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User guide for dynamic assessment model

The data to be assembled will depend on whether the calculation is to be done
prospectively, based on predicted radionuclide concentrations in the environment
(calculated from assumed rates of discharge over an extended period of time) or
retrospectively, based on measured concentrations of radionuclides in the
environment.

The data required are:

« Concentrations of radionuclides in the dissolved phase (filtrate) of the water
column (Bq m™).

. Concentrations of the radionuclides in underwater sediment (Bq kg dry weight)
(although the model can predict these from dissolved phase concentrations using
default K4 values if so required).

Concentrations should be averaged temporally on a time scale of either days, months
or years.

Procedure for running an assessment
1) Double-click to open the spreadsheet Dynamic tool release version 1 _15.xls.
2) Upon presentation of the screen below click “enable macros™.

Microsoft Excel [‘5—(

The workbook you are opening contains macros.
Some macros may contain viruses that could be harmful to your computer.

If you are sure this workbook is from a trusted source, dick

‘Enable Macros'. If you are not sure and want to prevent
any macros from running, dick ‘Disable Macros'. Tell Me More |

v Always ask before opening workbooks with macros

Disable Macros Enable Macros I Do Mot Open |

3) On presentation of the screen below click “Proceed” to continue or “Quit” to exit
the program.

|¥Eo|F mar EE A AR

Al hd =
A dlife radiological impact assessme i

Dy

sele

BENEEENE

o
~ Produced by:

=

Westlakes Scientific Consulting

5
Y

Nuclear Decomissioning Authority (NDA)

=5
i p‘
|
.
t

A Project within the NDA R&D Program

[
&
|

Contract No.: 003577

Gl
1

Sl

=

=

~
=)

SRR ERE
EEEEIREEE

LAKE

SCIENTIFIC CONSULTIN

o
)

Quit ["Broceed i

w
S

Tim S Annu

w

o
3
@

g
o
mtl




4) You are now presented with an option to clear water and sediment activity data
from an earlier run to start a new one, or leave things as they are from a previous
run. The latter option is useful if you want to repeat an assessment after modifying
some of the assessment parameters, for example.

Clear old data?

\gf) Would you like to dear the water activity data from an ealier run?

Yes Mo |

5) Clicking “Yes” leads to the displaying of the main “Control worksheet™:

54
A B c D E F G H =
1 Dynamic Model for Ecosystem Risk Assessment (Prototype model) [
: e NDA_
3 el l l
4 STLAKES Environment
5 SCIENTIFIC CONSULTING seawater)
? Direct release Delayed release
8
o)
10 Fast uptake Slow uptake
11
12 ¥ by o
13
14 Fast phase e Slow phase
15
16
17
18
19
20
;; Badioactive decay Radioactive decay
23
24 Activity concentrations colour coding: Enter Data
25 T17a and T1 ob not known - conservative assesment using CF approach
26 T12a known but Ty ;b not known: Dynamic, two-compartment interchanze model used
27 T12b known but T; 2a not known: Dynamic, two-compartment interchange model used
28 T17a and T ob known: Dynamic, 3-compartment model with % retention option used
29 _ T; ;a3 and T} ob known: Dynamic, 3-compartment model with slope tuming point option used
30 .
K| Time step of the assessment:  Annual Exit Model
32
g3
M
14 4 » M} Control sheet / Phytophnkton / Zoophnkton { Macrophyte £ Winkle { Benthic molusc / Small benthic crustacean / Large benthic cru | 4 |
—

6) The next step is to set up the assessment. If you are happy to run with the default
parameters (stored in the worksheets titled “Habitat and RWFs” and “Biokinetic
data”):



%) Ele Edit Vew Incert Format Tools Dats Window DPlot Help -5 x|
BED MR e EEAEARR
7 —

A B G D E F G H 1 =
1 Habitat factors: Il
2 Type Bacteria F Z phyte Fish egg Winkle Benthic mollusc Small benthic crustacean Large benthic crusta:
3 fsediment 1.0E+00  0.0E+00 0.0E+00  1.0E+00 0.0E+00 0.0E+00  0.0E+00 0.0E+00 0.0E+00
4 fsedimentsurface 0.0E+00  0.0E+00 0.0E+00  0.0E+00 0.0E+00 1.0E+00  1.0E+00 1.0E+00 1.0E+00
jfwaier 0.0E+00  1.0E+00 1.0E+00__ 0.0E+00 1.0E+00 0.0E+00  0.0E+00 0.0E+00 0.0E+00
6
=
7 Radiation weighting factors:
8 Type RWF B C D E F G H | J K L M N T
Bl Cowicnerylbe s 0 00 1 [Biokinetic parameters |
10 Beta and photon  1.0E+00 2 Phytoplankton " wr 125 129 13 13cg Wy Wp,  up,  Mp, Mg
1; Alplte Z0E:01 3 Mkg) 6.55E-11 6.55E-11 6.85E-11 6.58E-11 B.56E-11 6.55E-11 G.S5E-11 6.85E-11 B.56E-11 6.55E-11
13 Volume of marine compartment: | * CF (m* kg') 625E-03 571E-01 571E01 5TIE-D1 200E-02 2.00E-02 281E+02 2.81E+02 281E+02 2.18E+02
1V m) 5 n(@h 8.99E-09 1.17E-02 121E-10 8.64E-02 9.19E-04 6.32E-05 217E-05 7.87E-08 1.32E-04 4.39E-06
15 110E+19 Set to default value 6 Tapa(@ 214E+00 157E+00 1.57E+00 167E+00 6.25E-01 6.25E-01 6.13E+00 6.13E+00 6.13E+00 1.00E+00
16 7 Tanb(@ 2.60E+01 2.60E+01 1.25E+01
17 Sensitivity parameter: 8 % retention 263E+01 2.63E+01 6.50E+01
18 f unitless) 9@ 1.35E+00 1.35E+00 6.00E-01
19 1.75 Set to default value 10
20 11 Zooplankton *7c bl 2 | s Wigs PEpy Bpy Mpy M
7 12 M(kg) 1.19E-04 1.19E-04 1.19E-04 1.19E-04 1.19E-04 1.19E-04 1.19E-04 1.19E-04 1.19E-04 1.19E-04
2 13 CF (m* ke’) 5.50E-02 3.00E+00 3.00E+00 3.00E+00 3.00E02 3.00E-02 550E-01 5.50E-01 550E-01 1.05E+00
23 14 2@ 8.99E-09 1.17E-02 121E-10 8.64E-02 9.19E-04 6.32E-05 217E-05 7.87E-08 1.32E-04 4.39E-06
A 15 Teina (@ 1.57E+00 1.57E+00 1.57E+00 2.55E+00 2.55E+00 5.00E-01
gg 16 Tarab(@) 134E+01 1.34E+01 340E+01
= 17 % retention 9.21E+01
18 t(@ 1.40E+01
28 =
gﬁ 20 Macrophyte *Te ) - ! Wes  Wigs  BEpy  Bhpy  Mipy  Uipgm
7 21 M(kg) 261E-01 261E01 261E-01 261E01 261E-01 261E-01 261E-01 261E-01 261E-01 261E-01
2 22 | CF (m* kg) 2.23E+01 147E+01 1.4TE+01 147E+01 5.40E-02 5.40E-02 3.04E+00 3.04E+00 3.04E+00 4.33E+00
33 23 @) 8.99E-09 1.17E-02 121E-10 B.64E-02 9.19E-04 632E-05 217E-05 TB7E-08 1.32E-04 439E-06
3 24| Tgpa (@ 1.50E+00 5.00E+00 5.00E+00 5.00E+00 5.40E+01 5.40E+01 1.00E+00
\:qi » [ M|{ Pelgic fish / Benthic fish / Unwei 25 Tanb (@ 1.28E+02 1:36E+02
26 % retention 5.50E+01
27 1@ 4.00E+00
28
29 Winkle *Te | - = MWes  Wigg  Bpy  Bpy  Mpy  Mipm
30 M (ke) 536E-03 5.36E-03 536E-03 5.36E-03 536E-03 5.36E-03 5.36E-03 5.36E-03 636E-03 536E-03
31 CF(m’kg™) 215E+00 1.60E-01 1.60E-01 160E-01 3.50E-02 3.80E-02 1.88E+00 1.88E+00 1.88E+00 7.25E-01
32 @) 8.99E-09 1.17E-02 121E-10 8.64E-02 9.19E-04 6.32E-05 217E-05 T.B7E-08 1.32E-04 439E-06
1€/ 4Ty [ W{ Peiagic fsn { Benthic fish { Unweihted doss graph { Weighted dose graph %, Biokinetic data ¢ Habitst and RWFs { DPUCs / 4]

Pamde

Then proceed to “Enter data”. If you wish to alter any of the default parameters
then go to the relevant worksheet, edit the parameters and then return to the
control sheet to proceed.

Important note: All worksheets except “Habitat and RWFs”, “Biokinetic data”,
“Seawater concs” and “Sediment concs” are write-protected to avoid accidental
alteration of the default databases and code settings by the user.

7) Clicking “Enter data” leads to the display of the user form for the time step. You
must now select the desired timescale for the radionuclide concentration input

data, along with start and end dates. Then click on “Next”.

'WSC EcoAssessment Tool - Page 1

L]

Select time steps and start and end dates
Time Step Options
" Daily Day Month Year
=] " Monthly ey Ei =l =l

® o] Edva= [ | =l =
2 Cancel




8) The seawater input data worksheet “Seawater concs” is now displayed:

B ' &

Time

A B
1 Water concentrations - Bq m™ dissolved phase
¢

£

125)

D

129

E

131

F G H J K L M N 0 P Q =

Run Model
'“Cs ZZ{EPU ZS!lPu MIPU H'AITI

13ee

02-Tan-1930
03-Jan-1930
04-Tan-1930
03-JTan-1930
06-Jan-1950
9 | 07-Jan-1950
10 | 08-Jan-1950
11| 09-Jan-1950
12 | 10-Jan-1950
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

|~

2
% 01-Jan-1650 [ 1

Water Activities

You must now enter the water activity concentration(s) in water for the time step(s) you have selected.
Please note the activity needs to be entered in units of Bg/m3.

Once you have entered all your data press 'Run Model' to continue

1« «» M Control sheet % Water concs{ Phytoplankton 4 Zooplankton / Macrophyte { Winkle / Benthic mollusc 4 Small benthic crustacean 4 L[« |

9) Click OK to continue and start entering data. Please note that the data should be

entered in the correct units of Bg m™. Press “Run model” when finished. If the

data entered are incomplete the user is presented with a series of options designed
to give the maximum flexibility for users and assessors:

9a) Leaving columns of data blank results in a prompt asking if you want them to
be set to zero. Clicking “No” results in the opportunity to enter more data.
Clicking “Yes” results in the data for that radionuclide being set to zero.

o) Kl EGIT View INSErT FOrmat 100IS UAT3  Window URIOT Hep

s VEaEE

A B C D E F G H | J K L M N

. 3 e
Water concentrations - Bq m™ dissolved phase Run Model
137c5 Z”PU ZBBPU 11 Pu ZdIAm

Time BB—I—C |25| IZBI |3|| l:hics

01-Jan-1950
02-Jan-1950
03-Jan-1930
04-Jan-1950
03-Jan-1930
06-Jan-1930
07-Jan-1930
10 | 08-Tan-1930
11 | 09-Jan-1950
17 | 10 Tan1050

w0 =~ o ;| w|r |

1LO0E+00
1LO0E+00
1LO0E+00
1LO0E+00
LODE+00
1LO0E+00
LODE+00
1LO0E+00
LODEH0
1 00 F--nn

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00.E+00
0.00E+00
0.00.E+00
0.00E+00
0.00E+00
00 B0

1LO0E+00
0.00E+00
0.00E+00
0.00E+00
LODE+00
0.00E+00
0.00.E+00
0.00E+00
0.00E+00
2 00 F--00

Microsoft Excel

N

‘fou have not entered any data for 1311
Do you wish to proceed with data set as zero?

Yes Mo




9b) Leaving gaps in the data again leaves the option to set them to zero.

14 VM Rl o @ E
A B C D E F G H J K L M M
- 3 g-
1 |Water co_centratlons -Bqg m™ dissolved phase Run Model
2 Time BB—I—C IZSI IZBI IBII Ilhtc5 ISTCS ZEBPU ZBBPU ZMPU ZdIAm

3 | 01-Jan-1950 1.00E+00 0.00E+H)0 1.00E+H00
4 | 02-Jan-1950 1.00E+H)0 0.00E+00

5 | 03-Jan-1950 1.00E+00 0.00E+00 Microsoft Excel

6 | 04-Jan-1950 1.00E+00 0.00E+00

7 | 05-Jan-1950 1.00E+00 0.00E+00 1.00E+00 ) Youhave gaps in your data for 1291
8 | 06-Tan-1950 1.00E+00 0.00E+00 5/ Do you want them st to zero?

9 | 07Jan-1950 1.00E+00 0.00E+H00

10 | 08-Jan-1950 1.00E+00 0.00E+00 fes Mo
11| 09-Jan-1950 1.00E+00 0.00E+00

12 | 10 Tan 1030 1 AN EH 000 FHN 7 00 B0

9c) If this is declined, another option appears to perform a linear interpolation of
the missing data, with the interpolated data being coloured in red.

A B E D E F G H | J K L M N
1 |Water co_centrations -Bq m~ dissolved phase Run Model
|37c5 Z”PU ZBBPU 1 Pu ZdlAm

2 | Time ®Ic ' i i I o

3 | 01-Jan-1950 1.00E+00 0.00E+00 1.00E+00 3.00E+00

4 | 02-Jan-1950 1.00E+00 0.00E+00 0.00E+00 3.00E+00 Microsoft Excel

5 | 03-Jan-1950 1.00E+00 0.00E+00 0.00E+00 3.00E+00

6 | 04-Jan-1950 1.00E+00 0.00E+00 0.00E+00 3.00E+00 9

7 | 05Jan-1950 1.00E+D0 0.00E+00 1.00E-+00 \"-T/ Would you like the model to interpolate the missing activity concentrations?

8 | 06-Jan-1950 1.00E+00 0.00E+)0 0.00E+H00
9 | 07-Jan-1950 1.00E+00 0.00E+00 0.00E+00 4.00E+00
10 | 08-Jan-1950 1.00E+00 0.00E+00 0.00E+00
11 | 09-Jan-1950 1.00E+00 0.00E+00 0.00E+00
12 1 10Tan-1950 1 00 F+00 0 00 F+00 200 F+00 5 00 F+00

Yes Mo

10) Sediment concentrations, which are needed for the calculation of external
exposure doses, should be entered next. Please note that the data should be entered

in the correct units of Bq kg™, dry weight. Sediment data entry is automatically

prompted once the seawater concentration worksheet has been completely filled.
Again there are a number of options:

10a) The sediment concentrations can be calculated from the default Ky values
available in the biokinetic database:

A B Cc D E F G H J K L i N

. 3 s
Water concentrations - Bq m™ dissolved phase Run Model
Time BB—I—C |25| lZBI |3|| l:htcs l:i?cs lepu ZBBPU 211 Pu u',ﬂu‘n

1

2

| 3 [ 01-Jan-1050 [1.00E-00]0.00E+00 100E+00 3.00E+00 0.00E+00 0.00E+0D 0.00E+00 0.00E+00 0.00E-00 0.00E+00
4 | 02-Jan-1950 1.00E+00 0.00.E+00 0.00E+00 3.00.E+00 0.00E m— 00E+00
5 | 037an-1950 1ODE+00 0.00E+00 0.00E+00 3.00E+00 0.00F it nylais 00.E+00
6 | 04Tan1950 1.00E+00 0.00E+00 0.00E+00 3.00E+00 0.00E;
7
8
0
1
2
3

05-Jan-1950 1.00E+0D 0.00E+00 100E+00 3.33E+00 0.00E \_‘.:/ D e e peamert JooE+00
06Jan-1950 100E+00 0.00E+00 0.00E+00 3.67E+00 0.00E

07-Jan-1950 100E+00 0.00E+00 0.00E+00 400E+00 0.00E
08Jan-1950 100E+00 0.00E+00 0.00E+00 433E+00 0.00E
00-7an-1950 100E+00 0.00E+00 0.00E+00 4.67E+00 0.00Elompmorermomomrrmmmremrmommmremmrrme—d 00.E+00
10-Jan-1050 1.00E+00 0.00E+00 200E+00 5.00.E+00 0.00E+00 0.00E+00 0.00E+00 0.00.E+00 0.00E+00 0.00.E+00

9
Yes Mo

1
1
1
1



10b) Alternatively, by clicking “no”, another option appears to enter an average
value for all years for each radionuclide. This is useful if there is a pre-existing
background of historical discharges present in the sediment, which is significant
compared with the temporary elevation in levels caused by the specific event that

you are trying to model.

A B C D E F G H | J K L M N

- 3 g
1 Water concentrations - Bq m™ dissolved phase Run Model
Time BB—I—C |25| IZBI |3|I l:htcs l:i?cs ZSBPU ZBBPU Zdlpu mAm

2

|3 [ 017an-1950 [LO0E-0010.00E-00 1.00E+00 3.00E+00 0.00E+00 0.00E+00 0.00.E+00 0.00E+00 0.00E-00 0.00E-00
02-Jan-1950 LODE-00 0.00E+00 0.00E+D0 3.00E-00
03-Jan-1950 1.ODE+00 0.00E+00 0.00E+D0 3.00E-00
04-Jan-1950 1.00.E+00 0.00E+00 0.00E+00 3.00E-+00 2 & _ _ -
05-Jan-1950 LODE00 0.00E+00 LODE+00 333500 of (\2) UNELE 0D IR e SR RS S TR EEE N
06-Jan-1950 1.0DE+D0 0.00E+00 0.00E+00 3.67E-00

07-Jan-1950 1.00.E+00 0.00E+00 0.00E+D0 4.00.E-+00
08-Jan-1950 1.00.E+00 0.00E+00 0.00E+00 433E+00
09-Tan-1950 1.0DE+D0 0.00E+00 0.00E+00 4.67E-00 Olormrrrrrymrommmor—pmromrmre—omrrrrom—mrmrmro—omoe
1N Tan 1050 1 ADFHAN N NNF+HON 200 F+HNN S AN FHNN A ONFHIN 00N F+HN0 000 FH00 0 00 F+-N0 000 F+HN 000 F+N

Sediment Activities

over the time range you have selected?

ol
Lo ||| ~|oy o |

10c) Selecting that option results in a process of entering the average data one

radionuclide at a time:

A B c D E F G H J K L M N

Sediment concentrations - Bq I{g'1 dry weight, bed sediment Fun Model
Time BB—I—C |25| 123| I3|I l:htcs 137c5 z”PU 235Pu ZMPU mﬂm an ez

01-Tan-1950] 5.00E+00
02-Tan-1930 ] EXN
03-Tan-1950]H
04-Tan-193 Please enter sediment activity for 1251

SEDIMENT ACTIVITY FOR 1251

03-Jan-193

ok |
06-Jan-193 Cancel
07-Jan-193
| 10 | 08-Jan-193
| 11 | 09-Tan-1930)K
2 | 10-Tan-1950]H
3

1

2
| 3 |
| 4|
| 5 |
| 6 |
7|
| 8 |
| 9 |

==

=

1

11)Once all the data entry is complete the assessment starts automatically. Upon
completion of the calculations after a few seconds to minutes (depending on the
number of time steps and the speed of the computer) the program returns to the
control worksheet.

12) You might have chosen not to “Enter data” from the control worksheet at step 7
(i.e. if you chose not to clear the data from an earlier run at step 4). In that case

you can rerun the assessment in two ways:

12a) From the worksheet “Water concs” press “Run assessment”, which will
perform a run with the activity concentrations in water as already found in that
worksheet. This will prompt the sediment calculation options as described in 10).
Typically you will want to do this if you want to see what is the effect of

increasing or decreasing the sediment concentrations is on external dose.



12b) Alternatively, the assessment can be rerun from the worksheet “Sediment
concs” if the user is satisfied with the sediment concentrations already present
and does not need to enter different values.

Extracting the data from an assessment

13) A worksheet of results is produced for each organism. This worksheet contains 7
tables: unweighted doses (total, internal and external exposure), weighted doses
(total, internal and external), and calculated activity concentrations in biota.

|2 a|F m o 7 EEA 22 ARR
A | B | ¢ | o | E | F | &6 | H | [ v [k [0 [ w [ 8 [ e [P [ & [ R
Unweighted doses (total), microGy h-1

Unweighted doses (internal), microGy h-1

Unweighted doses (external), microGy h-1

M’ Control sheet / Sediment concs £ Water concs % Phytoplankton Benthic mollusc
[

14) Organism concentration data in the relevant organism worksheets are colour-
coded according to what variant of the model has been used to calculate them, for

information to the user (colour codes are described in the control worksheet). An
example is shown below:



ISR =
A [ B [ ¢ [ o [ E T F T & [ H [T 0t T 9 | kK | L [ ™
|85 01011950 9.0E07 22E-05 13E-05 22E-04 B9E04 34E-04 T4E-07 3I0EDT 44E09 1TE05  15E-03
|86 02/01/1950 90E-07 22E-05 13E-06 22E-04 B9E-04 34E-04 T4E-07 30E-07 44E09 17E-05 15E-03
|87 | 03/01/1950 9.0E07 22E-05 13E05 22E04 B89E04 34E04 T4E07 3.0EO7 44E09 17E05 15E03
88| 04/011950 9.0E-07 22E05 13E05 22E-04 B89E-04 34E04 TAEOT 3IO0E-07 44E-09 1TE05 1.5E-03
89| 05/01/1950 90E-07 22E05 13E05 22E-04 B9E-04 34E04 T4EOT 3O0E-07 44E-09 17E-05 15E-03
|90 06/01/1950 9.0E-07 22E-05 13E05 22E04 B9E04 34E04 T4E07 3.0EO7 44E09 17E05 15E03
91| 07011950 9.0E-DF 22E05 13E05 22E-04 B89E-04 3I4E04 TAEOT IO0E07 44E-09 1TE05  1.5E-03
|92 08/01/1950 90E-07 22E-05 13E-06 22E-04 B89E-04 34E-04 T4E-07 30E-07 44E09 17E-05 15E-03
93| 09/011950 9.0E-D7 22E05 13E05 22E04 B9E-04 34EO04 TAEO7 3IO0ED7 44E09 1TE05  1.5E03
94| 10/01/1950 9.0E-07 22E05 13E05 22E-04 B89E-04 3I4E04 TAEOT 3IO0E07 44E-09 1TE05 1.5E-03

| 97 Activity concentrations, Bq kg-1 wet weight

oo
=]

01/01/1950 0.0E+00 0.0E+00
02/01/11950 0.0E+00 0.0E+00

=
]

|103| 03/01/1850 0.0E+00 0.0E+00 1.5E+00

1104 04/01/1950 0.0E+00 0.0E+00 1.6E+00

|105] 05/01/1950 0.0E+00 0.0E+00 1.6E+00

| 106/ 06/01/1850 0.0E+00 0.0E+00 1.7E+00

1107, 07/01/1950 0.0E+00 0.0E+00 1.7E+00

|108 08/01/1950 0.0E+00 0.0E+00 1.8E+00

|108] 09/01/1850 0.0E+00 0.0E+00 1.8E+00

1110, 10/01/1950 0.0E+00 0.0E+00 1.9E+00

111

1112

1113

1114

1115|

| 116

1117|

1118|

1119 =
\410'\4 » | M[3 Benthic mollusc { Srmall benthic crustacean { Large benthic crustacean { Pelagic fish / Benthic fish / Unweighted dose graph / Weigh |4 | x|l
Ready [ T [ [ o [

15) Additionally, two worksheets are provided which display graphs for total
unweighted and total weighted doses, as shown in the following example:

Weighted dose graph

= Phytoplankion Zooplankton = Macrophyte e WiNlE. —— Benthic mollusc

4.0E400 4 -—— Small benthic crustacean

Large benthic crustacean

Pelagic fish - Benthic fish

3.5E400

3.0E+00

2.56+00

2.0E400 -

1.5E400

Weighted dose {microGy h-1)

1.0E+00

5.0E-01 4

0.0E+00 %

Time

35500 35600 35700 35800 35900 36000 36100 36200 36300 36400]

16) Because the worksheets are write-protected it is not possible to edit or perform
calculations within them. The preferred method is to “select all” — “copy” —
“paste” the data from one worksheet into a separate workbook from whence the
usual editing can be performed.



Support

If you encounter any bugs or problems when using this model, please contact the
following address:

Dr. Jordi Vives i Batlle

Environmental Science

Westlakes Scientific Consulting Ltd.
The Princess Royal Building
Westlakes Science & Technology Park
Moor Row, Cumbria CA24 3LN (UK)

Email: jordi.vives@westlakes.ac.uk
Tel: 01946 514116 Fax: 01946 514091
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