





7  CONCLUSIONS OF THE COMPARISON
BETWEEN HYTEC-2D AND M3

This exercise was in the beginning intended to represent a validation for M3, by comparing this
statistic approach with the standard hydrodynamic- geochemical coupled code HYTEC-2D. It
was realized that the codes complete each other and a better understanding of the geochemical

studied system is obtained.

Thus, M3 can relatively easily be used to calculate mixing portions and to identify the sinks or
the sources that may exist in a geochemical system. This can help to address the reactions in
the coupled code such as HYTEC-2D, to identify the system and to reduce the computation

time.

M3 shows the existence of the buffer around the reactor (sampling campaign 1993). No
transport of uranium is seen downstream the reactor (see figure 6.6). HYTEC-2D gives the
same result in the case when we consider the existence of the redox buffer (see figure 5.3) in

the model.

M3 shows an increase of the alkalinity in the reactor zone (see figure 6.3).
This is showed also by the HYTEC-2D predictions which show an increase of the pH in the

reactor zone, due to the existence of the buffer (see figure 5.2).

The HYTEC-2D and M3 modelling made for Bangombe indicated an existence of a chemical
buffer around the reactor which may hinder the uranium transport. M3 modelling traced the
effects from organic matter and iron reducing bacteria. This process was suggested to play an
important role in regulating the redox conditions around the reactor. Any changes on the
measured groundwater from sulphate reducing bacteria were not detected in the M3 modelling.
During the last field campain (Karsten Pedersen et al. March, 1998) the microbes were
sampled and identified in and around the reactor. Large amounts of iron reducing microbes,
organic matter but no sulphate reducing microbes were detected at the Bagombe site. New in
situ Eh measurements (D. Louvat personal communication 1998) indicated reducing conditions
in the reactor zone. An important process adding reducing capacities and hindering uranium
transport are therefore biogenic processes. The results from this field campaign support the

above modelling presented in this study.

The above examples show the compatibility of the two different approaches. The two
modelling approaches can be used to complete each other and to better understand the
processes that can take place in nature. Thus, we can build confident tools which can be used

for long term predictions of performance assessment.

28



8 ACKNOWLEDGEMENTS

This study has been supported and financed by the Swedish Nuclear and Waste
Management Company (SKB). The helpful discussions and suggestions from Fred
Karlsson (SKB), John Smellie (Conterra AB) and Virginia Oversby are acknowledged.
Cecilia Andersson (INTERA KB) helped with finalizing the document. Izabella Halberg
(Hallberg Translations) corrected the language.

REFERENCES

Bros, R., Gauthier-Lafaye, F., Samuel, J., Stille, P., (1993). Mineralogy and isotope
geochemistry of clays associated with reactors at Oklo (reactor 10) and Bangombe. In: Oklo
Working Group, Proc. of the third joint EC-CEA progress meeting, Bruxelles, 11-12 octobre

1993, p. 41-49.

Cordier, E., Goblet, P., (1996). Programme METIS: Simulation d'écoulement et de
transport miscible en milieu poreux et fracturé. Version 2.0. Notice d'emploi, CIG/EMP -

LHM/RD/96/08.

Goblet, P., (1981). Modélisation des transferts de masse et d'énergie en aquifére, 1981, Ecole
Nationale Supérieure des Mines de Paris - Université Pierre et Marie Curie.

Goblet, P., (1989). Programme METIS - Simulation d'ecoulement et de transport miscible en
milieu poreux et fracture. Notice de conception au 9 fevrier 1989. Rapport EMP/CIG,

LHM/RD/89/23.

Gurban, L., (1996). Caractérisation et modélisation de 1'écoulement et du transport de
matiére au voisinage des réacteurs nucléaires naturels d'Oklo, Gabon, Thése de doctorat,
Ecoles des Mines de Paris, Mémoires des Sciences de la Terre, Nr. 25, 194p.

Gurban, L., Ledoux, E., Made, B., Salignac, A.-L., Winberg, A., Smellie, J., Louvat, D.,
Toulhoat, P., (1996). Oklo, analogue naturel de stockage de déchets radioactifs (phase 1).
Volume 3. Caractérisation et modélisation des migrations a distance des zones de réaction
(sites d’Okélobondo et de Bangombé), Nuclear Science and Technology, Commision of the
European Communities, Rapport Final. EUR Rep. 16857/3 FR, 177p.

Laaksoharju, M., Skirman, C., Skirman, E., 1998. Multivariate Mixing and Mass balance
(M3) calculations, a new tool for decoding hydrogeochemical information. Submitted to

Applied Geochemistry.

Laaksoharju, M., Wallin, B. (eds), 1997. Evolution of the groundwater chemistry at the
Swedish Aspo Hardrock Laboratory site. Proceedings of the second Aspd international
geochemistry workshop. SKB International Cooperation Report 97-04, Stockholm, Sweden.

Made, B., Salignac, A.-L., (1998). Modelisation couplee chimie-transport de la zone de
reaction sur le site de Bangmbe (Oklo, Gabon). LHM/RD/98/4.

29



Nagy, B., (1993). Heterogenous composition and texture of the Oklo and Bangombe natural
fission reactors. In: Oklo Working Group, Proc. of the third joint EC-CEA progress meeting,
Bruxelles, 11-12 octobre 1993, p. 169-179.

Pedersen, K., Karlsson, F., (1995). Investigations of subterranean microorganisms. Their
importance for performance assessment of radioactive waste disposal. SKB report 95-10, p.

222.

Salignac, A.-L., (1997). Programme STELE 2: Rapport final, Notice conceptuelle et
d'utilisation du modéle HYTEC\ 2D, CIG/EMP - LHM/RD/97/12.

Salignac, A.-L., (1998). Etude du comportement des codes HYTEC sur des cas-tests
d'oxydo-réduction. CIG/EMP - LHM/RD/98/8.

Toulboat, P., Gallien, J.P., Louvat, D., Moulin, V., L'Henoret, P., Guerin, R., Ledoux,
E., Gurban, L., Smellie, J.A., Winberg, A., (1994). Preliminary studies of groundwater flow
and migration of uranium isotopes around the Oklo natural reactors. Fourth Inter. Conf. on
the Chemistry and Migration behaviour of Actinides and Fission Products, Charleston, USA,

p. 383-390.

Van der Lee, J., (1993). CHESS: another speciation and surface complexation computer
code, Manuel, CIG/EMP - LHM/RD/93/39.

Van der Lee, J., (1997). Modélisation du comportement géochimique et du transport des
radionucléides en présence de colloides, These, Ecole Nationale Supérieure des Mines de

Paris.

30



APPENDIX 1: data used

Table 1: List of data used for the present modelling including the chemical composition
and the calculated mixing portions.



1 Ref. date Alk Cl S04 Na K Ca Mg U Alk Cl SO4 Na

2 échantillon prélev. mole/l. mole/l. mole/l. mole/l. mole/l. mole/l. mole/l. mole/l. Deviation Deviation Deviation Deviation

3 BA120 Jun-91 2.18E-05 8.40E-06 5.50E-06 1.09E-05 3.60E-06 2.49E-06 1.60E-06 9.32E-09 -15E-05 1.8E-06 -1.6E-06 4.67E-07

4 BA121 Jun-91 4.96E-04 9.90E-06 4.50E-06 4.35E-05 1.46E-05 8.70E-06 1.52E-05 1.13E-09 0.000226 8.72E-07 -4.3E-06 -1.6E-05

5 BA122a Jun-91 1.60E-03 5.90E-06 1.47E-05 3.83E-04 256E-05 4.60E-04 1.83E-04 5.63E-08

6 BA122b Jun-91 1.68E-03 7.10E-06 1.51E-05 3.83E-04 260E-05 4.80E-04 1.88E-04 7.94E-08

1 BA142 Jun-91 1.64E-04 6.80E-06 1.34E-05 7.60E-05 7.20E-06 1.62E-05 2.10E-05 1.27E-08 1.6E-05 -24E-06 3.9E-06 4.08E-05

8 BA144 Jun-91 7.87E-04 1.02E-05 3.00E-05 1.60E-05 2.07E-05 1.37E-05 3.58E-05 2.33E-09 0.000578 -9.7E-06 9.16E-06 -4.1E-05

9 BA145 Jun-91 5.01E-04 9.30E-06 1.45E-05 2.80E-05 3.48E-05 1.37E-05 4.77E-05 8.85E-09 6.13E-05 -5.2E-06 4.24E-07 -7.1E-05
10 BA127 Mar-93 2.09E-04 8.74E-08 1.25E-05 1.78E-05 7.93E-06 225E-05 4.94E-05 4.62E-09 6.57E-05 -1.1E-06 2.27E-06 -1.7E-05
11 BAX01 Mar-93 2.51E-03 2.17E-05 1.35E-05 5.22E-04 5.37E-05 7.98E-04 2.10E-04 8.82E-08 0 0 0 0
12 BAX02 Mar-93 7.31E-04 4.23E-06 1.35E-05 3.48E-04 1.71E-05 8.98E-05 4.53E-05 1.76E-09 7.15E-05 -6.1E-06 4.91E-06 0.000209
13 BAX03 Mar-93 1.00E-03 1.30E-05 1.07E-05 5.22E-05 1.76E-05 9.98E-05 3.33E-04 1.34E-09 847E-05 2.5E-06 2.93E-06 -0.00014
14 BAX04 Mar-93 5.70E-04 8.74E-06 1.35E-05 3.65E-05 1.41E-05 4.74E-05 1.32E-04 4.62E-08 3.12E-05 -4.8E-07 56E-06 -7.7E-05
15 BAX05 Mar-93 1.08E-03 1.75E-05 1.25E-05 1.83E-04 2.56E-05 1.12E-04 1.60E-04 6.89E-08 5.290E-05 3.01E-06 8.43E-07 -3.4E-05

16 BAX03 Jul-94 4.41E-04 2.25E-06 2.03E-05 3.17E-05 1.13E-05 6.75E-05 248E-05 9.12E-09 0.00025 -8.2E-06 9.66E-06 -1.3E-05
17 BAX04 Jul-94 4.04E-04 366E-06 1,78E-05 1.35E-05 9.49E-06 3.53E-05 1.85E-04 1.11E-07

18 BAX06 Jul-94 8.47E-04 1.72E-05 1.06E-05 1.61E-05 6.92E-06 4.13E-05 1.37E-04 1.18E-09 0.00044 4.01E-06 -2.2E-06 -7.5E-05
19 BA122 Jul-94 6.96E-04 6.98E-06 6.98E-06 1.14E-04 1.41E-05 1.85E-04 1.67E-04 1.48E-08 -6.1E-05 2.63E-07 2.69E-06 -4.2E-05

20 BAX01 Sep-96 2.36E-03 1.69E-05 1.77E-05 2.39E-04 2.95E-05 4.08E-04 1.65E-04 1.13E-08 0.000947 -3.2E-06 1.5E-06 -6E-05
21 BAX02 Aug-96 5.74E-04 8.17E-06 2.29E-05 2.65E-04 1.41E-05 9.25E-05 5.00E-05 2.31E-10 0.000116 -7.1E-06 8.04E-06 0.000162
22 BAX03 Aug-96 4.44E-04 1.30E-05 2.29E-05 1.52E-05 8.21E-06 2.10E-05 7.29E-05 1.30E-08 0.000277 -2.9E-06 6.26E-06 -3E-056
23 BAX04 Sep-96 4.92E-04 2.68E-06 2.19E-05 1.48E-05 6.15E-06 2.50E-05 9.17E-05 1.41E-07 -6.1E-05 -3E-06 1.79E-05 -9.9E-05
24 BAX05 Sep-96 7.70E-04 1.35E-05 1.88E-05 1.35E-04 1.36E-05 4.75E-05 1.04E-04 2.18E-08 0.00026 -1.6E-06 4.38E-06 2.19E-05
25 BAX06 Sep-96 1.84E-04 7.61E-06 2.92E-06 1.87E-05 1.10E-05 4.25E-05 1.88E-04 1.00E-09 -0.00027 3.07E-06 -2.2E-07 -7.5E-05
26 rain 1.33E-05 1.00E-12 1.00E-12 1.00E-12 1.00E-12 1.00E-12 1.00E-12 1.00E-12 0 0 0 0
27 surface 6.30E-05 2.28E-05 246E-05 2.98E-05 1.58E-05 2.30E-05 2.60E-05 7.73E-09 0 0 0 0

Blue=referencewater
Red+blue = used values in M3 calculations



1 Réf. date
2 échantillon prélév.

K Ca Mg U
Deviation Deviation Deviation Deviation Rain
-1.11E-06 -7.01E-06 -6.6E-06 6.79E-09

3 BA120 Jun-91
4 BA121 Jun-91
5 BA122a Jun-91
6 BA122b Jun-91
1 BA142 Jun-91
8 BA144 Jun-91
9 BA145 Jun-91
10 BA127 Mar-93
11 BAX01 Mar-93
12 BAX02 Mar-93
13 BAX03 Mar-93
14 BAX04 Mar-93
15 BAX05 Mar-93
16 BAX03 Jul-94
17 BAX04 Jul-94
18 BAX06 Jul-94
19 BA122 Jul-94
20 BAX01 Sep-96
21 BAX02 Aug-96
22 BAX03 Aug-96
23 BAX04 Sep-96
24 BAX05 Sep-96
25 BAX06 Sep-96
26 rain
27 surface

4.6E-06

-1.01E-06
4 51E-06
1.85E-05

-6.34E-07

0
1.19E-07

-3.55E-06

-2.66E-07
5.69E-08
1.62E-06

-7.98E-06
-2.07E-06
-5.83E-06
-3.01E-06
-4 67E-06
-6.08E-06
-4.18E-06
1.01E-06
0

0

-7.56E-05

-2.94E-05
-5.47E-05
-0.000126
-2.19E-05
0
-0.000118
-0.000189
-0.000122
-0.000214
7.91E-06

-8.77E-05
-5.29E-05
-4 18E-05
-5.33E-05
-3.28E-05
-0.000148
-0.000115
-9.95E-05

0

0

-1.3E-05

1.8E-06
1.59E-06
1.28E-06
2.99E-05
0
-1.36E-05
0.000255
8.33E-05
6.92E-05
1.18E-06

9.43E-05
0.000104
3.96E-05
1.41E-06
4.58E-05
4.54E-05
517E-05
0.00015
0

0

-9.76E-09

5.79E-09
-9.44E-09
-9.1E-09
-2.31E-09
0
-2.23E-08
-3.12E-08
2.64E-08
3.16E-08
4.69E-10

-1.53E-08
-1.16E-08
-4 03E-08
-1.85E-08
3.68E-09
1.22E-07
1.39E-09
-1.49E-08
0

0

71%
60%

59%
12%
36%
56%

0%
54%
52%
59%
35%
54%

41%
69%
9%
32%
30%
74%
33%
79%
100%
0%

Bax01
0%
10%

5%
6%
16%
4%
100%
25%
36%
21%
40%
6%

15%
30%
55%
17%

5%
22%
19%
18%

0%

0%

Mixing portions from M3

intermediate
29%
30%

36%
81%
48%
39%

0%
21%
12%
21%
25%
40%

44%
1%
35%
51%
65%
4%
48%
3%
0%
100%
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