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An attempt to unvell aquifer response to glaciations using residential water-well data from a

Abstract

Results

Discussion

Groundwater flows through interconnected pore spaces. The
occurrence and rate of groundwater movement depend upon the
storativity and transmissivity of the aquifer. External stresses such as
tectonics, glaciation, and hydraulic fracturing can influence porosity
and permeability of an aquifer, thus changing aquifer parameters such
as hydraulic conductivity and storativity. The scope of this research
were to study the variations in the values of aquifer parameters due to
cyclic loading and unloading, and compare hydraulic conductivity of
the aquifer under glaciated and non-glaciated regions

Data were obtained from public water wells archived at the Division
of Soil and Resources (ODNR) that consist information pertaining to
well location, well construction detalls, well production test, and
rudimentary lithologic description. We observed a significantly higher
hydraulic conductivity for the aquifer in glaciated than that for
unglaciated portion of the county which can impact the pumping from
wells. This finding is significantly important to agriculture, industry,
or public water suppliers who depend on groundwater for their
operations and services.
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Figure 1. A conceptual diagram of glacial loading
and unloading and its impact on underlying rocks

Studies have shown a decrease in hydraulic conductivity with increase In
vertical effective stress in a granular aquifer (Bredeheft et al., 1983).
Similarly, an increase in thickness of overburden decreases fracture
permeability (Davidson et al., 1982). The relationship between external
stress and aquifer characteristic is complex and affected by rock type
(Davidson et al., 1982), fracture orientation (Gale, 1982), and regional
tectonics history (Milnes et al., 1998). We were interested in unveiling
whether glacial loading and unloading were effective to change
characteristics of the sandstone aquifer lying within Holmes County,
Ohio. The scopes of this research were to (i) study the variations in the
values of aquifer parameters due to cyclic loading and unloading, and (i)
compare hydraulic conductivity of the aquifer under glaciated and non-
glaciated regions. We hypothesized that glacial loading and unloading
has impacted the sandstone aquifers in Holmes County, specifically the
glaciated wells which will have a higher hydraulic conductivity due to
the development of secondary porosity.
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Figure 2. Study may show the glacial extent (red solid line) and

distribution of wells in glaciated (northern) and unglaciated (southern)

regions of Holmes County, Ohio.
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Figure 3. A sample well logs highlighting location, well test,
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construction of wells, and drilling log that goes into the calculation

The hydraulic conductivity of sandstone in general ranges from
3.00x107"m/s (9.5) to 6.00x10°m/s (5.22) (Domenico and
Schwartz, 1970). The mean hydraulic conductivity of the unglaciated
region matched with the maximum hydraulic conductivity of the
sandstone, In general, reflecting the hydraulic conductivity of the
unglaciated region is responsible mainly due to the existence of
primary porosity, while the hydraulic conductivity of the glaciated
region is significantly higher than the unglaciated region which
suggests that the glacial loading and unloading had significantly
Improved aquifer characteristic with respect to the secondary porosity.
The difference in the hydraulic conductivity sandstone in Holmes
County compared to general sandstone Is evident to the fact that the
release from pressure by the glacier creates cracks in the sandstone
and impacted the hydraulic conductivity.

The mean hydraulic conductivity value of the aquifer in the glaciated
region was lower than the median indicating that more than 50% of
the wells had higher k values than the mean pointing higher hydraulic
conductivity. Furthermore, the skewness for glaciated region is more
negative than that for the unglaciated region which is another evidence
of the impact of glacial loading and unloading.

These findings indicate that the wells in the glaciated region of
Holmes County is more productive than the unglaciated region
although areas with similar geology.

Conclusion

Data Collection & Analysis

The study area is located in Holmes County, Ohio which have wells
dispersed across townships. Glaciated regions occupied the Northern
portion of Holmes County, while the Unglaciated regions was on the
Southern portion, this divide is visualized with a glacial extent line
(Figure 2).

Data were obtained from 691 public water wells archived at the
Division of Soil and Resources (ODNR) that consisted information
pertaining to well location, well pumping duration, aquifer depth, and
rudimentary lithologic description (Figure 3). Data was processed and
analyzed in MS EXCEL (Figure 4).

ArcMap was used to for the interpolation of hydraulic conductivity of
sandstone aquifer to map the distribution of hydraulic conductivity
over Holmes County (Figure 5).

100 _
80
P~ 60
e .
= | [
$ 40 -
= .
o |
& 20 - I I
2 25 3 35 4 45 5 55 6 65 7 /5 8 85 9 — -\ 4 )8
¥ ] » _—_——_—_———————__J
Hydrualic Conductivity 0 5750 11,500 17,250 23,000
Kilometers
Legend N
100 ——— Glacial Extent | | 44886 -4670 [ |5017-5200
I 3881 -4271 [ |4670-4844 [ 5200 - 5.382
a0 | |4271-44886 [  |4844-5017 [ |52382-5573
5 | |5573-6.094
S 60
5
o 40 Figure 5. The distribution of the hydraulic conductivity of
- 70 sandstone aquifer in the glaciated and unglaciated regions of
I I Holmes County, OH.
D . = N .

2253354455556 657 7588509
Hydraulic Conductivity

Figure 4. Histogram showing the distribution of hydraulic
conductivity of the sandstone aquifer for unglaciated (top) and
glaciated (bottom) region.

The K values are log transformed. The lower K value refers to the

higher hydraulic conductivity.

glaciated and unglaciated regions of Holmes County, OH.

Count 358 333

Mean 4.7 5.3

Median 4.8 5.3
St dev 0.85 0.87
Skewness -0.29 -0.48

Table 1. Statistical analysis of hydraulic conductivity values for

The results indicate glacial loading and unloading on the sandstone
aquifers increased hydraulic conductivity for the wells located on the
glaciated region in Holmes County. Aquifers In this region were
Impacted by glaciers increasing hydraulic conductivity that has huge
Implications for groundwater recharge, storage, and withdrawal for
future usage. Overall, It Is a positive measure towards sustainable
development of groundwater in the region.

Future work

Aquifer parameters had changed due to cyclic loading and unloading
under glaciated and non-glaciated regions. To claim this as fact, this
study can be done on similar geographical regions with similar
geology to yield similar results. More specifically, it is interesting to
see If there Is any relationship (qualitative/quantitative) between the
thickness of glaciers and the hydraulic conductivity.
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