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The Most i_mportant, Pathways
Contributing to the 129] Dose to Man

9.5%

EIS 3-10.%
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1%0101:)10 exchange will occur even

. when there is no mass exdmn |, CVER-

against a chemical gradient

- a little difficult to measure

- convenient if you can assume that
isotopic equilibrium has occurred and
isotopic fractionation is minor



Relative release of inorganic C—14

0.0 0.2 0.4 0.6 08 1.0
Relative release of inorganic C—12



dose modeis
geosphere dose limit mode!

simple alternative models



Dose...no Dilution (Well) [Sv/a]
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X discharge point

Catchment 3

Direction of flow



Cumulativa collective dose rate {person Sv a™)
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Water Depth (m)

Observed specific activities (Ba/g C) in a Canadian Shield lake (from Sheppard

et al.
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The mass balance equation for nuclide i1 in the lake water is

dM, 4 (t)
it = Xp,6(t) + Ag.0 » My g.,(8) - A4 - R Mw.i(t)/vl

-y o My (1) = Ay o My () e o My (1)

where - M, ;(t) = total amount of nuclide i in lake water (mol) a*
time t (a),

total annual input of nuclide i1 to the lake
(mol.a-1) at time t (a),

terrestrial catchment area of the lake (m?),

runoff in the lake'’s terrestrial catchment (m.a-1),
rate constant describing the net rate of transfer of
nuclide 1 from water to sediment (a-1),

= radioactive decay constants for nuclides i and

i - 1 (precursor to 1) (a-?!),

rate constant describing the rate of gaseous
evasion of nuclide i to the atmosphere (a-1), anc
V; = volume of the lake (m?).
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FIGURE 3: Generic Lake Typical of Canadian Shield Lakes,

A,y = catchment area,

A, = lake area,

C,. i = concentration of nuclide i in wvater,

C,.: = concentration of nuclide i in sediment,

a; = nuclide i transfer rate from water to sediment,
€ = gaseous evasion of nuclide i, and

Z, = lake mean depth.




LAKE COMPARTMENTS

™ Discharge
Zone

¥ ULHOVY

COG L&ILW Disposal Program Workshop, Chalk River Apnl 18 - 19, 1995



L&ILW CRL LAKE MODEL

@ CRL Reach of Ottawa River
PN\
—\

5

\ Upper Petawawa Reach of
0 \ Ottawa River

Maskinonge
Lake

{siands Reach of
Ottawa River

Sturgeon or Chalk Bay
Chalk Lake
Pembroke Reach
| of Ottawa River
* radionuclides enter the biosphere 4
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irrigation/deposition (constant)

7&3 loss using a constant soil
removal half-time of 100 years
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irrigation/s

loss using a constant soil
removal half-time of 100 years



Soil depth {cm)
AN ]

Scil depth (cm)

99Tc(ug/g)
ol 02 03 04 05

Placement 4t |

Kd = .03,03,87 .87,.87 ___.
Kd = 45 ..... :

Kd = . 4,4,8,8,.8 __
Original spike X

Placement # 2

Placement # 3




PROCESSES AND PATHWAYS CONTRIBUTING TO SOIL CONCENTRATIONS IN THE VARIOUS FIELDS

Nucl®de Transport Processes Contributing Pathways
Soll and Filelds Advection . Gaseous Cropping Decay/ Groundwater Irrigation  Atmospheric
with Water BEvaslon Losses Ingrowth Contamination Deposition
Deep Soils (2 0.5 m déep) o
Garden Yes Yes Yes Yes Yes* In 90% of runs Yes
Forage field Yes Yes Yes Yes Yes! In 2% of runs Yes
Woodlot Tes Yes Yes Yes Yes+ No Yes
Peat bog’ Yes Yes No Yes Yes No Yes
Shallow Soils (£ 0.5 m deep)
Garden Yes** No No Tes Yes Ne Yes
Forage fleld Yes** No No Yes Yes* No Yes
Woodlot Yes"* No No Yes Yest No Yes
Peat bog’ Yes""* No No Yes Yes* No Yes
Sediment as Soil Yes No No No Yes No No

* The peat bog is modelled only if the soil type is organic and the critical group burns peat for energy.
*% Uniform mixing in a single layer.
+ If area of terrestrial discharge 1s sufficiently large.



Placement 3 1

Kd = .03,.03,87 87.87 ___.
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Kd = .4,4,8,8.8 __

Origing! sptke X

Soil depth (cm)
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PROCESSES AND PATHWAYS CONTRIBUTING TO SOIL CONCENTRATIONS IN THE VARIOUS FIELDS

Nuecl?de Transport Processes Contributing Pathways
Soil and Flelds Advection _ GCaseous Cropping Decay/ Groundvater Irrigation Atmospheric
with Vater "Bvasion Losses Ingrowth Contamination Deposition
Deep Solls (2 0.5 m deep)
Garden Yes - Yes Yes Yes Yes* In 90X of runs Yes
Forage field ‘ Yes Yes Yes Yes Yes* In 2% of runs Yes
Woodlot | Yes Tes Yes Yes Yes*t No Yes
Peat bog’ Yes Yes No Yes Yes No Yes
Shallow Soils (< 0.5 m deep)
Garden Yes"* No No Yes Yes No Yes
Forage field Yes*® No No Yes Yes* No Yes
Woodlot Yes*" No No Yes Yes+ No Yes
Peat bog" Yes** No No Yes Yes+ No Yes
Sediment as Soil Yes No No No Yes 'No No

* The peat bog is modelled only if the soil type is organic and the critical group burns peat for energy.
*%* Uniform mixing in a single layer.
+ If area of terrestrial discharge 1s sufficiently large.
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PATHWAYS CONTRISUTING TO QUTIFOOR AIR CONCENTRATIONS

Nuclide All
Pathway - . Other
tac 79g5e 1297 222Rp  Nuclides
Terrestrial Particles - X o X X X ) __;““_
Aquatic Particles Pt bt X X X
Terrestrial Gzses b4 X X bt
Aquatic Gases X )4 X
Agricultural Fires b4 X X X X
Energy Fires X X X X X
Land-Clearing Fires P4 X X X X




patihhways leading to internal exposure
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Definition of the critical group

contemporary, futuristic, ancient?

technology, detection of hazard, health care
diet
self sufticient?

what fraction of resources are local?

‘standard’ man or diverse?

always present?
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TOTAL DOSES AT 10,000 YEARS FOR 11 LIFESTYLE

SCENARIOS

Scenaric

Dose (Sv-a™)

1. Vegetarian 1.0x 107"
2.  Vegetarian with dairy 8.0x107°
3.  Vegetarian with diary and eggs 8.1x107®
4.,  Meat 6.6 x 107%°
5. Poultry/eggs 8.7 x 10%°
6.  Dairy 7.0x10%°
7. Fish 4.8x10%
§  Aboriginal/nortnern mixed . 6.4x107"°
9.  Abecriginal/northern meat 6.9 x 107®
10.  Aboriginal/northern bird 7.3x 107
11.  Aboriginal/northern fish 5.9x 107
Median case simulation 29x107°
Note: Scenario doses are based on well oy lake water with or

without irrigation, which ever gave the highest value.

From TR-719, COG-95-542
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