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The initial type of groundwater investigation started with level measurements with different types of instruments, which is

called point-based groundwater monitoring. These methods and instruments include steel tape, electronic measuring

tapes, pressure transducers, sounding devices, test drilling, geophysical investigation techniques, piezometers, digital

water level recorders, exploratory well drilling, and isotopes, etc.
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1. Wells and Piezometers

Agricultural and domestic wells can be used for measuring groundwater levels . Normally, piezometers are utilized to

gage the water level in wells to find out the hydraulic head. Normally, annual groundwater level changes are assessed

with point-based groundwater-level observation wells .

Digital Water Level Recorders (DWLRs) are mounted in several piezometers that help in better understanding of the

groundwater system and of the recharge in various hydrogeological conditions. Generally, water-level measurement data

from boreholes or piezometers/monitoring wells are used for making the water table or potentiometric surface maps .

These are further used to find groundwater flow direction, groundwater-level recovery ensuing a pumping event, or to find

out other aquifer properties. For water-quality monitoring, the piezometer is also a reliable source for groundwater

sampling from the tapped aquifer .

2. Conventional Instruments

Steel tape can be considered the oldest yet the most accurate technique of measuring the water levels . Steel tape

works by gradually lowering the tape mounted with a weight into the well. Before lowering, chalk on the lower few feet of

the tape identifies the part of the tape that was submerged. A feel is developed for the weight of the tape when it is

lowered into the well. The reading is then recorded once it is confirmed that the tape’s lower end touches the water

surface in the well. Then, the tape is rapidly brought to the ground surface before the wetted chalk mark dries and

becomes difficult to read. The submerged portion of the tape is then measured and adjusted in the final reading of the

tape . This method is mostly accurate for the water levels found at less than 200 feet below the ground surface. At

more than 500 feet of depth, thermal expansion and stretch in the steel tape begins .

Steel tape has been developed into electronic measuring tapes or tape sounders, which are made up of a pair of

separated insulated wires. Well dippers and sounding devices with acoustic and light signs are practical and extensively

used to check groundwater levels more accurately and quickly . Sounding devices work by reeling the tape down the

well with care, avoiding the casing’s sides. The probe holder is swiveled on the frame of the water level meter to let the

tape move unrestricted down the well. When the system sounds, the reading of the depth to water is measured with care.

The probe is raised and lowered in and out of the water to obtain a consistent outcome .

The use of pressure transducers and automatic data loggers speed up the measurement process and enable monitoring

the fluctuations over time . These are mounted in the piezometers, which help in observing temporal variations of

hydraulic head . These can provide long-term or continuous monitoring of groundwater levels. Gray and Mahapatra 

anticipated that these can be used not only to determine the situation of the groundwater table but the hydraulic

conductivity of a soil as well. The probes are most suitable in heavy soils since the water table position can be calculated

without having true static circumstances.

The working of a pressure transducer starts by taking a reading from the pressure transducer before placing it into the

well. There are two types of pressure transducers: vented and non-vented. For a vented pressure transducer, the reading

is taken as zero, and for a non-vented pressure transducer, this is a positive number, which is equal to atmospheric

pressure. In case of non-vented pressure transducer, its reading should be the same as that of a reading from the

barometric pressure transducer. Then, the pressure transducer is lowered into the well gradually . Field calibration of

the pressure transducer is carried out by raising and lowering it over the estimated range of water-level variation. Two

readings at each of five intervals are taken: one during the raising and the other at the time of lowering the pressure

transducer. The static water level in the well is measured with steel tape or electric sounding tape and the readings

compared; if the measurements are not consistent within 0.02 feet, then the reading are repeated. In the case of the non-
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vented pressure transducer, the barometric pressure from the transducer pressure is subtracted to acquire the water-level

pressure. This water-level pressure is then multiplied by 2.3067 to convert from psi (pounds per square inch; pressure

unit) of pressure to feet of water .

The use of the point-based conventional technique is widespread in Managed Aquifer Recharge techniques, from basic

arrangements of pressure transducers to monitoring groundwater level changes to complex arrangements of sensors,

including also physico-chemical ones . This technique is in operation in Italy; however, it needs appropriate tools for its

management.

Rosenberry et al.  identified that scale, accuracy, and sources of error are the main factors that determine the selection

of an appropriate method for groundwater monitoring.

3. Geophysical Investigation Techniques

Geophysical investigation techniques include electrical resistivity survey, seismic, gravity, and magnetic methods. These

methods are one step ahead of the above-mentioned techniques, as a borehole is not always required, and therefore,

they can be used in variety of geological conditions. However, borehole data are used to validate the results and

interpretations of geophysical surveys to enhance the precision of in situ data analysis .

Electrical resistivity surveys are used to find the subsurface resistivity distribution by making measurements on the ground

surface. By combining geophysical data with lithological information, electrical conductivity (EC) logs through the wells,

and hydro-chemical data, electrical resistivity with groundwater EC values can be interpreted to identify the freshwater-

saturated zones .

The ground resistivity is dependent on many geological factors, for example, the mineral and fluid content, porosity, and

amount of water saturation of the rock. The electrical resistivity survey is a preferable geophysical method for groundwater

investigation. Many researchers used this tool for groundwater investigation . Electrical resistivity surveys

are used to determine the vertical changes between the bottom of the earth’s the electrical resistance and potential field

produced by the current. This method includes the electric current induced into the ground through two embedded

electrodes and measures the potential difference between the two other electrodes denoted as the potential electrodes.

The current electricity used is the direct current provided by the dry cell. Therefore, the analysis and explanation of

geologic data is on the basis of resistivity value. The resistivity is calculated from the measured induced currents and the

potential difference. It is assumed here that the soil is uniform, but in reality, the earth’s resistivity is determined by

homogeneous lithology and geological configuration. Consequently, the graph between the resistivity and the current

electrode distance is used to find the vertical changes in the resistance development. Explanation of this graph gives the

depth of sand, which is used to confirm the existence of aquifers or groundwater in the area .

Seismic techniques have great potential for hydrogeological studies and depend upon the physical characteristics of the

earth that produce electrical signals from the seismic waves . Seismic waves follow the same laws of propagation as

light rays and may be reflected or refracted at any interface where velocity change occurs. Seismic reflection methods

provide information on geologic structure thousands of meters below the surface, whereas seismic refraction methods are

useful for depths up to 100 m.

Seismic techniques depend on measurements of the time interval between the beginning of a seismic wave and its

appearance at detectors. The seismic waves are produced by different means, such as by an explosion, a dropped

weight, a mechanical vibrator, a bubble of high pressure air injected in water, etc. The seismic waves are sensed by a

geophone on ground and by a hydrophone in water. An electromagnetic geophone produces a voltage when a seismic

wave generates relative motion of a wire coil in the magnetic field, while a ceramic hydrophone generates a voltage when

deformed by passage of a seismic wave. Data are usually recorded on magnetic tape for subsequent and processing and

display .

Similarly, the gravity method is a broadly used geophysical technique for discovering mineral resources and groundwater

based on the deviation in gravity, which varies with the density of soil. This method is quite helpful for sedimentary

terrains. The magnetic method detects the earth’s magnetic fields, which can be measured/mapped. As magnetic

contrasts are seldom associated with groundwater occurrence, this method can be used along with the gravity method to

shortlist the possible underground options.

Gravity method of geophysics determines the difference in the earth’s gravitational field at a defined site owing to the rock

mass characteristic. This technique is appropriate for near surface groundwater investigations. As the gravity is directly

proportional to mass, the difference between the two rocks’ masses gives notable anomaly in the earth’s gravity field. If

this anomaly is suitably measured, it can be used to assess the thickness of the unconsolidated rock . In crystalline

rock topography, the unconsolidated rock generally forms a groundwater aquifer due to high porosity, permeability, and

transmissivity . Gravimeter Scintrex CG-5 was applied for gravity measurement in a case in Semarang City, central

Java, Indonesia .
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The tools, such as electrical resistivity, seismic, and gravity methods, are normally applied for detailed groundwater

investigations. The most standard and reliable geophysical techniques are test drilling and stratigraphy analysis; however,

these techniques of groundwater exploration are neither cost nor time effective and frequently require trained

professionals .

Another method, “time-lapse gravity survey,” was applied to the monitoring of an artificial aquifer storage and recovery

(ASR) system in Lyden, Colorado . Through this method, all steps of the method were studied systematically that

involve survey design, data acquisition, processing, and quantitative interpretation.

4. Monitoring of Aquifer Recharge Rate

Information on groundwater age is essential to address features, for example, recharge rates and mechanisms, resource

renewability, flow rates, and vulnerability to pollution. Monitoring of these parameters becomes essential when dealing

with shared water resources . Exploratory well drilling with the use of isotopes is used for monitoring these parameters

. Stable and radioactive environmental isotopes provide information on the geochemical processes of groundwater

and the hydrogeological characteristics of aquifers. Traditionally, groundwater flow patterns are inferred from indirect

investigations. For example, nitrate concentration, often associated with agricultural activities, is used to identify the

characteristics of shallow aquifers’ groundwater supplies . Another indirect technique for groundwater recharge is used

in the arid region of Saudi Arabia , in which researchers found about 55–70% of rainwater infiltrated though soil profile

and was recharged in underlined groundwater reservoir, which finally becomes a major source of water in the region.

References

1. Jelovčan, M.; Šraj, M. Analysis of groundwater levels in piezometers in the vipava valley. Acta Hydrotech. 2020, 33,
61–78.

2. Bonacci, E.O.; Roje-Bonacci, E.T. Analysis of groundwater levels and lake vrana water levels on the cres Island. Hrvat.
Vode 2018, 26, 39–47.

3. Sattari, M.T.; Mirabbasi, R.; Sushab, R.S.; Abraham, J. Prediction of Groundwater Level in Ardebil Plain Using Support
Vector Regression and M5 Tree Model. Groundwater 2018, 56, 636–646.

4. Yin, W.; Hu, L.; Jiao, J.J. Evaluation of Groundwater Storage Variations in Northern China Using GRACE Data.
Geofluids 2017, 2017, 8254824.

5. Novakovic, B.; Farvolden, R.N. Investigations of Groundwater Flow Systems in Big Creek and Big Otter Creek
Drainage Basins, Ontario. Can. J. Earth Sci. 1974, 11, 964–975.

6. Husain, M.M.; Cherry, J.A.; Fidler, S.; Frape, S.K. On the long-term hydraulic gradient in the thick clayey aquitard in the
Sarnia region, Ontario. Can. Geotech. J. 1998, 35, 986–1003.

7. Groundwater Monitoring Procedures for Operation and Maintenance Norms. 2002. Available online:
https://www.google.com/url?
sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiJs4qWl_z1AhWesVYBHWlVBhcQFnoECAMQAQ&url=http%3A
project.gov.in%2FPDF%2F-download-manuals-General-HPIIfollow-upWorkingDraftPaper.pdf&usg=AOvVaw2KZyJ646-
2EQ-CqBL1ci56 (accessed on 10 September 2021).

8. Cunningham, W.L.; Schalk, C.W. Groundwater Technical Procedures of the U.S. Geological Survey. Available online:
https://pubs.usgs.gov/tm/1a1/pdf/tm1-a1.pdf (accessed on 10 September 2021).

9. Peralta, R.C.; Mazur, V.; Dutram, P. Monitoring of Groundwater Levels for Real-Time Conjunctive Water Management.
Publ.—Arkansas Water Resour. Res. Cent. 1983, 92, 1–27.

10. Authority, S.G. Groundwater Level Monitoring Plan for the Sacramento Groundwater Authority CASGEM Well Network.
2011. Available online: https://www.sgah2o.org/wp-content/uploads/2016/06/pub-CASGEM-Plan-12-21-11.pdf
(accessed on 10 September 2021).

11. Garber, M.S.; Koopman, F.C. Methods of Measuring Water Levels in Deep Wells. Available online:
https://pubs.er.usgs.gov/publication/twri08A1 (accessed on 10 September 2021).

12. Chevalking, L.K.; van Steenbergen Description, F. Ideas for Groundwater Management. Available online:
https://metameta.nl/wp-content/uploads/2010/05/Ideas_for_Groundwater_Management_Digital.pdf (accessed on 15
November 2021).

13. Cunningham, W.L.; Schalk, C.W. Groundwater technical procedures of the U.S. Geological Survey: U.S. Geological
Survey Techniques and Methods 1–A1, 151 p, GWPD 16-Measuring water levels in wells and piezometers by use of a
submersible pressure transducer. In Groundwater technical procedures of the U.S. Geological Survey; 2010; pp. 139–
144. Available online: https://pubs.usgs.gov/tm/1a1/ (accessed on 10 September 2021).

14. Kalbus, E.; Reinstorf, F.; Schirmer, M. Hydrology and Earth System Sciences Measuring Methods for Groundwater-
Surface Water Interactions: A Review. Hydrol. Earth Syst. Sci. 2006, 10, 873–887.

[19]

[32]

[33]

[33][34]

[35]

[36]



15. Gray Member, D.M.; Mahapatra, A.K. A Method of Measurement of the Ground Water Table and Soil Hydraulic
Conductivity; Canadian Agriculture Engineering Department, University of Saskatchewan Saskatoon: Saskatoon, SK,
Canada, 1965; Volume 7, pp. 25–27, 36. Available online: https://library.csbe-scgab.ca/docs/journal/7/7_1_25_ocr.pdf
(accessed on 10 September 2021).

16. Freeman, L.A.; Carpenter, M.C.; Rosenberry, D.O.; Rousseau, J.P.; Unger, R.; McLean, J.S. Use of Submersible
Pressure Transducers in Water-Resources Investigations. 2004, pp. 1–65. Available online:
https://www.mendeley.com/catalogue/7e74894e-5a41-3358-bc1d-455c09fec44d/ (accessed on 6 January 2022).

17. Rossetto, R.; Barbagli, A.; Borsi, I.; Mazzanti, G.; Vienken, T.; Bonari, E. Site investigation and design of the monitoring
system at the Sant’Alessio Induced RiverBank Filtration plant (Lucca, Italy). Rend. Online Soc. Geol. Ital. 2015, 35,
248–251.

18. Rosenberry, D.O.; Labaugh, J.W.; Hunt, R.J. Use of Monitoring Wells, Portable Piezometers, and Seepage Meters to
Quantify Flow between Surface Water and Ground Water Chapter 2 of Field Techniques for Estimating Water Fluxes
between Surface Water and Ground Water, U.S Geological Survey. Techniques and Methods Chapter 4-D2; 2008; pp.
39–90. Available online: https://pubs.usgs.gov/tm/04d02/pdf/TM4-D2-chap2.pdf (accessed on 10 September 2021).

19. Mallick, J.; Singh, C.K.; Al-Wadi, H.; Ahmed, M.; Rahman, A.; Shashtri, S.; Mukherjee, S. Geospatial and geostatistical
approach for groundwater potential zone delineation. Hydrol. Process. 2015, 29, 395–418.

20. García-Menéndez, O.; Ballesteros, B.J.; Renau-Pruñonosa, A.; Morell, I.; Mochales, T.; Ibarra, P.I.; Rubio, F.M. Using
electrical resistivity tomography to assess the effectiveness of managed aquifer recharge in a salinized coastal aquifer.
Environ. Monit. Assess. 2018, 190, 100.

21. Mohamaden, M.I.I. Electric resistivity investigation at Nuweiba Harbour Gulf of Aqaba, South Sinai, Egypt. Cit. Egypt. J.
Aquat. Res. 2005, 31, 58–67.

22. Mohamaden, M.I.I. Groundwater exploration at Rafah, Sinai Peninsula, Egypt. Egypt. J. Aquat. Res. 2008, 35, 49–68.

23. Shagar, M.M.S.A. Structural effect on the groundwater at the Arish City, North eastern Part of Sinai Peninsula, Egypt
Egypt. Egypt. J. Aquat. Res. 2008, 35, 31–47.

24. Mohamaden, M.I.I.; Wahaballa, A.; El-Sayed, H.M. Application of electrical resistivity prospecting in waste water
management: A case study Kharga Oasis, Egypt. Egypt. J. Aquat. Res. 2016, 42, 33–39.

25. Mohamaden, M.I.I.; Ehab, D. Application of electrical resistivity for groundwater exploration in Wadi Rahaba,
Shalateen, Egypt. NRIAG J. Astron. Geophys. 2017, 6, 201–209.

26. Raji, W.O. Review of Electrical and Gravity Methods of Near-Surface Exploration for Groundwater. Niger. J. Technol.
Dev. 2014, 11, 31–38.

27. Rolia, E.; Sutjiningsih, D. Application of Geoelectric Method for Groundwater Exploration from Surface (A Literature
Study); American Institute of Physics: New York, NY, USA, 1977; p. 20018.

28. Rosid, M.S.; Kepic, A.W. Hydrogeological mapping using the Seismoelectric Method. Explor. Geophys. 2005, 36, 245–
249.

29. Britannica. Earth Exploration—Seismic Refraction Methods|Britannica. Available online:
https://www.britannica.com/topic/Earth-exploration/Seismic-refraction-methods (accessed on 6 January 2022).

30. Chandler, V.M. Gravity Investigation for Potential Ground-Water Resources in Rock County, Minnesota; Report of
Investigations 44; University of Minnesota: St. Paul, MN, USA, 1994; ISSN 0076-9177. Available online:
https://conservancy.umn.edu/bitstream/handle/11299/60798/1/mgs-264.pdf (accessed on 15 September 2021).

31. Sabri, L.M.; Sudarsono, B.; Aryadi, Y. Groundwater Change Detection by Gravity Measurement on Northern Coast of
Java: A Case Study in Semarang City of Central Java of Indonesia. Available online:
https://iopscience.iop.org/article/10.1088/1757-899X/797/1/012032 (accessed on 6 January 2022).

32. Davis, K.; Li, Y.; Batzle, M. Time-lapse gravity monitoring: A systematic 4D approach with application to aquifer storage
and recovery. Geophysics 2008, 73, WA61–WA69.

33. IAEA. Isotope Methods for Dating Old Groundwater; IAEA: Vienna, Austria, 2013.

34. Iqbal, N.; Ashraf, M.; Imran, M.; Salam, H.A.; Hasan, F.U.; Khan, A.D. Groundwater Investigations and Mapping in the
Lower Indus Plain; PCRWR: Islamabad, Pakistan, 2020.

35. Kendall, C.; Aravena, R. Nitrate Isotopes in Groundwater Systems. In Environmental Tracers in Subsurface Hydrology;
Springer: Boston, MA, USA, 2000; pp. 261–297.

36. Balkhair, K.S.; Masood, A.; Almazroui, M.; Rahman, K.U.; Bamaga, O.A.; Kamis, A.S.; Ahmed, I.; Al-Zahrani, M.I.;
Hesham, K. Groundwater share quantification through flood hydrographs simulation using two temporal rainfall
distributions. Desalin. Water Treat. 2018, 114, 109–119.

Retrieved from https://encyclopedia.pub/entry/history/show/46293


