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Tank test results for the low-resistivity body model with varying buried depths. (a) Inversion results for &, =0.03 m, i, =0
=0.03 m, h,=0.03 m; (c) Corrected inversion results for htop =0.03 m, 2, =0.03 m; (d) Inversion
=0.12 m, i, =0 m; (e) Uncorrected inversion results for /1, =0.12 m, . =0.03 m; (f) Corrected inversion results for A, =0.12
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Tank test results for the high-resistivity body model with varying buried depths. (a) Inversion results for i, =0.03 m, h, =0
=0.03m, i, =0.03 m; (c) Corrected inversion results for h‘op =0.03 m, A, =0.03 m; (d) Inversion

results for i, =0.12 m, h, =0 m; (e) Uncorrected inversion results for /2, =0.12 m, h, =0.03 m; (f) Corrected inversion results for &, =0.12

m, h,=0.03 m; (g) Inversion results for , =0.21 m, h, =0 m; (h) Uncorrected inversion results for h,, =0.21 m, h, =0.03 m; (i) Corrected

inversion results for 4,

anomaly’s extent is larger than the actual size of the low-
resistivity body, as shown in Fig. 6(d). At h, =0.03 m
(see Fig. 6(e)), the anomaly’s basic characteristics are

=0.21'm, h,=0.03 m

techniques,

similar to those observed in Fig. 6(b); therefore, further
elaboration is omitted. After the application of correction
the low-resistivity anomaly narrows to a
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range of 0.76-1.00 m, with a burial depth of 0. 05-0. 20
m and resistivity values of 15.5-18.5 Q - m. The shape
remains irregular but corresponds to some degree with the
actual position of the low-resistivity body. Notably, the
extent of the low-resistivity anomaly is larger than that at
h. =0 m (see Fig. 6(f).

At hmp =0.21 m, in the absence of a hardened layer,
the low-resistivity anomaly appears between 0. 66 and
1.06 m. The burial depth of the anomaly exceeds 0. 18
m, with resistivity values ranging from 10 to 16 Q - m,
aligning well with the actual position. However, owing
to the volume effect, the extent of the anomaly is signifi-
cantly larger than the actual body, as seen in Fig. 6(g).
With a 0. 03 m-thick hardened layer, the inversion map
exhibits a three-layer structure: a high-resistivity surface
layer (750 Q - m), an intermediate low-resistivity layer
(10-100 © - m), and a deep high-resistivity layer (250-
400 Q - m). The low-resistivity anomaly occurs between
0.64 and 1. 10 m. However, accurately correlating the
position, size, and shape of the low-resistivity anomaly
with the actual body is not feasible, as shown in Fig. 6
(h). Upon the application of correction techniques, a rel-
atively low-resistivity region emerges between 0. 82 and
1.20 m, with a burial depth of 0. 10-0.23 m. The resis-
tivity values within this region range from 16 to 24 () -
m, forming an olive-shaped pattern. Notably, the central
position of the anomaly is shallower than the actual posi-
tion of the low-resistivity body, and the extent of the
low-resistivity anomaly is larger than the actual size of the
low-resistivity body, as illustrated in Fig. 6(1).

3.3.2 High-resistivity body model

For high-resistivity bodies, when hmp is set to 0.03 m,
the position, size, and shape of the high-resistivity body
cannot be determined from the uncorrected direct inver-
sion results (see Fig. 7(b)). However, after the applica-
tion of the correction techniques, the high-resistivity
anomaly is observed between 0. 82 and 0. 92 m. The
anomaly has a burial depth ranging from 0.02 to 0. 15 m
and exhibits resistivity values between 46 and 70 () - m.
The anomaly exhibits a teardrop shape closely correspond-
ing to the actual position, shape, and size of the high-re-
sistivity body (see Fig. 7(c)).

At h,, =0.12 m, the uncorrected resistivity inversion
map reveals a three-layer structure: a high-resistivity lay-
er at the surface with resistivity values exceeding 250 () -
m, an intermediate layer with resistivity values of 220-
420 ) -+ m, and a relatively high-resistivity layer at the
bottom with resistivity values of ~600 () - m. The actual
position of the high-resistivity body aligns with the region
of relatively high resistivity within the intermediate layer.
However, the size and shape of the high-resistivity body
cannot be accurately determined, and its existence cannot
be discerned from the inversion map (see Fig. 7(e)).
After correction, the high-resistivity anomaly is observed

to extend horizontally between 0.74 and 0. 90 m, with a
burial depth ranging from 0.09 to 0.21 m. The resistivity
values fall between 40 and 50 ) - m, and the anomaly
exhibits a teardrop shape. The shape corresponds well
with the actual position and shape of the high-resistivity
body, although the extent of the high-resistivity anomaly
is larger than the actual size of the high-resistivity body
(see Fig. 7(f)).

At h,, =0.21 m, the corrected inversion results also
effectively pinpoint the location of the high-resistivity
body. However, when /h_reaches 0.06 m, even after cor-
rection, a low-resistivity cylinder with a diameter of 0. 06
m becomes completely undetectable. Similarly, the
anomaly caused by a high-resistivity cylinder of the same
size is relatively weak, making it challenging to deter-
mine the existence of the high-resistivity anomaly.

In the inversion results of high-resistivity models,
when A exceeds 0. 12 m (corresponding to Figs. 7(f)
and (1)), the corrected inversion outcomes show uneven
resistivity distribution around the high-resistivity anoma-
ly. This unevenness is attributed to a decline in the sig-
nal-to-noise ratio due to an increase in burial depth.

According to the abovementioned experimental results,
the exploration effectiveness of the ERT method under
hardened ground conditions correlates with the ratio of
electrode spacing to hardened layer thickness or the ratio
of detection depth to hardened layer thickness. When the
ratio of hardened layer thickness to electrode spacing is
not greater than 1, different buried anomalies are reflected
to varying degrees in the results obtained from the direct
inversion of ERT data. After the application of correction
using the ratio method,
depths become identifiable, although with a somewhat
expanded anomaly range compared with conditions with-
out a hardened layer. However, when the ratio of harden-
ed layer thickness to electrode spacing reaches 2 or high-
er, discerning anomalies becomes challenging, regardless
of the application of correction or not.

anomalies at different burial

4 Field Survey Example

4.1 Location and geological conditions of the study
area

The study area is located at the convergence of the hilly
terrain in southern Anhui and the flat marshland plains in
the middle and lower reaches of the Yangtze River. Bor-
dered by hills on three sides, the area features rivers me-
andering through the marshland, creating a relatively lev-
el landscape. Typically, the ground elevation in the
marshland varies from 12.0 to 16. 0 m, with dike crests
ranging from 17.0 to 20.7 m and dike heights between 3
and 6 m. A network of channels and ditches intersects the
marshland.

The study area’s stratigraphy falls within the Guichi
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stratigraphic subarea of the Yangtze River coastal zone.
The overlying strata comprise loose alluvial and diluvial
deposits. Toward the surface, there is a prevalence of re-
cently deposited clayey soil, silty soil, and occasionally
silty-sandy soil. In the middle, there are layers of alluvial
and diluvial sand and gravel, while the lower portion con-
sists of residual deposits. The underlying bedrock is cre-
taceous siltstone and other bedrock formations. The intri-
cate network of canals and ditches often leads to localized
thinning or absence of the upper strata, exposing the sand
and gravel layers directly in ponds. The soil composition
within the study area predominantly comprises medium-to
heavy-silty loam, heavy-silty loam,
sand and gravel with clay, and distinct layers of sand and
gravel, with residual deposits underlying them. Siltstone
forms the bedrock at the bottom. According to engineer-
ing geological characteristics, especially soil permeabili-
ty, the soil layers can be divided into two major catego-
ries: sandy soils, encompassing sandy loam, sand and
gravel with clay, and pure sand and gravel layers, char-
acterized by moderate to strong permeability; and clayey
soils, including silty loam and silty soils, which exhibit
weak to slightly permeable characteristics.

clay with gravel,

The predominant groundwater type in the site is pore-
confined water. The primary aquifer comprises sand and
gravel interspersed with clay, lying beneath a layer of
clayey soil(acting as a relative aquitard). Typically, the
aquifer thickness ranges from 5.0 to 8.0 m, characterized
by abundant water content. Portions of this sand and
gravel layer are exposed within the river channel owing to
deep riverbed incision. The groundwater level fluctuates
in tandem with variations in river water level. During the
dry season, groundwater levels slightly surpass those of
the river, leading to discharge into the river. During the
flood season,
groundwater, replenishing it from the river. Throughout
the study period, the stable groundwater level in the ex-
ploration holes ranged from approximately 13. 06 to
12.46 m, while the Huangpen River’s water level aver-
aged 12.74 m. This indicates a minor disparity between

the river water level exceeds that of the

the river and groundwater levels.
4.2 Data acquisition

During on-site data collection, if the grounding resist-
ance exceeds 2 000 (), salt water is applied to the elec-
trodes to enhance grounding conditions. In areas featuring
cement pavement or exposed bedrock, electrodes are in-
serted into the RH-1 electrode coupling device', which
is then filled with concentrated salt water. The measure-
ment point is subsequently covered with a mixture of con-
centrated salt water and mud, ensuring thorough contact
with the pavement. The coupling device is placed atop
the measurement point and moistened with salt water
again. Measurements are conducted at least twice, with

a maximum repeat error of 2% controlled. Throughout
the detection process, grounding resistance typically ran-
ges from 200 to 800 ) when electrodes are embedded
into the soil. When a grounding can is applied to the
soil, the grounding resistance typically falls between 200
and 1 000 Q. Conversely, when a grounding can is
placed on the hardened pavement, the grounding resist-
ance usually ranges from 1 000 to 2 500 ). Lines 1 and
2 run parallel to each other and are spaced approximately
0.3 m apart.

4.3 Data interpretation and result analysis

Fig. 8(a) presents the inversion results of survey line
2, while Figs. 8(b) and (c) show the direct and post-
correction outcomes of survey line 1 on the hardened
pavement, respectively. The uncorrected inversion results
for survey line 1 (see Fig. 8(b)) demonstrate a three-lay-
er structure of high-low-high, similar to the adjacent sur-
vey line 2. However, there are discrepancies in layer de-
lineation, with local stratigraphic variations of 3-5 m (see
Fig. 9). Conversely, the corrected inversion results ( see
Fig. 8(c)) exhibit a substantial alignment with survey
line 2 (see Fig. 9). This alignment underscores the accu-
racy and reliability of the corrected inversion outcomes.

According to the provided data, the following interpre-
tations can be made:

Layer (D is characterized by relatively high resistivity,
ranging from 80 to 250 €} - m, with a thickness of 2 to 3
m.

Layer (), situated at depths of 3 to 10 m, exhibits re-
sistivity values of 28-80 () - m, indicating a low-resistivi-
ty layer.

Layers 3 and @ demonstrate relatively high resistivi-
ty, with values of 80-520 () - m and extending beyond 10
m in depth. When the depth exceeds 12 m, resistivity
values exceed 500 () - m.

In alignment with geological observations, throughout
the exploration phase, the consistent depth of the ground-
water level in the exploration boreholes ranges from ap-
proximately 2. 94 to 3. 54 m. The water level depth of the
Huangpen River during the same period measures 3. 26
m. According to these findings, it is assumed that the
boundary between Layers (' and (@ represents the
groundwater level, situated at depths of 24 m. Similar-
ly, the demarcation between Layers @) and @) aligns with
the bedrock surface found at depths exceeding 10 m.

Layer (D, situated above the groundwater level, is less
susceptible to leakage or other hazards. Layer (2), mainly
consisting of silty loam mixed with sandy soil, displays
weak permeability and low resistivity in the inversion
map. This layer is most susceptible to leakage hazards
within the dike. Layers 3) and @), characterized by high
resistivity and primarily composed of sandstone, exhibit
continuous layering without significant anomalies.
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Fig.9 Diagram of stratigraphic division and comparison

5 Conclusions

1) The hardened layer does not notably affect the iden-
tification of shallow anomalies of a certain size. Howev-
er, as the burial depth of the anomaly increases, the
shielding effect of the hardened layer increases the volume
effect of the ERT method, causing a rapid decline in
anomaly detection capability with increasing burial depth.

2) The findings from numerical simulations and tank
experiments using both low- and high-resistivity models
demonstrate the effectiveness of the ratio method based on
distortion principles for mitigating the impact of hardened
layers. During the determination of the maximum isola-

tion coefficient n maintaining an allowable error be-

low 1% 1is necessary. In ERT exploration conducted un-
der hardened site conditions, the capability to detect ab-
normal bodies is notably enhanced at a hardened layer

thickness to electrode spacing ratio of < 1. Correction

and optimization through the ratio method yield reliable
results. However, when the hardened layer thickness ex-
ceeds twice or more the electrode spacing, accurately
identifying target abnormal bodies through corrected in-
version results becomes challenging.

3) The case study of flood control engineering explora-
tion in the Zhangxi section of the Huangpen River in
Dongzhi County demonstrates that the detection effect af-
ter correction with the ratio method is comparable to that
for adjacent unhardened road surfaces.
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