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SUMMARY

The paper presents the results of modeling possible trends in the influence of future climate
changes on the safety of a geological repository of radioactive waste for the case of its
placement in the crystalline rocks of the Chornobyl Exclusion Zone.

Assessment of the potential impact of future climate changes on the safety of a DGR is one of
the mandatory components of the its safety case. The climate changes within ChEZ territory
can led to the formation glacial lakes, the manifestation of glacial dislocations, catastrophic
floods and the formation of glacial erosion.

A two-dimensional finite-difference filtration-transport model was used to perform climate
impact investigations. The model simulates a vertical section of a typical geological section
of the ChEZ. The results of separate model calculations are an estimate of the time of
movement of the pollutant from the repository to the groundwater discharge zones and the
pollutant concentration in those zones.

A set of modeling scenarios included the studying of such phenomena impact as: temperate
climate, desert, glacier cover, near-glacial lake, permafrost, regional flow changes. A separate
scenario is described by changing one of the model parameters (with the rest unchanged).
The scenario consists of several calculations and allows to assess the impact of changing the
model parameters on the time and intensity of pollutant transport.

On the base of simulation results were drawn the following conclusions.

Climate changes will lead to the emergence of certain phenomena and processes at the
repository site that will affect the safety of the geological repository. The safety of the DGR
in crystalline rocks of the ChEZ will be positively affected by: decrease in the annual amount
of precipitation; formation of a surface lake on the repository site. The following will have a
negative impact on the repository safety: the advance of the glacier with the passage of its
marginal part through the repository site, or the formation of a glacial dam next to the site,
which holds the glacial lake; formation of mosaic permafrost; an increase in the regional flow
of groundwater through the zone of repository placement.

The obtained results will be used in the future for development of site selection criteria and
development of safety case for DGR in crystalline rocks of the ChEZ.
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Introduction

The works (Shestopalov, Shybetskyi, 2020, 2018) showed the high potential of crystalline rocks of the
Chornobyl Exclusion Zone (ChEZ) for the geological disposal of spent nuclear fuel (SNF) of the
Ukrainian NPP and high-level radioactive waste. Assessment of the potential impact of future climate
changes on the safety of a deep geological repository (DGR) is one of the mandatory components of
the its safety case. For example, for the Forsmark site in Sweden (where it is planned to dispose of
spent nuclear fuel in similar geological conditions), climate change will lead to the regression-
transgression of the sea, to the formation of permafrost, and to the advance and melting of the glacier
(SKB, 2022, 2008). In general, the following concomitant phenomena important for DGR safety may
be observed:

- growth of hydrostatic pressure and stress of host rocks during the advance of the ice sheet;

- change in the structure of groundwater flows due to the formation of permafrost;

- changes in the permeability of host rocks and the intensity of groundwater flows due to changes in
hydrostatic pressure and stresses, the development of permafrost, as well as the activation of fault
zones.

For the Ukrainian shield, it has also been found that climatic changes in the past led to the formation
of glacial lakes, the manifestation of glacial dislocations, catastrophic floods and the formation of
glacial erosion (Pazynych, 2007). The purpose of this paper is a preliminary model study of the
impact of potential climate changes and the processes they can cause on the time and intensity of
radionuclide migration during the geological disposal of radioactive waste within the prospective
areas of the ChEZ.

Method

A previously developed two-dimensional finite-difference filtration-transport model (IAEA, 2013)
was used to perform climate impact simulations. The model was developed using the groundwater
(GW) flow simulation system PMWin 5.1 (Ciang, Kinzelbach, 2001). The model (Fig. 1) simulates a
vertical section of a typical geological section of the ChEZ with a depth of 1500 m and a length of 5
km. The vertical section of the geological environment is diagrammed with 9 rows (layers) of
rectangular blocks, which have a horizontal length of 50 m and different vertical dimensions - the
thickness of the layers (see Table 1). Each layer consists of 100 blocks (900 blocks in the entire
simulated section). The DGR is located on the left border of the model profile in the depth interval of
800-1000 m. On the right border of the upper layer of the model, groundwater is discharged into the
river. A detailed description of the model and preliminary results of its application are given in
(Shestopalov, Shybetskyi, 2018, IAEA, 2013).

Table 1 Geometric and transport parameters of the model

L&:ﬂye Depth, [m] Igo[rll:;g“élg’] Porosity, [m] Model’s layer description
1 0-90 5 0.15 Aquifer I: Quaternary and Paleogene
2 90-120 0.02 0.01 Aquitard I: Paleogene marls
3 120-200 1 0.1 Aquifer II: Cretaceous and Jurassic
4 200-230 0.005 0.01 Aquitard II: Jurassic clays and weathering crystalline
5 230-500 0.05 0.005 Upper fractured zone of crystalline rocks
6 500-800 0.001 0.002 Host crystalline rocks
7 800-1000 0.0005 0.002 A layer of crystalline rocks where the DGR is located
8 1000-1200 0.0005 0.002 Host crystalline rocks
9 1200-1500 0.0005 0.002 Crystalline rocks, boundary layer of the model
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The results of separate model calculations are an estimate of the time of movement of the pollutant
(radionuclide) from the repository to the groundwater discharge zones (well, river) and the
concentration of the pollutant (radionuclide) in the discharge zones.
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Figure 1 Schematic representation of the model

Based on the work (Shybetskyi ea., 2021) and an in-depth analysis of phenomena accompanying
climate changes (mainly cooling), a number of modeling scenarios were determined (Table 2). A
separate scenario is described by changing one of the model parameters (with the rest unchanged).
The scenario consists of several calculations and allows us to assess the impact of changing the model
parameters on the time and intensity of pollutant transport. That is, the influence of a certain process
or phenomenon on the safety of a geological repository. It is obvious that the increase in the time and
the decrease of pollutant concentration indicate a positive effect of the phenomenon on the DGR
safety, and vice versa - an decrease of time and increase of concentration indicate a negative effect.

Table 2 Modeling scenarios

Scenario Phenomena and processes Variable parameter for simulation
This scenario is a benchmark for studying the trends in the
Basic Modern climatic conditions and the current state of impact on .the DGR sa.fety of the other scenarios.
(temperate the ecological environment For the scenario, infiltration is 100 mm per year. GW head: on
climate) geolog the left edge of the model - 0 m, on the right (river) - -3 m. The

values of the remaining parameters are given in Table 1.

Arctic desert,
classic desert

Cooling/warming, accompanied by a decrease in the
amount of precipitation

Infiltration was gradually reduced from 100 to 20 mm per year

Glacier, near-
glacial lake

The advance of a glacier on a DGR site or a

formation near the site of a glacial lake dam,

accompanied by an increase in the hydraulic
gradient

The GW head on the left edge of the model profile is increased
step by step from 0 to +30 m

The formation of mosaic permafrost on the DGR

A zero value of the K is set for 50, 75 and 85% of the blocks

Permaffost site, which causes a change in the GW flow lines of the first layer of the model.
Flooding A glacial lake forms on the DGR site, which leads to| The difference in GW heads on the model profile edges was
a decrease in the hydraulic gradient reduced from 3 m (baseline scenario) to 0.03 m
The effect of mechanical loads from the glacier on | The porosity and conductivity of the upper layer of crystalline
Fracturing the host rocks, which can cause the growth of rocks have been increased by one order of magnitude

fracturing and the activation of fault zones

compared to the base scenario

Regional flow
changes

An increase in the horizontal flow through all model
layers as a result of precipitation increase, or the
formation of additional GW recharge zones

The magnitude of the flow in the layers of the model is
increased by 2, 10 and 100 times compared to the base
scenario
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Results

The analysis of the simulation results revealed the following trends in changes in the time and
intensity of the pollutant migration to the main discharge zone - to the river:

- decrease in the infiltration within the DGR site leads to an increase in the pollutant migration
time and a decrease in its concentration (Fig. 2);

- the growth of the hydraulic gradient on the profile of the model leads to a decrease in the
pollutant migration time and an increase in its concentration (Fig. 3);
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Figure 2 Influence of infiltration changes on Figure 3 Effect of hydraulic head changes on
pollutant transport pollutant transport

- the formation of mosaic permafrost with an increase in the area of its distribution up to 50...85%
leads to minor (+ 10 thousand years) changes in the radionuclides migration time to the discharge
zone and an increase in the relative concentration by approximately an order of magnitude;

- as a result of the formation of a surface lake at the DGR site, the migration of radionuclides will
significantly slow down with an increase in the relative concentration in the discharge zone;

- as a result of the increase in the conductivity of the upper, fractured layer of crystalline rocks (due
to the increase in mechanical loads on the rocks from the advancing glacier), there will be a
simultaneous slight increase in the migration time and a decrease in the relative concentration of
radionuclides in the discharge zone;

- as aresult of the increase in the regional flow of groundwater through the DGR site cross-section,
there is a simultaneous decrease in the migration time of radionuclides and an increase in their
relative concentration (Fig. 4).
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Figure 4 The influence of changes in the regional flow on pollutant transport
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Conclusions

Climate changes will lead to the emergence of certain phenomena and processes at the repository site that
will affect the safety of the geological repository.

The safety of the deep geological repository in crystalline rocks of the Chomobyl Exclusion Zone will be
positively affected by:

- decrease in the annual amount of precipitation due to the formation of periglacial conditions
(glacier advance) or due to the formation of classic arid conditions;
- formation of a surface lake on the repository site.

The following will have a negative impact on the repository safety:

- the advance of the glacier with the passage of its marginal part through the repository site, or the
formation of a glacial dam next to the site, which holds the glacial lake;

- formation of mosaic permafrost;

- an increase in the regional flow of groundwater through the zone of repository placement.

Increasing the conductivity of the upper, fractured layer of crystalline rocks will practically not affect the
repository safety.

The obtained results will be used in the development of site selection criteria and development of safety case
for geological disposal of radioactive waste in crystalline rocks of the Chornobyl Exclusion Zone.
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