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Introduction

Abstract: Six wells’ samples were collected from Umm Er Radthuma aquafer
distributed in the region in Al-Salman district, Al-Muthana governorate in the
southern part of Iraq during November 2024 and it’s compared with four wells
samples collected from the same region during year 2010. Umm Er Radhuma
formation is represented the major aquifers and the type is a confined aquafer. The
samples of ground water were examined for major cations and anions, PH, total
dissolved solids (TDS) and electrical conductivity (EC). The hydro-chemical
analysis results obtained from the examined ground water samples are generally
alkaline, very hard water, classified a brackish water and the excessively
mineralized water. The concentration of anions and cations in the water samples
indicate the dominant of Sodium ion in the cations, while the sulphate was the
main anion for year 2024 and chloride anion for the year 2010 with increase all the
anions and cations values during 2024. The ground water wells are a continental
origin except well 3 is marine origin. Therefore, Bojarski method application shows
that the all-wells samples have high hydrodynamic activity so that the hydro-
carbonic accumulation is a low except well 3 have a low hydrodynamic activity
and the hydrocarbon accumulations were high effect. The water type according to
Kurolov formula is Na2SO4 in the most wells except well 3 is NaCl. The ground
water of Al- Salman region has indicated that the sulphate group is dominated.

Keywords: Al-Salman District, Hydrodynamic Activity , Umm Er Radhuma
Aquafer, Kurolov Formula.

One crucial worldwide resource is groundwater. it is the main supply of drinkable

water in areas and countries without surface water and it is playing a crucial role in
sustaining life (Yang L. et al, 2024 and Manii et al., 2024). Wetlands' hydrodynamic
properties include variations in level of water, flow direction, recharge, discharge

conditions, and quantity of both surface and groundwater throughout time and space. The

hydrodynamic characteristics are central for the transmission of matter and energy between

water bodies (Liu Y. et al., 2022). The hydrodynamic activity of ground water is related

inversely to the hydrocarbon accumilalion, when the hydrodynamic activity is high

Therefore, the hydrocarbon accumulations are very low and the hydrodynamic activity is
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low so the hydrocarbon accumulations are high (Abais ,2009 & Abas ,2012). High
hydrodynamic activity affects the existence of hydrocarbon accumulations, as hydrocarbons
migrate from the areas of high hydrodynamic activity to the areas of low activity (Dahiberg,
1982 , Hunt, 1990 & Dennis et al., 2000). Hydrodynamic groundwater model has been
implemented in several studied areas such as China, Tunisia and Floodplain Area to
investigate whether the regional variation in groundwater quality may be related with the
spacial aspects of groundwater movement (Fang et al., 2020; Hamdi et al., 2021; Zhan et al.,
2023 & Liu et al., 2023).

The groundwater quality characterized the existence or availability of the various
components; hence, the relationship of these components and the materials, which occur in
the aquifer and the hydrochemical processes are accountable for the acquisition of water
quality (Al-Qaraghuli et al., 2020 & Hamma et al., 2024). It is affected by many factors such
as runoff, ground water exploitation, land use type, agricultural activities and geological
conditions (Lu et al,. 2022; Pant et al., 2018 & Cary et al., 2015). The major ions examinated
can vitally assist in finding out the origin of water resources (Vaezihir et al. 2024).

Selected region is a part from Al- Salman district which lies in Al-Muthana
governorate, southern of Iraq and in the southern part of western desert between latitudes
(26° 00 - 36° 00') northern and longitudes (44° 00 - 50° 00') eastern, Figure 1. The studied
region is characterized by arid climate of cold winter, dry hot summer and the annual mean
rainfall is about (8.42 mm) mostly during November to April and the annual mean
temperature is (24.8 C°) (Al-Aajibi & Al- Jiashi ,2021). Climate change greatly impacts
groundwater, varying its chemical and physical properties and leading to altering in water
availability and increasing salinity (Dao et al., 2023 & Benyoussef et al., 2024).
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Figure 1. The location map of ground water wells in the study region.
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Geologically, the research region surroundings and the entire area is covered in
Cenozoic-era sedimentary rocks, which range in date from the Early Eocene to the more
recent Quaternary (Al-Khafaji et al., 2021). The exposed formations in studied region from
the older to the younger as follows; Umm Er Radhuma, Dammam, Euphrates, Ghar and
Zahra formations that is covered by Quaternary deposed (Jassim & Al-Jiburi, 2009). Umm
Er Radthuma formation considered the confined aquifer in the studied region contains
chalky limestone, marly limestone and dolomite (Al-Fatlawi & Jawad, 2011). In studied
region the slopping is gently towards east and northeast. The land elevation of the studied
region increases toward the western about 435 meters above sea level at the Iraqi-Saudi
boundaries and the low elevation about 15 meters above sea level refer to the region
involved by some depressions (Al-Aajibi & Al- Jiashi ,2021, Jassim & Al-Jiburi, 2009). The
aim of this research is to determine hydrodynamic activity of ground water wells and to
assess the quality of the ground water in the studied area.

Methodology

Six well samples have been selected for this study distributed in the region which
collected from selected ground water wells in Al-Salman desitrict during November, 2024
in Figure 1 and compared by ground water wells collected from the same region during the
year 2010 (Al-Fatlawi & Jawad, 2011). Each of ground water samples were analyzed for 11
parameters, these are electrical conductivity (EC), pH, total dissolved solids (TDS), total
hardness (TH), sodium (Nat+), magnesium (Mg+2), potassium (K+), calcium (Ca+2),
bicarbonates (HCO3-), chlorides (Cl-) and sulfates (5O4-2) by using standard analytical
method recommended by (APHA, 2005). The results of analysis of the concentration of
major and minor ions, EC, TDS, TH and pH are illustrated in Table 2.

Table 1. Groundwater properties in the studied wells in the region for years 2024 and 2010.

Wel . PH EC TDS Ca Mg Na K Cl SO« HCOs TH
1 ‘qi (us/cm)  (mg/l) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
No.
1 X 7.18 6510 4213 402 297 699 60 780 1272 654 22259
2 S 7.16 6540 4235 404 299 702 67 781 1276 655 2239
3 7.22 3040 1978 167 108 252 12 579 639 186 861.5
4 7.17 5320 3446 220 157 712 12 655 1213 433 1195
5 7.21 3770 2448 242 124 396 2 548 787 311 11145
6 7.24 2690 1746 221 106 284 5 338 628 137 988
Ran. 7.16- 2690- 1746- 167- 106- 252- 2- 67 338- 628- 137- 988 -
7.24 6540 4235 404 299 712 781 1276 655 2239
Mea. 7.2 4645 3011 276 182 507.5 26.3 613.5 969.2 396 1437
7 = 8.5 2000 1570 97 57 235 10 550 170 53 476.8
8 S 8.3 2060 1647 100 60 240 12 562 183 56 496.6
9 8.5 1750 1393 95 55 230 15 540 160 49 463.5
10 7.08 3640 2388 120 44 555 13 696 566 153 480.7
Ran. 7.08- 1750- 1393- 95- 44- 60 230- 10- 15 540- 160- 49 - 463.5-
8.5 3640 2388 120 555 696 566 153 496.6
Mea. 8.1 2363 1750 103 54 315 12.5 587 269.8 77.8 479
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Results and Discussion

In this research, the chemical and physical characterizes of ground water samples are
showing in Table 2. The PH value of water wells samples are ranging between (7.16- 7.24),
by average (7.2) which reflect alkalinity during 2024 while during 2010 ranging between
(7.08- 8.5) with average (8.1). The EC values are ranging from (2690- 6540 ps/cm), with
average (4645 us/cm) during 2024 while during 2010 ranging between (1750- 3640 us/cm),
with average (2363 us/cm). When comparing EC values of water wells samples with (Detay,
1997) classification, it is concluded that the water type in the region is an excessively
mineralized water because of salinity. The TDS values of water wells samples are ranging
from (1746 - 4235 mg/l), with average (3011 mg/l) during 2024 while during 2010 ranging
between (1393- 2388 mg/l), with average (1750 mg/l). When comparing TDS values of
ground water samples with (Todd, 2007) classification, it is concluded that the water type
in the region is classified as a brackish water. TH values of water wells samples are ranging
from (988 to 2239 ppm), with average (1437 ppm) during 2024 while during 2010 ranging
between (463.5 - 496.6 ppm), with average (479 ppm). When comparing TH values of ground
water samples with Boyd classification (Boyd, 2000), it is concluded that the water type in
the region is classified a very hard water as a result of wide exposures of limestone in the
recharge zone and based on (Todd, 2007) the lithology includes carbonate rocks mostly
which are rich in magnesium and calcium concentration. Figure 2 shown the values of TDS,
TH and EC for water samples.
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Figure 2. Values of EC, TDS and TH for the water samples.

The major cations consist of (Ca, Na, Mg and K) where the Calcium ion concentration
in samples ranging from (167 to 404 ppm), with average (276 ppm) during 2024 while during
2010 ranging between (95 - 120 ppm), with average (103 ppm), the magnesium ion
concentration ranging from (106 to 299 ppm), with average (182 ppm) during 2024 while
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during 2010 ranging between (44 - 60 ppm), by average (45 ppm), the concentration of
sodium ion ranging from (252 to 712 ppm), by average (508 ppm) during 2024 while during
2010 ranging between (230 - 555 ppm), by average (315 ppm) and the potassium ion
concentration ranging from (2 to 67 ppm),with average (26 ppm) during 2024 while during
2010 ranging between (10 - 15 ppm), by average (12.5 ppm), Figure 3.

The major anions consist of (Cl-, SO4-2 and HCO3 -) where the concentration of
Chloride ion in samples ranging between (338 to 781 ppm), with average (614 ppm) during
2024 while during 2010 ranging between (10 - 15 ppm), by average (12.5 ppm), the
bicarbonate ion concentration ranging from (137 to 655 ppm), with average (396 ppm)
during 2024 while during 2010 ranging between (49 — 153 ppm), with average (78 ppm) and
the concentration of sulfate ion ranging from (628 to 1276 ppm), with average (969 ppm)
during 2024 while during 2010 ranging between (160 - 566 ppm), with average (270 ppm),
Figure 4. Increasing the (SO4) concentrations in the studied region can be a result of the
dissolution of anhydrite and gypsum minerals in the aquifer rocks in the recharge region.
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Figure 3. Values of Cation Concentrations for ground water wells.

The Figures (2,3 and 4) appears that the all-physiochemical properties of ground
water samples in the research region are increased during 2024 large than during 2010.
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Figure 4. Values of Anion Concentrations for ground water wells.

The ratio of sodium concentration to chloride concentration (r Na/r Cl) in (epm) unit
was calculated to determine the origin of water. (Sulin, 1946) suggest that if the ratio of (r
Na/r Cl) is less than one, it means that the origin water is marine and if it is more than one,
it means that continental origin. The results are reflecting all the ground water wells is a
continental origin except well 3 is marine origin, Table 2.

Table 2. The ground water origin of water samples in studied area.

Well No. r Na/r Cl Water origin
1 14 continental
2 14 continental
3 0.67 Marine
4 1.7 continental
5 1.11 continental
6 1.3 continental

To determine the hydrodynamic activity in the research region, the Bojarski method
was applied by relying on the ratio of concentration r Na/r Cl in Table 2 (BojaSrki, 1970). All
the groundwater wells have high hydrodynamic activity because the ratio of r Na /r Cl was
greater than 0.85. Therefore, the hydrocarbon accumulations were very low effect except
well 3 have a low hydrodynamic activity because the ratio of r Na/r Cl was ranged between
0.65 to 0.75 that reflect the hydrocarbon accumulation was good as illustrated in Figure 5.
The hydrodynamic activity values are considered to be variable over time due to changes
in the concentrations of chemical properties in groundwater.
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Figure 5. Percentage ratio of the hydrodynamic activity in the research area.

Water type was determined by using Kurolov formula (Ivanov et al., 1968) which
based on the ratio of the major ions expressed by epm % that are arranged in descending

order which have more than 15% ratio as the following formula:
Anions (epm%)in decreasing order 1

TDS (mg/1) pH e

Cations (epm%)in decreasing order
The results from applying Kurolov formula appears in the Table 3, which are shown

the water type in the studied region are Na-504 in the most wells except well 3 is Na-Cl.
The ground water of Al- Salman region has indicated that the sulphate group is dominated.

The availability of sulfate ions is attributed to the lithological and sulfate minerals exist in
sedimentary rocks like gypsum and anhydrite (Todd, 2007, Al-Dabbas, et al., 2018).

Table 3. The results of Kurolov formula for the ground water in the studied region

wells No. Type Water type
S04(45)Cl (37)HCO3 (17.6 -
1 4213 (mg/1) (45)Cl1 (37) (17.6) 718 Na -Sulfate
Na (39.5)Mg(32)Ca(26.2)
S04(45.1)Cl (37.3)HCO3 (17.6 -
2 4235(mg/1) ( )C1(37.3) (17.6) 716 Na -Sulfate
Na (39.8)Mg(32.5)Ca(26.3)
3 C1(50)S04(40.8) Na-Chloride
1 1 22
978(me/) N 38 3)Me(31.5)Ca(292)
4 S04(49.9) Cl (36.5) Na -Sulfate
3446(me/) N E58)Ma(23.6)Ca(19.9)
5 S04(44.6)Cl (41.9) Na -Sulfate
2448(me/l) 438 Ca(30.5)Mg(25.9) 2
S04(52.8)Cl (38.4 -
6 1746(mg/1) ( )CL( ) 794 Na -Sulfate

Na (38.2) Ca(34.2)Mg(27.3)
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Conclusion

The results obtained from the examined ground water samples are generally alkaline,
very hard water, classified as brackish water and the excessively mineralized water. The
anions and cations concentration in the ground water indicate the predominant of Sodium
ion in the cations for year 2024 and 2010, while the sulphate was the main anion for year
2024 and the Chloride was the main anion for year 2010 with increase all the anions and
cations during 2024. All the ground water wells are a continental origin except well 3 is
marine origin. Therefore, All the groundwater wells have high hydrodynamic activity
except well 3 have a low hydrodynamic activity and the hydrocarbon accumulations were
high effect. The water type is Na:5SOs in the most wells except well 3 is NaCl. The ground
water of Al- Salman region has indicated that the sulphate group is dominated according to
Kurolov formula.

References

Abais, F. H. (2009). HYDRODYNAMIC STUDY AND HYDROCHEMICAL OF WATER
SPRINGS ALONG THE ZONE OF SOUTHERN EUPHRATES RIVER IN WESTERN
DESERT FROM IRAQ. Journal of University of Anbar for Pure Science, 3(3).
https://www.iraqoaj.net/iasj/pdf/09ac253737f9¢e761.

Abas, F. H. (2012). DETERMINATION OF ACTIVITY HYDROGEOCHEMICAL AND
HYDRODYNAMIC OF WATER WELLS UMERDUHUMA AQUIFER SOUTH-
WESTERN IRAQ. Iraqi Journal of Science, 53(3), 573-578.
https://doi.org/10.24996/iragijournalofscience.v53i3.

Al- Aajibi, M. ]. & Al-Jiashi J. W. (2021). Optimal Use of Natural Resources in Al-Muthanna
Desert (Soil as A model). IOP Conf. Series: Earth and Environmental Science, 923
(2021) 012078. https://iopscience.iop.org/article/10.1088/1755-1315/923/1/01.

Al-Dabbas, M., Al-Kubaisil, Q., Hussain, T. A., & Al-Qaraghuli, S. (2018). Hydrochemical
properties of ground water of Rahaliya- Ekhedhur region, west Razzaza lake, Iraq.
MATEC Web of Conferences 162, 05002.
https://doi.org/10.1051/matecconf/201816205002.

Al-Fatlawi, A. N., & Jawad, S. B. (2011). Water surplus for Umm Er Radhuma aquifer-West
of Iraq.  Euphrates Journal of  Agriculture  Science,  3(4),1-10.
https://search.emarefa.net/detail/BIM-333397.

Al-Khafaji, R., Muhi, S., & Jassam, A. (2021). Hydrochemical Evaluation of Groundwater
from Selected Wells in Al Muthana Governorate, Southern Iraq. Iraqi Journal of
Science, 62(6),1930-1942. DOLI: https://doi.org/10.24996/ijs.2021.62.6.18.

https://digital-science.pubmedia.id/index.php/pslse


https://www.iraqoaj.net/iasj/pdf/09ac253737f9e761
https://doi.org/10.24996/iraqijournalofscience.v53i3
https://iopscience.iop.org/article/10.1088/1755-1315/923/1/01
https://doi.org/10.1051/matecconf/201816205002
https://search.emarefa.net/detail/BIM-333397
https://doi.org/10.24996/ijs.2021.62.6.18

Physical Sciences, Life Science and Engineering Volume: 2, Number 3, 2025 9of11

Al-Qaraghuli, S. A., Al-Khazrajia, O. N. A, & Idan, R. M. (2020). Determination of
hydrodynamic activity and the hydrocarbon accumulations effects of underground
water in Khanaqin District, Northeastern Iraq", Vol. 62, Issue 09,
2020.https://www.kansaiuniversityreports.com/article/determination-of-

hyvdrodynamic-activity-and-the-hyvdrocarbon-accumulations-effects-of-

underground-water-in-khanagin-district-northeastern-irag.

APHA (2005). Standard method for the examination of water and wastewater. 21st Ed.
American public health Association, Washington, D.C.

Benyoussef, S., Arabi, M., El Yousfi, Y., Makkaoui, M., Gueddari, H., El Ouarghi, H.,
Abdaoui, A., Ghalit, M., Zegzouti, Y. F., Himi, M. M., Alitane, A., Chahban, M.,&
Boughrous, A. A., (2024). Assessment of groundwater quality using hydrochemical
process, GIS and multivariate statistical analysis at central Rif, North Morocco.
Environmental Earth Sciences. 83: 515. https://doi.org/10.1007/s12665-024-11798-6.

BojaSrki, L. (1970). Die anwendunge Hydrochemischen classification bei sucharbeiten auf
Erdo 1- Z angew. Berlin, Geol. 16, 123- 125.

Boyd, C.E. (2000). Water Quality an Introduction. Kluwer Academic Publisher, USA, 330 p.
https://doi.org/10.1007/978-3-030-23335-8 10.

Cary, L., Petelet-Giraud, E., Bertrand, G., Kloppmann, W., Aquilina, L., Martins, V., Hirata,
R., Montenegro, S., Pauwels, H., Chatton, E., Franzen, M., & Aurouet A.(2015).
Origins and processes of groundwater salinization in the urban coastal aquifers of
Recife (Pernambuco, Brazil): A multi-isotope approach. Science of The Total
Environment, 530-531, 411-429. https://doi.org/10.1016/j.scitotenv.2015.05.015.

Dahlberg, E. C. (1982). Applied Hydrodynamic in petroleum exploration. Springer — remix
Heidelberg. https://api.semanticscholar.org/CorpusID:106624934.

Dao, P.U., Heuzard, A.G., Le, T.X.H., Zhao, J., Yin, R., Shang, C., & Fan, C. (2023). The
impacts of climate change on groundwater quality: A review. Science of The Total
Environment, 912:169241. https://doi.org/10.1016/j.scitotenv.2023.169241.

Dennis, H., Baillie, J., Holt, T., & Wessel-Berg, D. (2000). Hydrodynamic activity and tilted
oil-water contacts in the North Sea. Norwegian Petroleum Society Special
Publications, 9, 171-185. https://doi.org/10.1016/S0928-8937(00)80016-8.

Detay, M. (1997). Water Wells- implementation, maintenance and restoration. John Wiley
and Sons p. 379.

https://digital-science.pubmedia.id/index.php/pslse


https://www.kansaiuniversityreports.com/article/determination-of-hydrodynamic-activity-and-the-hydrocarbon-accumulations-effects-of-underground-water-in-khanaqin-district-northeastern-iraq
https://www.kansaiuniversityreports.com/article/determination-of-hydrodynamic-activity-and-the-hydrocarbon-accumulations-effects-of-underground-water-in-khanaqin-district-northeastern-iraq
https://www.kansaiuniversityreports.com/article/determination-of-hydrodynamic-activity-and-the-hydrocarbon-accumulations-effects-of-underground-water-in-khanaqin-district-northeastern-iraq
https://doi.org/10.1007/s12665-024-11798-6
https://doi.org/10.1007/978-3-030-23335-8_10
https://doi.org/10.1016/j.scitotenv.2015.05.015
https://api.semanticscholar.org/CorpusID:106624934
https://doi.org/10.1016/j.scitotenv.2023.169241
https://doi.org/10.1016/S0928-8937(00)80016-8

Physical Sciences, Life Science and Engineering Volume: 2, Number 3, 2025 10 of 11

Fang, Y., Zheng, T., Zheng, X., Peng, H., Wang, H., Xin, J., & Zhang, B.(2020). Assessment
of the hydrodynamics role for groundwater quality using an integration of GIS, water

quality index and multivariate statistical techniques. Journal of Environmental
Management, 273. https://doi.org/10.1016/j.jenvman.2020.111185.

Hamdi, M., Goita, K., Karaouli, F., & Zagrarni M. F. (2021). Hydrodynamic groundwater
modeling and hydrochemical conceptualization of the mining area of Moulares
Redeyef (southwestern of Tunisia): New local insights. Physics and Chemistry of the
Earth, Parts A/B/C, 121. https://doi.org/10.1016/j.pce.2020.102974.

Hamma, B., Alodah, A., Bouaicha, F., Bekkouche, M.F., Brakat, A., & Hussein, E.E.
(2024). Hydrochemical assessment of groundwater using multivariate statistical
methods and water quality indices (WQIs). Applied Water Sci., 14 (33).
https://doi.org/10.1007/s13201-023-02084-0.

Hunt , J. M., (1990). Generation and Migration of petroleum from Abnormally pressured
fluid compartments. AAPG Bulletin, 74(1), 1-12. https://doi.org/10.1306/0C9B21EB-
1710-11D7-8645000102C1865D.

Ivanov, V. V., Barvanov, L.N., & Plotnikova, G. N. (1968). The main genetic type oh the
Earth's crust mineral water and their distribution in USSR, Inter. Geol. Cong. Of 23rd
Sessions, Czecholoslovakia, 12, 33.

Jassim, R. Z. & Al-Jiburi, B. S. (2009). STRATIGRAPHY. In: Geology of Iraqi Southern Desert.
Iragi Bull. Geol. Min. Special Issue, 53-76. https://ibgm-iq.org/ibgm
/index.php/ibgm/article/download/106/103.

Lei, Y., Lang, L., Yuan, L., Guangping, C., & Liying, L. (2024). Hydrodynamic Groundwater
Modeling and Hydrochemical Conceptualization of the Closure Mining Area of the
WuMa River Watershed of China. ACS Omega.
https://doi.org/10.1021/acsomega.3c05631.

Liu, Y., Jiang, Y., Zhang, S, Wang, D., & Chen, H. (2023). Application of a Linked
Hydrodynamic-Groundwater Model for Accurate Groundwater Simulation in
Floodplain Areas: A Case Study of Irtysh River, China. Water 15 (17), 3059.
https://doi.org/10.3390/w15173059.

Lu, T, Huo, A, Wang, ], Lu, Y., & Zhou, W. (2022). Hydrodynamic Behaviors and
Geochemical Evolution of Groundwater for Irrigation in Yaoba Oasis, China.
Water,14, 3924. https://doi.org/10.3390/w14233924.

Manii, J. K., Hasan, A. A., Mauff, K. R., & Al-Qaraghuli, S. A. (2024). GIS Technique for
Assessing Quality and Hydrochemistry of Karbala Governorate Groundwater.

https://digital-science.pubmedia.id/index.php/pslse


https://doi.org/10.1016/j.jenvman.2020.111185
https://doi.org/10.1016/j.pce.2020.102974
https://doi.org/10.1007/s13201-023-02084-0
https://doi.org/10.1306/0C9B21EB-1710-11D7-8645000102C1865D
https://doi.org/10.1306/0C9B21EB-1710-11D7-8645000102C1865D
https://ibgm-iq.org/ibgm%20/index.php/ibgm/article/download/106/103
https://ibgm-iq.org/ibgm%20/index.php/ibgm/article/download/106/103
https://doi.org/10.1021/acsomega.3c05631
https://doi.org/10.3390/w15173059
https://doi.org/10.3390/w14233924

Physical Sciences, Life Science and Engineering Volume: 2, Number 3, 2025 110f11

Journal of Geosciences and Geomatics, 12(3), 73-79.
https://pubs.sciepub.com/jgg/12/3/3/index.html.

Pant, R.R., Zhang, F., Rehman, F.U., Wang, G., Ye, M., Zeng, C., & Tang, H. (2018).
Spatiotemporal variations of hydrogeochemistry and its controlling factors in the

Gandaki River Basin, Central Himalaya Nepal. Science of The Total Environment,
622, 770-782. https://doi.org/10.1016/j.scitotenv.2017.12.063.

Sulin, V. A. (1946). Oil water in the system of Natural groundwater, Gastopichezedat,
Moscow USSR, 30, 37-45.

Todd, D.K. (2007). Groundwater hydrology. Second edition, Jhon Wiley and Sous. Inc.,
India.

Vaezihir, A., Mohammadzadeh, T. & Tabarmayeh, M. (2024). Hydrochemical and
hydrodynamic study to explore the origin of water in a volcanic aquifer. Water
Supply, 24 (1),53-70. doi: https://doi.org/10.2166/ws.2023.329.

Yan, L., Cui, G, Tong, S., Wang, S., & Lu, X. (2022). Determination of the Hydrodynamic
Characteristics of a Typical Inland Saline-Alkali Wetland in Northeast China.

Frontiers in Ecology and Evolution, 10. https://www.frontiersin.org/
journals/ecology-and evolution/articles/10.3389/ fevo.2022.939431.

Zhan, H,, Liu, S.,, Wu, Q., Liu, W,, Shi, L., Liu, D., & Gao, S. (2023). Identification of the
Groundwater Hydrodynamic and Hydrochemical Spatiotemporal Coupling

Response of Multi-Aquifer Systems Under the Disturbance of Deep and Special Thick
Coal Seam Mining. Available at SSRN. http://dx.doi.org/10.2139 /ssrn.4674490.

https://digital-science.pubmedia.id/index.php/pslse


https://pubs.sciepub.com/jgg/12/3/3/index.html
https://doi.org/10.1016/j.scitotenv.2017.12.063
https://doi.org/10.2166/ws.2023.329
https://www.frontiersin.org/%20journals/ecology-and%20evolution/articles/10.3389/%20fevo.2022.939431
https://www.frontiersin.org/%20journals/ecology-and%20evolution/articles/10.3389/%20fevo.2022.939431
http://dx.doi.org/10.2139%20/ssrn.4674490

