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2 CONCEPTUAL MODEL DESCRIPTIONS AND MATHEMATICAL

REPRESENTATIONS
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Uptake of contaminant by the crop
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21.2 APPROACH IN BIOMASS REFERENCE BIOSPHERES REPORT
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Transfers of contaminant within the system and uptake by the plant
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Introduction

APPROACH ADOPTED BY JGC
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Transfers of contaminant within the system and uptake by plants
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2.4 MORE COMPLEX FLOW AND FLUX MODELS
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Water flow and chloride transport
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& YB+ "V Y #* (" v & (# 1M+ (& Optams Y/B
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# (! ! & # @ + # (v & # -
=# & ¢! v 1 e > "1 (etalt79 7 1
1 g ! ! tH "Rl # ( =% + # & #
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# " o ! ( &% ! # o "# "1l -
- " L T # 1 - <U # U 1 &1 #
& & "# ( =4 > "1 (etal+79 7 1 =% s g
1 & & # & - ! # 1 - 1o =
R I R & # ! ot & & &1 #
! " t Cpians = # #(" 1! @ " ¥ P&t o# -
- ) vo#(m ! -t ! X+ 1
& & &1 # - g = # 8

+/1 + ><B?

Water CPlam‘s

o1 Pwater ' # ( " bell ?
" " # " & ! H# (% 8
WaterCPlants-/-/ 1+ CTupsoil ><?

=1 A> (7? & & & 1 & LI 1 Dyg/Lay  T1&!
Dap> (7 # " & & #Lg> 7 # " !
Inclusion of Organic Chlorine

= #1 # &"# & &! + 1 #it & *To# 1

& &! ¥ # " 4 & ( ! & &! &
t Clorgpr > %o & & # 8
c,, . B ><1?
=1
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E 1 & & &&! > %o'sH# N
| # # # O% #HT? 2
3 = & # & &! & & 2 LI 1 "
" L I ( #" 8
Cl org Topsoil Topsoil dTopsoil >< 7
Cl org Subsoil Subsoil dSubsnil ><9?
"1
Clorg—Topsoil # Clorg—Subsail ! & &! & # " > ?
Wropsoil # Wsubsoil & & &! # " > ?
dTopsoil #dSub.voil ! ! # " > ?
& &1 ] ( # =81 - & &!
&l # - o " 7
& % A ) %
<
> E &
I # « !
B
7
> E &
T ]
" : " E &
T ]
9
! & & g & &! (! & & ## 1
I & &1 # & 8
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(¢ # # ( # (7 B% ¢ # 1 #
" #" " 7% (7 & ! # 01 "# (1 " g
# & ! # 1" g
d

Topsoil  Topsoil
g, g —d >B7?
Subsoil  Subsoil

! g #gs " " # ( LI
#'8 &l b ( =ty #it # 1 )" & gl

& TH# Y tOB @ " ¢ # (& & & ot

" I} &1 # && I A &
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Inclusion of CI-36 (and uptake of CI-36 by plants)

@ # #1 ( &1 # U= +& & "# & (C !
1t - )" foTrgrCr 1 & (& & = )
Y% T n # & #&( ! & # & (¢
! # "&# = ( #HO#& & & "# !
"E " "oyl # )
dC;a ]
psoil * *
Topsoil  Topsoil Topsoil Kd Topsoil d 1 E 2 CSubsm'l I 1 C'PI
C* C F C* >B ?
+ .
Plants water ~ Plants * * Plants ~ Topsoil
C = atel +‘mt‘ CTopsoil 12 Ll CTopsail T2DPlants CTopsoil R
Plants Topsoil
¢ " ! # )"
dC;ubsoil * * *
dSubsoil Subsoil SubsoileSubsoil dl IZCTopsail GCG E2 L2 CSubsoil B ?
0o ¢
B dCPlants T.D C* Fpl‘mts CT opsoil C* Y CPlants water CPlants +
d 2" Plants ~ Topsoil R Plants C 1 + Topsoil
t Topsoil Plants >B<?
LD L ] ! t ! & & &t !
# & & & "UHE & & # &l & &
! ) + 1 & & Kd ! #&#H @ - + P "# & # 1
0 " #& 1 &l I LI 1" KCYc*/C)
#101 & # (KdCx 1"+ )" ] - ' # ( 1 1 Kd
R )" vty & & #"  Kd=KCcM
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2.5 SUMMARY OF MODEL SIMILARITIES AND DIFFERENCES AND KEY DATA
REQUIREMENTS

2.51 MODEL SIMILARITIES AND DIFFERENCES
! & & # # (! # 1 - " & # " T
& & 9 # 7 & (
11 g # o+ 18 # & - ( +
"1 ( ] # & # ! & & & 1 33 #
# & # & ) ! to#
! o= & # I T ! #0"1g # #>3)" #
&1+ 2
& ! ( & # #"=1 &1 # + 1 (! %
&& (! ( & &" % > # t ?
I =% ! 1 /7.0 # > & 7% 1 /7.0 # % #
&8 ( - P ! % &1 (
# (! # (v (> D" < # ? & )" &+
# = & # 1 1 /7.0° #& 7 & & I & ! 33
B
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5 ) D
H % |, % H
$ D %
B
o = Qa
2% e | = 3
# 4 TR s | B ~ 3 o
- Y | &# &

Rainfall X X X X X X
Evaporation X X
Transpiration X X
Evapotranspiration X X X X X
Sorption of CI-36 to
soil X X X X X X X
Percolation / Leaching
/ Infiltration to lower
soil layers X X X X X X X X
Erosion X X
Fertiliser X X X
Cropping X X X X X
Irrigation X X X X X X X X X

? Although the NDA RWMD model considers sorption processes, in the best estimate calculations (Sections
5.1.1 and 5.2.1) this is switched off.

B7
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9 D)
%
) H
#H %
%
B

g = 3 3 %

¥l 2 | & 3 o X
# 4 - N & & o ¢ ®
Rainfall X X X X
Evaporation X X
Transpiration X X
Sorption of CI-36 to soil X X X X X X2
Percolation / Leaching /
Infiltration to lower soil
layers X X X X X X
Water loss to other parts of
the system X X
Flooding & sedimentation X
Dredging & meandering X
Re-suspension X
Gross sedimentation X
Erosion X
Fertiliser X X
Cropping X X X
Capillary rise X X® X2 X X

? Although the NDA RWMD model considers sorption processes, in the best estimate calculations (Sections
5.1.1 and 5.2.1) this is switched off.

® In SAMM-TR and SAMM-IR the capillary rise is via diffusion.
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2.5.2 MODEL DATA REQUIREMENTS

0 & + 1 Y# &! # " ( +! "1g&!
# # # 1 "1&! & & 0 1! 1! #
# o# " (& (" # ! & # ' o#
& to# ! # @ " t VU # "
& " # #> o T
% oToT & (
& && # ¢ # (&Y ## # ( # #
- & > & <7? 0 ! & LN I L ) #
# # " ! # ( F 1 77 # #o&"
# & < < #<<
7
Model Type Data requirements
& & tK,
& & Pty ! (!
1 &
& & & ( & !
& ! o1 - # 1
# G & ! t# # " 1&gl
" # )Il "
1 & & Ky
1
.oy 1 &
& ! > 1 # # # 8
& ! t 1 " # 1 ?
& !
= & 1
& 1
> =7

2.5.3 MODEL COMPARISONS
3 ( ! & ! "#( & # "" & &" A | # 8

. oo & " 0 1 (& & '
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g1 1 " 2 &
@ 7% TRl 1 & HH#ET1 2/3 2"
( FC  #( < 1 & -
# " # & AT
@" & ¢ 2" & # & " #
&1 & = # & #( & (
gl 1 # & vo# # &
#1g # & ! &
" ( & = (# & '
> 1 7999% 1 & & #e&
& ( # 5C #( ?

% http://www.tonyohagan.co.uk/academic/GEM/index.html
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3 SCENARIO DESCRIPTION

=rrog # & # " " & - "o# (Trar 1
"#T &! ! D & 8
7 " t#
" & ( & # ( ! -
0 & ™ - ol 1 g & & ( ! - 7 A
- ( & | L} 1 D 1 " -
L ! " # # # & # "0 ? 1
& & " o# - O #7T DAY o#11 R -
! - 1 ! &! & & - -
> = "# (& " ! "H# ? - "# 7
& # B A # ! - # (
" ! ! I & 0" " & c 1 - &
## "t ! # >C 1 B+FC I
LI I ! (v (& & ) ¥ "1
" # O# # = " "> /2N\@ *
"#( ! & ! & & 1 # LI
& rgt & " #H (Y /2 ( 1 /2 =
& ( " # & +1 # & & % -
& I & "H & # ! " ! # "
#@ 1" "H wgg ! LI ! "4
# 1% - + ( # 1
& - ! #
! - & - ! # #t &r ! " &
! - & =t & ¢ ( &l & &t
& & & #= 1 # = ( 8
1 = & ! & H # TR H & +
1 # & - # & & = # - #
& = F
"1 # & 1 # ( appear ! "OF
1 # ey v o# & &" ( & " I # #
#
0 I & t# & LI " &TH LI
# " # & # C > B+?23 I(& # -
& # # >300 0O &+ Pl B ( & F !

® The effect of chlorine deposition on Chernobyl Cs-137 mobility Norway in coastal and inland areas is
interestingly recorded in Steinnes et. al. (2007).
® It is outside the scope of this study to consider and compare assumptions for PEG behaviours.
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> & B7 #B 70 * 1 ! £ & & " 1 #
! # )" #& = F " " C !
"8 - ( "& C 1 B+FC ! Tt
1l - # ## > ? ( + 1( & #00 # >l
& & ' &! & & ! 20 # Ty ("t o#(
( 1 1 & > / .0+ 37
2 ) P& & - # 1 & & ! " & 8
t( # & ! ! R Y | & 1 #
(# t t 1 # "t # &t 1 #
R (! # o #("1&! - #
& &" ! & & 1 & ! DL !
R B ! ( 1 & # >300 0 &+ % L
! & & " & & # "1 (
& & - LR (' D R (L S D R
( & - " #>300 0 &+ % # 1 B ( -
# #
& # ! 1&g & to1 ol 1 B & # # "
" g ' &1 & & &" & # " ! & !
) #o0" oty # # ! - ! # ! "
B
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4 MODEL PARAMETERS AND DATA

1 # )" &1 # & ! & §>77 & #1(# ¢
> ? # D + #>? 1 # " # ! & # & # & <7
<+ 11 141 ! "H# & # & ( # 1
"rant # # & &! @ - + 1 " # "#
1 & " # #> #HEE S A | 1
% = "1 & (3 & ( 1 & ror ot ( !
1 "#(
! & & & 5 ! & & ! &
T # 1 # > + 1 & 7 "& (
1 & )" & 1 > 1 1 2 1 +
# 1 # " “rgr Y# 1 + ( 1
- 1 # " 1 & &f" & 5 - 1 oH# 1
&l && & 1 & = ! # > & B7 #B ?
#Hit 1 & "r&l # 1 # o+ & #= 1
& & # # & & # ( # & # & << 1 # " # ()
# "1g&l & & # # "( # # 1 1 & +# =
# ¢ <7
- A
Parameter Units Value AL S ML U
data
& 7
7 Z
e ¢ ) /
7/Z B / + 3 +12
@ (
/72 B -. + 3
4.1 CLIMATE AND HYDROLOGY PARAMETERS
! & && #1(# (# "o# " 1 # #e&
< # < & ( , 11 = 1 & # 4
H#t ! &1 & & ! & # & - -
)to# # << # <B ! # #& & (
3 I(& # - o & *~ # # ! # & >300
0O &t " #> . D ? #1 1 & >; 7 1 & #
> 17 # ( # =1 1 ! 1 & "> %
T(# (1" 17 # r¢ "1 #" >I7 E & ( "oE
# 0 I B( & # 0+ —. # 3# # "
>0 " 7 Trgl ¢ 1 “# (/ + 3 # 12 1
& &" 1 /7.0 # - # V(O ## ( & @
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& # <Th ! ! # - & & #H# #
" r - 3. # " " - "H (-
B (' & # 1 # -
0 1 & # ! - & & # (/7-0" " &
P> "&79B<t79 77 #" ## & ( ! " # - “H# #
> & ? # # 3" # 1 # !
# > & ? LI | " vogt - # & <7TH
! & = # + T & & # & (& " I #
>C 79BOF 27
- 73 .
Parameter B.est Distribution Low High Partlc[pant S
estimate this data
" ) - t 3+
?
s 10 B9</ 7 | & >$7 < 7/ 7 / 7 J o B
5 o 97/ 7 -
8 S o ) 7 /Z -
— &+
< B/ 7 $ / 7 </ 7 3 LV A
12
> AP
/ 7 $ 7 /7 7| < </ 7 3
/7 /7.0"
7/ 7 Iy +o 3
/ > AQ )
BB/ 7 - . 3.

® IRSN divided the monthly precipitation rates by 30 to approximate daily precipitation rates for use in their

model.
® Météo France (2008

)

“ This was calculated by ANDRA using the relationship between precipitation and irrigation rate (Figure 2-6).
? This is the amount distributed per irrigation event (based on 3.0E-02 m> water.m” soil.month™)
€ This is the default value from Thorne (2007b).
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Parameter B.GSt Distribution Low High I?artlm.pant
estimate using this data
" & -t 3t
> 40 i</ 7 $ </ 7 77 7 s _
8 -.
S o - ) / 7
f 7 </Z o
& > o " ?
- 4
<:9/ 7 $ <79/ 7 B / 7 3 +
/ 12
> A
9/ 7 $ 7T /7 </ 7 3
/7 /.0
77 1 Iy +o 3
/ > AQ )
BB/ 7 - . 3-
- >
Parameter B.est Distribution Low High I?artlc[pant
estimate using this data
&1 / B o> / B B 7/ -. + 3
“ & / .0+
& > A7 -
B/ 3.
/ $ / / -. + 3
&!
& & " & 7 7/ /.0
- > A3?
/ - - 3-

® This is the amount distributed per irrigation event (based on 3.0E-02 m> water.m” soil.month™)

B9

#$

%




BIOPROTA

-/ )
Parameter B.est Distribution Low High I.’artlc[pant
estimate using this data
&1 9BB/ / B B8/ -. + 3
& & / .0+
& > A;? YT
7 7/ 3.
<B / / B / 7 -. + 3
&!
& & " & < / /.0
- > A3?
/ - . 3-
-&% & D
Parameter Best estimate Partlc[pant using
this data
> ) ? B/Z 7 /.0t —_ C
B >)  ? 77 - . 3-
4.2 SOIL AND FERTILIZER PARAMETERS
- 1 1 D - & &t # 1 <: #
< & (
Parameter Best Distribution | Low High | Farticipant using this
estimate data
B / B B / / +11§+2 +3 3t
Ci> % 7 o
7/ $ 7 / < 7 / /.0

® 6.25E+01 is used for the irrigation scenario by the NDA RWMD model only.
® Andra HAVL Dossier (2005), Andra Centre Manche and Pelletier et al 2007, Kashparov et al. (2005 a,b; 2007

a,b)

© ANDRA consider this parameter for their conventional model, Aquabios, only.
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ST B.est Distribution Low High Participant using this
estimate data
/7 7 7/ 7 /7 -. + 3
/ + 3 +12
' & s -- - 3-
> ?
BB/ ¢ $ 7/ / 7 o
7B/ 7>6 ? B/ 7> ? -
< /77 3 +12
? <B/ 7 -. + 3t/.0
B / 7 /
B/ 7 / 7 /7 -
- 8 B/ 7 3
- ?
’ < /7 _
B / 7 - ,3.
B/Z / + 3
# 0 ( /Z 12 + —. + 3+/.0
g ?
& ' 7< /Z _
7 B/Z - .3.
&1 wos > %" 87 / > % 7 —. + 3/.0
“ 8 B 7 % T _

® SCM used only the best estimate value as this model was not used for any probabilistic calculations.
® In the NDA RWMD model the subsoil is assumed to be 1.7m thick.

¢ Ciffroy et al. (2005)

4 EDF considers an additional three soil layers, each 2.00E-01m thick.

¢ ANDRA consider this parameter for their conventional model, Aquabios, only.

"This density is used for the subsoil as well.
€ Not used for calculations by ANDRA or SCM.
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- < C
Parameter B.est Distribution Low High Parthl.pant using
estimate this data

0 &

N B/ / 3: s 3

&! 7972 Lk -+ 3
& & 1
D 7 /7 L [ /.0

4.3 PARAMETERS RELATING TO ROOT UPTAKE

1 1 & # " % 1
<OF 1 # " - "H 11 # #&
(O | ! # +1 > 9 1 "0 - ! &!
& &l & 1. 3. # V" =# 1</ 7 % v o# #
& "H & # ! &! & & 1 & "# !
# #& ! # <7
! # >/ ¢ 3 +12 + )" + —t = . 3.78& # &
&! ! ( ! "H# ! & -
# 1 & # # # # <7
-5 B s
Parameter B.est Distribution Low High Partlc[pant asing
estimate this data

/ 12 + 3t

+
& S0t 7B /72 7 B /77 7 7/2 -+
' 3
& + / +12 ¢ 3+
( /7 7 B /Z 7<9/7 -
> 3
2 . / 12 ¢ 3t
7 </Z 7 /727 < /7 -t
& > 3

® Kashparov et al. 2007b
b Kashparov 2006
 Andra HAVL Dossier (2005), Andra Centre Manche and Pelletier et al 2007, Kashparov et al. (2005 a,b; 2007

a,b)
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-9 B . DB )E
Crop es':‘:':;te Distribution Low High Pa"it‘:‘ii':a:;t:smg
<9:/ 7 -
# #
7</ 7 -.  ,3.
- +
/7 B / 7 7/ 7 7 o 3
. <B/ 7 7:B/ 7 B/ 7 -. + 3
<B/ 7 /.0
B </Z / 7 B /Z BRI 3t
/.0
- B . DB E
Crop es?i?:;te Distribution Low High Partitc':]ii;;ag;tt:lsing
# o # <9:/ 7 -
</ 7 B /7 |7 /Z -+ 3
7 7/Z /.0
- <9/ 7 7:B/ 7 /7 - + 3
9 / 7 /.0
7 7/2 7 /7 | 7:/27 -. + 3
/7 7 /.0

>mol kg™ (d.w.) rather than g kg™ (f.w.)

® The minimum value was by mistake set higher than the best estimate; as this has only a minor effect on the
probabilistic results, but no effect on the deterministic results, no revision was necessary.

° EDF used the same upper and lower limits for the probabilistic simulations, but with a uniform distribution.
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- F, B ) 6
Crop es':‘:':;te Distribution Low High Pa"it‘:‘ii':a:;t:smg
/7 /7 < /7 -
4 # Vi /
B /7 —.  .3.
Vi 3
78/2 12
/7 -
Vi 3
- ( 7B/Z 12
7 /2 _
< / 3 +12

/Z

% This is based on maize.
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4.4 ADDITIONAL MODEL PARAMETERS

BIOPROTA

4.41 CONVENTIONAL MODELS
1 ## # " "#( I & # ot 3 >/ %
#12 <7 # <7< & (
- $ 1 "H#$ D 0 13
Parameter Symbol Units Value
(' / 7
# & & 7
/ / ’
& 1 & o# (T o1 ok ]
- & s 1T 10 & 9
0 & 1 &
& #-11v # !
! 1 # # & 0 !
! & #
0 & = & !
# 1 & # & 07 -
- -G 12%
Transfer Parameter Symbol Units Value
" " - & #
- - & " 1 6 (7
> " ( '
6 - G- 7 /Z
" A&t t#y (’
&1 # # & & !
; & 14! 4 7
A&l &

® This parameter is used only in the irrigation water source scenario

B
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- - G 12%
Transfer Parameter Symbol Units Value
/ ! & Eced my* 1.00E-04
0 & = & !
& #" # & I:crop - —A
kg (d.w. soil)
& L Sero - 0
: kg™ (f.w. crop)
& & & - 0
1 & crop -
- ! - # 1 .
& dicrop my ! N/A

4.4.2 COMPARTMENTAL MODELS WITH AN ISOTOPE RATIO APPROACH TO PLANT UPTAKE OF
CONTAMINANT

## " # # 1 /7.0 # 1 & # #
<7B? #& # # > <77
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- /G ?
Parameter Symbol Units Value
- & . - 7 B/ 7
. & #& & ( ﬁ, - </ 7
T & - - 7 /7
4" (" # "# # OirT pvent - /
A 1’
g & K. 7 7/2
: # 1 # LAy < /Z
/= & ‘ < /7
- &% ?
Parameter Crop
Root vegetables Leafy Green Vegetables Cereal
3= " # 1> / 7 7T /7 7 /7
- ! ! 7B + 7+ :
# (1 (
- ! 7B 9 +7B7+ 77 9
#( ( ?
3= " &! / 7 <B/ 7 B </Z
& & Y

® Baes and Sharp (1983)
® Maruax et al. (1998)

“Sau et al. (2004)

° |AEA (1994)

¢ Soltner (2004)
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4.43 MoRE COMPLEX FLOW AND FLUX MODELS
#H & # # o+ # # - #-. »3- #
<7: # <7
- =G 4
Parameter Units Value
- 7 7 /
- <G 42% @#?
Transfer type Parameter Units Value
- - & " " (’ /
/ (’ B /
: (' B 7/
" (7 B /
(# R g " (’ B/ 7
2 "#HT # &l " (’ 7 7/
. (« - % 7 /Z
1 # c " $ # 0 "#&! 1 - #
c " " $ # 0 "#¢&! ! )
- " $ # 0 "#¢&! ! 7 /7
- " " $ # 0 "#&! ! 7 /7
# # ( %oH ™7 B /
& & &
38! 3 = "ty |7 7z
3&! 3 & & & & 7 /7
# & & % 7 /7
(" = 7 7/

® Adjusted to give L, =0
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- < 4?2% @#7?
Transfer type Parameter Units Value
& " " (’ 7/
&!
&' # & 8! (’ /Z
& # & &! (’
&&! &l # (’ 7 7/

® The same parameter value is used for both soil layers.
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5 RESULTS AND DISCUSSION

P & &" & & & 1 g # 1
&! ] - ! & & # # #  +7 &"
1og g ! # > & BT 1 1 1§ > & B ?
14 & > & B %1 "oyt & & # w1vao- noo
& L ] & ! & > & B<» 1 &
" "o &! & & ! & # ! !
&! & & I
0o 1 & Pl & ! bo# &
& # & & & # #& & & # o8
> & B7?70 1 vy & . & 1 o# # &1
& & ! # &' #> & B<O 1 & o & ]
) ¥ ove T > & 7 & # #> & B7< #B
5.1 IRRIGATION WATER SOURCE SCENARIO — INLAND SITE
! # ! - - # 1 - "g &
! # 8/ + 3 4124+ —. + 3 —. +/.0+ - #-_. 3.
I S 1 1 & & 1 & ! #
! " & # 1o # o+
( 1% ! " & & L R
& & ## = ! & - !
& [ 1o & # ! ( ' # #&
& & ]
51.1 DETERMINISTIC CALCULATIONS
1 & & 1 "% ( 1= 0" B®O "
#0 " B )" ( "H# 1 g # o4
£ & & ( # +# # 1 g # o1 &!
! "oy bOHE & ! & = #
] " - # #& " & 7 1 >0
B7? # & ! ( 0" B2, 1 1 g #
Nl | & 2
] # ( ' #& 1 & & 1 g ¢
( & - g ! # & # #>0 "
1 & 1 (=7@ - | L B | # ( &
=8 "'# ) 51 & & & ( #°7 # YV —_ .3, # > !
& = # % S "1 & 7B "1 o0 T o+t
& #1 "1 & ! R N &
&! oyt g " 1ty #e 1 #
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1 g+l 1§ #0& # #" % ( ! c !
> ? #8& & ! #"& 1= #
P & # & ! #& & t#o#m !
& "H & # AR T T T YA ! -

[N B R & % # 1 g o+ )" & ( #& # 1 11
& & ) ) " ! ! & &!
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® For the EDF this value applies to the topsoil layer only. The CI-36 to stable chlorine ratios were lower in the
subsoil layers.
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® AquaCl36 and the IRSN model are the exceptions.
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/% % & D E
Model Type Model Topsoil concentration of CI-36 (Ba/kgary)
/ 87 /7
M ¢ 87B/ 7
87< / 7
3 B/ 7
12 <<9/ 7
) 7T /7
33 ¢ 7/ 7
& & & ( > 7:/7 7
1 33 77 7
&!
TR /.0%" 87< /7
;i ( 8: /7
8B 7/ 7
3 & = - 7T /7
-. . 3. 7B7/ 7

% A soil porosity of 0.5 and a soil density of 2650 kg m™ were used to convert the Cl-36 from Bq m>.

® A soil porosity of 0.4 and a soil density of 2650 kg m™ were used to convert the Cl-36 from Bq m>.

© A soil porosity of 0.45 and a soil density of 2600 kg m™ were used to convert the Cl-36 from Bq m>.

“ There is a difference between the crops because there is a different irrigation. This concentration are those in
the topsoil (55 10 m). The concentrations in the sub-soil layers are lower than those in the topsoil.

€ A soil porosity of 0.5 and a soil density of 1325 kg m” were used to convert the Cl-36 from Bq m”.
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5.1.2 PROBABILISTIC CALCULATIONS
Uncertainty analysis
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® EDF did not carry out stochastic calculations for the leafy

green vegetables.

® In other probabilistic assessments, best estimate calculated concentrations have been greater than the range

of the probabilistic calculations (Smith, 2008).
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% In the stochastic calculations, the concentration of Cl-36 in the root vegetables varied by a factor of 1700 in
the EDF model (based upon minimum and maximum predicted concentrations).

® This is only valid if AquaCl36 and the NDA RWMD model are excluded from the analysis in the cereals. If all
models are considered, the deterministic calculations varied by up to a factor of 126.

“ The crop concentrations from the deterministic calculations (black diamond’s) are shown for reference.
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® From this the irrigation rate was calculated (Figure 2-6).
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Sensitivity analysis
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® For Aquabios, this correlation has been inferred given a measured significant negative correlation between
precipitation and crop concentration of Cl-36 and the assumed negative relationship between precipitation
and irrigation (Figure 2-6)
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5.1.3 INTERACTION BETWEEN SORPTION AND CROPPING
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® This analysis is based on a limited subset of the probabilistic results from this model. As a consequence the
parameter space will not be as well covered as for the other three models.
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Concentration of CI-36 in cereal at harvest (Bq/kg fw.)
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5.2 IRRIGATION WATER SOURCE SCENARIO — COASTAL SITE
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5.21 DETERMINISTIC CALCULATIONS
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Concentration in crop at harvest (Bq/kg f.w.)
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Concentration of CI-36 in crop at harvest (Bg/kg f.w.)
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/7% % & / D E
Topsoil concentration of Cl- Ratio of t?p50|l Cl-36
Model Type Model 36 (Ba/kgan) concentration: coastal /
Q'K Gary. inland
87B / 7 89 / 7
/ S ¢ 8 M ¢ 8
7B/ 7 9 i/ 7
87<7/ 7 89 / 7
3 B/ 7 999/ 7
12 <<9/ 7 7 /Z
) 7 /7 B/ 7
33 7T /7 B:7/ 7
& & & ( ) 7</ 7 </ 7
33 7 /7 B:7/ 7
- 87< /2 87 /Z
&! o # N § 0 ( 8
"% /-0 / 7 7 /Z
§ <</ 7 8777/2
3 & = . 3- /27 7B:/Z

% A soil porosity of 0.5 and a soil density of 2650 kg m™ were used to convert the Cl-36 from Bq m>.
® A soil porosity of 0.4 and a soil density of 2600 kg m™ were used to convert the Cl-36 from Bq m>.
© A soil porosity of 0.45 and a soil density of 2600 kg m™ were used to convert the Cl-36 from Bq m>.
“ There is a difference between the crops because there is a different irrigation. This concentration are those in
the topsoil (55 10 m). The concentrations in the sub-soil layers are lower than those in the topsoil.
€ A soil porosity of 0.5 and a soil density of 1325 kg m” was used to convert the CI-36 from Bq m”.
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% In the stochastic calculations, the concentration of CI-36 in the cereal varied by a factor of 660 in AquaCl36

(based upon minimum and maximum predicted concentrations).

bt AquaCl36 and the NDA RWMD model are excluded from the analysis in the cereals, the deterministic

calculations varied by up to a factor of 7.
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5.3 NATURAL GROUNDWATER SOURCE SCENARIO
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5.31 INLAND SITE

3 +12  #-. .3 & # . ! 4+
& ( B:
I T # 0+ & =1 & ! #8
& & #& & & u> B 7 ) -
& 4 oyt ot g 4= & ( TR
- & & ! 1y = ' 3 4 0 #8
o<



BIOPROTA——

1 & & # & & (- # # - I &
>0 B <?
I & & & & & # (1 -. . 3- # BU!I 1 1 !
! & Lo Y I = # (! & & &

! >0 B B? = & + % ! B ( r —.

. 3. # &1 )" >& 0 B <?
/=2 ) D E+ % % & 317B 1) ,
Crop concentration of CI-36 after five years (Bq kg'1 f.w.)
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5.3.2 COASTAL SITE
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Model Type Model Root Vegetables Leafy Green Cereal
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5.3.3 EFFECT OF ALTERING RATE OF GROUNDWATER INFLOW
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Concentration in plant at harvest {Bq kg* fw.)
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/9 % & 4?2% @#?
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5.4 EFFECT OF ALTERING THE STABLE CHLORINE CONCENTRATION IN PLANTS
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Concentration of CI-36 in crop at harvest (Bq kg-1 fw.)
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6 CONCLUSIONS AND RECOMMENDATIONS

6.1 OVERVIEW OF THE IMPLICATIONS OF THE RESULTS OBTAINED USING DIFFERENT

MODELS
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® The exception to this is cereals, where the difference was up to three orders of magnitude. However, this can
be explained by not all of the models using crop specific parameters for the uptake of CI-36 and, if appropriate,

stable chlorine.
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6.2 SCIENTIFIC APPROACH TO CL-36 UPTAKE FROM SOILS TO CROPS
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® The one exception was leafy green vegetables at the coastal site within the irrigation scenario (Section 5.2,

Figure 5-19).
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6.2.2 UTILITY OF COMPLEX MODELS
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6.3 RECOMMENDATIONS FOR THE FUTURE
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