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ABSTRACT: Subsidiary groundwater monitoring wells have been installed and operated to continuously monitor groundwater usage and
contamination within the jurisdiction of local governments. When establishing local groundwater management plans, the AHP model was
used to determine the allocation of the groundwater monitoring network. The currently used AHP model is over 20 years old and fails to
reflect the current perception of groundwater, necessitating improvement. This study developed an improved AHP model based on the pairwise
comparison method using survey results from 151 respondents. The model consists of 3 primary evaluation factors and 9 secondary evaluation
factors, with a consistency index for the factors close to zero, indicating the model's usefulness. Compared to the existing AHP model, changes
in the weights of some evaluation factors were observed due to various factors such as changes in the perception of groundwater importance,
the increased role of groundwater during droughts and other climate changes, and the introduction of the concept of total groundwater quantity
management. It is expected that the improved AHP model developed in this study will be used in future local groundwater management plans
to establish the monitoring plans that better reflect current perceptions and characteristics.

Key words: subsidiary groundwater monitoring well, analytic hierarchy process, pairwise comparison, survey, consistency ratio
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Fig. 1. Composition of the groundwater monitoring network in Korea (Ministry of Environment, 2020).
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Table 1. Determination of primary evaluation factors for the AHP model.

Target monitoring areas

Selection criteria

Remarks

1) Areas where groundwater develop- - From the perspective of preventing the depletion of

ment and utilization are active

groundwater resources and securing water resources for

emergency use, areas with active groundwater develop-
ment and utilization should be set as a focus of ob-
servation and managed by the government.

2) Areas where it is necessary to mon- - Compared to other water sources, groundwater con-

itor groundwater contamination and
its progression

tamination is difficult to restore and leads to the loss of
its functionality as a water resource; therefore, it should

be considered a focus of observation.

3) Areas where groundwater is utilized - Areas not served by municipal water supply or lacking - The agricultural use is added

as an important resource for domestic
and agricultural purposes
management.

agricultural water supply depend solely on groundwater
as their only water resource, requiring thorough

to the existing AHP model.
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Table 2. Secondary evaluation factors and data source for the AHP model.

Secondary factors Criteria

Data source

Areas with a large number of
wells have a high importance of
groundwater

Number of groundwater
wells in the area

Utilization of statistical data on the number of groundwater
wells (From annual report on groundwater)

Areas with a high density of
wells have concerns about the
occurrence of various types of
problems

Density of groundwater
wells

Number of groundwater facilities per unit area (From annual
report on groundwater)

Areas with high groundwater
usage face issues with the water
cycle

Amount of yearly
groundwater use

Annual total groundwater usage (From annual report on
groundwater)

Number of wells for
drinking purposes

Drinking use signifies the im-
portance of water

Number of drinking wells from groundwater usage statistics
by drinking status (From annual report on groundwater)

Groundwater contamination
management is a primary ob-
jective of monitoring

Number of
contamination source

Total number of pollution sources from the national pollution
source survey statistics (MoE). The number of pollution
sources refers to the total sum of the industrial sector, aqua-
culture sector, livestock sector, environmental infrastructure
facilities, and other sectors as recorded in the statistics.

Number of wells with
poor water quality
(Failed to pass the water
quality test)

A measure to determine the ex-
tent of groundwater con-
tamination in the area

Number of wells that failed the water quality test regardless
of their use purposes. However, considering the frequency
of water quality testing and data acquisition, the number of
wells that failed the water quality test over a two-year period
is combined and used.

Number of households
using only groundwater
due to the lack of
municipal water supply

Primary water source in areas
not served by municipal water

supply

Number of households not served by municipal water supply
(From municipal water supply statistics from the National
Waterworks Information System, MoE)

Percentage of farmland Agricultural activities rely on

Utilization of agricultural water beneficiary area distribution
data from Korea Rural Community Corporation. Percentage
of non-beneficiary area relative to the total area

supplied only with groundwater
groundwater
When a large amount of
Amount of groundwater ~ groundwater is used for drink-

ing, water quality management
is important

use for drinking

Annual total usage of drinking wells from groundwater usage
statistics by drinking status (From annual report on ground-
water)
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Secondary factors Values

—1 F1:: No. of groundwater wells ]

{ F;,: Density of groundwater wells j

} F.3: Amount of yearly groundwater use }

{ F»;: No. of wells for drinking purposes

Standard score

<} F,,: No. of contamination source J

of secondary

Target Primary factors
F.: Degree of groundwater
} development and use
1
Final i F,: Administrative necessity of
evaluation |—— monitoring considering
score contamination

*} Fap:

{ F.s: No. of wells with poor water quality

No. of households using only groundwater

factors

F;: Dependency of

groundwater for household

\
——1 F3: Percentage of farmland supplied only with groundwater

and irrigational uses

} F33: Amount of groundwater use for drinking |

Fig. 2. Hierarchical structure of evaluation factors for the AHP model for the allocation of subsidiary groundwater monitoring

wells.
Factors A B C Geometric mean Weight
A 1 6 % l(1><6><%):0.95 %:0.31
B % 1 3 /(%x1x3)=0.79 %:026
C 7 % 1 /(7><%>< 1)=1.33 %:0.43
Sum 3.07 1.0

Fig. 3. Example of weight calculation using 3x3 matrix of primary factors and pairwise comparison method.
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; +
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_ | Evaluation
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Fig. 4. Calculating process of the final evaluation score using the primary and secondary evaluation scores in the final AHP model.
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Table 3. Consistency ratio calculated from the weighted average of each secondary evaluation factor.

Evaluation factor Weighted average Lambda CI CR

F11 0.703
F12 0.980 3.001 0.000 0.001
F13 1.318
F21 0.639
F22 1.161 3.000 0.000 0.000
F23 1.200
F31 1.046
F32 1.079 3.000 0.000 0.000
F33 0.875
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Fig. 5. Comparison of the distribution of weights for the relative importance of three primary evaluation factors between the existing

AHP model (n=93) and the new AHP model (n=151).
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Fig. 6. Comparison of average evaluation scores for the secon-
dary evaluation factors between the previous and current models.
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Table 4. Results of the final evaluation scores for each city and county in Chungcheongnamdo Province.

F F, F;
Fu Fi, Fis Weighted| F, F) Fas Weighted| Fj, Fs, Fs3 Weighted|
Regi F score score score F score score score F Total
gion | score score score | | E 1 | R 2 | R 3 score
+ + = + + = + + =
Friax Fiaex Fiaax score x Farsx Faaux Fasex score X F3p% Fapx Fiz% score X
0.23 0.33 0.44 0.29 0.21 0.39 0.4 0.34 0.35 0.36 0.29 0.37
Gyeryong| 0.023 0.404| [0.058| [0.485| 0.141 |0.008| |0.021 - 0.028| 0.010 [ 0.058| |2.288| |0.016] |2.361| 0.874 [1.024
Gongju [0.801 1.003] [1.948| [3.752| 1.088 |0.613| |0.758| [1.040| |2.412| 0.820 |0.436 1.864| [0.895| |3.195| 1.182 [3.090
Geumsan | 0.411 0.771] ]0.661 1.843| 0.534 |0.079| |0.315 - 0.393| 0.134 |0.613| |2.120[ |0.176] |2.908| 1.076 |1.744

Nonsan |0.761| [1.481] [1.200| |3.442| 0.998 |0.214| |0.557| [0.252| |1.024| 0.348 |1.330| |1.092| [0.335 |2.758| 1.020 |2.367
Dangjin [0.499| [0.765| |[1.153] |2.418| 0.701 |0.512| |0.977| |1.151| |2.640| 0.898 |0.870| |2.227| |0.910] |4.006| 1.482 [3.081
Boryung | 0.404| 10.745| [1.143| |2.293| 0.665 |0.085| |0.703 - 0.788| 0.268 [0.227| [1.509| |0.238| |1.974| 0.730 [1.663
Buyeo [0.746| [1.291| |0.628| |2.665| 0.773 |0.688| [1.338] |0.126| |2.152| 0.732 |0.291| |1.429| |0.354| |2.074| 0.767 |2.272
Seosan [0.851 |, |1.239|_]1.220|_|3.310| 0.960 |0.352|,|0.482|,10.741|_|1.574| 0.535 [0.319|_[1.311|]0.259|_| 1.889| 0.699 |2.194
Seocheon|0.425| (1.257| |0.600| |2.282| 0.662 |0.163| [0.176| |0.032] |0.370| 0.126 |0.262| |1.247| [0.205 |1.713| 0.634 |1.421
Asan |0.392| (0.781| |[1.211| |2.384| 0.691 |0.189| |0.484| [0.757| |1.430| 0.486 |0.230| |[1.516| |0.672| |2.418| 0.895 |2.072
Yesan (0.427| (0.852| |1.143| |2.421| 0.702 [0.353| (0.512| |0.110| [0.976| 0.332 [0.120| |1.408] [0.940| |2.467| 0.913 |1.947
Cheonan |0.795| |[1.351| |1.142| |3.287| 0.953 |{0.570| [1.005| [0.284| |1.858| 0.632 [0.816| [1.831| [0.456| |3.103| 1.148 |2.733

C;I;(;gg 0.289| 10.651| [0.574| |1.514| 0.439 |0.165| [1.098| [0.315| |1.578| 0.537 |0.139| |[1.648| |0.250| |2.037| 0.754 |1.729

Taean |0.520| [1.091| [0.650| |2.261| 0.656 |0.324| |0.082 - 0.405| 0.138 [0.315| |1.557| |0.348| [2.220| 0.821 [1.615
Hongsung| 0.614 | |1.487| [0.797| |2.898| 0.840 |0.405| [0.923 - 1.327| 0.451 [0.188| |1.834] |0.359| |2.381| 0.881 [2.173

Remark: F 4 refers to the standardized score of F11.
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Table 5. Proposal for the number of subsidiary groundwater monitoring wells for each city and county in Chungcheongnamdo

province.
New AHP model
Number of -
Region monitoring well.s Score b+y region Propoged .number of Current installation Propgsed
(2019 plan, applying Total of each score monitoring wells status . addlt?onal
the 2007 model) A) (Ax1,430) installation plan
Gyeryong 39 0.0329 47 10 37
Gongju 136 0.0993 142 10 132
Geumsan 81 0.0560 80 5 75
Nonsan 127 0.0760 109 4 105
Dangjin 134 0.0990 142 19 123
Boryung 72 0.0534 76 6 70
Buyeo 109 0.0730 104 8 96
Seosan 114 0.0705 101 29 72
Seocheon 71 0.0457 65 7 58
Asan 88 0.0666 95 28 67
Yesan 74 0.0625 89 4 85
Cheonan 132 0.0878 126 34 92
Cheongyang 74 0.0556 79 3 76
Taean 77 0.0519 74 8 66
Hongsung 101 0.0698 100 9 91
Sum 1,430 1.0000 1,430 184 1,246

2 Jlolet. Ajahpel] thak Q14 wiske] Hetet Aslat A=
ofl halirle FF 271l A2 Fote] Fgaior & A
o7 Hr} of&H, &% 539 B 10y o]Fo|x= AHP &
g E83 Aske B2EAT v AZS gy
A2 HE At B85t AHAE AHP 2L 7, 8
83k Aol kAT Aol

A =

o] EEL FRpolRTA] NAFHT Aok %
B 29 A Ao ofstel Syt

REFERENCES

Ayvaz, T.M. and Elgi, A., 2018, Identification of the optimum
groundwater quality monitoring network using a genetic algo-
rithm based optimization approach. Journal of Hydrology, 563,
1078-1091, https://doi.org/10.1016/j.jhydrol.2018.06.006.

Chungcheongnamdo, 2019, Report on the establishment of the
supplementary groundwater management plan in Chungcheong-
namdo. Climate and Environment Bureau, Chungcheongnamdo.

Esquivel, J.M., Morales, G.P. and Esteller, M.V., 2015, Groundwater
monitoring network design using GIS and multicriteria analysis.
Water Resources Management, 29, 3175-3194, https://doi.org/
10.1007/s11269-015-0989-8.

Esquivel-Martinez, J.M., Exposito-Castillo, J.L., Esteller-Alberich,

M.V.,, Gomez-Albores, M.A., Medina-Rivas, C.M. and Fonseca-
Ortiz, C.R., 2023, Prioritization of areas for groundwater mon-
itoring using analytic hierarchy process method in Geographic
Information Systems: a case of Mexico. International Journal
of Environmental Science and Technology, 20, 5965-5982,
https://doi.org/10.1007/s13762-022-04383-6.

Gladish, D.W., Pagendam, D.E., Janardhanan, S. and Gonzalez,
D., 2023, Geostatistical based optimization of groundwater
monitoring well network design. Frontiers in Earth Science, 11,
https://doi.org/10.3389/feart.2023.1188316.

Jin, X., Ranjithan, R.S. and Mahinthakumar, G. (Kumar), 2014,
Amonitoring network design procedure for three-dimensional (3D)
groundwater contaminant source identification. Environmental
Forensics, 15, 78-96, https://doi.org/10.1080/15275922.2013.
873095.

Kavusi, M., Khashei Siuki, A. and Dastourani, M., 2020, Optimal
design of groundwater monitoring network using the combined
election-kriging method. Water Resources Management, 34,
2503-2516, https://doi.org/10.1007/s11269-020-02568-7.

Kim, G.B., Son, Y.C. and Hwang, C 1., 2022, Determination of new
national groundwater monitoring sites using artificial neural
network model in South Korea. Geosciences Journal, 26, 513-
528, https://doi.org/10.1007/s12303-021-0044-0.

Kim, J.W,, Lee, 1.Y., Yi, M.J. Kim, G.B., Won, J.H. and Lee, K.K.,
2007, Allocating local groundwater monitoring stations for South
Korea using an analytic hierarchy process. Hydrogeology
Journal, 15, 615-632, https://doi.org/10.1007/s10040-007-0168-y.

Lane, E.F. and Verdini, W.A., 1989, A consistency test for AHP



52 21738 . AOX| . AUT|H| - SEHA -

decision makers. Decision Sciences, 20, 575-590, https://do-
i.org/10.1111/j.1540-5915.1989.tb01568 x.

Meray, A.O., Sturla, S., Siddiquee, M.R., Serata, R., Uhlemann,
S., Gonzalez-Raymat, H., Denham, M., Upadhyay, H., Lagos,
L.E., Eddy-Dilek, C. and Wainwright, H.M., 2022, PyLEnM:
a machine learning framework for long-term groundwater con-
tamination monitoring strategies. Environmental Science and
Technology, 56, 5973-5983, https://doi.org/10.1021/acs.est.
1c07440.

Ministry of Environment, 2020, Plan for the installation of ground-
water quality monitoring network and measurement of water
pollution status. Ministry of Environment Notification 2020-253.

Mirzaie-Nodoushan, F., Bozorg-Haddad, O. and Loaiciga, H.A.,

=
rot
0
O
1o
rot
Otot

>+
i)

2017, Optimal design of groundwater-level monitoring networks.
Journal of Hydroinformatics, 19, 920-929, https://doi.org/10.
2166/hydro.2017.044.

Saaty, T.L., 1999, Decision making for readers: the analytic hier-
archy process for decisions in a complex world, 3rd edn. RWS
Publications, Pittsburgh.

Teimoori, S., Olya, M.H. and Miller, C.J., 2023, Groundwater level
monitoring network design with machine learning methods.
Journal of Hydrology, 625(B), 130145, https://doi.org/10.1016/
jjhydrol.2023.130145.

Wu, Y., 2004, Optimal design of a groundwater monitoring net-
work in Daging, China. Environmental Geology, 45, 527-535,
https://doi.org/10.1007/s00254-003-0907-x.



	Study on the AHP model improvement for the allocation of subsidiary  groundwater monitoring networks
	요약
	ABSTRACT
	1. 서언
	2. 짝 비교 및 AHP 기법
	3. 계층 구조의 결정
	4. 설문조사
	5. 짝 비교에 의한 가중치 결정
	6. 최종 AHP 모델 개발
	7. 기존 모델과의 비교
	8. 충청남도의 지하수 보조측정망 배치 계획 수립
	9. 토의 및 결언
	REFERENCES


