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Abstract

In recent decades, increasing population and the consequent
intensified water demand have led to exploitation of
groundwater resources. Lack of water along with improper
management raise conflicts between its stakeholders in most of
which often the amount of water demand by the stakeholders
exceeds the amount of available water. Therefore, the
management of underground water and withdrawals should be
such that in addition to meeting the needs of consumers in a
fair manner, it takes into account the stability of the aquifer.
For this purpose, bankruptcy theory, which is one of the
cooperative game theory approaches, has been used to allocate
water among the Stakeholders. Bankruptcy methods include
Proportional bankruptcy (P), Constrained Equal Award
bankruptcy (CEA), Constrained Equal Loss bankruptcy
(CEL), Talmud (TAL), Piniles (PIN), and Adjusted
Proportional bankruptcy (AP). The study area for this research
is Damghan plain at the Semnan province. The annual water
requirement of this region is about 110 million cubic meters
and the annual water withdrawal from the aquifer is about 87
million cubic meters. In this study, 10 stakeholder regions from
the agriculture, urban and industry sections are considered. The
results obtained from bankruptcy proceedings have been
valuated by the indicators of majority voting, stability in
behavior, and groundwater level taking into account
uncertainty, and the integration of previous indicators.
According to the results, the CEL method is selected as the best
method with stability in the same behavior (level of
satisfaction) among stakeholders, higher groundwater level
and the highest § index.
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Fig. 1- Geographical location of the study area (Zarghami et al., 2020)
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Fig. 2- Map of water resources of the study area (Zarghami et al., 2020)
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Fig. 3- Damghan plain aquifer partitioned areas
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&b g 2l 5l g S Cilop lwe - Jgo

No. Name of the partitioned area Water (rrzra]?#;)rement Water(vn\1/:rt]r;)d rawal
1 Mowmenabad 5.6 3.7
2 Mehmandust & Husseinabad 23 9.8
3 East of Damghan, Vamarzan & Jazn 7.3 10.0
4 Baram & Varzan 5.0 6.5
5 Hajjaji & West Damghan 19.2 12.1
6 Damghan & Zargarabad 12.8 8.6
7 Forat 16.7 12.3
8 Amravan & Qusheh 2.5 5.5
9 Domestic use 10.3 10.3
10 Industrial use 8.8 8.8

The whole aquifer 110.9 87.6
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Fig. 4- The location of the exploitation wells in the study area (Zarghami et al., 2020)
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Table 2- Allocations by six methods applied to Damghan plain aquifer
Oleld Culdd ylgdul 15 uwd did,5 LI (Wig, £ Lamass guli -Y Jodo
Percentage of Supplied Need

P CEA CEL TAL PIN AP

Beneficiary 1 78.5 100 57.1 55.3 100 78.5
Beneficiary 2 78.5 52.3 89.5 89.1 65.6 78.5
Beneficiary 3 78.5 100 67.1 65.7 100 78.5
Beneficiary 4 78.5 100 5.2 50.0 100 78.5
Beneficiary 5 78.5 62.6 87.5 87.0 68.7 78.5
Beneficiary 6 78.5 94.0 81.2 805 78.1 78.5
Beneficiary 7 78.5 72.0 85.6 85.0 71.2 78.5
Beneficiary 8 78.5 100 5.6 50.0 100 76.0
Beneficiary 9 78.5 100 76.7 76.7  75.7 84.4
Beneficiary 10 78.5 100 72.7 71.6 100 68.1

Table 3- Results of plurality index in Damghan plain aquifer
ObReld iy oylgsl )3 £ly)] Gy 251 ad W gl Y Jou
Plurality Index

P CEA CEL TAL PIN AP

Beneficiary 1 0 1 0 0 1 0
Beneficiary 2 0 0 0 0 0 0
Beneficiary 3 0 1 0 0 1 0
Beneficiary 4 0 1 0 0 1 0
Beneficiary 5 0 0 0 0 0 0
Beneficiary 6 0 1 0 0 0 0
Beneficiary 7 0 0 0 0 0 0
Beneficiary 8 0 1 0 0 1 0
Beneficiary 9 0 1 0 0 0 0
Beneficiary 10 0 1 0 0 1 0

Total 0 7 0 0 5 0
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Table 4- Results of stability index in Damghan plain aquifer
Oleld Culdd oylgsul 45 4L, 45 (5)lwl s W b -F Joua

Stability Index

P CEA CEL TAL PIN AP
S, 0.57 157 0 0.15 1.15 0.57
Ranking 3 5 1 2 4 3
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Fig. 5- Normal distribution function f(x)
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Fig. 6- The average level of underground water taking into account the uncertainty of observation wells
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Table 5- Normalized obtained results of evaluation methods
255 SR USgy ael Caway s s Jloyi -0 Jga>
Normalized Numbers in The Previous 3 Indices
P CEA CEL TAL PIN AP

Plurality Index 0 1 0 0 0 0
Stability Index 0.63 0 1 090 0.26 0.63
Underground Water

Level Index 016 046 1 0.53 0 0724

Table 6- The final results of the assessment of § index allocation (integration of previous indices)
(Jd s yad L pledl) B b Ll panass b))l S W -5 Jgse
® B

0, w, ws P CEA CEL TAL PIN AP
0/33 033 033 026 048 066 047 008 0.45
0/5 025 025 020 041 050 036 006 0.34
025 05 025 035 036 075 058 013 050
025 025 05 024 048 075 050 006 0.52
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1- Game Theory

2- Cooperative Game

3- Non-cooperative Game

4- Proportional Rule

5- Constrained Equal Awards Rule
6- Constrained Equal Losses Rule
7- Talmud Rule

8- Piniles’ Rule

9- Adjusted Proportional Rule
10- Plurality Index

11- Stability Index
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