
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)



... . , .

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
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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.
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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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(Cation exchange capacity = 80 meq/100 g,
specific surface area =600 m2/g.)
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Illite Crystal Structure
Structure is similar to montmorillonite;
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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)



VYIY
I+~------8.0 ------_.1

Buffer--

Sand---

Container -

EIS 6.3

FIGURE 6-3: CROSS SECTION OF A FILLED
DISPOSAL ROOM IN THE
PREDISPOSAL-FACILITY

I
2.0

3.5

5.0



I 5. Analyze Sensitivity 11_.._~_ _-, - __ _--.:. _. -- ., .~

I6. Compare with Criteria 11
- _ .........-. _ ..... _ ......_.. .._. .-.l __••. ... __.._ .......~_.~

.;"...
"

· -~~
,'~

.;1

"" ,,",d
Jo~,t·r:.

~. '/',:' :; :~:.~}:.1
.. , ' , .. 'J

. ~;~'..~.. ~ .'.

"
'.' ~

, ,

I

;
j

.. ' .. '~' ..:....;)
" • "I

I .,.,,

,
..;

: . .,,~

\
-j· ,
'.!.~

"

", "., .
",.~ ,

"":':':.1
., .!

;. ".~ ·'·~~'i

'\," .~~';;~;!
" " .. 'I

~"

,,,' ,:,::' ,~-?';':'~
,... ';)~:~il

:, . ~~.'.,rJ

! .~. ~', -":~i"'::'i~
'". -, I

.:-', "41· .,..:.
•• " .. ~l .....i...

_,' .J

Site Characterization and
Monitoring

Research & Dev~ prnent

. I ' :' i
,., :C.

....'.. :;

E" .,. ) t
"~a •

',.

Environmental
Impact

Statement

POSTCLOSURE ASSE~.;;MENT .

I 1. Specify System Features I!--...__.._--_.__...__:.__....,

I 4. Estimate Impacts I!
... .___ _.__ ...__.... ~,,__....__ ......J

~
I3. Develop Models & Data 11

_ __.. • __.... _ ........._. ~... • . • ow_ ..

. ~ .

" \

"

,.;,

, "

. ._.:. ~...... 0'·...... '. I' i.···.. ...

Af



..'

..; :.•. ~ '..~.~
t~:f:.:~\t:~:.:.: 4 BIOSPHERE MODEL II EIS 9·ES.2

"';:'.'" .....,,;;~.:;.~:<:.:!;. '.. .... .':0 ..... ' ;'.:;' : ••:. .., I

~M

...:~;:..::~' ... :/~

Food-Chain
and Dose

...'.' I ,-. .... . ~ .'

:- " of

e" ...... ", ," ." ._ • _. . ~
.M', •__ '.' ~': .•:.::. :" ~ .:. :: ~•..•.::.~:':..~. f

.~. .:~~ .. ,;tr,.: ~:<: '.

Atmosphere I ....,.• I

~; '.

". ,,",

. ~.'i-.-:: .~:. "

;-1~~:\;..:: ,.. }: I 1 • ' •.

Soil

Surface
Water:.. :

";"".) ... ~:~.'. . .
"." .. '. : ..

'" :. ,: I ,.: :1-. • , ._ ....

'~',~ ."., ~ .': .~::~. ~~;

;"::.':<'"
:Jr~

, 121 I • I

----11 11-+--\,

Geosphere
Model

Vault
Model

........· .::. If:, ·~··'<~;'>;:,·i~.c " .' I
, 3 ,.::. I t·-.;··.·.·.•J...... .,. ':. '.:, ":,,,,':::::,.,:~: .. ::::;::~ ,,,'. . ' ,1·---------,1 ~ ' .. '.\ '. t.· .' :. ~'.., 1"- ,. ··.t '1' ........, '. .

", ," -e. ..: ';.~ ,';:.~~; .;·i:~I~:~:~t.~\~!:. ::;:•.~~:::;'t.';.' '.~.:."::\ :::(.~-:.....,!:.:::It; ._/f:~: .~:..~ /:t ........: : '.' . •'.4..

FIGUR! IS-2: Schematic Representation of the Three Main Assessment Models
(Vault, Geosphere and Biosphere) for the Disposal Concept
Assessment, and of the Main Nuclide Transfers Among the Pour
Submodels of the Biosphere Hodel (Surface Vater, Soil, Atmo
sphere, and Pood-Chain and Dose) and Between the Geosphere
and Biosphere Hode1s. Discharges from the geosphere to the
biosphere model are: (1) aquatic, (2) terrestrial and
(~\ ve1l.



Atmosphere

. _.

.. 0" .. 0.. .." .. 0 .. ~~;..:""C::--~-:-...,
.. 0.. .. 0 ...0 ...." - .. 0 .. 0"

o ••• Overburden : . . ....
·0. ·0· 0·.0 ·O.·O.O'.~·O.

0. .. .. .. .. 0 .. ..

•.. )~;~:.~.~. 1', ......":'.!' :, ..•..•' _~._ -J .• '0 •.,~~~.~~~.~~=..:~~, ....;-.:..::;;; ;.-:,;t.j'" ~:::: .;...:.. f.';::' ..____--~--------~.::.:.: .';--~re··"';, - ;. ".. ~., \:In:U<iiiilI'f'I..... • ..
..... .... ii; Vi·........ 'S .~: .• ~ ..···i ~ .•..: ~ -......•....:,.~.~ ... ».... ..it~ •• AI ......

. :. ~~ ;::i:~~l';..t::1 ..~;::'·· .::::~::~:~::: ...
',. "~~~;~"~':~t '~',' '.' ~ ~ I~ - •

vn·

Atmosphere

·.1

,

IIIMI.1

Scheaatlc aepresentation of Groundwater Transport of Nucll
fro. the Ya~lt,5oo to 1000. Under,round, to the BiospheI
(Enlar." Insert)



EIS 6·5.19

"~!' 0·,.•- ~·u(~~~iSOli,.,. "'l:~~r.-:~::~\:,;~..:..... <~~; :-Il.'~~!; .•.&...,<&.......

Irrigation

Runoff

~:

Fracture
Zone

Deposition

A
. t r n . . ..." .. .' .i:" ~. '•. f ~~~.~"~.:-c.;:i .. ~:.., :~J' i~. i ......Sedlmen a 10 -~. . ;:'. '~'·'>,' ..l":', .;" OutfloW,,\,,;j\;Y"~"'~"~ii:'~'~~";"":""':;\

,;~;~fiftJ;:~~,~i(5'l;j;;;:~:;; .:.i'';:;i.''.~~,,;:-;;'¢!

Suspension

1

Mixed Sediment

Compacted Sediment

c ~

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.
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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. .



OJ GIOSphtr. dischergl 10 Ilk. wlter

UJ Glosphlre dischlrg.1O comp.clld S.dim.nt

UJ G.osphere discherg.1O bottom 01 son profile

IIIGeosphere dischlrg.1O well wlter

[!] Loss through like disChlrg.

C!JTransf.rfram take wlter to mix.ed sediment

IIITransf.r from like wlt.r to sail (irrigation)

IIIT..ns'er from well Wlllrto soillirrigltion)

[!]Tronsler Irom .0iVsedim.nts 10 pllnts (roollpllk.)

1mTrlnsler from Ilk. wiler 10 lelves ollorl" crops (irrig.

ffi) Trlnslerlrom like wlte, 10 lelves 01 gerd.n crops lirrig,

1mTrlnsler Irom well wlter to loaves 01 glrden crops (itrig

IE) Transfer from lake wlter to lir

EJTransfer fram wen wattr to indoor lir

lID Transfer from soiVsedimenu to air

ImTrlns'.r lrom li,1O son (deposition)

l!!lTransf., from lir to plant leaves tdeposition)

GlTrlnsfer from pllnts 10 lir

GILoss th,ough Itmosph.ric disp.rsion

E!lTrlnslerlrom lorlg. C'OpSlO milk products. m..~ Ind ~

lEITrln.ler lrom soiVsedim.nts to milk products. mel~ Ind

!mTrlnsle, from well wlterlO milk produclS, m..~ Ind pOI

!m Trlnsler from lIke Wiler 10 milk prodUClS, mel~ Ind pal

IETrlnsfer from like wlter 10 fish .

~Trlnsler from Ilkl wIle, 10 mIn (ingestion)

6!lT,"n"er from fish to mIn (ingestion)

IEITrlnsler lrom glrden crops 10 mIn lingestion)

6!1 T,ansler from milk prodUelS. mOI~ and poultry produclS

6!1 T,"nsler Irom well wlter to man lingestion)

iiiTransfl' Irern .oil/sedim.nts to man (ing.stion)

lEITran.l.rlrom lirto man (inhilition)

!m bI.mal ••posure 01 mIn 10 woo~.n building malerills

IilExtlmal .xpo.ure 01 mIn 10 lakl waler

iiiExtemll .xpo.... 01 min 10 Ii,

6!1 ElIt.mll ••posure 01 min 10 well wlter

iiiExtemll.xpo.... 01 min 10 .0if/sa4iments

IiilExtemal expoaur. 01 man III inorglrlic Iluilding mltlrill•

1--J2il

(,.

I
Forage Crops

Fores,

Getde" Crops

1L._-..;I:::n::;do:;or~A:::I,~:....-II+.jI....-<",",--'..il--I

I MIlk P,odueI! I
I Melt I
I PouR" Product! ,

I Ouldoor AI, I

ItmoSpharic __.,

d1sparoian 1t~

:!: - I
I

.. .

1---_---JGl@J

r
EIS 1.5

FIGURE 7·5: COMPARTMENTS AND PATHWAYS IN THE POSTBIOSPHERE.MODEL
I\tt~



Identify Potentially
Important Factors
(Features, Events,

and Processes)

Factor Included
In Significant Scenarios

Factor Not Included
in Significant Scenarios

SCenarios Evaluated
In POSTSystem-Model

Scenarios Evaluated
separately

~URE 7-2: PROCESS FOR IDENTIFYING AND EVALUATING SIGNIFICANT SCENAR



<:
<

en-'en
>
....I«z«
>....-....I-1:0«-a:«
>en .'
~
w....
en
>en

· ;- ..
.' .



we.--- t:'::. 1./

I AECB Risk Criterion 10-6

....... 10.2
ea->en Estimate S'
E 10-8 ('J..... c
Q) 10 -4

...- S-ea
a: IQ

Q)
ll)

VI 10 ·10
::r

0 (I)

C ~
C 10.6 -::rea (I)Q) -:e -(I)

10 ·12
('J

~
10 -8 --

0 5x10 4 1X105

0.05

.......en~
0.04

E.....
Q)-eaa:
Q)
VI
o
C
c
ea
Q)

:e

0.03

0.02

0.01

t---il AECB Risk Criterion

Estimate

=C1I
4X10·7 ~..--ct

2X10·7 ~
c:
c:
II-

5x104

Time (a)
o

o l:;:==:;=:::;:==:=::::;::~;::::::::::=:::::::-.=".:.-::-::----:--=--=-~---j.- 0

1X10 S

FIGURE 7·7: ESTIMATED MEAN DOSE RATE AND RISK AS A FUNCTION OF TIl
.. ""



J>V,fF

80
,
enc: 70
0--ta'"5 60
E-en 50-0..
B 40

E
~ 30

20

10

0
-r

0

I I I __ 1

.__....__._._._---
1x10'S 2x10·s 3x10's

Estimated Dose Rate (mSv/a)·

FIGURE 7-8: ESTIMATED DOSE RATES AT 10000 YEARS



.PP •
E157.9

I I AECB Risk Criterion

Estimate for"C

Estimate for'

:n-en
~--. "C

~ ..
(') 0
Ccr
::::!.I»
~cr

co=
I»~
::To(1)_

!!ol»
-~::T -(I) ~=0-(I) _.

(') So
C!:O
I» C
-I»-

10 -6

10 -8

10.10

10 ·12

1x1055x10 4

Time (a)

-------------.......---- ------- ----
' ---, .....

,/
/

I

/,
/,

I,

o

10"

_ 10.2

.!!
~
E-Q)a; 10'"
a:

!
Q

C 10 01

=:i

•

FIGURE '-9: CONTRmUTIONS OF 1291AND 14C TO THE ESTIMATED MEAN DOSE RATE
AND RISK

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



239pU

99Tc

, 29,

6 X 10.9

5 X 10.,1

3 x 10.4

3 X 10.,8

1 X 10.,4

6 X10"3

6 X 10.3

2 X 10.,3

-

o

3 X 10.30

2 X 10.8

o

2 X 10.,7

3 x 10··

3 x10··

9x10· 15

[.S 7 It

1<'U:11RF. 7.10: CUMULATIVE FRACTION OF A NUCLIDE RELEASED BY THE BARRIERS


	Section 8
	1 LLW Incinerators in Canada
	2 CRNL shallow land burial (SLB) facility
	2 Ontario Hydro Irradiated Fuel Storage Containers
	3 Pickering NGS-A Irradiated Fuel Stacking Frame
	3 Central Pools - cutaway
	4 Spent Fuel Storage Facility
	3-26 Ontario Hydro Dry Storage Container, Original Cylindrical Design
	7 Cylindrical Concrete Canister
	10 Canisters in Operation
	8 Canister Storage Facility
	3-2.1 Options for the Storage and Disposal of
	ES-4 Used-Fuel Disposal Centre Perspective
	ES-1 Typical CANDU Fuel Bundle for Bruce Nuclear Generating Station
	2-5 Activity of the Used Fuel Specified for the Case Studies
	2-7 Heat From the Used Fuel Specified for the Case Studies
	2-10 Radiotoxicity of Various Radionuclides in Used CANDU Fuel
	Conceptual Distribution of Some Fission and Activation Products Within a Used-Fuel Element
	3-29 Titanium-Shell, Fuel-Reprocessing-Waste Disposal Cont with Vitrified-Waste Canister
	4-8a Expected Changes in Those Vault Parameters That Would Affect
	4-11 Schematic Showing the Basic Electrochemical, Chemical, and Transport Steps Involved in the Crevice
	4-3 Crystal Structures of Some Common Clay Minerals
	6-3 Cross Section of a Filled Disposal Room in the Pre Disposal-Facility
	Postclosure Assessment
	ES-2 Schematic Representation of the Three Main Assessment Models
	Schematic Representation of Groundwater Transport of Nucli from the Vault, 500 to 1000 m Underground, to the Biosphere
	5-19 The Processes Modelled in the Lake and Lake Sediments Model
	5-20 The Processes Modelled in the Soil Model
	5-21 The Processes Modelled in the Atmosphere Model
	7-5 Compartments and Pathways in the Post Biosphere-Model
	7-2 Process for Identifying and Evaluating Significant Scenarios
	Systems Variability Analysis
	7-7 Estimated Mean Dose Rate and Risk as a Function of Time
	7-8 Estimated Dose Rates at 10 000 years
	7-9 Contributions of 129 I and 14 C to the Estimated Mean Dose Rate
	7-10 Cumulative Fraction of a Nuclide Released by the Barriers


