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Protection of the Environment
To demonstrate environmental protection we have
developed and applied a hier~rchical 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

• Each generic organism can include many individual
species and general biological characteristics

• Generic organisms can be supported by pooled
databases

• Evaluation of the disposal concept is generic

Generic organisms selected:

• Fish
• Terrestrial plant
Gt Bird

• Mammal
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DOSES TO GENERIC ORGANISMS

Maximum dose in 100,000 years

AECL Provisional Criterion 10-3
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RADIONUCLIDE TRANSFER STUDY
OF A BOREAL FOOD CHAIN



Summary
• We have developed and applied an environmental

assessment methodology appropriate for assessing
the disposal concept.

• Results show there would be no significant
radiological effects on plants and animals.
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BREEDING PERFORMANCE OF TREE SWALLOWS

Radiation treatments Control

Dose rats (mGy/h) 1.0 3.0 9.0 0.2

Number of nests 13

Clutch size 5.8

Hatching success (%) 97

Fledging success 99

Body mass 15 d (9) 22.4

* P<0.05

15

5.0

88

88*

23.6

11

5.1

87

98

23.4

17

5.2

99

23.3

Atomic Energy Control Board Risk Criteria for Humans Corresponds to

about 2.5% of the Natural Background Dose or 0.005 IJGy/h.



RADIONUCLIDE TBANSFER"'iN A NATURAL
'~u:cHAlN.'..rvv . ··0

Concentration Ratio (CR) for Cs-137

CR. = Plant Cone. (wet)/SoU Cone. (dry)

o SoU Types Clay
Peat
Sandy

0.057+0.01
0.027+0.00
0.224+0.06

o Plant Specie.'; Willow
Dogwood
Balsam Fir

0.042+0.07
0.020+0.00
0.176+0.03

o Generic Value 0.08

Intake)

I Transfer Coefficient (TC) for Cs-137

o Moose
Deer
Beaver

o Generic Value

TC = Flesh Cone.
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Mean dose rate (mGy h-' )
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InadiaUon Source

Pre
irradiation

SeYwal6oNlsl............cie,
baIh decictllO!. *'CI
8\81g18en species

lnadlatlon Soun:e

After
one year

irradiation

Dead trees
near irradiator
(many species)

No effects
further away

No obvious effects
Spruce. fir. pine

tlead. some reduction
in canopy caler of
deciduou. species

15 mGy-h" 1.5 mGy-h"

Spruce trees still ctying, No obv;ous effects
steacty-state skuation reached for
most other species, more shrubs
succeeding, dead trees standing

10 mGy-h"

Dead trees
still standing

Most dead trees
rotting, open field ..
wkh herbaceous

spec;.,s and
.>omeshrubs

Dead trees falle"
over, open r",ld

developing, many
herbacious species

45 mGy-h"

Irradiation Soun:e

lrT3CSiation Soun:e

After
ten years

irradiation

After
five years
Irradiation

"30 mGy-t1

- .

No obvious effects

. ,
0.1 mGy-h'

1 mGy-h"

Narrow zone at
dead spruce trees and

open spruce canopy but
deciduous species '-IlhyShrub communky

dominant.
lew tree seedlings

"3OmGy-h

Open field communky.
hertlaceous species
and some shruhs.
thick ground cover

Fonner Irradiation Source

After
14 years

irradiation
and

five years
recovery.



10.6

'-'

'1 '0.1 ,:0.3
.

':, I
,-_......._--_.- ---'''--.....



ARCMIVl;:$ GfF
Envl~1
CancernJl,1IIIIWiIP
..ndTO~

Toxicity of Iodine, Iodide, and Iodate to Daphnia magna and Rainbow Trout
(Oncorhynchus myldss)

M. J. Laverodc. M. Stepllensoo. C. P... Macdonald

AECL RUCalCh. Whitest-ell Labocatories. Pinawa. Manicoba. ROE 11..0. Cu.ada

Received, 29 Scpccmbec 1994IRcviscd, 21 FcbNary 1995

._ .•" ...... ,~ .J. ~- •. .• •
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Abstract. The acute toxicity (96-h LCso) of aqueous stable
iodine species (f.-, 103, !v to rdinbow trout and Daphnia
magna were measured at three individual concentrations of
hareness, total organic carbon, and chloride. Rainbow trout
were most sensitive to 12 (LCso ~ 0.53 mgfL), and much less
sensitive to 10-3 (LCso :;" 220 mgIL) or 1- (LCso ~ 860 mgt
L). Daphnia magna were equally sensitive to 12 (LCso ~ 0.16
mglL) and 1- (LCso ~ 0.17 mglL), but were less sensitive to

103 (LCso ~ 10.3 mglL). The external and internal radiologi
cal dose imparted by equivalent molar cr.umtities of radioactive
1251, 1291, and 1311 were calculated for both the Daphnia and
trout using' the LCso values obtained from a standard water
treatment. As expected, the dose from 1251 and 131 1 would
exceed the expected lethal dose rate long before a chemically
toxic level is reached. In contrast, a molar concentration of 1291
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 toxkity of
1291 may exceed risks due to its radioactive emissions.
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SYSTEMS VARIABILITY ANALYSIS
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In ICRP 26 (1977), the International 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 thr
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."
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Biosphere FEPs

• Features

• Events, and

• Processes
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LIST OF BIOSPHERE FACTORS CONSIDERED IN

SCENARIO DEVEWPMENT

Factor

1 Acid rain
2 Alkali flats
3 Animal grooming and fighting
4 Animal soil ingestion
5 Animal diets
6 A~tificial lake mixing
7 Ashes and sewage slucge fertilizers
8 Bacteria and microbes in soil
9 Bioconcentration

10 Biogas production
11 Eiological evclution
12 Iliotoxicity
13 Bioturbation of soil and sedi~ent

14 Building materials
15 Burrowing animals
16 CapillarJ rise in soil
17 Carcasses
18 Carcinogenic contaminants
19 Charcoal production
20 Chemical precipitation
21 Chemical toxicity
22 Climate
23 Climate change
24 Collisions, explosions and impacts
25 Colloids
26 Convection, turbulence and diffusion

(atllOspheric)
'1.7 Correlation
28 Critical group - agricultural labour
29 Critical group - clothing and home

furnishings
30 Critical group - evolution
31 Critical group - house location
32 Critical group - individuality
33 Critical group - leisure pursuits
34 Critical group - pets
35 Crop fertilizers and soil conditioners
36 Crop storage
37 Cure for cancer
38 Deposition (wet and dry)

Treatment"

C
o
C
C
C
C
C
C
C
o
o
c
c
C
C
C
C
C
C
C
C
C
AC
o
C

C
C
C

o
o
c
c
c
o
c
c
o
c

Reference"'

SV
S
F
F
F
V
F
i'S
BF
A
BF
BFT
SV
BF
FS
BS
F
BFPT
AB
BSV
BFP
ABFSV
BT
X
S\I
ABT
AB
ABFSV
IIBF

BF
BF
BF
BF
BF
F
F
BF
X
BAFS
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Factor

39 Dermal sorption - nuclides other than
tdtiWl

40 Deraal sorption - tritiua
41 Dispersion
42 Dust sto~ and desertification
43 Earth.oving projects
44 Earthquakes
45 Erosion - lateral transport
46 Erosion - wind
47 Fires - ~ricultural

48 Fires - forest and grass
49 Fish farming
50 Flipping of earth's magnetic poles
51 !'looding
52 Flushing of vater bodies
53 Food preparatton
54 Game ranching
55 Gas leakage into basements
56 Glaciation
57 Greenhouse food production
58 Greenhouse effect
59 Groundshine (growld exposure)
60 Reat storage in lakes or underground
61 Herbicides, pesticides and fungicides
62 5<>usehold dust a!id fumes
63 Houseplants
64 Human diet
65 Huaan soil ingestion
66 Hydroponics
67 Industrial water use
6e Intake of drugs
69 Intrusion - deliberate
70 Intrusion - inadvertent
71 Ion exchange in soil
72 Irrigation
73 Lake infilling
74 Mutagenic contaminants
75 Outdoor spraying of water
76 Ozone layer failure
77 Peat and leaf litter harvesting
78 Plant roots
79 Precipitation (~teoric)

80 Radioact1ve decay
81 Rad10toxic contaRinants
82 Radon _1ss1011 .

Treatment·

Q
C
C
C
Q
Q
Q
Q
c
C
Q
Q
Q
C
C
C
C
A
C
Q

C
Q

C
C
Q

C
C
Q
Q
Q
Q

A
C
C
C
C
C
Q

C
C
C
C
C
C

.:k."W(I"...:...~;~~ . .

.. ;-"

Reference··

SF
SF
ASFSV
J.BS
S
X
ASS
ASS
AS
AS
SF
X
B
Bll
E!'
SF
SA
ST
BF
AS
!IF
X
F
BA
X
BF
BF
F
X
X
BT
I
BS
BSF
BS
BFP
ASFS
X
S
BFS
BAS
ASFSll
BFPT
ASF
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Factor Treatment" Reference··

83 River-course .eander C B
84 Runoff C ESII
85 Saltation C BA
86 Scavengers ~,d predators C BF
87 Seasons C ABFSII
08 Sedi.ent-resuspension in vater bodies C BII
89 Sedl.entation in vater bcdies C B\I
90 Sensitization to radiation C BF
91 Shovers and humidifiers C ABF
92 Smoking 0 F
93 Soil c BFS
94 Soil depth C BS
95 Soil leaching ~ BS~

96 Soil porevater pH C S
97 Soil sorptior. C BS
98 Soil type C BS
99 Space heating C AB

100 Surface vater bodies C BII
101 Surface vater pE C II
102 Suspension in air C ABFS
103 T~chnological advances in food production 0 BF
104 Teratogenic contaminants G BFPT
105 Terrestrial surface C ABFS
106 Toxicity of .ined rock 0 X
107 Tree sap C F
lOS Uncertainties C ABFSIIP
109 Urbanization on the discharge site 0 X
110 lIater leaking into base.ents 0 F
III lIate~ management projects 0 II
112 Vater source C BFSlI
113 Vetlands C ABFSII
114 lIind C AB

* A - alternative treatment
C central group of scenarios
Q - qualitative treatment

** A - atmospheric submodel (Amiro 1992)
B - biosphere model (this EIS primary reference)
F - food-chain and dose submodel (Zach and Sheppard 1992)
I - intrusion analysis (lluschke 1992)
P - postclosure assess.ent (Goodvin et al. 1994)
S - soil submodel (Sheppard 1992)
II - surface-vater subaodel (Bird et al. 1992)
T - topical reports
X - scenario analysis report



Biosphere FEP List and RES InteriUtion Miztrix DroeIopment Specific to Yucca Mountain
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Figure 2-] Generic biosphere RES matrix for an inland groundwater release source
term (taken from BIOMOVS II [1995]),



RADIONUCLIDES WITH DECAY CONSTANTS AND CHEMICALLY

TOXIC ELEMENTS CONSIDERED IN BIOTRAC

Decay Decay Decay
Radionucl1de Constant Radionucl1de Constant Radionuclide Constant

(a- 1 ) (a- l ) (a- 1 )

225Ac 2.53 x 101 321' 1.77 X 101 2lORn 5.50 x 10'
227Ac 3.18 x 10- 2 23lpa 2.12 x 10- 5 22°Rn 3.94 x iDs
"IAc 9.90 x 102 233pa 9.38 x 100 222Rn 6.60 x 101
2HAm 1.60 x 10- 3 23~Pa 9.06 x 102 125Sb 2.50 x 10- J

39Ar 2.58 x 10- 3 23 ... Pa 3.11 x 105 l2'Sb 2.04 y. 101

217At 6.80 ;{ 10" 205Pb 4.85 x 10- I 12'·Sb 1.92 x 104

lOBe 4.33 x 10- 7 209Pb 1.87 x 103 HSe 1.07 x 10-'
20lBi 1.88 x 10- , 210pb 3.11 x 10- 2 32 Si 1.54 x 10- 3
210Bi 5.06 x 10' 211 PI: 1.01 x 1O( 12' S'l 6.93 x 10- 6

210aBi 2.31 x 10- 7 212Pb 5-73 ~ 102 90Sr 2.38 x 10- 2..
211Bi 1.10 x 105 2le pb 1.36 x lOt 1I2Ta 2.20 x 100
212Bi 6.03 x 103 107Pd 1.07 x 10- 7 99Tc 3.25 x 10- 6

2l3Bl 7.98 x 103 210 Po 1.83 " 100 12S-Tc 4.:i6 x 10"
2l(Bl 1.83 x we 211 Po 4.23 X 107 227Th 1. 35 " 10'

l1C 1.21 x 10- • 2121'0 l.17 x 1013 22 B Tn 3.62 x 10- 1

4lCa 4.95 x 10-' 2131'0 5.21 X 1012 "'Th 9.44 x 10- 5
113acd 5.09 X 10- 2 2 ~ (PO \.33 X 1011 23 0 'fh 9.00 x 10- ,

13 5CS 3.01 x 10' 7 215 Po 1.23 X 1010 2' 1Th 2.38 x 10'
2211'1 7.59 x 1O( 216pO 1.46 X 108 232Th 4.93 x 10 1 1

2'3 Fr' 1.67 x lOt 218 Po 1.20 X 105 23 (Th 1.05 x 10'
3H 5.61 x 10- 2 238pU 7.90 x 10- 3 20 'Tl 3.68 x 10'

182Hf 7.70 x 10-" 23·pU 2.88 X 10-' 207Tl J.63 x 10'
129 1 4.41 x 10- 8 240pU 1.06 x 10- ( 208 Tl 1. 19 x 105

(OK 5.42 x 10- 3_ 0 241pU 4.81 x 10- 2 209Tl 1. 65 x 10'
81Kr 3.30 x 10-' 242pU 1.84 x 10- 6 232U 9.63 x 10- 3
15Kr 6.48 x 10- 2 223Ra 2.21 x 101 2J3U 4.37 x 10- 6

93Ho 1. 98 x 10- ( 22(Ra 6.93 x 101 -23 (U 2.83 X 10- 6

93-No 5.10 x 10- 2 22'Ra 1.71 x 101 235U 9.85 x 10- 10
'(Nb 3.41 x 10- 5 22'Ra 4.33 x 10- ( 23'U 2 96 x 10- 8

59Nl 9.24 x 10- 6 228Ra 1.21 x 10- 1 23 8U 1:55 x 10- 10
63Nl 7.22 x 10- 3 17Rb 1.47 x 10- 11 '0 y 9.50 X 10'

d7Np 3.24 x 10- 7 18 7 Re 1.39 x 10- 11 .3Z r 4.53 x 10-)
-----_.. _---- ---'. - --_._- ----

Chemically Toxic Elements
---- --- - ----~. ----" -- -- --- -~-_._---------_.---- ._-

Br Cs Se
Cd Mo Sm
Cr Sb Tc

----------- -------------- -- ------------



RADIONUCLIDES Wll'U DECAY CONSTANTS AND CHEMICALLY

TOXIC ELEMENTS CONSIDERED IN BIOTRAC

Decay Decay Decay
Radionucl1de Constant Radioo·ucl1de Constant Radionucl1de Constant

(a- l ) (a- 1) (a- l )

115Ac 2.53 x 101 JZp 1.77 X 101 lURn 5.50 x 10'
117Ac 3.18 x 10- 1 131Pa 1.12 x 10- 5 11°Rn 3.94 x lOS
11'Ac 9.90 x 101 lUPa 9.38 x 10° lllRn 6.60 x 101
lUAa 1.60 x 10- 3 IHl'a 9.06 x 101 125Sb 2.50 x 10- 1
uAr 2.58 x 10- 3 ZHapa 3.11 X 1e5 126Sb 2.04 x 101

217At 6.80 x 10' 105p!l 4.85 x 10-' lZ6aSb 1.92 x 10c
lOBe 4.33 x 10- 7 101Pb 1.87 x 103 HSe 1.07 x 10- s

10'Bi 1.88 x 10-' llOPb 3.11 );: 10- 1 31Si 1.54 x 10- 1

210B! 5.06 X 101 z11Pb 1.01 x 10c 12'Sn £.93 x 10-'
110..:U 2.31 x 10- -/ Z!. 1Pb 5.73 x 101 tosr 2.38 x 10- Z

I11Bi 1./0 x 105 llCPb 1.36 x 10' 1I1Ta 2.20 x 10°
211Bi 6.03 x 103 lO7Pd 1.07 x 10- 7 "Tc 3.25 x 10- 5

:13Bi 7.98 x 10~ llOpo 1.83 x 10° 115aTe 4.36 x 10°
214Bi 1.83 " 10c ZJ IpO 4.23 X 107 '27Th 1.35 x 101
He 1.21 x lOot 211pO 7.17 X 1013 lZ1Th 3.52 x 10- 1
«lea 4.9S x 10-' lUpO 5.21 X 1011 '20Th 9.44 x lO- s

lu"Cd 5.09 x 10- 1 214pO 1.33 X 1011 BOTh 9.00 x 10-'
lUes 3.01 It 10- 7 lUpO 1.23 X 1010 211'l"h 2.38 x 10'
zZ:'Pr 7.59 It lOc 116 20 1.46 " 10' 23'Th 4.93 It 10- 11
113F~ 1.67 It lot lUpO 1.20 X 105 'HTh 1.05 x 101

3H 5.61 x 10-' '31pU 7.90 X 10- 3 20'TI 8.68 x lOc
1I1H! 7.70 x 10-' ,upu 2.88 x lO- s a7~:1 7.63 x 10'
120! 4.41 It 10-' H°Pu 1.06 x lO-c '.tTl 1.19 x lOS
UK 5.42 x 10- 10 UlPu 4.81 x 10- 1 'UTI 1.65 x lOS
I1Kr 3.30 x 10-' lUPu 1.84 x 10-' '3'U 9.63 X 10- 1

.5r:r 6.48 x 10- 1 ,nRa 2.21 x 10:' '33U 4.37 x 10-'

.3Ho 1.98 x lO- c zURa 6.93 x 101 23CU 2.83 x 10-'
n_N"o 5.10 x 10-' 125Ra 1.71 x 101 235U 9.85 X 10- 10
uNb 3.41 It 10- s lZ6Ra 4.33 x 10- 4 23'U 2 96 X 10- 8

ulli 9.24 It 10·' lURa 1.21 x 10- 1 2) .U 1:55 It 10- 10 .
ulfi 7.22 x 10- 3 t7Rb 1.47 x 10- 11 toy 9.50· x 101

lullp 3.24 x 10- 7 1I7Re 1.39 x 10- 11 HZr 4.53 x 10- 7

Chemically Toxic Elements

Br Cs Se
Cd Ho Sm
Cr Sb Tc



SHORT-LIVED RADIONUCLIDES CONSIDERED IN BIOlRAC

Radionuclides with Half-Lives
Less than 1 d

Radionuclides with Half-Lives
Between 1 d and _20 a

2Z1Ac
217At
211Bi
212Bi
213Bi
2uBi
221Fr
221Fr
2HPa

2H-Pa
20tpb
211Pb
212Pb
2uPb
211po
212 Po
213pO
2UpO
215Po
2UpO
211po
219Rn
22°Rn

lZ'·Sb
20oTl"
207Tl
20lTl
20'Tl

225Ac
219Bi
11-Nb
93-Nb
Hp

H1Pa
21OpO
223Ra
22CRa
22SRa
221Ra
noSb
112Ta

12S-Te
227'!h

2Z1Th
2HTh
211Th
2HTh

lOy

(22SRa)*
(210Pb)
(HMo)
(HZr )
(32Si)
(237Np)
(210Bi)
(227Th)
(2Z1Th)
(229T.h)
(232Th)
(126Sn )
(1I2Hf)
(125Sb)
(227 Ac)
(22IRa)
( 232 U)
( 235 U)
(231U)
(10 Sr)

* Precursors shown 1n brackets.
** Not considered in the postclosure assessment because the parent, 210mBi,

has a very loy vault inventory.
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