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Impact of CO2 Gas Leakage on Anomalous
Groundwater Level Fluctuation in Northern
Aquifers of Hamadan Province

B. Delkhahi?, H.R. Nassery ?*, and Farshad Alijani 3

Abstract

There are a number of aquifers in the northern half of Hamadan
province that, deepening of water wells into the bedrock
resulted in CO2 leakage into the aquifers. Groundwater level
data near gas charged water wells indicating abnormal
behavior in groundwater level fluctuation. Comparison of
observation well hydrographs, variance inflation factor and
field evidence in the gas charged and background areas shows
that the observed abnormal behavior in water level fluctuation
is not influenced by rainfall and groundwater pumpage
variables. Due to high pH buffering capacity in the aquifers
and decrease of Pcoz correlation with pH and TDS in the gas
charged waters compared to the background ones, the main
factor for increasing salinity in the gas charged waters is the
intrusion of deep saline water with gas into the aquifers. In fact,
the deepening of the wells into the bedrock, by lowering
hydrostatic pressure, causes gas-rich saline water to enter the
aquifer. As wells begin pumping during the irrigation season,
the aquifer recharge rate by saline water exceeds the discharge
rate of the wells, resulting in elevation of groundwater levels
around the gas charged wells.

Keywords: CO2Gas Leakage, Abnormal Groundwater Level
Fluctuation, Saline Water Intrusion, Hydrostatic Pressure.
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Fig. 1- Geology and groundwater flow direction in the study area
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Depth Drilling 2IDGW Distance

Aquifer name type Well name Field code UTMx UTMy m) year (m) (m)
Chardoli Alluvial Qouchtapeh GC-Cw1 228083 3868188 54 1382 11.0 31080
Chardoli Alluvial Siakamar BG-CW1 228075 3864585 42.5 1382 2.8 _
Chardoli Alluvial Dobraleh BG-CW2 229842 3865548 280 1383 48.0 _
Chardoli Alluvial Pirmaloo BG-CW3 231899 3869177 78 1382 35.0 _
Chardoli Alluvial Seimaran BG-CW4 230105 3862195 42 1382 1.6 _

Hamadan-Bahar Alluvial Dahangerd GC-HW1 273156 3872730 30 1369 4.6 213

Hamadan-Bahar Alluvial Jadeh Kermanshah BG-HW1 264564 3862659 30 1378 20.7 _

Hamadan-Bahar Alluvial Latgah BG-HW2 276806 3875548 30 1369 5.0 _

Hamadan-Bahar Alluvial Hosseinabad BG-HW3 279785 3877956 30 1366 5.4 _
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Razan-Ghahavand Limestone Haji abad BG-RW1 319629 3892131 79.5 1381 46.8 _
Razan-Ghahavand Limestone Ahmad abad BG-RW2 323677 3868030 38 1383 17.5

! Background (BG) and Gas charged (GC) observation wells

2 Initial depth to groundwater
3 Distance from gas charged water wells
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Fig. 3- Comparing the hydrograph of observation wells with rainfall variations in the gas charged (GC) and
background (BG) areas:A) Chahardoli, B) Hamadan and C) Razan
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Fig. 4- Comparingthehydrograph of observation wells with water well discharge variations in the gas
charged (GC) and background (BG) areas:A)Hamadan, B)Chahardoli and C) Razan
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Fig. 5- VIF for effective independent variables on groundwater level fluctuations in the observation wells in
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Table 2-Mean Mineralogical composition of the
aquifers in the study area
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Phases Hamadan Chardoli Komijan Razan
Quartz (%) 39 36 41 10
Calcite (%) 39 22 31 70
Dolomite (%) _ 1 4 _
Hematite (%) 5 1 _
Clay minerals (%) 17 38 23 20
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Table 3- Chemical composition of groundwater samples (temperature, alkalinity,log(Pco2), TDS and ions are
in °C, mg/L as CaCOs, bar and mg/L, respectively.)

Ol 4253) (05 T Sdige (e S P T Jgoa
(il o MY/L g baramg/L as CaCOs ¢'C camd 5 i i dy B yq0 ClRlE

9 Jglome ol dlge JS ¢y ST (63 (o132 )L

PN WE]

'Sample pH TDS T DO Ca Mg Na K  HCO; SO, Cl Si0, Fe Mn F Ak 2log(Pcon)
H-GC1 65 16203 16.7 3.06 20206 8441 116.79 116 10983 59.29 5822 2873 101 0.678 _ 90025 -0.54
H-GC2 594 7014 151 195 10239 271 5312 0.88 457.63 29.86 3043 27.06 214 0438 1 3751 -0.35
H-GC3 6.43 10673 125 1.2 12329 5545 11438 198 579.66 53.84 138.74 16.42 155 0.112 0.6 47513 -0.76
H-BG1 7.49 11094 139 831 11462 79.73 10749 239 54915 8881 167.18 1549 0.01 0.066 0.6 450.12 -1.84
R-GC1 6.6 32724 179 104 41814 89.72 39548 233 19525 14146 27279 268 531 0.086 _ 160044 -0.4
R-GC4 6.47 2670.1 188 114 32982 76.23 329.06 212 14644 11563 352.86 19.2 225 0.053 _ 120033 -0.39
R-GC5 6.91 58353 184 0.86 657.84 21256 683.26 17.56 33559 93.43 814.66 13.27 14.27 0.152 0.1 2750.76 -0.46
R-BG2 7.33 16649 16.7 553 9732 3799 380.72 0.96 7322 18167 233.97 1599 0.05 0.024 _ 600.17 -155
R-BG3 7.55 1749.7 16 597 11402 5842 3532 142 793.22 20247 22698 14.75 0.03 <0.001 1.4 650.18 -1.74
K-GC1 728 13344 185 7.6 7652 40.55 269.14 048 671.18 13142 14524 1957 379 0.055 0.5 55015  -1.52
K-GC3 6.47 1986 20.5 0.36 266.58 78.05 17652 132 13424 3504 86.05 2901 641 0851 1.7 11003 -041
K-GC4 6.47 2406.3 20.7 0.28 33422 8379 2129 257 15864 6111 12532 3221 751 0.082 0.3 130036 -0.34
K-GC5 653 4490.2 184 146 359.18 1646 738.38 3.45 19525 140.7 11313 2551 4.41 0.064 2.2 160044 -0.34
K-GC6 6.78 2264.1 204 43 31436 84.78 20546 219 14644 6582 12698 31.05 1.63 0.024 0.5 120033 -0.68
K-BG2 783 8778 183 645 8821 28.65 14263 0.79 42712 60.19 130.34 1745 0.09 0.005 04 350.1 -2.26
C-GC1 6.78 3121.3 181 0.04 167.89 247.86 363.94 181 2013.6 81.41 24478 3454 547 272 33 165045 -0.57
C-GC2 6.89 18954 173 114 1314 6837 31582 6.9 11593 51.01 16261 3769 129 087 _ 950.26 -0.9
C-GC4 6.73 18156 17.6 0.11 43 1055 3349 1.6 12203 450 1040 434 16 14 0.7 1000.28 -0.72
C-BG3 792 3443 163 882 59.3 12.9 139 02 2441 50 8.9 233 0.0 0.0 0.1 20006 -2.58
! Background (BG) and Gas charged (GC) samples

? Calculated using the PHREEQC software and the Wateq database
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Fig. 7- Correlation of Pcoz with A) pH and B) TDS in the gas charged (GC) and background (BG)
groundwaters
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