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Protection of the Environment

To demonstrate environmental protection we have
developed and applied a hierarchical screening
methodology.

The methodology examines effects on:
1. Humans

2. Abiotic environment

3. Generic organisms

4. Specific organisms or species
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Generic Organisms

We use generic organisms because:
¢ A variety of such organisms can be defined

e Each generic organism can inciude many individual
species and general biological characteristics

o Generic organisms can be supported by pocled
databases

o Evaluation of the disposal concept is generic

Generic organisms selected:
e Fish

o Terrestrial plant

¢ Bird

¢ Mammal
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Rz DOSES TO GENERIC GRGANISMS
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RADIONUCLIDE TRANSFER STUDY
OF A BOREAL FOOD CHAIN
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Summary

e We have developed and applied an environmental
assessment methodology appropriate for assessing
the disposal concept.

e Results show there wouid be no significant
radiological effects on plants and animals.



TREE SWALLOW RADIATION-
EXPOSURE EXPERIMENT
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BREEDING PERFORMANCE OF TREE SWALLOWS

Radiation Treatments Control
Dose rate (mGy/h) 1.0 3.0 9.0 0.2
Number of nests - 13 15 11 17
Clutch size : 5.8 50 5.1 5.2
Halching success (%) 97 88 87 93
Fledging success 99 88~ 98 g3
Body mass 15 d (g) 22.4 236 23.4 23.3
* P<0.05 —

Atomic Energy Control Board Risk Criteria for Humans Corresponds to
about 2.5% of the Natural Background Dose or 0.005 uGy/h.




RADIONUCL[DE _TRANSFER _IN A NATURAL

Concentration Ratio (CR) for Cs-137

CR = Plant Conc. (wet)/Soil Conc. (dry)

o Soil Types Clay 0.057+0.01
Peat 0.027+0.00
Sandy 0.224+0.06
o Piant Species Willow 0.042+0.07

Dogwood 0.020+0.00
Balsam Fir 0.176+0.03

o Generic Value 0.08

Transfer Coefficient (TC) for Cs-137

TC = Flesh Conc.} £ -‘—uFf’s)m"
o Moose
Deer

Beaver

o Generic Value Y QUREEEEE
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Pre-
irradiation

After
one year
irradiation

After
five years
irradiation

After
ten years
irradiation

After

14 years
irradiation
and

five years
recovery.

B.D. Amiro, S.C. Sheppard / Sci. Total Enziron. 157 (1994) 371-382

? lrradiation Source

Dead trees
near irradiator
{many species)
14

¢ -1
10 mGy+h
0O lrragiation Source Dead trees Spruce, fir_ pine X
still standing dead, some reduction No obvious effects
in canopy cover of
Dead trees fallen : .
] field i . deciduous species 5
developing, many ! «
herbacious species — \
k B < T
4 f
‘ - 45 mGy+h" 15 mGy+h" 1.5 mGy-h"

O lrradiation Source

No cbvious effects

Spruce trees still dying,
steady-state situation reached for
most other species, more shrubs
succeeding, dead trees standing

{Seis

Most dead trees
rotting, open tield .
with herbacecus
species and
some shrubs

30 mGy+h" 1 mGy+h"
© Former irradiation Source Narmow zone of
dead spruce trees and
. open spruce canopy but
Open fieid community, Shrub wmr:tt.muy deciduous species heafthy

herbaceous species

few tree seediings
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Arch. Environ. Contam. Toxicol. 29, 344-350 (1995) ARCHIVES GF
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Toxicity of lodine, lodide, and Iodate to Daphnia magna and Rainbow Trout
(Oncorhiynchus mykiss)

M. J. Laverock, M. Stephenson, C. B.. Macdonald
AECL Research, Whiteshell Laboratories, Pinawa, Manitoba, ROE 110, Canada

Received: 29 Sepiember 1994/Revised: 21 February 1995

St Ve

Abstract. The acute toxicity (96-h LCso) of aqueous stable
iodine species (I”, 1G3, I,) to rainbow trout and Daphnia
magna were measured at three individual concentrations of
harcness, total organic carbon, and chloride. Rainbow trout
were most sensitive to I, (LC,, = 0.53 mg/L), and much less
sensitive to 1073 (LCsy = 220 mg/L) or I~ (LCso = 860 mg/ .
L). Daphnia magna were equaily sensitive to I, (LC,, = 0.16
mg/L) and I™ (LCsy = 0.17 mg/L), but were less sensitive o
105 (LCso = 10.3 mg/L.). The external and internal radiologi-
cal dose imparted by equivalent molar quantities of radioactive
'L, "1, and "*'I were calculated for both the Daphnia and
trout using the LCs, values obtained from a standard water
treatment. As expected, the dose from '3[ and "*'[ would
exceed the expected lethal dose rate long before a chemically
toxic level is reached. In contrast, a molar concentration of '¥]
likely to cause death by chemical toxicity would impart a radio-
logical dose less than that expected to be lethal. Thus, for
short-lived aquatic organisms, risks due to chemical toxicity of
'*°I may exceed risks due to its radioactive emissions.




' SYSTEMS VARIABILITY ANALYSIS
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Maximum Annual |-129 Dose [Sv/a]
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The Disposal of Canada’s Nuclear Fuel Waste:
The Biosphere Model, BIOTRAC, for Postclosure Assessment

Le stockage permanent des déchets de combustible nucléaire du -

Canada : Le modéle de biosphére, BIOTRAC, pour Pévaluation
de post-fermeture

P.A. Davis, R. Zach, M.E. Stephens, B.D. Amiro, G.A. Bird, J.A K. Reid, M.L. Sheppard,
S.C. Sheppard, M. Stephenscon
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In ICRP 26 (1977), the Initernational Commission on Radiological Protection gave its first
guidance on the definition of the critical-group. This Committee reflects international consensus

at the time:

“ _the actual doses received by individuals will vary depending on factors such as their
age, size, metabolism and customs, as well as variations in their environment... . With
exposure of members of the public, it is usually feasible to take account of these sources of
variability by selection of appropriate critical groups within the population, provided the
critical group is small enough to be relatively homogeneous with respect to age, diet and
those aspects of behavior that affect the doses received. Such a group should be
representative of those individuals in the population expected to receive the highest (dose),
and the Commission believes that it will be reasonable to apply the appropriate (dose) limit

* for members of the public to the mean (dose received by members of this group). Because
of the innate variability within an apparently homogeneous group, some members of the
critical group will receive a (dose) somewhat higher than the mean.”



Atmospheric Dispersion
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LIST OF BIOSPHERE FACTORS CONSIDERED IN

SCENARIO DEVELOPMENT
Factor Treatment* Reference**

1 Acid rain C sV
2 Alkali flats Q S

3 Animal grooming and fighting C F

4 Animal soil ingestion C F

5 Animal diets c F

6 Artificial lake mixing C Vv

7 Ashes and sewvage sludge fertilizers C F

8 Bacteria and microbes in soil c 7S

9 Bioconcentration c BF
10 Biogas production Q A

11 EBiological evclution Q BF
12 Biotoxicity C BFT
3 Bioturbation of soil and sediment C SW
14 Building materials C BF
15 Burrowing animals C FS
16 Capillary rise in soil Cc BS
17 Carcasses C F

18 Carcinogenic contaminants C BFFPT
19 Charcoal production Cc AB
20 Chemical precipitation C BSW
21 Chemical toxicity C BFP
22 Climate C ABFSW
23 Climate change AC BT
24 Collisions, explosions and 1mpacfs Q X
25 Colloids C SV
26 Convection, turbulence and ‘diffusion ABT

(atmospheric) c AB
27 Correlation c ABFSH
28 Critical group - agricultural labour C ABF
29 Critical group - clothing and home
furnishings Q BF

30 Critical group - evolution Q BF
31 Critical group - house location C BF
32 Critical group - individuality c BF
33 Critical group - leisure pursuits C BF
34 Critical group - pets Q F

35 Crop fertilizers and soil conditioners C F

36 Crop storage c BF
37 Cure for cancer Q X

38 Deposition (wet and dry) C BAFS




Factor Treatment* Reference**

39 Dermal sorption - nuclides other than

triciom Q BF
40 Dermal sorpticn - tritium Cc BF
41 Dispersion C ABFSY
42 Dust storms and desertification C ABS
43 Earthmoving projects Q S
44 Barthquakes Q X
45 Erosion - lateral transport Q ABS
46 Erosion - wind Q ABS
47 Fires - agricultural C AB
48 FPires - forest and grass c AB
49 Fish farming ¢ BF
50 Flipping of earth’'s magnetic poles Q X
51 FRiooding Q B
52 Flushing of vater bodies c BV
53 Food preparation c 3
54 Game ranching Cc BF
55 Gas leakage into basements Cc BA
56 Glaciation A BT
57 Greenhouse food production C BF
58 Greenhouse effect Q AB
59 Groundshine (ground exposura) c BF
60 Heat storage in lakes or underground Q X
61 Herbicides, pesticides and fungicides c F
62 Household dust and fuges Cc BA
63 Houseplants Q X
64 Ruman diet C BF
65 Human soil ingestion c BF
66 Hydroponics Q P
67 Industrial water use Q X
68 Intake of drugs Q X
69 Intrusion - deliberate Q BT
70 Intrusion - inadvertent A I
71 Ion exchange in soil C BS
72 Irrigation C BSF
73 Lake infilling . C BS
74 Mutagenic contaminants C BFP
75 Outdoor spraying of water C ABFS
76 Ozcne layer failure Q X
77 Peat and leaf litter harvesting C S
78 Plant roots C BFS
79 Precipitation (meteoric) C BAS
80 Radioactive decay C ABFSW
81 Radiotoxic contaminants Cc BFPT
82 Radon emission C ABF
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Factor

Treatment"

Reference"”

River-course meander

Runoff

Saltation

Scavengers and predators
Seasons

Sediment resuspension in wvater bodies
Sedimentation in water bcdies
Sensitization to radiation
Showers and humidifiers
Smoking

Soil

Soil depth

Soil leaching

Soil porewater pH

Scil sorption

Soil type

Space heating

Surface water bodies

Surface wvater pE

Suspension In air
Technological advances in food production
Teratogenic contaminants
Terrestrial surface

‘Toxicity of mined rock

Tree sap

Uncertainties

Urbanization on the discharge site
Vater leaking into basements
Water management projects

Water source

Vetlands

Vind
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alternative treatment
central group of scenarios
qualitative treatment
atmosgheric submodel (Amiro 1992)
biosp

intrusion analysis (Wuschke 1992)
soil submodel (Sheppard 1992)

topical reports
scenario analysis report

surface-vater submodel (Bird et al. 1992)

ere model (this EIS primary reference)
food-chain and dose submodel SZach and Sheppard 1992)

postclosure assessment (Goodwin et al. 1994)
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Figure 2-1 Generic biosphere RES matrix for an inland groundwater release source
term (taken from BIOMOVS |1 [1995)).
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TOXIC ELEMENTS CONSIDERED IN BIOTRAC

Decay Decay Decay
Radionuclide Constant Radionuclide Constant Radionuclide Constant
(at) (a-1) (at)
225A¢ 2.53 x 101 izp 1.77 x 10t 218Rnp 5.50 x 10F
227 pc 3.18 x 10-2 231py 2.12 x 10-5 220Rp 3.94 x iQs
228 p¢ 9.90 x 102 233py 9.38 x 10¢ 222pp 6.60 x 101
Ul py 1.60 x 10-3 234pg 9.06 x 102 1255p 2.50 x 10-1
I9Ar 2.58 x 10-3 234np, 3.11 x 105 lL26g} 2.04 ¥ 101
1174¢ 6.80 x 10% 205ph 4.85 x 10-8 126mgh 1.92 x 104
10Ba 4.33 x 107 209pp 1.87 x 103 73%e 1.07 x 10-%
208pj 1.88 x 10-¢ 210pp 3.11 x 10-2 25§ 1.54 x 10-3
210Bj 5.06 x 10* 111pt 1.01 x 104 126gn 6.93 x 10-¢
210mpy 2.31 x 10-7 212pp 5.73 % 102 sogy 2.38 x 10-2
211R] 1.70 x 105 114pp 1.36 x 104 1a27, 2.20 x 100
212p4 6.03 x 10? 107pg 1.07 x 10-7 9% T¢ 3.25 x 10-¢
213§ 7.98 x 103 210pg 1.83 x 1qno L25mTq 4.36 x 107
214Bj 1.83 x 10¢ itipy 4.23 x 107 227Th 1.35 x 1o
iac 1.21 x 10-¢ 212pg 7.17 x 1013 228Tp 3.62 x 101
11cy 4.95 x 106 212pg 5.21 x 1012 ?297TH 9.44 x 105
li3acqd 5.09 x 10-2 il4pg 1.33 x 1011 2307Th 9.00 x 10-¢
i35Cy 3.01 x 10-7 215pg 1.23 x 1010 231Th 2.38 x 107
221pyp 7.59 x 104 216pg 1.46 x 10% 2432Th 4.93 x 10- 11
223pyp 1.67 x 10¢ ilapg 1.20 x 105 134TH 1.05 x 10!
iH 5.61 x 10-2 238py 7.90 x 10-3 2067] 8.68 x 104
is2g¢ 7.70 x 10-8 23% Py 2.88 x 10-53 2077] 7.63 x 104
1297 4.41 x 10-% 240py 1.06 x 10-¢ 208T] 1.19 x 10°
1o 5,42 x 10-1¢ 241py 4.81 x 10-2 i057] 1.65 x 105
81Ky 3.30 x 10-% 242py 1.84 x 1G-¢ 232y 9.63 x 10-3
85Kr 6.48 x 10-2 223Ra 2.21 x 11 233y 4.37 x 10-¢
93 Mo 1.98 x 10-4 224Ra 6.93 x 101 234y 2.83 x 10-¢
93mND 5.10 x 10-2 225Ra 1.71 x 10! 235y 9.85 x 1Q-10
94Nb 3.41 x 10-5 226Rg 4$.33 x 10-¢ 2367) 2 96 x 10-¢8
59N1 9.24 x 10-¢ 228Ra 1.21 x 10-1 238y 1.55 x 10-1o0
§3Nj 7.22 x 10-3 87Rb 1.47 x 10-t v sey 9.50 x 10
“37Np 3.24 x 10-7 187Re 1.39 x 10-1: ?3%r 4.53 x 107
Chemically Toxic Elements
Br Cs Se
Ccd Mo Sm
Cr Sb Tc
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RADIONUCILIDES WITH DECAY CONSTANTS AND CHEMICALLY
TOXIC ELEMENTS CONSIDERED IN BIOTRAC

Decay Decay - Decay
Radionuclide Constant Radionuclide Constant Radionuclide Constant
(a 1) (a1) (a-1)
2254¢ 2.53 x 102 azp 1.77 x 101 21%Kkn 5.50 x 10¢
227 e 3.18 x 10-2 231p, 2.12 x 10-5 220Rn 3.94 x 105
228 A 9.90 x 102 233pa 9.38 x 10° 222Rpn 6.60 x 101
241 A 1.60 x 10-3 234pa 9.06 x 102 1255b 2.50 x 10-1
I%Ar 2.58 x 10-2 134mpy 3.11 x 108 1265p 2.04 x 101
2174¢ 6.80 x 10% 205pY 4.85 x 10-¢ 126agph 1.92 x 10¢
10Be 4.33 x 10-7 209pph 1.87 x 103 79 5e 1.07 x 10-5
208p4§ 1.88 x 10-¢ 210pp 3.11 x 10-2 32g4 1.54 x 10-3
21083 5.06 x 10t 211ph 1.01 x 104 ii6gp €.93 x 10-¢
210mpy 2.31 x 10-7 212pp 5.73 x 10?2 sogr 2.38 x 10-2
211B4 1.70 x 105 214pp 1.36 x 104 1827y 2.20 x 100
2123 6.03 x 103 107pgd 1.07 x 10-7 99Tc 3.25 x 10-5
213§ 7.98 x 10° 210py 1.83 x 10° 125mTe 4.36 x 100
214§ 1.83 x 10¢ 211pg 4.23 x 107 227Th 1.35 x 100
14¢ 1.21 x 10-3 212pg 7.17 x 1013 228Th 3.62 x 10-1?
¢1Ca 4.95 x 10-¢ 213po 5.21 x 1012 229Th 9.44 x 10-5
11acd 5.09 x 10-2 214po 1.33 x 101t 230c1h 92.00 x 10-§
135Cg 3.01 x 107 215py 1.23 x 100 231Th 2.38 x i0?
12:pr 7.59 x 104 21€p9 1.46 x 10¢ 2327Th 4£.93 x 10-1t
113py 1.67 x 104 218pg 1.20 x 1C% 234Th 1.05 x 10!
3R 5.61 x 10-2 73epy 7.90 x 10-3 26T 8.68 x 10¢
is24gqf 7.70 x 10-¢ 239py 2.88 x 10-5 1071 7.63 x 104
12971 &.41 x 10-* 240py 1.G6 x 10-¢ 20T} 1.19 x 10°
40 5.42 x 10-1¢ 24lpy 4.81 x 10-2 209T] 1.65 x 103
LR 4 4 3.30 x 10-¢ 262py 1.84 x 10-€¢ 232y 9.63 x 10-3
$SEr 6.48 x 10-2 223Ra 2.21 x 194 233y 4.37 x 10-¢
1IN 1.98 x 10-¢ 224Rg 6.93 x 10 234y 2.83 x 10-¢
$3nND 5.10 x 10-2 . 225Ra 1.71 x 10t 235y 9.85 x 10-1°
$4NbL 3.41 x 10-5 226K, 4.33 x 10-¢ 36y 2 9 x 10-8
SINY 9.24 x 10-¢ 228R, 1.21 x 10-2 2387; 1.55 x 10-10
S€3INj 7.22 x 10-3 t7Rb 1.47 x 10-11 soy 9.50 x 10¢
237Np 3.24 x 10-7 187Re 1.39 x 10-11 33Zr 4.53 x 107
Chemically Toxic Elements
Br Cs Se
Cd Mo S
Cr Sb Tc




SHORT-LIVED RADIONUCLIDES CONSIDERED IN BIOTRAC

Radionuclides with Haif-Lives Radionuclides with Half-Lives
' Less than 1 d Between 1 d and 20 a

228 A 225 A0 (2253‘-&)*
2175¢ 2i0B1 (219Fb}
211R4 93aNb (931{0)
212§ $3aNb (®3Zr)
21384 . X2p (3251>
214B4 233pa (237Np)
221pp 210pg (2108§)
223pr 223Ra (227Th)
234py 2244 (2zs-rh)
234mpy 225Ra (229Th}
209p)h 228R4 (zsz-rh)
211ph . 126G5h (xzssn}
212ph . 18273 (IJZHf)
214ph 125aTe (IZSSb)
211 Ppo 2277Th (“7Ac)
212pp 228Th (zzsRa)
i13po 228ThH (ZSZU)
214pp 231Th (ZSSU)
215pg 23¢Th (2380)
216pg s0Y ("Sr)
218pg
219Rn”
220Rpn
126-5b
061"
2071
208T)
2097]

% Precursors shown in brackets.
«* Not considered in the postclosure assessment because the parent, 2lompy,
has a very low vault inventory.
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