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BACKGROUND

« A high-graded Ni-Cu-PGE deposit was found in 2011 occurring 300 m beneath the
Natura 2000 —protected Viiankiaapa mire (Brownscombe et al. 2015).

 The Viiankiaapa mire hosts habitats of threatened groundwater influenced plant species
such as Hamatocalis vernicusus, Hamatocaulis lapponicus, and Saxifraga hirculus.

« The study area in Sodankyla, in northern Finland, has been glaciated multiple times
during the Quaternary forming complex sedlmentary succession with low conductivity till
and highly variable sorted sediments, which hydraulic conductivity can be orders of
maghnitudes higher.

 Planning of mining operations in such environments needs a detailed understanding of
water balance, groundwater recharge/discharge and flow patterns.

 Main rivers in northern Finland have been regulated since the 1970s, and surrounding
environments are not in their natural stage. An understanding of how much the
environments have changed due to the regulation is needed.
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METHODS

« 3D groundwater flow modelling with MODFLOW-NWT (Niswonger et al. 2011)
Influence of the river regulation on groundwater recharge/discharge and flow patterns were
studied with two models presenting “present” settings (POST2014) and “pre-regulation”
settings (PRE1989)

The present distribution of groundwater influenced plant species were compared to modelled
groundwater discharge areas

« 2D flood modelling with HEC-RAS (Brunner 1995)

Coverages of 1966 and 1987 floods were modelled to study the effect of pre-regulation
flooding on the hydrology of the Viiankiaapa mire
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RIVER REGULATION AND FLOODING

Historical flood records

12
i0 kb @859
4741 @807 @o10
8 6325 dﬂﬁﬁ
E
2 sl
2 910
$ Regulation of Kemijoki 1966 # %922 9@9993
T oal Regulation of Kitinen 1971 981
Q@ Kemijoki @97
L @ Kitinen
%* Kemijoki uncertain
%* Kitinen uncertain
1 1 1 1 1 1
1750 1800 1850 1900 1950 2000
HELSINGIN YLIOPISTO

HELSINGFORS UNIVERSITET
UNIVERSITY OF HELSINKI

Regulation scheme of the River Kitinen
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3D GEOLOGICAL MODELLING

* Detailed geological 3D modelling was used as a base for the
hydrostratigraphic model used for groundwater flow modelling

. According to Aberg et al. (2021), hydrostratigraphically detailed
models are needed to simulated groundwater recharge/discharge
patterns in adequate detail if the high variation of hydraulic
conductivity is present
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FLOOD MODELLING
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3D GROUNDWATER &
FLOW MODELLING £

(a) Simulated groundwater table
contours of the pre-regulation model
(PRE1989)

* (b) Simulated groundwater table
contours of the post-regulation model
(POST2014)

* (c) The difference of groundwater
table between PRE1989 settings and
POST2014 settings

 (d) The difference of groundwater
discharge areas between PRE1989
settings and POST2014 settings
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THE EFFECT OF GROUNDWATER
TABLE CHANGE TO STUDIED
PLANT SPECIES

 (a) The difference of groundwater
table between PRE1989 settings
and POST2014 settings
compared to studied groundwater
Influenced plant species

* (b) Groundwater discharge areas
of the POST2014 settings
compared to studied groundwater
Influenced plant species
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GROUNDWATER INFLUENCED PLANT
SPECIES VS. GROUNDWATER TABLE CHANGE

Almost half of the studied |
groundwater influenced plant species
occurred in regulation-affected areas

The simulated groundwater discharge
areas covered half of the present
occurrences of groundwater
Influenced plant species

H. vernicusus might favour high water
table (Ulvinen and Sallantaus 2009)

Pre-regulation observations would be
needed for further conclusions
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CONCLUSIONS

~ « . The model results indicate that the western part of Viiankiaapa mire is influenced due to

the regulation of the River Kitinen by the hydroelectric power plants since the 1990s.

'+ The river stage rise reduced the hydraulic gradient towards the river, raising the

groundwater table in the river banks and western part of the Viiankiaapa mire.

- Annual water table variations decreased due to reduction of the flooding, and the
regulation created a more stable hydrological environment in the mire area.

- The stabilization of the hydrological environment, as well as the rising of the water table,

might have affected the distribution of habitats of vulnerable moss species.

- The mire might have become more favourable for Hamatocaulis vernicosus, which is

o~
~~{

resistant to flooding and a high water table.
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