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Electrical Resistivity Changes During Heating Experiments
Unravel Heterogeneous Thermal‐Hydrological‐Mechanical
Processes in Salt Formations
Hang Chen1 , Jiannan Wang1, Linqing Luo1, Shawn Otto2, Jon Davis2,
Kristopher L. Kuhlman3 , and Yuxin Wu1

1Lawrence Berkeley National Laboratory, Berkeley, CA, USA, 2Los Alamos National Laboratory, Los Alamos, NM, USA,
3Sandia National Laboratories, Albuquerque, NM, USA

Abstract Rock salt is considered a suitable medium for the permanent disposal of heat‐generating
radioactive waste due to its isolation properties. However, excavation damage and heating induce complex and
heterogeneous thermal‐hydrological‐mechanical (THM) processes across different zones. Quantifying this
heterogeneity is crucial for accurate long‐term performance assessment models, but traditional methods lack the
necessary resolution. This study employs 4D electrical resistivity tomography (ERT) monitoring during
controlled heating experiments in a salt formation to unravel the spatiotemporal dynamics of THM processes.
Advanced time‐lapse inversion and clustering analysis quantify subsurface properties and map the
heterogeneity of THM dynamics. The ERT results can estimate subsurface properties and delineate the damaged
and intact zones, enabling appropriate parameterization and representation of processes for long‐term modeling.
This approach may be used in further improving the predictive models and ensuring the safe long‐term disposal
of radioactive waste in rock salt.

Plain Language Summary Rock salt is great for the disposal of heat‐generating radioactive waste
because it prevents releasing harmful radiation into the environment. However, mining and heating can cause
complex changes in temperature, water flow, and pressure, affecting rock salt in various ways. It is important to
understand these changes accurately for planning how the disposal will affect the rock salt, but the traditional
ways of studying them are not detailed enough. In this study, we used a special technique called 4D ERT while
heating up the rock salt to see how these changes happen over time and space. We analyzed the data in advanced
ways to measure the underground properties and understand the complex changes. The information can improve
how we model and plan the disposal of heat‐generating waste. This new insight makes it easier to ensure that
storing heat‐generating radioactive waste in rock salt is safe for a long time.

1. Introduction
Nuclear power currently provides 11% of the world's electricity supply and is viewed as a critical baseload low‐
carbon energy source to help mitigate global climate change (Mathew, 2022). However, safe management of heat‐
generating radioactive waste remains a challenge for the widespread adoption of nuclear energy. If not properly
isolated, some components of heat‐generating radioactive waste can pose serious risks for thousands of years
(Schröder et al., 2016). Deep underground geological disposal has been internationally accepted as the preferred
method for long‐term nuclear waste disposal, including for heat‐generating radioactive waste (Birkholzer
et al., 2012). Rock salt formations are considered a candidate medium for the disposal of heat‐generating
radioactive waste due to key attributes such as extremely low permeability and porosity, high thermal conduc-
tivity, and the ability to heal fractures (K. L. Kuhlman & Malama, 2013; Sweet & McCreight, 1983).

Understanding rock salt behavior after excavation and subsequent heat‐generating radioactive waste heating is
crucial for modeling repository long‐term (104–106 years) safety (Hu et al., 2021; K. L. Kuhlman & Malama,
2013; K. L. Kuhlman et al., 2017). Long‐term performance assessment modeling relies on accurately representing
complex processes and initial condition parameterization (K. L. Kuhlman et al., 2017; Wang et al., 2023).
However, subsurface processes and properties become heterogeneous due to excavation damage (Blanco‐Martín
et al., 2018). Three distinct zones exist: the excavation damage zone (EDZ) where salt is damaged changing
properties/energy state, the excavation disturbed zone (EdZ) with altered mechanical properties but maintaining
integrity, and the relatively intact far‐field (K. Kuhlman et al., 2021; Tsang et al., 2005). Physical processes,
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especially thermal‐hydrological‐mechanical (THM) responses and modeling focus differ across zones (Blanco‐
Martín et al., 2018). Physical properties such as porosity and saturation may also vary. Accurately representing
variable EDZ, EdZ and far‐field dynamics is vital for long‐term modeling over million‐year timescales. While
lab‐scale tests have explored THM processes (e.g., Günther et al., 2015), field‐scale investigation of zone het-
erogeneity remains limited due to spatiotemporal resolution constraints in traditional experiments (e.g., Cosenza
et al., 1999).

Geophysical methods can provide valuable spatiotemporal subsurface information across scales from sub‐meter
to kilometers (Binley et al., 2015), enabling imaging of heterogeneous physical properties. Among these methods,
ERT, being sensitive to permeability, brine content, and rock temperature, shows promise for mapping THM
processes (Hayley et al., 2007; Yaramanci, 1994). While ERT has been applied to assess the safety of the rock salt
repository at the Asse salt mine (Kruschwitz & Yaramanci, 2004; Yaramanci, 2000), these studies primarily
focused on hydrologic processes and water‐induced mechanical processes due to the lack of thermal processes at
that field research site. At the Waste Isolation Pilot Plant (WIPP) (McTigue & Nowak, 1987), controlled heating
experiments were conducted in salt formations, including the Brine Availability Tests in Salt Phase 2 (BATS2)
experiments following the initial BATS test (K. Kuhlman et al., 2021, 2023; Wang et al., 2023). 4D ERT
monitoring was performed to study the spatial and temporal dynamics of the salt formations near the heat source
during BATS2. This experiment provides a unique opportunity to link resistivity properties to integrated THM
processes and properties in heated salt formations.

By combining ERT and controlled heating experiments in salt formations, this study aims to provide insights into
two questions: (a) Can the ERT tool provide sufficient spatial resolution to characterize subsurface properties,
thus aiding in the parameterization of initial conditions for long‐term monitoring? (b) Can spatial distributions
and temporal changes in resistivity provide insights into heterogeneous THM processes in rock salt formations
and thus improve the representation of physical processes in long‐term predictive models? In this study, we utilize
advanced time‐lapse inversion algorithms and time‐series clustering techniques, which may further enhance the
capability of ERT for safety assessments. The experiment setup and methods employed here can serve as a
framework to inform other deep geologic repository tests and can also be applied in future practical geologic
disposal monitoring efforts. To our knowledge, this is the first study to monitor heterogeneous THM processes in
rock salt formations during a controlled heating experiment at high spatiotemporal resolutions using electrical
resistivity data.

2. Experiments and Methods
2.1. Research Site

Following the first phase of the BATS experiment, another controlled heating experiment in salt formations called
the BATS2 experiments, was conducted at the WIPP underground facility in New Mexico. The WIPP repository
is located within the 600‐m‐thick Permian Salado Formation. The BATS2 experiment was carried out at a depth
of 650 m below the surface (Figure 1a). In preparation for the BATS experiments, core samples were collected
from the Salado Formation, which is part of the upper Permian formation of the Delaware basin (Horvorka, 1997).
Analysis of the core samples revealed that the cores consist primarily of crystalline halite, with minor amounts of
disseminated clay and polyhalite. Additionally, the cores were found to be highly fractured, mostly created during
coring, and exhibited mineralogical variations (Betters et al., 2020).

2.2. Experiment Setup

During the BATS2 experiment, a comprehensive monitoring and characterization plan was implemented,
including thermocouples, ERT, distributed fiber sensors, acoustic emission sensors, mechanical deformation
sensors, gas chemistry analysis, and brine sampling/quantification (e.g., Figures 1a and 1b). The experimental
plots were set up from the drift wall (Figure 1a) by drilling mostly horizontal boreholes, with a slight downward
slant, for the heater and other measurement instruments, as shown in Figure 1b. Only the ERT results will be
discussed here, and the schematic diagram of the relevant borehole layout is shown in Figure 1c. The central
heater borehole (red cylinder in Figure 1c) is surrounded by four parallel ERT boreholes. A 1250‐W quartz lamp
infrared heater with a diameter of 12 cm and a total length of 100 cm was installed in the heater borehole. Within
the heater borehole, four thermocouples (TC1 to TC4) were positioned at depths of 247, 281, 311, and 348 cm,
respectively, to monitor temperatures. The four 580‐cm‐long ERT boreholes (blue cylinders) are located
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approximately 75 cm from the heater borehole and drift wall. Each ERT borehole contains 16 copper‐ring
electrodes spaced approximately 30 cm apart and distributed from 120 to 580 cm depth. The electrodes were
controlled by an ERT data acquisition system from Multi‐Phase Technologies (MPT DAS‐1), located in a
circulation‐filtered enclosure within the drift to minimize corrosion effects from salt dust.

The first four heating phases during the BATS2 experiment are shown in Figure 2a. The first heating phase started
in late July 2022 and lasted for three weeks, maintaining a temperature of 60°C, followed by a 2‐week cooling
period. After the initial cooling phase, the second heating phase began, lasting 3 weeks with a temperature of
80°C, and then another 2‐week cooling period. Similarly, the third heating phase started after the second cooling
phase, maintaining a temperature of 100°C. The initial attempt of the fourth heating phase experienced a failure
shortly after the third cooling phase. The second attempt of the fourth heating phase eventually started at the
beginning of March 2023 and continued for three weeks at a temperature of 130°C.

2.3. Electrical Resistivity Tomography Data Process and Inversion

The ERT monitoring data was collected daily from March 2022 to October 2023, utilizing a four‐electrode setup
with two electrodes injecting current into the salt formation and two measuring the resulting electrical potential.
An optimized survey design following Wilkinson et al. (2006) achieved high resolution, spatial coverage, and
reduced acquisition time, resulting in 3,072 daily resistance measurements. Overall, BATS2 ERT data quality was
good, with stack errors mostly below 20 Ω and contact resistance below 3,000 Ω, allowing preliminary analysis of
raw resistance trends. Data filtering was necessary before inversion to eliminate outliers with unusually high or
low values and ensure reliable results.

Figure 1. Illustration of BATS2 experimental setup: (a) a simplified schematic diagram of the drift and horizontal boreholes
in the BATS2 experiment at Waste Isolation Pilot Plant, showing only the heater (red), electrical resistivity tomography
(ERT) (green) and fiber optic (orange) boreholes, (b) a photograph of the field borehole setup in the BATS2 experiment, and
(c) a schematic diagram of the ERT borehole setup and inversion setup in the BATS2 experiment (Z coordinate is horizontal,
parallel to boreholes). In panel (c), only ERT and heater boreholes discussed in this paper are presented.
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To obtain 3D resistivity models from measured resistance values, the data must be inverted. However,
geophysical inversion problems are often challenging due to their nonlinear, underdetermined, and non‐unique
nature. To address these complexities, we utilize regularization techniques, incorporating both spatial and tem-
poral smoothing into the inversion objective function (e.g., Kim et al., 2013; Loke et al., 2014). We employed the
forward operator from the open‐source code PyGIMLi (Rücker et al., 2017) and followed the Gauss‐Newton
method to iteratively determine the optimal resistivity model (e.g., Chen & Niu, 2022; Günther et al., 2006).
However, with a total of hundreds of ERT data sets, it is impractical to ensemble all the data simultaneously for
the inversion. For BATS2, we apply a novel windowed 4D inversion algorithm (Wilkinson et al., 2022) to invert
the data with spatial and temporal constraints. During the inversion process, data errors were estimated from
reciprocal measurements (Slater et al., 2000), with most error magnitudes ranging between 5% and 10%. For the
inversion regularization, using large constraints resulted in smoother models, whereas small constraints could
lead to overfitting and artifacts. We tested various regularization strengths and found that setting the spatial
regularization parameter to 10 and the temporal regularization parameter to 1,000 provided the most optimal and
reliable results for our study, as detailed in Text S1 in Supporting Information S1. The inversion process is also
highly dependent on the initial model. To address this, we propose a physics‐guided initial model specifically
designed for this theme, featuring trial initial models that adhere to the physical distribution of EDZ, EdZ, and the
far‐field area. The details of the inversion methods used in this research are available in Text S1 in Supporting
Information S1.

Figure 2. Time‐series of temperature and average resistance during the BATS2 experiment: (a) daily average temperature
data from four thermocouples along the heater and average resistance data from electrical resistivity tomography (ERT), with
asterisks indicating the days when ERT data measurements were taken, (b) the trend of low resistance data (<100 Ω) and
(c) the trend of high resistance data (≥100 Ω). Red shading represents heating periods.
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2.4. Time‐Series Clustering

Applying simple machine learning algorithms to temporal data sets can facilitate the classification of resistivity
models into zones that exhibit relatively consistent dynamics over time (Delforge et al., 2021; Watle et al., 2023).
The primary objective of clustering is to identify areas potentially affected by rock salt damage or other processes
of interest. For instance, THM processes vary across different rock salt regions due to distinct physical properties.
This variation leads to different resistivity changes during the heating and cooling phases and thus we can employ
clustering techniques to group areas with similar characteristics. In this study, our focus is primarily on data
trends. We normalize data variations using the Z‐score and then apply Cosine similarity with the K‐means al-
gorithm for clustering (Arthur & Vassilvitskii, 2007). Both Z‐score normalization and Cosine similarity are
designed to emphasize the trend rather than the magnitude of the data changes.

3. Results
3.1. Raw Data Trend

The measured temperature and resistance changes are illustrated in Figure 2. Figure 2a shows a plot of average
resistance changes with corresponding temperature changes. The resistance is not adjusted for temperature effects
because observing the direct impact of temperature on resistance is one aspect of understanding the THM pro-
cesses. This figure reveals a notable increase in average resistance during the initial phase, which then returns to
baseline levels before the beginning of the first heating phase. This is also observed in the BATS1 test (K.
Kuhlman et al., 2021). These initial changes in resistance can be attributed to brine drainage and rock disturbance
following excavation (K. L. Kuhlman & Malama, 2013), with resistance returning to baseline due to the re‐
establishment of brine equilibrium. Interestingly, during the heating phases, the average resistance first in-
creases and then decreases sharply immediately after heating, which is evident from the data immediately
following the second and fourth heating phases. This observation might seem counterintuitive since an increase in
temperature typically results in a decrease in resistivity in geomaterials (Hayley et al., 2007).

To investigate the counterintuitive changes, we conducted a detailed analysis of Figure 2a, categorizing the
resistance values into two groups: low resistance (<100 Ω) and high resistance (≥100 Ω). These groups are
illustrated in Figures 2b and 2c, respectively. During the heating phases, it was observed that the higher resistance
increased, whereas the lower resistance decreased. After heating, the trend reversed, with the higher resistance
values decreasing and the lower resistances increasing. This finding suggests that the thermal effects on resistivity
within the monitoring area are heterogeneous. To gain preliminary insights into these heterogeneous responses,
we plotted the electrode locations for both high and low resistances. An example of this is shown in Figure S1 in
Supporting Information S1. From the electrode locations, we observed that most of the low resistances were
measured by electrodes positioned across the heater (Figure S1a in Supporting Information S1), while most high
resistances were recorded by electrodes situated along the rock salt edges (Figure S1b in Supporting Informa-
tion S1). This observation may indicate that the heterogeneous processes occur in distinct areas, depending on
their distance to the heater excavation hole.

3.2. Baseline Resistivity Images

Following the ERT data process and inversion procedure as described, we inverted all the measured ERT data
using the advanced inversion algorithm. In this study, we focus more on discussing the inverted results from the
second heating phase because the ERT data was fully measured before, during, and after heating in this period,
while for the other heating phases, there were data gaps due to equipment failures or power outages. This
comprehensive data coverage allows us to gain a detailed understanding of the entire THM process during the
second heating phase.

We first show the resistivity distribution of the selected baseline (2022/08/30) before heating Phase 2. The overall
3D resistivity model at normal temperature (∼25°C) in Figure 3a indicates a central low‐resistivity zone sur-
rounded by a high‐resistivity area, except for the area near Z = − 4 to − 5 m (the back of the heater borehole).
Figure 3b shows the heterogeneous resistivity distribution along the borehole. Notably, a low‐resistivity zone
(e.g., Point 3: 36 Ω·m) is roughly distributed around − 0.5–0.5 m in the X direction and 0 to − 6 m in the Z di-
rection, which is likely caused by the drift excavation damage. Within this central low‐resistivity zone, an extra‐
low resistivity zone (e.g., Point 4: 11 Ω·m) is observed behind the heater borehole at Z > − 3.66 m. This could be
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attributed to the post‐excavation movement of brine into the damaged zone, driven by gravity and surrounded by
the lower porosity area. The surrounding areas are mostly high resistivity (e.g., Point 1: 4,329 Ω·m and Point 6:
1,247 Ω·m), revealing the relatively intact rock salt. The resistivity at the interface between the low and high
resistivity zones varies (e.g., Point 2: 2297 Ω·m and Point 5: 291 Ω·m). The cross‐sections in Figure S2 in
Supporting Information S1 show similar features as in the 3D perspective, and the low‐resistivity zone and
heterogeneity are larger when closer to the bottom of the heater drift. This indicates that drift excavation in-
troduces heterogeneous damage to the rock salt, which needs to be considered in long‐term safety modeling.

Long‐term THM modeling relies on the parametrization of initial conditions. Resistivity can be utilized to es-
timate the porosity and water content of the subsurface according to Archie's law (Archie, 1942):

ρ = ρwϕ
− mS− n = ρwθ

− mSm− n (1)

where ρw is the pore water (brine) resistivity, ϕ is the porosity, m is the porosity exponent, S is the degree of
saturation, n is the saturation exponent, and θ is the volumetric water content. Laboratory tests on rock salt
(Yaramanci, 1994, 2000) suggest ρw = 0.035 Ω·m, m = 1.9 and m–n ≈ 0. Using Equation 1, we can estimate the
subsurface's water content through resistivity values. For instance, in the low resistivity zone, Points 3 and 4 are
estimated to have water contents of 2.6% and 4.8%, respectively. In contrast, the selected points in the high
resistivity zone, Points 1 and 6, are estimated to have water contents of 0.2% and 0.4%, respectively. Meanwhile,
the selected interface points, Points 2 and 5, are estimated to have water contents of 0.3% and 0.9%, respectively.
These estimations reveal that the water content near the heater borehole is significantly higher, likely due to
excavation damage and brine migration, especially in the extra‐low resistivity zone (near Point 4) which is
surrounded by a high resistivity zone and could have a water content around 5%. However, the porosity around the

Figure 3. The inverted resistivity distribution from the selected baseline (2022/08/30) in heating Phase 2: (a) a 3D
perspective, (b) cross‐sections along heater borehole with the extent of heated borehole and heater and the locations of
selected points; the black and red rectangles are Heater borehole and the heater, and (c) the resistivity changes at the six
points shown in panel (b) during second heating phase; note that the lines with same trend is in the same color and line style,
one of them is faded to make figure clearer and detailed changes can be found in Figure S3 in Supporting Information S1.
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damaged zone could be very large (∼10%), indicating it is likely still unsaturated. From the center of the heater
borehole to its edge, the water content decreases significantly to around 0.2%, indicating a reduction of more than
two orders of magnitude. As demonstrated by tests on rock salt in Asse, North Germany (Yaramanci, 2000), the
porosity of undisturbed rock is approximately 0.1%–0.5%, suggesting that the high resistivity parts in this study
are almost saturated rock salt.

3.3. Temporal Resistivity Changes

The analysis of temporal resistivity changes reveals significant insights into the subsurface THM processes during
and after the heating phase. The temporal resistivity changes across Points 1 to 6 are illustrated in Figure 3c and
detailed in Figure S3 in Supporting Information S1. Most points (Points 2 to 5), within low resistivity or transition
zones, show a decreasing trend during heating, while the points (Points 1 and 6) at the edge exhibit a general
increasing trend during this period. These resistivity changes during heating are very consistent with the dis-
cussion of raw resistance presented in Figure 2. After heating, the resistivity changes become more complex.
Among the points whose resistivity decreases during heating, Points 3 and 5 show increasing trends after heating,
whereas Points 2 and 4 continue to show a decreasing trend. Similarly, Points 1 and 6 also exhibit a decreasing
trend after heating.

The resistivity changes highlight the heterogeneous THM processes occurring at different locations. Overall,
these changes can be categorized into three classes: Class 1 (e.g., Points 3 and 5), which shows a decrease in
resistivity during heating followed by an increase after heating; Class 2 (e.g., Points 2 and 4), which experiences a
decrease both during and after heating; and Class 3 (e.g., Points 1 and 6), where resistivity increases during
heating but decreases afterward. By applying time‐series clustering to the resistivity changes during the second
heating phase, we have mapped the spatial distribution of these three classes, as shown in Figure 4a, with the
corresponding normalized resistivity changes for each class presented in Figure 4b. By combining the locations of
different classes with features of resistivity change, we can infer the THM processes occurring in various areas.
For example, Class 1, encompassing most of the area near the heater, exhibits decreased resistivity during heating
as the increased temperature enhances the mobility of ions in brine. The varied decreasing trends in different
locations (e.g., Points 2 to 5) suggest that thermal gradients influence fluid mobility. After heating, as the tem-
perature effect disappears, resistivity tends to increase. Class 2, covering most of the area between the heater and

Figure 4. The time‐series clustering results: (a) the spatial distribution of classes with heater borehole and heated interval
indicated, and (b) the normalized resistivity changes in each cluster with its uncertainty (one standard deviation). Red
shading represents heating periods.
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the surrounding borders, shows a continuous decrease in resistivity after heating, likely due to mechanical
changes, for example, new fracture generation or extension of existing fractures, induced by thermal expansion,
which does not fully recover post‐heating. The mechanical changes are also evident in the fiber optic mea-
surement data, which show significant strain increasing near point 4 even after heating (Figure S5a in Supporting
Information S1). Class 3, mostly located in corner areas, presents an unusual increase in resistivity during heating.
Our explanation for this is that thermal expansion in the center part compresses the surroundings, where more
intact rock salt exists. This compression decreases porosity and permeability (Blankenship & Stickney, 1983).
Particularly in high resistivity zones, where original porosity is minimal, even a slight reduction in porosity can
cause a significant increase in resistivity, due to the high compressibility of fractures. After heating, as
compression diminishes, resistivity decreases rapidly. Interestingly, after heating, none of the classes return to
their baseline resistivity levels, remaining lower than the baseline, but the temperature returns to the pre‐heating
level. This could be due to increased permeability due to thermal contraction during cooling, facilitating brine
migration into the drifts (Tounsi et al., 2023), a phenomenon observed during BATS and other similar previous
experiments. The brine production rate data also support this brine migration as in Figure S6 and details in Text S2
in Supporting Information S1.

4. Discussion
This section discusses how 4D ERT results may improve long‐term performance assessment modeling, which
depends on the accurate representation of physical processes and the parameterization of initial conditions. Initial
condition parameterization often requires spatial information on porosity and moisture (Rutqvist, 2017), which
can be estimated from resistivity data through additional in situ experiments and laboratory tests. For instance,
moisture content has been estimated using Equation 1, and with in situ saturation tests, porosity can also be
inferred. All estimations in this work are based on the petrophysical model of rock salt from another site, and the
potential bias can be mitigated by further laboratory testing with samples from the BATS2 test.

The representation of physical processes, including coupled processes, boundary conditions, and spatial vari-
ability, varies in modeling, particularly between the damaged zone and the far‐field zone (e.g., Blanco‐Martín
et al., 2018). In the damaged zone, tight coupling is essential to accommodate the significant interactions between
processes and the complex boundary conditions reflecting the immediate impacts of excavation. In the far field,
simpler coupling mechanisms and boundary conditions may be adequate. Our time‐series clustering results can
help us infer the representation of physical processes in different areas. For example, Class 1 acts like a porous
medium with enhanced mobility of ions with increased temperature, indicating that Class 1 is where the salt is
fractured enough for porosity to be less compressible. Similarly, there are also fractures in Class 2, but post‐
heating resistivity decreases indicate that heating may induce more fractures here, suggesting that Class 2 is
an area where there are a few discrete fractures, perhaps not quite a porous medium. Class 3 is mostly affected by
the compressibility of fractures, suggesting that Class 3 is an area where fractures are sparse, porosity is very
compressible, and the region is mainly affected by mechanical changes.

Our results in Class 1 can also be further evaluated for consistency with the former findings in BATS1 (Wang
et al., 2023), where the monitoring systems covered a smaller area, mostly over the damaged zone. In BATS1, the
resistivity data only showed decreases during heating and increases after heating, which is the same feature
observed in Class 1. Moreover, the brine migration induced by thermal pressurization from hotter to colder areas,
as revealed by discrete element modeling in BATS1, is also evident in Class 1. For instance, although the
temperature difference between TC3 and TC4 reached up to 40°C, the resistivity decreases differed by only 5% in
these two areas. The temperature difference alone cannot explain the discrepancy in resistivity change (e.g., 2%
temperature coefficient from Hayley et al., 2007), and the concept of thermally‐driven brine migration can explain
the significant resistivity decrease in the colder area (TC4). Overall, we suggest that Classes 1 and 2, representing
the EDZ/EdZ, require a more complex representation of physical processes, while Class 3 can be considered as
the far field and assigned as intact rock during modeling.

5. Conclusions
This study highlights the capability of 4D ERT in unrevealing the complex THM processes within salt formations,
key for assessing the long‐term safety of nuclear waste repositories. The advanced inversion method and clus-
tering analysis can provide insightful resistivity dynamics in space and time for further analysis. By analyzing
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these dynamics of resistivity, we can estimate subsurface properties and identify areas with distinct THM be-
haviors. This information can improve long‐term performance assessment modeling, which relies on accurately
representing physical processes and initializing conditions. Overall, this work shows the potential ability of ERT
to improve subsurface modeling and safety assessment practices in nuclear waste management.

Data Availability Statement
The codes, ERT and temperature data are available at Chen and Wu (2024).
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