium ions bond the silica-alumina
layers. Crystal size Is greater and surface
activity is less than that of montmorillonite.
(Calion eXchange capacity =20 meql100 g,
specific surface area = 80 m2/g.)

KaolinIte Crystal Structure
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FIGURE 4-3: Crystal Structures of Some Co-.on'Clay Kinerals "(after Laml
and Vhitaan 1969)
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FIGURE 5-19: The Processes Modelled in the Lake and Lake Sediments Model

The solid arrows show processes that are explicitly modelled in the surface water model and the open arrows indicate
processes that are implicitly considered (Davis et al. 1993). The primary sources 01 contaminants are the well (not shown) and
grOUndwater discharging through the overburden to the compacted sediments (these sediments underlie Pinawa Channel and
Boggy Creek shown in Figure 5-16). Contaminants leave the lake water by radioactive decay (not illustrated), particle
suspension and degassing to the atmosphere, sedimentation to the mixed sediments, pumping lor domestic and irrigation use
by the critical group, and outflow downstream. We assume that all contominants eventually return to the lake, except those lost
by radioactive decay, outflow, and (lor 14C and the noble gases) by degassing.
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FIGURE 5-20: The Processes Modelled in the Soil Model .

The solid arrows show processes that are explicitly modelled In the soil model, anc! the open arrows indicate processes that I
. implicitly considered (Davis et at 1993). Four fields are modelled In a similar manner: a garden, a forage field, a woodlot anc

peat bog (shown In Figure 5-16). Contaminants enter each field by capillary rise from the water table below the soil, by air
deposition of contaminants, and (for the garden and forage field only) by Irrigation ltsing water from the lake or well.
Contaminants leave each area by leaching, suspension, root uptake, and runoff to the lake.



EIS

Infiltratl

Deposition

Well

(Uke)

Release from
Domestic Water

Dispersion

Lake

Fracture Zone ---~:"

Geosphere

Fire
Crop Residue

·Forest Fire
·Fuel (wood, peat)

Compacted
Sediment

;;;;;f~~~~~~~~~ii~~,soil"<' .'

FIGURE 5-21: The Processes Modelled in the Atmosphere Model

The arrows show processes that are explicitly modelled in the atmosphere model (Davis et a!. 199~

Contaminants enter outside air by degassing and suspension of particulates from the soil in the
fields, from the water of the lake and from fires (including.buming wood and peat for fuel).
Contaminants enter dwellings with the outside air, by releases from domestic water (from the lake
and the well), and by infiltration from soil around building foundations. We assume that the
contaminants are well mixed by dispersion in the air. .
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