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Identifier Summary description Groundwater Qr WL/(% Full
chemistry [m3 yl] [am™] definition
(KBS-3H
RNT report
section)
. . Dilute glacial
PD-GMWV 'g‘gﬁéﬂ%g’: glacial meltwater meltwater type
GWMV
Change from reference Dilute /
(dilute / brackish) water to brackish up to
i glacial meltwater at 70 000 70 000 years,
PD-GMWC years (release starts at 1000 dilute glacial
years, as in the reference meltwater type
case) GMW later

Cases addressing uncertainty in groundwater flow and geosphere transport resistance

PD-HIELOW Increased flow at buffer / 6.310 BC
rock interface
Reduced transport 103
PD-LOGEOR resistance in geosphere c 510
B
PD-HIGEOR Increased transport BC 5.10° Section 5.12
resistance in geosphere
Increased flow at buffer /
PD-HIFLOWR rock interface and reduced 2.10% 5.10°

geosphere transport
resistance

Table A-8. Overview of calculation cases involving canister failure due to copper
corrosion.

Case Description Remarks Reference in KBS-3H
RNTreport

Cases assuming a single canister failing due to copper corrosion (CC-)

CC-BC Base Case for failure due to

L Section 6.2:
copper corrosion; buffer
g Base Case
treated as mixing tank
CC-HIFDR Increased fuel dissolution rate Section 6.3:
CC-LOFDR Reduced fuel dissolution rate fuel dissolution rate

CC-GMW Glacial meltwater present at
repository depth (impact on
near-field solubilities and
geosphere retention

parameters)
Section 6.4: geosphere
CC-LOGEOR Re(_juced geosphere transport transport resistance and
resistance groundwater
CC-LOGEORG Reduced geosphere transport composition

resistance, glacial meltwater

CC-LOGEORS Reduced geosphere transport
resistance, saline
groundwater
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Table A-9. Overview of calculation cases involving canister failure due to rock shear
and additional cases addressing a hypothetical pulse release to the geosphere.

Case Description Remarks Reference in KBS-
3Hreport
Cases assuming a single canister failing due to rock shear (RS-)
Base case for failure due to Section 7.2:
RS-BC
rock shear Base Case
Glacial meltwater present at
repository depth (impact on Section 7.3:
RS-GMW near-field solubilities and groundwater
geosphere retention composition
parameters)
Additional cases (hypothetical pulse release to geosphere)
MD-1 Variations in matrix diffusion
VD2 depth (3 cases): 10 cm (asin | WL/Q =50 000y m™,
the Base Case) in case groundwater travel Appendix C
MD-3 MD-1, 30 cm in case MD-2 time = 50 years
and 1 m in case MD-3.

Table A-10. Geosphere parameter values that apply to all migrating species in the Base
Case for an initial penetrating defect (PD-BC, see Table A-7).

Parameter Unit Value Source

Transport resistance of Median value for both saline and non-saline
b 1 am® 50 000 | conditions at Olkiluoto; Table 11-19 in Vieno

geosphere (WL/Q") & Nordman 1999

Rock matrix grain density kg m> 2700 p. 119 in Vieno & Nordman 1999

Maximum rock matrix m 0.1 p. 119 in Vieno & Nordman 1999

penetration depth

Fracture aperture m 3:10° Equation 5.2-1

TW [m] is the width of the flow channel, L [m] is the transport distance and Q [m® y ] is the flow rate in the channel.
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APPENDIX B MAIN DATA AND INPUT PARAMETERS USED IN THE

RADIONUCLIDE RELEASE AND TRANSPORT CALCULATIONS

The purpose of this appendix is to list the main repository design data and input data
used in the KBS-3V and KBS-3H radionuclide release and transport (RNT) reports

(Nykyri et al. 2008 and Smith et al. 2007,

respectively).

Table B-1. Main data and input parameters used in the RNT calculations for the KBS-

3V and KBS-3H RNT reports (Nykyri et al. 2008) and Smith et al. (2007).

Component Numerical value or reference to Reference in
table with numerical values? in this report,
Part Il Part Il
FUEL Chapter 1
Basic material properties Section 1.2
Residual water amount per leaking fuel rod (g) 50 Section 1.2.3
Leaking fuel rods per canister 12 Section 1.2.3
Input data to RNT calculations
REPCOM near-field release and transport code Section 1.3.1
Geometrical parameters used by the code Figure 1-4 and Table 1-2 Section 1.3.1
REPCOM
Radionuclide inventories Table 1.3 Section 1.4.3
Partitioning values Table 1.3 Section 1.4.4
Instant release fraction Table 1-5 Section 1.4.5
Fuel matrix dissolution rate (y™) 107 (107 for sensitivity purposes), Section 1.4.6
Table 1-6
Zircaloy fractional dissolution rate 10, Table 1-7 Section 1.4.7
Other metal parts fractional dissolution rate 10'3, Table 1-8 Section 1.4.8
Solubility limits Table 1-9 Section 1.5.2
CANISTER Chapter 2
Copper mechanical properties Table 2-2 Section 2.2.2
Copper chemical properties Section 2.2.3
Cast iron insert mechanical and physical properties | Table 2-3 Section 2.2.4
Cast iron insert chemical properties Section 2.2.5
Input data to RNT calculations
Residual water inside the canister (dm3) 700 Section 2.2.6
Size of initial penetrating defect Table 1-2 Section 2.4.2
Timing of water penetration into the canister (years | 0 (KBS-3V), 1000 (KBS-3H) Section 2.4.3
after emplacement)
Timing of loss of transport resistance from the 100 000 Section 2.4.4
canister (years after emplacement)
Timing of gas-induced releases in aqueous form 2800-4100 Section 2.5.2

(years after emplacement)
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Component Numerical value or reference to Reference in
table with numerical values®in this report,
Part I Part I

Timing of gas-induced releases in gaseous form 900 (KBS-3V), 1 900 (KBS-3H) Section 2.5.3

(years after emplacement)

Timing of rock shear movement (years after 1000, 10 000, 70 000 (KBS-3V), 70 | Section 2.6.2

emplacement) 000 (KBS-3H)

BUFFER Chapter 3

Chemical properties of MX-80 and Deponit-CaN Table 3-1 Section 3.2.2

Target density Table 3-2 Section 3.2.3

Initial buffer masses Table 3-3 Section 3.2.3

Input data to RNT calculations

Buffer porewater compositions Section 3.3.2

Diffusion data (De, porosity, grain density) for a Table 3-4 Section 3.4.3

buffer performing as designed

Diffusion data for a potential mass loss of buffer De = 8.6-10™° m%s for all species Section 3.4.3

Diffusion data for a perturbed buffer/rock interface Section 3.4.3

Sorption data for a buffer performing as designed Table 3-5 Section 3.4.4

Sorption data for a potential mass loss of buffer Section 3.4.4

Sorption data for a perturbed buffer/rock interface Section 3.4.4

BACKFILL Chapter 4

Basic material properties Section 4.2

Current reference material 100% Friedland clay Section 4.2.1

Backfill material used in the RNT calculations 30% MX-80 / 70% ballast Section 4.2.1

Input data to RNT calculations

Diffusion data (De, porosity, grain density) for a Table 4-1 Section 4.3.2

backfill performing as designed

Diffusion data for an impaired backfill Table 4-2 Section 4.3.2

Sorption data Table 3-5 Section 4.3.3

OTHER DESIGN COMPONENTS AND STRAY

MATERIALS

Basic material properties Section 5.2

Amount of cement in the entire repository (kg) 5 700 000 - 6 100 000 kg (KBS-3V), | Section 5.2.3
1 200 000 - 1 800 000 (KBS-3H)

Amount of residual pyrite (kg) 1 600 000" (KBS-3V), 520 000 Sections
(KBS-3H) 3.2.2,4.2.2,

5.2.5

Amount of residual carbamide (kg) 55 000

Amount of residual NOx 13 000

Assumptions related to the RNT calculations Section 5.3

4If no numerical value or reference to a table is provided, the text in the relevant section provides the information.

®Amount based on the reference material Friedland clay.
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APPENDIX C GEOSPHERE DATA

This Appendix includes data tables of geosphere properties and modelling parameters
that are not directly used in the radionuclide transport analysis, but are used in the
models used to derive input data for the radionuclide transport calculations.

Table C-1. Thermal properties of Olkiluoto rock types and their variation (data
compiled from Posiva 2009, Kukkonen et al. 2005, 2007, Huotari & Kukkonen 2004).

Rock type Veined Granodiorite/ Granite/
Parameter gneiss tonalite pegmatite
Conductivity, 25-35 255-28 3.1-45
core sample scale at 22 °C

(W/mK)

Conductivity, 225-33

core sample scale at 60 °C

(W/mK)

Conductivity, 3.2-45 295-31 3.5-4.0
in situ scale (W/mK)

Diffusivity, 13-17 14-20
core sample scale at 22 °C

(10°® m?s)

Diffusivity, 1.1-155

core sample scale at 60 °C

(10° m%s)

Diffusivity, 14-20 15-18 1.7-22
in situ scale (10'6 m2/s)

Specific heat capacity, 718 - 756

core sample scale at 22 °C

(J/kgK)

Specific heat capacity, 765 - 803

core sample scale at 60 °C

(I/kgK)

Linear thermal expansion 7-10.10°

coefficient (C*) at 20 - 60 °C
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Table C-2. Deformation and strength parameters for Olkiluoto gneisses (MIGN.GN)
and pegmatitic granite (PGR) (modified from Andersson et al. 2007, p. 122 - 123, see

also Posiva 2009).

Parameter Rock type Mean value
Young’s modulus, E (GPa) MIGM.GN 54 - 65*
PGR 65
Poisson’s ratio, v MIGM.GN 0.22 -0.26
PGR 0.29
Peak strength, op (MPa) MIGM.GN 109 - 122
PGR 108
Crack damage stress, ocp (MPa) MIGM.GN 103 - 110
PGR 108
Crack initiation stress, oc| (MPa) MIGM.GN 52 - 59
PGR 55
Indirect tensile strength, ot, (MPa) MIGM.GN 10-14
PGR 54
Direct tensile strength, o1p (MPa) MIGM.GN 7-8
PGR -
*a mean anisotropy factor of 1.4 has been reported in Hakala et al. (2005).
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Table C-3. The transmissivity To [m?/s] at the reference temperature (20 °C) and the
flow porosity ¢ [-] of the hydrogeological zones (HZ) in the flow model 2006 (for basis
of calibration see Table 6-2, and for calibration p. 291 in Andersson et al. 2007). The
thickness of the HZs is assumed to be 1 m. The main brittle deformation zones (BFZ,
according to Paulaméki et al. 2006, see Section 6.3.1) that are linked to the
hydrogeological zones are given in parentheses. Classification of the zone for the DFN
modelling purposes is also given (MHZ = Major hydrogeological zone, LHZ = Local
hydrogeological zone).

Hydrogeological To Flow porosity | Related brittle Classification in the
zone deformation zones DFN modelling
HZz001 1.010° 1.3:107 BFZ005, also LHZ
(0 - 250m) BFZ052, BFZ070,

BFZ075, BFZ082,

BFZ083, BFZ087,

BFZ090
HZ001 25108 2.3-10°® see above LHZ
(250 - 2 000 m)
HZz002 1.0-10°® 7.910° BFZ047, BFZ095 LHZ
HZ003 6.3-107 6.8-103 - LHZ
HZ004 1.6-107 4.310° BFZ053, also MHZ

BFZ012, BFZ013
HZz008 1.0-10° 1.7-10? - MHZ
HZ19A 1.6-10°® 9.2:10° BFZ011, BFZ051 LHZ
HZ19B 2.0-10°® 9.9-10° - LHZ
HZ19C 3.2-10° 1.2:10 BFZ034 LHZ
HZ20A 7.9-10° 1.6-10° BFZ019, BFZ021, LHZ

BFZ073, BFZ080,

BFZ098
HZ20AE 1.0-10°® 7.910° see HZ20A above LHZ
HZ20B_alt 3.2110°® 1.2:102 see HZ20A above LHZ
HZz21 1.6-10°® 2.0-10°® BFZ002, BFZ099, LHZ

also

BFZ001, BFZ049,

BFZ062, BFZ064,

BFZ093
Hz21B 7.9-107 7.3-10° BFZ064, BFZ099 LHZ
BFZ099 5.0-107 6.3-10° BFZ099 LHZ
(0 - 500m)
BFZ099 7.9-10° 1.6-10° BFZ099 LHZ
(500 - 2 000 m)
Lineaments 1.0-10° 1.7-10° MHZ
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Table C-4. The hydraulic conductivity Ko [m/s] at the reference temperature (20°C) and
the flow porosity ¢ [-] of the sparsely fractured rock (SFR) between the
hydrogeological zones (HZ) in the flow model 2006 (Andersson et al. 2007, Table 6-3).
The conductivities represent the values inside the well-characterised area (the rock
volume where the drillhole investigations have been focused, WCA). The lack of
information on the HZs outside the WCA has been compensated by using a five-fold
increase in conductivity outside the WCA (see Section 6.2.4 in the main text).

Depth [m] Ko Flow
porosity
0-50 6.0-10°® (xy), 1.510°

-9
1.0-10° (2)

50 - 100 1.010° 3.6-10"
100 - 200 7.0-10™"° 3.1-10"
200 - 400 4.0-10™%° 2.3-10™
400 - 2 000 9.0-10™ 1.2-10™
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Table C-5. Miscellaneous properties of bedrock and water. From a standpoint of solute
transport the fractured bedrock was modelled as a dual-porosity (DP) medium in the
flow model 2006. The symbols refer to the mathematical model presented in Section

6.2.4 in the main text of the report.

Symbol Parameter Value Source
fo) Fresh water density at the reference 998 kg/m3 Léfman &Poteri 2008
temperature (20 °C) (Table 2-3)

ac Density dependence on salinity (TDS) 0.76 [-] Léfman &Poteri 2008
(Table 2-3)

ar Thermal expansion coefficient of water 0.385 kg/m3/K Weast (1980, p. F-5)

(constant value,
mean for the range
20 °C - 60 °C)

Ho Viscosity of fresh water at the reference 1.0-107 kg/(ms) Weast (1980, p. F-51)

temperature (20 °C) (at about 20 °C)

a Longitudinal dispersion length 25m Smallest dispersion
length that gives
stable results. See
Andersson et al.
(2007, p. 217 - 218)
for details

er Transverse dispersion length 1.0 m (depth 0 - 50m) | Smallest dispersion

6.25 m (depth length that gives

50 - 2 000 m) stable results. See
Andersson et al.
(2007, p. 217 - 218)
for details

Do Molecular diffusion in water (DP model) | 1.0-10° m?/s Weast (1980, p. F-62)

4 Diffusion porosity (DP model) 10 x flow porosity Based on Rasilainen
(1997, p. 12)

N Thermal conductivity of rock at the 2.61 W/m/K Kukkonen (2000)

temperature 60 °C

Cr Specific heat of rock at the temperature | 784 J/kg/K Kukkonen (2000)

60 °C
O Density of rock 2749 kg/m3 Kukkonen (2000)
M p) Thermal diffusivity at the temperature 1.21-10° m%s Kukkonen (2000)
60 °C
Repository layout Kirkkomaki (2007)
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Table C-6. Calibrated parameters of the stochastic LHZs (Table 3-2 in Léfman &
Poteri 2008).

Parameter

Definition

Fracture intensity

P32

0.0125 m*m?®

Orientation
distribution
(fracture pole
vector)

Fisher distribution

Mean orientation
(trend/plunge)

330°/ 70°

Fisher k value
6.9

Transmissivity

Truncated log-

Mean Logio(T [m?/s])

Std Logao(T [m?/s])

Range (T [m%/s])

distribution normal -6.65 0.96 [7_9,10-9 10-5]
distribution '

Fracture size Fixed size 1400mx1400m

Model region Outside the WCA

Table C-7. Calibrated DFN parameters of the water-conducting background fractures
(WCF) (Table 3-3 in Lofman & Poteri 2008, fracture orientation and size model by La
Pointe & Hermanson 2002).

Parameter Definition Set 1 Set 2 Set 3
Weight Relative intensity 56 % 13 % 31 %
Mean ° 1 70° 090 °/17°
Orientation Fisher distribution (for the | (trend/plunge) 330°/70 ez 150° /17
distribution fracture pole vector)
Fisher k value 6.9 16 2.0
Power law Minimum size (Xmin) 10m 10m 10 m
Size distribution bh+1
P(X>x)={x/ Xmin J° Exponent (b) 3.5 3.72 3.66
Depth 0 - 50 m 0.5236 0.1215 0.2898
Depth 50 - 100 m 0.2689 0.0635 0.1495
Fracture 2, 3
. . P32 [m“/m?] Depth 100 - 200 m 0.0935 0.0215 0.0517
intensity
Depth 200 - 400 m 0.0567 0.0127 0.0314
Depth >400 m 0.0573 0.0133 0.0311
Depth 0 - 50 m -7.95/1.09 -7.95/1.09 -7.95/1.09
Truncated lognormal
distribution Depth 50 - 100 m -8.08/1.00 -8.08/1.00 -8.08/1.00
Transmis-sivity Mean(Log1o(T)) / Depth 100 - 200 m -8.38/1.09 -8.38/1.09 -8.38/1.09
Std(LOglo(T))
A 5 2 Depth 200 - 400 m -8.38/1.09 -8.38/1.09 -8.38/1.09
Te[1.0-107, 251071 m/s
Depth >400 m -8.38/1.09 -8.38/1.09 -8.38/1.09
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Table C-8. Average mineral coverage in Olkiluoto fractures. Area in percent is an
average fraction of mineral cover in relation total fracture area observed (Luukkonen
2006; modified after Gehor et al. 1997, 2000, 2001a, 2001b, and Kéarki & Lahdenpera
2002).

Calcite Pyrite Pyrrhotite Clay Minerals  Other Silicates
Area (%) 28.1 7.0 0.2 26.8 37.9
Thickness (mm) 0.4 0.2 0.4 0.3 0.2

Table C-9. A compilation of mineral kinetic rate parameters for silicates. Values are
after Palandri & Kharaka (2004) unless noted otherwise. (Table from Andersson et al.
2007, Table 9-25).

Acid Neutral Base Saturation Const.
log k E n n® log k E log k E n h q
Kaolinite diss. -11.31 659  0.780 - -13.18 222 -17.05 179  -0.472 1.0 1.0
Kaolinite prec. - - - - -13.18 222 - - - 1.0 1.0
Illite diss. -10.98 236  0.340 - 1278 350 1652 589  -0.400 1.0 1.0
Ilite prec.* - - - - 1278 350 - - - 1.0 1.0
Quartz diss./prec.* - - - - 1334 877 -16.29 1084  -0.500 1.0 1.0
SiO,(amor.) diss. - - - - -12.13 62.9 - - - 1.0 1.0
Si0,@amor.) prec.? . - - - -10.00 0.0 - - - 1.0 4.4
Cordierite® 380 1133 1.000 - 1120 283 -17.90 1000  -0.800 1.0 1.0
Hornblende® -7.00 755  0.600 - 1030 944 1240  50.0  -0.300 1.0 1.0
Albite -10.16 650  0.457 - 1256 69.8 1560 710  -0572 1.0 1.0
K-feldspar -1006 517  0.500 - 1241 380 2120 941  -0.823 1.0 1.0
Pyrite® -8.19 569  -0.110  0.500 - - -- - -- 1.0 1.0

1)Supersaturation gap 0.7 (log(Q/K)) used for controlling the precipitation (cf. Xu et al., 2005)
Aprecipation kinetics as in Spycher et al. (2003)

#Base mechanism judgement only

“Reaction order n with respect to O,

®Reaction rate is valid over the pH range 2-10 in presence of O, (Williamson & Rimstidt, 1994)




460

REFERENCES FOR APPENDIX C

Andersson, J., Ahokas, H., Hudson, J.A., Koskinen, L., Luukkonen, A., L6fman, J.,
Keto, V., Pitkanen, P., Mattila, J., Ikonen, A.T.K. & Yla-Mella, M. 2007. Olkiluoto Site
Description 2006. Olkiluoto, Finland: Posiva Oy. Report POSIVA 2007-03.

Gehor, S., Kérki, A., Suopera, S. & Taikina-aho, O. 1997. Eurajoki, Olkiluoto:
Petrology and low temperature fracture minerals in drill core sample OL-KR9 (in
Finnish with an English abstract). Helsinki, Finland: Posiva Oy. Working Report 97-09.

Gehor, S., Karki, A., Paakkola, J. & Taikina-aho, O. 2000. Eurajoki, Olkiluoto:
Petrology and low temperature fracture minerals in drill core sample OL-KR11 (in
Finnish with an English abstract). Helsinki, Finland: Posiva Oy. Working Report
2000-27.

Gehor, S., Karki, A., Méaatta, T. & Taikina-aho, O. 2001a. Eurajoki, Olkiluoto: Low
temperature fracture minerals in drill core sample OL-KR1 (in Finnish with an English
abstract). Helsinki, Finland: Posiva Oy. Working Report 2001-36.

Gehor, S., Kérki, A., Maatta, T. & Taikina-aho, O. 2001b. Eurajoki, Olkiluoto:
Petrology and low temperature fracture minerals in drill cores OL-KR6, OL-KR7 and
OL-KR-12 (in Finnish with an English abstract). Helsinki, Finland: Posiva Oy. Working
Report 2001-38.

Hakala, M., Kuula, H. & Hudson, J. 2005. Strength and strain anisotropy of Olkiluoto
mica gneiss. Olkiluoto, Finland: Posiva Oy: Working Report 2005-61.

Huotari, T. & Kukkonen, 1. 2004. Thermal expansion properties of rocks: Literature
survey and estimation of thermal expansion coefficient for Olkiluoto mica gneiss.
Olkiluoto, Finland: Posiva Oy. Working Report 2004-04.

Kérki, A. & Lahdenperd, T. 2002. Eurajoki, Olkiluoto, Low temperature fracture
minerals in drill core samples OL-KR2, -KR3, -KR4, -KR5, -KR7, -KR8 and -KR10 (in
Finnish with an English abstract). Helsinki, Finland: Posiva Oy. Working Report
2002-04.

Kirkkomaki T. 2007. Design and stepwise implementation of the final repository (in
Finnish with an English abstract). Olkiluoto, Finland: Posiva Oy. Working Report
2006-92.

Kukkonen, 1. 2000. Thermal properties of the Olkiluoto mica gneiss: Results of
laboratory measurements. Helsinki, Finland: Posiva Oy. Working Report 2000-40.

Kukkonen, 1., Suppala, I., Korpisalo, A. & Koskinen, T. 2005. TERO borehole logging
device and test measurements of rock thermal properties in Olkiluoto. Olkiluoto,
Finland: Posiva Oy. Report POSIVA 2005-09.



461

Kukkonen, 1., Suppala, I. & Korpisalo, A. 2007. Rock thermal property measurements
with the Posiva TERO56 drill hole device in the Forsmark study site. Olkiluoto,
Finland: Posiva Oy. Working Report 2007-83.

La Pointe, P. & Hermanson, J. 2002. Estimation of rock movements due to future
earthquakes at four candidate sites for a spent fuel repository in Finland. Helsinki,
Finland: Posiva Oy. Report POSIVA 2002-02.

Lofman, J. & Poteri, A. 2008. Groundwater flow and transport simulations in support of
RNT-2008 analysis. Eurajoki, Finland: Posiva Oy. Working Report 2008-52.

Luukkonen, A. 2006. Estimations of durability of fracture mineral buffers in the
Olkiluoto bedrock. Olkiluoto, Finland: Posiva Oy. Working Report 2006-107.

Palandri, J.L. & Kharaka, Y.K. 2004. A compilation of rate parameters of water-mineral
interaction kinetics for application to geochemical modelling. Denver, USA: U.S.
Geological Survey. Open File Report 2004-1068. 64 p.

Paulamaki, S., Paananen, M., Gehor, S., Karki, A., Front, K., Aaltonen, I., Ahokas, T.,
Kemppainen, K., Mattila, J. & Wikstrom, L. 2006. Geological model of the Olkiluoto
site, Version 0. Olkiluoto, Finland: Posiva Oy. Working Report 2006-37.

Posiva 2009a. Olkiluoto Site Description 2008. Eurajoki, Finland: Posiva Oy. Report
POSIVA 2009-01.

Rasilainen, K. 1997. Matrix diffusion model, In situ tests using natural analogues.
Espoo, Finland: Technical Research Centre of Finland (VTT). VTT Publications 331.

Spycher, N.F., Sonnenthal, E.L. & Apps, J.A. 2003. Fluid flow and reactive transport
around potential nuclear waste emplacement tunnels at Yucca Mountain, Nevada.
Journal of Contaminant Hydrology, vol. 62-63, p. 653-673.

Weast, R.C. (ed.) 1980. CRC Handbook of chemistry and physics. Boca Raton, USA:
CRC Press.

Williamson, M.A. & Rimstidt, J.D. 1994. The kinetics and electrochemical rate
determining step of aqueous pyrite oxidation. Geochimica et Cosmochimica Acta, vol.
58, p. 5443-5454.

Xu, T., Sonnenthal, E., Spycher, N. & Pruess, K. 2005. TOUGHREACT user’s guide:
A simulation program for non-isothermal multiphase reactive geochemical transport in
variably saturated media. Berkeley, USA: Lawrence Berkeley National Laboratory.
LBNL-55460.



462



463

APPENDIX D BIOSPHERE DATA

In this appendix, the input data to the radionuclide transport modelling of the biosphere
and to the dose assessment for humans are listed. In addition to the key data presented
in the report text, the listing includes also the other parameters and other elements
(nuclides). However, the list does not incorporate the time series data to the
radionuclide transport modelling generated by the terrain and ecosystems development
modelling (Ikonen et al. 2010b) and the surface and near surface hydrological modelling
(Karvonen 2009) - the geometrical and hydrological quantities, respectively.

The input data to the biosphere assessment, other than the radionuclide transport and
dose assessment for humans can be found from following sources:

- terrain and ecosystems development modelling: key input data in section 7.2 of this
report and all input data in (Ikonen et al. 2010b);

- surface and near-surface hydrological modelling: key input data in section 7.3 of
this report and the rest in (Karvonen 2009);

- dose assessment to the other biota: key input data in section 7.4, the rest being the
ERICA assessment tool default values (Beresford et al. 2007, 2008, Hosseini et al.
2008);

- drinking water and agricultural well indicators: data for the key nuclides and all
nuclide-independent input data are presented in section 7.7 of this report, and the
data used for the other nuclides in (Hjerpe & Broed 2010);

- screening models: data for the key nuclides and all nuclide-independent input data
are presented in section 7.8 of this report, and the data used for the other nuclides in
(Hjerpe & Broed 2010).

First, the element-specific data and the data specific to soil type, forest class and crop
type are listed in their own tables and thereafter the rest of the input data for modelling
the radionuclide transport in the biosphere and to the dose assessment. Application of
crop-specific data is determined by the calculation case specification (field vegetables
as default), and data specific to a forest class is used in by calculating an average value
weighted by the areal coverage of the biosphere object (produced by the terrain and
ecosystems development modelling) by each forest class. The soil-specific data are
applied correspondingly as volumetric averages in the soil layers within each biosphere
object.
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Table D-1. Element-specific concentration ratio (CR) data, [(Bg/kgqw) / (Bg/m3)] for
aquatic plants and [(Ba/kgaw) / (Ba/kgaw)] for the other values, for modelling the
radionuclide transport in the biosphere and to the dose assessment (compiled by Helin
et al. 2010). Number of data: S site or regional data, L literature from likely similar
conditions data, G generic data.

Parameter Element Value S L G | Comments
CR soil to tree wood Cl 6.2 0 5 0
| 0.13 ?3) 0 0 | Upper limit from site data
Scaled from value to foliage for
Mo, using tree/foliage ratio of
Mo 0.002 CRs for Cr, a chemical
analogue @
Nb 0.17 As for Ni ®
Cs 0.16 0 47 0
Ni 0.17 3 0 0
Se 0.15 3 0 0
Sr 0.23 0 20 0
Scaled from value to
understorey for Y, using
Y 0.00018 grass/grain ratio of CRs for La
(IAEA 2009), a chemical
analogue ©
Pd 0.17 As for Ni, a chemical analogue
As to grasses for Pb (IAEA
Sn 0.31 2009; N = 17), a chemical
analogue @
As to cereal stems and shoots
Sb 0.025 for Sb in (IAEA 2009; N = 7).
CR saoil to tree foliage Cl 8.8 0 9 0
| 0.29 1 0 0
As to leaves of leafy vegetables
Mo 0.49 for Mo (IAEA 2009; N = 3). ©
Nb 3.1 As for Ni ®
Cs 1.2 0 46 0
Ni 3.1 93 0 0
Se 0.18 3 0 0
Sr 11 0 24 0
Scaled from value to
understorey for Y, using
Y 0.02 pasture/grain ratio of CRs for La
(IAEA 2009), a chemical
analogue
Pd 3.1 As for Ni, a chemical analogue
As to pasture for Pb (IAEA
Sn 0.092 2009; N = 34), a chemical
analogue ©
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Parameter Element Value S L G | Comments
Sh 0.0018 As to understorey for Sb
CR soil to understorey Cl 2.4 0 140 0
plants | 0.22 7 39 0
Scaled from value to foliage for
Mo, using understorey/foliage
Mo 0.96 ratio of CRs for Cr, a chemical
analogue @
Nb 4.0 As for Ni ®
Cs 2.6 0 647 0
Ni 4.0 248 | 177 0
Se 11 8 231 0
Sr 0.11 0 212 0
v 0.0005 As_to g(rg?ln for Y (IAEA 2009;
N =1)
Pd 4.0 As for Ni, a chemical analogue
As to grain for Pb (IAEA 2009;
Sn 0.011 N = 9), a chemical analogue.
As to leaves of leafy vegetables
Sb 0.000094 for Sb (IAEA 2009; N = 5)
CR plough layer to Cl 33 0 22 0
cereals I 0.02 0 6 15
Mo 0.80 0 1 0 | Data from (IAEA 2009) as such
Nb 0.01 0 2 0
Cs 0.03 0 67 | 470
Ni 0.06 0 103 0
As for CR to understorey
(Table 3-7); closest parallel
Se 11 values in data comparison
between Table 3-7 and (IAEA
2009)
Sr 0.31 0 39 | 282
Y 0.0005 0 1 0 | Data from (IAEA 2009) as such
Pd 0.06 As for Ni, a chemical analogue
Sn 0.011 As for Pb (IAEA 2009; N =9), a
chem. anal.
Sh 0.0018 0 24 0 | Data from (IAEA 2009) as such
CR plough layer to cl 34 0 0 3 Data on other tubers than
potato
potatos | 0.02 0 6 5
As to cereals for Mo; the values
to cereals and tubers for Cr (a
Mo 1 )
chemical analogue to Mo) are
about the same in (IAEA 2009)
Nb 0.004 0 0 1 Pata fr?m (IAEA 2009) for
tubers” as such
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Parameter Element Value S L G | Comments
Cs 0.056 0 0 138 LAII datalt‘ specified only as
tubers
Ni 0.020 0 0 3 ‘,‘AII data" specified only as
tubers
Data of (Albrecht & Miquel
Se 0.056 0 1 0 2010) ®
Sr 0.16 0 0 106 ;AII data}’ specified only as
tubers
v 0.001 0 0 1 Pata frem (IAEA 2009) for
tubers” as such
Pd 0.020 As for Ni, a chemical analogue
As for Pb to "tubers" (IAEA
Sn 0.0015 2009; N = 30), a chemical
analogue
Sb 0.002 0 0 1 Pata fr?m (IAEA 2009) for
tubers” as such
CR plough layer to Cl 5.9 0 3 3
peas | 0.004 0 3 25
Data on “leguminous fodder” in
Mo 54 O | 0 | 1 | 1aEA2009)
Nb 54 Maximum of other transition
metals
Cs 0.04 0 126 0
Ni 1.13 0 3 0
As to field vegetables for Se
Se 1.65 (max. of values to other crops
than peas for Se)
Sr 14 0 148 0
As for La to “leguminous
Y 0.00042 y)egetables” (IAEA 2009; N = 4)
e,
Pd 1.13 As for Ni, a chemical analogue
As for Pb to “leguminous
Sn 0.0053 vegetables” (IAEA 2009;
N = 17), a chemical analogue
Data on “leguminous
Sb 0.007 1 vegetables” in (IAEA 2009)
CR plough layer to Cl 34 As to potato for Cl (see above)
As to root crops for | (IAEA
sugar beet | 0.0077 0 0 28 2009)
As to root crops for Mo (IAEA
Mo 0.15 0 0 3 2009)
As to root crops for Nb (IAEA
Nb 0.025 0 0 2 2009)
As to root crops for Cs (IAEA
Cs 0.042 0 0 81 2009)
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Parameter Element Value S L G | Comments
Ni 0.15 m;;i(;rlr;um of other transition
Se 0.061 0 1 0 2D(:;Tg)o(ff)(Albrecht & Miquel
Sr 072 0 0 56 ,;S,Otg)root crops for Sr (IAEA
Y 0.002 0 0 1 é\gotg)root crops for Y (IAEA
Pd 0.15 As for Ni, a chemical analogue
Sn As for Pb to root crops (IAEA
0.015 2009; N = 27), a chemical
analogue
Sb 0.00062 0 0 5 ,;gotg)root crops for Sb (IAEA
CR plough layer to Cl 11 0 21 0
field vegetables | 0.02 0 74 9
Mo 0.20 0 0 4 | Data from (IAEA 2009)
Nb 0.01 0 4 2
Cs 0.05 0 383 | 6
Ni 0.01 0 15 4
Se 165 0 1 0 2Dcr;lirzl))o(iél)(Albrecht & Miquel
Sr 0.75 0 273
Y 0.002 0 0 Data from (IAEA 2009)
Pd 0.01 As for Ni, a chemical analogue
Sn 0.04 As for Pb (IAEA 2009; N = 60),
a chem. anal.
Sb 0.00024 0 0 10 | Data from (IAEA 2009)
CR plough layer to Cl 27 0 8 0 Including fodder maize
pasture (grassland) | 0.03 0 22 4
Mo 0.81 0 115
Nb 0.02 0 1 0 (Slflgn:, 2aon(gzlgihoots of pasture
Cs 0.20 0 554 | O
Ni 0.21 0 121 0
Se 0.18 As to tree foliage for Se
(Table 3-7)
Sr 1.4 0 257 0
Y 0.005 0 1 0 | Data from (IAEA 2009)
Pd 0.21 As for Ni, a chemical analogue
Sn 0.14 As for Pb (IAEA 2009; N = 51),
a chem. anal.
Sb 0.14 As for Sn, no better analogue
available
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Parameter Element Value S L G | Comments
CR water to aquatic Cl 1.15 0 6 0
plants in freshwater | 0.82 0 25 0
Mo 014 As for Mo in the sea
environment
Nb 14 As f_or Nb in the sea
environment
Cs 2.2 0 30 0
Ni 15 0 2 0
Se 7.3 0 26 0
Sr 0.69 0 22 0
Y 15 M_etximum o_f_values for I\_lb, Mo,
Ni (all transition metals like Y)
Pd 15 As for Ni, a chemical analogue
Sn 059 As for Sn in the sea
environment
Sb 059 As for Sn, no better analogue
available
CR water to aquatic Cl 0.0036 (h) 6 0 38
plants in sea | 1.69 6 0 59
Mo 0.14 9 0 0
Nb 1.4 0 0 17
Cs 1.1 9 3 578
Ni 4.3 9 0 16
Se 2.0 9 0 37
Sr 0.014 0 0 139
Y 43 M_aximum o_f_values for l\_lb, Mo,
Ni (all transition metals like Y)
Pd 4.3 As for Ni, a chemical analogue
Sn 0.59 As for Pb, a chemical analogue
Sb 0.59 As f_or Sn, no better analogue
available

For Cr the site data gives geometric means of 0.005 to tree wood, 1.6 to tree foliage and 2.4 to understorey, with
geometric standard deviations of 1.1, 3.4 and 5.0 and number of data of 2, 155 and 219, respectively (lkonen et al.
2010a).

Both Ni and Nb are transition metals, analogue supported by similar concentration ratios to grain in (IAEA 2009).
Grain is the only part of crops where data is available for both elements.

The grass/grain ratio (IAEA 2009) is found to usually correspond to the wood/understorey ratio for the same
element.

The CRs to wood are generally close to the CRs to grasses (IAEA 2009) where there are enough data to compare.
The CRs to foliage are generally close to the CRs to pasture (IAEA 2009) where there are enough data to compare.
The pasture/grain ratio (IAEA 2009) is found to usually correspond to the foliage/understorey ratio for the same
element. Pasture includes the stems and roots, here.

The CRs to grain (IAEA 2009) are generally close to the CRs to understorey where there are enough data to
compare.

Literature review (Helin et al. 2010) gave inconsistently low value because data on macrophytes were lacking.
However, the value might be explained also by large Cl pool in seawater, so the value was left as such.
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Table D-2. Element-specific distribution coefficient (Kqy) data, [(kg/kgqw) / (kg/m3)], for
modelling the radionuclide transport in the biosphere and to the dose assessment
(compiled by Helin et al. 2010). Number of data: S site or regional data, L literature
from likely similar conditions data, G generic data. Value 'g' denotes that no data
specific to the soil type were found and the value for the generic mineral soil should be
used.

Element Soil type Value S L G

Chlorine (Cl) Clay 0.0002 0 5 35
Till g
Sand 0.0004 0 3 35
Loam 0.0003 0 12 35
Generic mineral soil 0.0003 0 20 35
Peat 0.0058 0 8 29
Aquatic sediment 0.662 11 0 0
Aquatic suspended 0.032 0 4 0
matter

lodine (1) Clay 0.0050 0 74 1098
Till g
Sand 0.0026 0 187 1098
Loam 0.0079 0 291 1098
Generic mineral soil 0.0092 0 394 1098
Peat 0.0312 0 47 1090
Aquatic sediment 0.424 0 2 11
Aquatic suspended 0.300 0 2 0
matter

Molybdenum (Mo) Clay 0.116 5 4 14
Till g
Sand g
Loam 0.128 0 3 14
Generic mineral soil 0.120 * 5 7 14
Peat 0.121 14 6 14
Aquatic sediment 0.166 18 0 0
Aquatic suspended 1.7 **
matter

Niobium (Nb) Clay 231 0 3 13
Till g
Sand 0.173 0 2 13
Loam 2.50 0 5 13
Generic mineral soil 2.23 0 10 13
Peat 2.00 0 2 11
Aquatic sediment 2.0 ***
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Element Soil type Value S L G
Aquatic suspended 10 4 0
matter

Caesium (Cs) Clay 5.20 0 46 1007
Till 1.02 18 0 1 007
Sand 0.535 0 135 1007
Loam 3.37 0 208 1007
Generic mineral soil 1.82 18 389 1 007
Peat 0.343 14 112 1003
Aquatic sediment 0.337 0 0 6
Aquatic suspended 10 0 4 0
matter

Nickel (Ni) Clay 0.496 5 237 121
Till 1.76 12 0 121
Sand 0.111 0 263 121
Loam 0.162 0 223 121
Generic mineral soil 0.213* 17 723 121
Peat 0.870 14 239 121
Aquatic sediment 0.423 18 0 0
Aquatic suspended 32 0 4 0
matter

Selenium (Se) Clay 0.242 0 35 201
Till g
Sand 0.046 0 22 201
Loam 0.223 0 104 201
Generic mineral soil 0.183 0 161 201
Peat 1.07 0 4 199
Aquatic sediment b il
Aquatic suspended 3.2 0 8 0
matter

Strontium (Sr) Clay 0.035 5 29 586
Till 0.013 18 0 586
Sand 0.019 0 92 586
Loam 0.048 0 135 586
Generic mineral soil 0.031 23 256 586
Peat 0.097 14 39 568
Aquatic sediment 0.011 12 6
Aquatic suspended 0.316 0 4 0
matter

Yitrium (Y) Clay g
Till g
Sand 0.023 0 5 7




471

Element Soil type Value S L G
Loam g
Generic mineral soil 0.023 0 5 7
Peat 0.312 0 2 7
Aquatic sediment 0.31 ***
Aquatic suspended 3.1**
matter

Palladium (Pd) Clay 0.27 0 1 0
Till g
Sand 0.09 0 2 0
Loam 0.18 1
Generic mineral soil 0.18 0 6 0
Peat 0.67 0 1 0
Aquatic sediment 0.67 ***
Aquatic suspended 6.7 **
matter

Tin (Sn) Clay 0.67 0 1 0
Till g
Sand 0.15 0 2 0
Loam 0.45 0 1 0
Generic mineral soil 1.6 0 12 0
Peat 1.6 0 1 0
Aquatic sediment 1.6 ***
Aquatic suspended 16 **
matter

Antimony (Sb) Clay 0.14 0 18 0
Till g
Sand 0.017 0 19 0
Loam 0.061 0 92 0
Generic mineral soil 0.062 0 152 0
Peat 0.075 0 3 0
Aquatic sediment 0.075 ***
Aquatic suspended 0.75 **
matter

* Erroneously values of 0.116 (Mo) and 0.527 (Ni) have been used for the generic mineral soil in the
simulations of the radionuclide transport in the biosphere. The effect of the error is discussed in (Hjerpe &
Broed 2010).

** Assumed to be 10-fold to that of sediment; in case of many other elements this seems to be the order of
magnitude.

*** Assumed to be the same as for peat, based on analogous situation with some other elements.
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Table D-3. Aggregated concentration ratios for dose assessment for humans (compiled
by Helin et al. 2010). All data are combination of site data for productivity of edibles
(Table D-8) and concentration ratios from soil or water to the edibles (combination of
site, literature and generic data, see Helin et al. 2010 for details). The classes for forest
and wetland objects are UNTAMO site classes (see section 7.2.2, Table 7-6). UNTAMO
site class 4 is not used since such type is used as cropland (Haapanen et al. 2009).

‘ cl ‘ | | Mo | Nb | Cs | Ni | Se | Sr | Y | Pd | Sn ‘ Sb
Forest and wetland objects, (kg/kgc edibles) / (KQ/KQaw,soir)
Class 1 38 4.4 15 1.4 216 1.6 1.4 0.5 1.5 1.6 0.038 0.038
Class 2 36 3.7 2.3 2.2 182 3.3 1.4 1.2 2.3 3.3 0.036 0.036
Class 3 38 4.4 1.4 1.3 219 1.4 1.4 0.4 1.3 1.4 0.038 0.038
Class 5 32 | 13 | 49 | 47 | 43 | 88 | 10 | 37 | 49 89 | 0030 | 0.030
(mire)
Cropland objects, (kg/kgc.edibles) / (Kg/KQdw,soil)
Cereals 88 0.053 2.1 0.027 | 0.080 | 0.16 2.9 0.83 | 1.3E-3 0.16 0.029 | 4.8E-3
Potato 94 0.055 2.8 0.004 | 0.056 | 0.02 | 0.056 | 0.16 0.001 0.02 1.5E-3 | 2.0E-3
Peas 21 0.014 19 54 0.040 1.1 1.7 1.4 4.2E-4 1.1 5.3E-3 | 7.0E-3
Sugar beet 113 0.026 | 0.50 | 0.025 | 0.042 | 0.16 | 0.061 | 0.72 0.002 0.15 0.015 | 6.2E-4
Field 30 0.055 | 0.55 | 0.010 | 0.050 | 0.010 1.7 0.75 0.002 0.010 0.040 | 2.4E-4
vegetables
Aquatic objects, (kg/kgc.edibles) / (K9/M3water)
Freshwater | 57 | 072 | 0.017 | 048 | 37 | 048 | 24 22 | 048 | 048 0.17
objects
Coastal
(sea) 4E-4 | 0.054 | 0.014 | 0.39 0.37 0.39 54 0.09 0.39 0.39 0.13
objects

Table D-4. Data specific to soil type, other than Ky (see Table D-2), for modelling the
radionuclide transport in the biosphere (compiled by Ikonen et al. 2010a). The types: S
site or regional data, L literature from likely similar conditions data, G generic data.

Sl o Bulk density Type Carbon concentration Type
(kgaw/m?3) (kgc/kgaw)
Peat 91 S 0.51 S
Gyttja 150 S 0.18 S
Clay 1600 L 0.0018 S
Clay, as aquatic top sediment 270 S 0.11 S
Very fine sand (silt) 1850 * G 0.0018 G
Fine sand 1850 * G 0.0018 S
Sand 1600 S..G 0.0048 S..G
Fine-grained till 1800 L 0.0020 S
Washed till (coarse/medium-grained) 1600 L 0.0014

* Nominal value taken as average of minimum and maximum value.
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Table D-5. Data specific to forest class (see Table 7-6) for modelling the radionuclide
transport in the biosphere and the dose assessment. All these data are derived from site
data, although in some cases also auxiliary literature data have been applied
(Haapanen et al. 2009, Ikonen et al. 2010a). UNTAMO site classes 1-3 and 5. Class 4 is
not used since such type is used as cropland (Haapanen et al. 2009).

Parameter Unit Class 1 Class 2 Class 3 Class 5
(Rocky) (Heath) (Herb-rich) (Mire)

Net primary production kgc/m2ly 0.140 0.249 0.349 0.17 (a)

Vegetation height (b) m 7.9 9.3 10.9 9.0

Above-ground biomass

...of tree wood 1.7 4.6 6.4 4.4

. Kgaw/m?

...of tree foliage 0.90 25 3.4 24

...of understorey plants 0.25 0.11 0.12 0.16

Production

...of tree wood 0.079 0.20 0.25 0.17

. kgaw/m3ly

...of tree foliage 0.064 0.17 0.21 0.17

...of understorey plants 0.22 (c) 0.096 0.063 0.75 (a)

Biomass loss rate (d)

...of tree wood to litter 1 0.0013 0.0028 0.0031 0.0012

...of tree foliage to litter y 0.21 0.32 0.34 0.40

...of understorey to litter 0.31 0.40 0.38 0.43

Biomass of litter layer kgaw/m? 0.19 (e) 0.50 0.62 (e) 0 (f)

Thickness of humus m 0.041 0.055 0.065 (9)

Bulk density of humus kgaw/m3 140 160 170 91

Carbon conc. in humus kgc/kgaw 0.43 0.49 0.37 0.46

Bioturbation rate kgaw/mz2ly 0.5 6.5 4.3 6.1

a Nominal value taken as average of minimum and maximum value.

b  Average height of trees.

¢ Scaled by using the same production/biomass ratio as in class 2 (most similar class).

d Excluding harvested stems, see Table D-7.

e Scaled from class 2 based on the difference in foliage production (most of litter is from foliage; loss rates to litter are

about the same; decay rate for the litter is independent from forest class due to lack of data).

By compartment definition, no litter layer in mires (litter is included in the acrotelm, corresponding the humus layer
on mineral-soil forests).

g Simulated in terrain and ecosystems development modelling as growth of peat layer.

—h
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Table D-6. Data specific to crop type for modelling the radionuclide transport in the
biosphere and to the dose assessment. All these data are from regional or national
sources (compiled by Haapanen et al. 2009, Ikonen et al. 2010a). Sug. sugar beet, Veg.
field vegetables.

Parameter Unit Cereals Sug. Potato Peas Veg. Grass
Net primary production kgc/m?ly 0.18 0.52 0.44 0.18 0.20 0.40
Standing biomass Kgaw/m? 0.425 1.20 1.0 0.425 0.40 0.5
Production kgaw/m2ly 0.45 1.3 1.1 0.45 0.50 1.0
Harvested fraction kgaw/kgaw'y 0.57 0.14 0.54 0.56 0.40 0.80
Vegetation height * m 0.85 0.5 0.5 0.5 0.4 0.5
Irrigation amount m3/m2/event | 0.030 0.030 0.020 0.025 0.025 0.030
Irrigation frequency eventsly 1 1 2 1 3 1

* Average height at maximum growth (including different species within the type that may vary significantly in
dimensions)

Table D-7. Other data for modelling the radionuclide transport in the biosphere
(compiled by Haapanen et al. 2009, lkonen et al. 2010a). The types: S site or
regional/national data, M mixture of site, regional/national and literature data, L
literature data, E expert judgement based on regional conditions.

Parameter Value Unit Type | Comments
Wind speed (average) 4.1 m/s S
Dec_omposmon rate of exposed 0.03 1ly L
sediment
Forests and wetlands

; Site data scaled with national

2
Biomass of dead wood 0.158 kgaw/m M data on dead wood density
Decomposition rate o
...of litter (forest class 1-3) 0.030 M Modgl_led for Finnish
. 1y conditions
...of acrotelm (mires) 0.015 S
-~-0f dead wood 0.054 M Derived from field experiment
Related to calculation of
. . ) average biomass and
Rotation period of trees 100 y production, see (Ikonen et al.
2010a)
Harvested biomass fraction Related to the selected
...of tree wood 0.89 1/event E rotation period ar_1d
_ silvicultural practises, see

...of tree foliage 0 (Ikonen et al. 2010a)
Croplands
Thickness of plough layer 0.25 m E
Water storage capacity * 0.0002 m3/m2 M Experimental/modelled data
Soil bulk density ** 1200 kgaw/m3 S Typical value in the region
Carbon concentration in soil ** 0.03 kgc/kgaw S Typical national value
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Parameter Value Unit Type | Comments
Erosion rate 0.000125 ms3/maly S(M) | Data from modelling studies
Bioturbation rate 2 kgaw/maly L
Lakes
Net primary production 0.064 ** kgc/maly S
Scaled from a much larger
Biomass of aquatic vegetation 0.023 kgaw/m? M lake than expected to
Olkiluoto
. . . Biomass value scaled by a
2
Production of aquatic vegetation 0.028 kgaw/m?2ly M ratio from a Swedish site
Concentration of suspended solids 0.004 kgaw/m3 S
Concentration of DIC 0.003 kgaw/m? S
Sedimentation rate (gross) 11 kgaw/mzly M Derived from Finnish lakes
Resuspension rate 73 Yo *rrx M Derived from Finnish lakes
In Finnish conditions
Loss rate of aquatic vegetation 1 1/ E practically all parts above the
biomass to top (active) sediment y bottom are renewed annually
due to winter
Rivers
Net primary production 0.064 kgc/m2ly E Taken the same as for lakes
Biomass of aquatic vegetation 0.023 kgaw/m? E Taken the same as for lakes
Production of aquatic vegetation 0.029 kgaw/ma3ly E Taken the same as for lakes
Concentration of suspended solids 0.022 kgdaw/m3 S
Concentration of DIC 0.0087 Kgaw/m? m | Site data on TOC converted
using a generic literature data
Estimated from concentration
. . ) of suspended solids by
Sedimentation rate (gross) 8.8 kgaw/ma3ly M/E assuming a settling velocity
(particle size)
Resuspension rate 100 Y *rxx E Taken the same as sed. rate
In Finnish conditions
Loss rate of aquatic vegetation practically all parts above the
) ; . 1 1ly E
biomass to top (active) sediment bottom are renewed annually
due to winter
Coastal object
Net primary production 0.055 kgc/mzly S
Biomass of aquatic vegetation 0.027 kgaw/m? L Data from Forsmark, Sweden
Production of aquatic vegetation 0.180 kgaw/mzly L Data from Forsmark, Sweden
Concentration of suspended solids 0.003 kgaw/m3 S
Site data on TOC converted
Concentration of DIC 0.013 kgaw/m? M using a ratio from Forsmark
site
Sedimentation rate (gross) 3.1 kgaw/ma3ly S
Resuspension rate 42 U *rxx S(M) | Estimated from site data
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Parameter Value Unit Type | Comments

In Finnish conditions
practically all parts above the
bottom are renewed annually
due to winter

Loss rate of aquatic vegetation

biomass to top (active) sediment 1 1y E

* Interception capacity of irrigation water.

** Only for plough layer of cropland, for the bottom soils see Table D-2.
*** Nominal value taken as average of minimum and maximum value.
**+% 04 of the gross sedimentation rate.

Table D-8. Other data than the aggregated concentration ratios (Table D-3) for dose
assessment for humans. The types: S site or regional/national data, M mixture of site,
regional/national and literature data, L literature data, E expert judgement based on
regional conditions and habits.

Parameter Value Unit Type | Source/comments
Productivity of edibles
Potato 0.200 kgc/mzly S (Haapanen et al. 2009)
Sugar beet 0.180 kgc/maly S (Haapanen et al. 2009)
Field vegetables (default crop) 0.148 kgc/maly S (Haapanen et al. 2009)
Cereals 0.074 kgc/maly S (Haapanen et al. 2009)
Peas 0.020 kgc/m2ly S (Haapanen et al. 2009)
Forests (classes 1, 2, 3) 0.000666 kgc/maly S (Haapanen et al. 2009)
Wetlands (forest class 5) 0.000173 kgc/maly S (Haapanen et al. 2009)
Coastal objects 0.000849 kgc/maly S (Haapanen et al. 2009)
Lakes 0.0000534 kgc/maly S (Haapanen et al. 2009)
Rivers 0.0000534 kgc/mzly S (Haapanen et al. 2009)
Exposure characteristics
Reference man (adult
Intake rate of food 110 kacly L male),
Intake rate of drinking water 0.6 m3/y L (ICRP 1975, 2004)
. . Close to the highest value
3
Intake rate of breathing air 8 760 m3ly L/E reported in (ICRP 2004)
Indoors shielding factor 0 % E Cautious assumption
Population density at the site 3000 persons/km?2 E _Close to the present density
in Helsinki
Maximum size of exposed At present about 5 900
. 6 000 persons E persons in the Eurajoki
population R
municipality
Dose coefficients for ingestion Nuclide-specific, type L; values for adults in (ICRP 1996), for
and inhalation inhalation the lung absorption class maximising the dose is assumed
Dose coefficients for external Nuclide-specific, type L; uniformly distributed infinite-depth source in
radiation soil in (EPA 1993)
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