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Introduction

Side weirs are widely used hydraulic structures in irrigation, drainage, and flood control systems. These
structures allow excess water to be diverted from the main channel, helping to manage flow capacity
effectively. In converging channels, the presence of guiding structures, such as flow deflectors, can influence
the hydraulic performance of side weirs. Recent studies have highlighted the potential of guiding structures
to enhance discharge capacity. However, uncertainties persist regarding the impact of convergence and added
structures on specific energy variations in the main channel. The classical assumption of spatially varied flow
with lateral outflow suggests that specific energy remains constant along the weir. This study aims to evaluate
the validity of this assumption in converging channels with guiding structures by investigating specific
energy variations using numerical simulations.

Methodology

A three-dimensional numerical model was developed using FLOW-3D to simulate flow over a
converging side weir. The experimental setup by Maranzoni et al., (2017) was used as a reference for model
validation. The numerical domain consisted of a converging channel with a side weir, and guiding structures
were placed on the weir crest at three different longitudinal positions (upstream, middle, and downstream)
with installation angles of 60°, 90°, and 120° relative to the horizontal.
The Reynolds-averaged Navier-Stokes (RANS) equations were solved using the RNG k-¢ turbulence model.
Boundary conditions included a specified flow rate at the inlet, a pressure outlet at the downstream boundary,
and wall conditions for the channel boundaries. Grid independence was ensured by testing different mesh
resolutions, with the final model consisting of approximately 1.5 million cells. The numerical model was
validated against experimental data, with a maximum simulation error of less than 4%.

Results and Discussion

The numerical results showed that guiding structures influenced specific energy variations along the weir.
The middle position of the weir exhibited the least change in specific energy (0.8%) , making it the optimal
location for installing guiding structures. In contrast, upstream and downstream placements resulted in
greater energy variations, with mean differences of 1.17% and 1.37%, respectively.
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The effect of installation angle on specific energy variations was negligible. Across different angles, the mean
variation ranged from 1.03% to 1.22%, indicating that the angle of installation had little impact on energy
conservation. The influence of the inflow Froude number was also examined. For Froude numbers below
0.3, specific energy variations remained under 0.5%. As the Froude number increased to 0.45, energy
variations reached 1.6%, which is still within an acceptable range. These findings suggest that specific energy
variations are more sensitive to the location of guiding structures than their installation angle.

The results confirm that the classical assumption of constant specific energy in spatially varied flow with
lateral outflow holds even in converging channels with guiding structures. Although minor deviations were
observed, they were within acceptable limits for practical applications.

Conclusions

In this study, by comparing the simulation results with experimental data, it was found that the model
used for simulating flow over side weirs possesses high accuracy and reliably predicts the actual performance
of these structures. One of the key aspects of this research is the accurate simulation of side weirs in
converging channels. Despite numerous studies in this area, especially in recent years, certain aspects of the
design and hydraulic behavior of these types of weirs still require more detailed investigation and numerical
modeling.

The findings of this study demonstrated that the classical concept of specific energy stability in gradually
varied flow with decreasing discharge remains valid even under converging conditions and in the presence
of guiding structures. The average difference in specific energy between the upstream and downstream of the
weir in all simulations was 1.24%. Additionally, the influence of the Froude number on the increase in
specific energy variations was clearly observed. However, within the range of Froude numbers less than 0.5,
which is typically dominant in irrigation and drainage channels, specific energy variations did not exceed
3%.

Finally, for future research, it is recommended to investigate the effects of factors such as the crest height
of the side weir, the presence of orifices within the weir structure, and the influence of supercritical flow
regimes on specific energy variations along side weirs, in order to develop a more comprehensive
understanding of their hydraulic behavior.
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Table 2 — Comparison of experimental and numerical water depths along the centerline of the main channel
Water Depth (cm)

Distance - Error (%)
Maranzoni et al., (2017) FLOW-3D Model
-0.75 21.44 20.73 3.31
-0.60 21.44 20.73 3.31
-0.45 21.44 20.68 3.54
-0.30 21.46 20.75 3.31
-0.15 21.49 20.80 3.21
0.00 21.54 20.82 3.34
0.15 21.56 20.82 3.43
0.30 21.62 20.88 3.42
0.45 21.64 21.08 2.58
0.60 21.61 21.33 1.30
0.75 21.67 21.38 1.34
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Introduction

Water scarcity can result from drought, a decline in water resources, or a combination of both factors.
Under these conditions, the term "crisis" aptly describes the situation. The global water crisis is among the
most significant threats facing humanity; it is estimated that approximately 3.5 billion people will experience
water shortages by 2025, with global water demand projected to rise by 30% by 2050. To mitigate farmers'
vulnerability and mitigate the impacts of water scarcity, the concept of resilience has gained attention.
Resilience reflects the capacity of an individual or system to adapt effectively during critical situations and
identify rational strategies to overcome crises. Today, resilience serves not only as a tool for crisis
management but also as a preventive and predictive measure aimed at maintaining orderly continuity under
various conditions. Notably, the agricultural sector faces earlier and more severe consequences of water
scarcity than other sectors due to the direct threats it poses to farmers' livelihoods and national food security.
Given this critical importance, the objective of this study is to identify and analyze key drivers that influence
the development of farmers' resilience against water scarcity crises.

Materials and Methods

Given that "capacity development" pertains to future-oriented activities, this study utilized the critical
uncertainty approach and the cross-effects matrix, common methods in futures research, to identify relevant
drivers. Initially, a comprehensive review of existing literature was conducted to identify significant issues
related to resilience against water scarcity. After summarizing, consolidating, and eliminating redundant or
overlapping concepts, these factors were compiled into questionnaires and presented during semi-structured
interviews with experts, specialists, and key informants.
Participants rated each factor based on "importance" and "uncertainty" for the horizon of 1413 using a five-
point Likert scale (very low, low, medium, high, very high). Subsequently, experts weighted and ranked these
factors according to their perceived importance and uncertainty. Interaction analysis was then performed to
examine interrelationships among key factors, assessing their mutual influence. This method, implemented
through specialized futures research software MICMAC, is particularly suitable for analyzing variable
interdependencies and compiling expert insights. MICMAC employs a matrix-based approach to elucidate
the relationships among influential factors in qualitative research.
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Results

Using the critical uncertainty approach, factors identified as both highly important and uncertain were
deemed key drivers. Average weights assigned to each factor were plotted onto an importance-uncertainty
matrix, allowing the selection of critical factors. Identified factors included: (1) reforming policies that
incentivize the production of water-intensive crops; (2) acceptance of the severity of the crisis within the
agricultural community; (3) systemic governance of agricultural water resources; (4) promoting optimal
water-use practices among farmers; (5) controlling excessive agricultural water extraction; (6) reforming
regional cropping patterns; and (7) promoting sustainable livelihoods independent of water-intensive
practices.

Results demonstrated that policy reforms targeting water-intensive crop production, enhancing water-
use culture among farmers, and adjusting regional cropping patterns significantly impact farmers' resilience
to water scarcity. Additionally, key-dependent factors highly influenced by others were the agricultural
community's acknowledgement of crisis severity, systemic governance of agricultural water resources, and
regulation of excessive water withdrawals.

Conclusions

This study identified three primary drivers crucial to developing farmers' resilience in Zanjan province:
recognizing the severity of the water crisis, adopting systemic governance approaches to water resources,
and regulating excessive agricultural water withdrawals. These drivers are interconnected, implying that
changes in one factor will inevitably influence the others. Effective management of these drivers is thus
essential for advancing resilience among farmers facing water scarcity. Given the critical status of water
resources in Zanjan, where five out of seven plains are classified as prohibited or critical zones, provincial
administrators and planners, along with the broader agricultural community, must acknowledge the depth of
this crisis. By adopting systemic approaches and managing water consumption responsibly, significant strides
can be made towards building resilience to the ongoing water scarcity crisis.

Keywords: Resilience, Water Crisis, Zanjan Province, Interaction Analysis, Futures Studies.
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Table 2 - Results related to ranking the importance and uncertainty of factors affecting the development of farmers'
resilience capacity based on Friedman's rank average
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Table 3 - Leveling and grouping of factors in terms of importance and uncertainty
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Fig. 2 - Position matrix of factors affecting farmers' resilience based on importance and uncertainty
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Table 4- Stability of the interaction matrix

294 51 G i NS 31 (gl it (oo 52) )l S
Influence variables Impact variables Rotation
Voo AF \
Voo AA A\
Voo WY Y
)\ \ ¥

Qi 6L§a)ui 9 um yb wlasic -0 Joua
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Introduction

Undoubtedly, drought is one of the most complex and major natural hazards that can affect many
economic sectors and reduce both water availability and water quality necessary for productive agriculture.
Globally, most freshwater (around 70 percent) is used by the agricultural sector, and in the future, demand
for agricultural freshwater will increase. However, due to population growth and the need for food security,
coupled with the decline in available water resources caused by over-extraction of water resources, drought,
and climate change, water scarcity has become one of the challenges of the agricultural sector. In Iran, the
agricultural sector, as one of the most important economic activities, is heavily dependent on water resources;
however, due to drought and mismanagement of water resources, it faces serious challenges in ensuring
sustainable agricultural water resources, which are leading to an unprecedented crisis in the water sector. To
manage this crisis, in addition to the role of government institutions, farmers and local communities must
have the ability to adapt to climate change and drought, and resilience capabilities. During the drought period,
farms that had enough resilience capabilities were able to continue their activities, which could lead to the
sustainability of the agricultural and rural sector. Accordingly, the main purpose of this research was to
analyze the dimensions of farmers' resilience to drought and water crisis in the agricultural sector of Iran.

Methodology

In this study, the content analysis method was used to analyze the dimensions of farmers' resilience to
drought. To conduct the research, the following steps were taken: 1) ldentifying the main problem and
research objectives; 2) Selecting the samples or texts; 3) Defining, coding, and categorizing semantic units;
4) Assessing the reliability of the results; and 5) Interpreting the findings. The aim of content analysis in this
study was to gain a comprehensive understanding of the “components of farmers' resilience to drought and
water crises in the agriculture sector”. The sampling framework involved reviewing papers in this research
field (published in scientific journals between 2008 and 2024). Accordingly, 112 papers were identified, out
of which 78 papers were directly relevant to the research topic. Finally, each selected paper was assigned a
code. The third step involved defining semantic units and coding them. Accordingly, words, sentences, and
paragraphs were considered as semantic units. These units were then coded with a short phrase. Subsequently,
subcategories and categories were formed by summarizing the coded concepts. In the fourth step, to ensure
the reliability of the results, researcher triangulation was used. In the final step, the findings were interpreted
by comparing subcategories and categories and referring back to the data.

¥y


file:///F:/مجله%20ها/Sazehaye%20Abyari/1404/10Vol.26No98%20Spring%201404/Dr.Ghasemi/ja.ghasemi@areeo.ac.ir

Analysis of the Dimensions of Farmers® Resilience to Drought Crisis Using Content Analysis Method

Results and Discussion

Based on the analysis of selected papers, five categories and 63 concepts were identified and extracted
in the context of the farmers' resilience to drought and water crisis in the agricultural sector, that were
summarized into five categories, including: "economic capital,” "social capital,” "human capital,” "physical
and infrastructural capital,” and "natural capital”. The research findings indicated that, regarding economic
capital, "diversification of economic activities and job opportunities in rural areas” and "access to bank
facilities" were in the highest ranks; in relation to social capital, "cooperation, participation, and group and
collective activities” and "membership in associations, cooperatives, organizations, credit funds, etc. for
managing drought crisis™ were in the highest ranks; Concerning human capital "participation in extension
courses” and "awareness of the drought crisis and its consequences™ were in the highest ranks; regarding
physical and infrastructure capital, "access to welfare, infrastructural, and development services™ and "use of
technical and infrastructural equipment” were in the highest ranks; and finally regarding natural capital “using
appropriate and modern irrigation management methods™ and "using modern methods in production and
crops improvement™ were in the highest ranks.

Conclusions

For success in the field of farmers' resilience to drought, all the mentioned dimensions must be addressed
simultaneously and through a comprehensive approach, because many of these components interact with
each other and can either strengthen or weaken one another. Hardware and software requirements, technical
and infrastructural aspects, and education and awareness should be considered alongside the involvement of
local communities and formal and informal organizations. A one-dimensional approach cannot yield
desirable results. Although some dimensions of resilience have been studied and examined less than others,
which does not indicate their lesser importance compared to other dimensions, on the other hand, examining
the direct and indirect effects and consequences of these dimensions is sometimes challenging. Finally,
farmers' resilience to drought and water crisis and the development of resilient behaviors in farmers and local
communities require the availability of necessary infrastructure and special support. This is a cross-sectoral
and inter-ministerial issue, and serious decisions need to be made in the legislative, policy-making, and
supervisory sectors.
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Table 2- The dimension of economic capital in farmers' resilience to drought crisis

Sl Al o8 POVATN ab
Frequency Paper Code Concepts Category
1,4,6,7, 8,10, 11, 19, 22, ) e ; " i e e
(Cubano odsugsl) Lwgy 0 (i slacusd 5 (ooladl sl iy £53
23,24, 25, 30, 32, 37,41, 43, LT ; L . L
35 Diversification of economic activities and job opportunities in
46, 47,50, 51, 56, 60, 61, 63, R . e
64. 66, 67, 69, 70, 73, 75, 77 rural areas (livelihood diversification)
1,6,7,9, 10, 16, 17, 22, 23, aslin I3yl 5 55 g b S0l g & gy
28 29, 32, 33, 38, 39, 41, 43, 46, bank faciliti ith low i q bl
47, 48, 55, 63, 64, 67. 68, 73, Access to bank facilities with low interest rates and reasonable
75.77. 78 repayment terms
1,6,7,9,10, 14, 19, 32, 33, S A e R
20 41,42, 43, 47, 48,59, 64, 67, _ _ D T TSR S
70,72, 77 Access to agricultural insurance
b (Sogion 5 o2 SoS o Jlo slacalos ilex alll slasl) (9 slacoles
16 1, 6, 10, 14, 16, 20, 22, 30, ( 9 (S poduno C,db)g: ‘O\)zg OLA} 5 QW C&b)_{_ QLo)' » u»w
33,43, 47,55,63,64,73, 77 Government support (granting support subsidies, financial
support, grants, payment of pensions, etc.)
14 1, 6, 22, 47, 48, 55, 61, 62, el (slmodlgils g 139U 51l g (530
63, 68, 70, 73, 75, 77 The level of financial savings of farmers and their families
Cinn 9 3al,3) (6559l pud slaclled 5 Lwg) B3gaone 5| 2 )5 (ool el
1, 6, 24, 37, 41, 46, 47, 48, (ol
13 . . . . .
56, 67, 69, 73, 77 Economic activity outside the village boundaries and non-
agricultural activities (alternative income and livelihood)
10 9, 15, 47, 48, 54, 61, 67, 68, wlopw 5 2h Ol
75 The amount of assets and capital
9 1,15, 47, 48, 61, 63, 68, 72, $5:9U8 i 3l ol daly l3e
78 The amount of income derived from the agricultural sector Lloges
(- 9 S5ghiS (oS5 5 () bt (o) 5 S g plio duwg g
7 6, 22, 32, 33, 38, 48, 67 Development of new industries and businesses (Agricultural  £.onomic
processing and complementary industries, etc.) capital
5 49,55, 67, 68, 75 . kel shedld 2 olag obj et
Participation of rural women in economic activities
She llpd 3 wae Jad (S kee 5 Jid e 2l
5 1,6,15,55,67 The ability to change jobs and create new job opportunities in
critical situations
b2 S 3l L lie 53Ty g (i Ll 0 Sy g a5 Ul
5 1,6,47,69,70 Ability to adapt and return to appropriate job and income
conditions after a crisis
©gliS e gaze bk 2Ulg g a5 (gloyj (lolid
5 1,41, 43, 35, 67 Identification of production chains and agricultural product
marketing ability
S529LiS S g Ly LBl odial 4 (1391 Jlgdel 5 (s
4 1,47,69,70 Being hopeful about the future of the rural economy and the
agricultural sector
(o pnly &Y guame 03154) (555liS Y guazo Cuasd LS
4 41, 43, 55, 67 Price stability of agricultural products (especially strategic
products)
3 7,33,43 ) S5pgliS SN gamo 3y 5 ey
Guaranteed purchase of agricultural products
Lsg) 53 (F9o5 9 (F99) s S aleyms 18
1 6 Increasing investment (governmental and non-governmental)
in rural areas
1 6 Lasgy 53 IS Alo s & o2 2,81 Jolod
Willingness of local people to invest in rural areas
185 185 Total 5 e

oy
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Table 3- The dimension of Social capital in farmers' resilience to drought crisis

Sols Al 55 JUISTH aid
Frequency Paper Code Concepts Category
1,2,7,9 10,13, 15,16, bl diwsy 22l slagbo 13 (Jlops 9 Jlo e8)Lkia) (gror plidl 5 <8 )Lkio 5 (55500
17, 18, 19, 20, 29, 31, (w5 aniiallple
30 32, 33, 36, 43, 46, 61, Cooperation, participation, and group and collective activities
63, 64, 66, 67, 68, 69, (financial and non-financial participation in village implementation
70,72,77,78 projects, public works, etc.)

27,16, 17, 18, 32, 36 :
12 28, 24, 19, 34, 35, T ol oo syt o 9 5335 (sl Bgkin dn S5 5 o sighs dagyenl o g
30, 41, 43, 47, 48, 61, O SO0 Swm by Wl SIS bl ol Supee

22 Membership in associations, cooperatives, organizations, credit

63, 66, 67, 68, 70, 71, . L
72.73. 77 funds, etc. for managing water crisis

olys b csloxe o)) (sloxe (o g oy Slaplojlos 5 Wdles Sy o (3l 185
1, 7,9 12, 15, 17, 18,

o BB MG ol ool Sapie sl (g busind
48, 61, 62, 63, 67, 68, playing of local formal and informal institutions and
69 organizations (local leaders, councils, Rural Municipalities
(Dehyari), etc.) for managing water crisis
1, 7,10, 14, 19, 26, 32, A slaghee Copte sly og G | 5pSope e
15 40, 41, 46, 47, 64, 66, The extent of utilizing indigenous knowledge for managing water
73,77 crisis ;
g Slgal oy (28 ¢ )0d (Sl ilass ¢ Jgy ol 28) slai] Slasl e
13 L. 18, 20, 23, 31, 43, 46, Social trust (Ie(ndiing money, bank guarantees for others, lending tools !
47, 61, 63, 66, 68, 70 etc) ' ’ ' Social
(5 sogos Slude 5 €855 (S0 b Jols 9 ©pbleo) (olaza] plord] capital
10 18, 20, 31, 32, 33, 47, Social cohesion (interacting with others, participating in public
62, 63, 66, 68 !
meetings, etc.)
8 9, 13, 15, 26, 46, 48, 68, Logy 4 bl 3l e
70 The level of sense of attachment to the village
5 L4755, 72. 75 (simghis Jad ) ad €als) oluo
Job satisfaction (with agricultural work)
4 1.7.9.46 o152] 4 el g g 53 (5 ke & olos
Desire to stay in the village and hope for the future
3 19,67 Lugy 5> (S5 5l el oluo]
Satisfaction with living in the village
1 68 Social security PPN RORN
1 67 OliglaS el o 4o 9 Gl STl
Sharing knowledge and experiences among other farmers
1 1 Log) ) (glaled g pgd slacs,S ) jl Cunlos
Preventing ethnic and tribal conflicts in the village
133 133 Total 5 e
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Table 4- The dimension of Human capital in farmers' resilience to drought crisis

ol Wl 55 el aib
Frequency Paper Code Concepts Category
1,3,7,10, 16, 19, 20, 26, T
28 28,32, 33, 36, 39,40, 41, Participation in ex)tJ;nsi;n c;ur;s in“t)h)e ::I’: o:;)i:kin(ish;zar;
43,44, 47, 48, 56, 57, 61,
62, 63, 64, 66, 72,73, 74 ~ Management
D 5550, 40 0,47, 48 e
56,70, 72, 73, 77 Awareness of the water crisis and its consequences
1, 23, 33, 34, 43, 47, 63, o L-Sl"’[)‘)"% w)’-‘“ “M) » Skl 5 Sl é’l‘*" 9}““3@) & (g yid
10 67,72, 78 Access to media and informational and communication resources
related to water crisis management
10 17, 43, 46, 47, 48, 61, 68, el oalgils (sliael g (yl3)5LaS” &M oo
70,72, 78 Education level of farmers and their family members
7 1,9, 15, 20, 47, 48, 72 - T
Adherence to religious and sectarian beliefs
o slaglpe Copta lnj ) Sy Copta slaby, b sl g S
7 1,9,12,23,33,47, 72 Understanding risk management methods related to water crisis
management
Gl 3 Congh iz ) g B sLdel g sty B SCumar sl Sy S Bl
6 47,60, 61, 68, 76, 78 s el T;;thrll
Demographic characteristics of farmers and their family members
(age, gender, ethnicity, social class, etc.)
6 1,17, 62, 63, 69, 72 ool laze b e
Experience of dealing with Water crisis
(55 losioly) snel iy slaglim b ablio sl S5y (Sobel
4 15, 33, 36, 58 Psychological preparedness to face emerging crises (psychological
empowerment)
o e oo g Mg el ) ssly 5 BB
3 1,7,10 Creativity and innovation in the production and water resource
management
) 43.44 el slaglpe Copta jel > Slidios 150 g 3l
Role playing of research centers in water crisis management
o @lie Copdo 5 1 sl )3 s Slegdse 653k by
1 1 Ability to learn new topics in production and water resource
management
1 1 Mo g Jlus Joow g Ulg5
Ability to analyze issues and problems
105 105 Total 5 oo
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Table 5- The dimension of Physical and infrastructure capital in farmers' resilience to drought crisis

Slalyd e oS adlio ab
Frequency Paper Code Concepts Category
oyl g 51l G i s O (bl laoly) Ly edlsy lods 5 (g)ls68
1,7.9,10, 12,17, izl g 0l G5 sy g ol ((bls)l ))@)499@..)1)(5_“’) )d))?{f
20, 43, 46, 47, 48, . (5 090 (bi90l (Slopd g Hilage UL"»
19 54,57, 61, 68, 69, Access to. welfare, mfrtas'tructural, and deve_lopment services
70.72. 78 (transportation, water, electricity, gas, telephone and internet, health and
medical services, public education, etc.)
9, 10, 17, 23, 26, . . ; ; . .
29,33 39. 41 42 (5529uiS” slodlag 9 55ysliS” lgol 9 Yl g pde oll) alanj 9 (5 e 3l ool
18 43, 45, 46, 65, 67, Use. olf tet;hmcz:\ll and |nfdrastrgct:Jral ngwpment (modern irrigation,
69, 73, 78 agricultural machinery, and agricultural inputs)
(3l lSs g guba (iS5 5 (bl laasd) S g Ol Ao 5 ol Slles day
29, 33, 39,41, 42, (e 9 bngpnj (ot Mol dlajos yiudy
1 46, 48,55,69,73, Development of infrastructural operations in water and soil
7 management (irrigation and drainage networks, land leveling and
consolidation, canal lining, land geometric correction, etc.)
P9 sl basg (rbs slagl e s 3 p5Y Slac oy dawg
1, 7, 11, 14, 23, i ; :
10 26. 30. 46. 57. 70 Development of necessary infrastructure for managing natural crises by 9 S &loyw
IR government institutions =l
sl s JLuSiis pogas 13 BT 5 b lapiusw 5 oMbl bk 4wy Physical and
8 14, 28, 32, 33, 43, el Infrastructure
59, 64,77 Development of databases and monitoring and early warning systems capital
for drought and water-related crises
6 9, 17, 47, 61, 75, Mg sl colus
7 Area of the production unit
fo ysliso g — i loa3 :
5 1,9,12, 32, 64 _ o ST 9 R T TS e
Access to technical-engineering and advisory/ consulting services
7,15, 61, 68 Access to suitable settlements Cnlio 0950 4y g yiand
1,7,55,62 Access to production inputs Mg slmodles 4 (aw yid
598 sl g eIl e ) alinns 5 (B Sl Ghag® 5 2 SThe &y (s
(5309128 slmodles
3 1,917 Access to centers for buying and selling technical and infrastructural
equipment (modern irrigation, agricultural machinery and tools, and
agricultural inputs)
AN FOR AN
1 61 ) o) ceVle £y
Type of land ownership
89 89 Total JS ae
Kl o e 9 0dg el )3 (gl sla s il eslaah b o puw -0
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Table 6- The dimension of natural capital in farmers' resilience to drought crisis

Slald PVEPIRCS PUEATR b
Frequency Paper Code Concepts Category
1, 27,33, 35,41, 42,43, 45, ; .

22 47, 48, 52, 53, 57, 60, 62 bl Cuppto (g 5 uslio slooged  o3lizl

64,67, 68,72, 73,77, 78 Using appropriate and modern irrigation management methods

Gl docslor 5 ST oo (65,51 widis) (oliae 5 395 ol )3 g slo iy, 5l edlisl

9,19, 33, 41,42, 43, 44, 45, (o 5 ding S
16 47, 48, 64, 65, 67, 73, 77, Using modern methods in production and crops improvement (such as
78 nutrition, tillage, pest and disease management, optimal planting date,
etc.)
1,7,24,27,33, 37,41, 42
y 1,24,27, 33,37, 41, 42, i eas) endes 1ol e e
16 47, 48, 50, 51, 52, 53, 55, N eI eRug ol 2 s Npan 658
77 Crop diversity in the production unit (crop diversification) b &l
1,19, 29, 33, 35,37,40, 41 . Natural
1 ’ 1 1 ’ 1 1 ) [ lio b b ey s A
16 42, 52, 53, 57, 64, 67, 73, . it & plie 9 0l 2l o b clpaine capital
77 Cultivation of low-water-demand and drought-resistant crops
b &Y ganse S (SIS CiS dnang wiS S 5 o sSals O gaase) ciS (oS M|
16, 19, 21, 26, 33, 35, 37, (w9 YU (s Cujo
16 43, 44, 47, 55, 62, 67, 68,  Crop pattern modification (alternative crops, crop rotation, development
73,78 of greenhouse cultivation, cultivation of high comparative advantage
crops, etc.)
4 1,7,67,72 Access to water resources & @lio 4 g yiwd
67 Diversity of water resources o el g
1 Access to suitable and fertile soil sdhols 5 canlio S dy o yiwd
92 92 Total JS o>
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Table 7- Five dimensions of farmers' resilience to drought crisis

Slglyd owdlio Slax olib
Frequency Number of Concepts Categories
185 18 Economic capital obasl 4lo
133 13 Social capital eloinl Gle yuo
105 13 Human capital sl Loy
89 11 Physical and infrastructure capital ;5 (Sojb loye
92 8 Natural capital b By
604 63 I e
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Introduction

This study investigates scour downstream of triangular—triangular compound weirs, which generate
unique flow patterns leading to increased turbulence and scour. Initially, laboratory experiments were
conducted to identify key influencing factors, followed by dimensional analysis to determine relevant
dimensionless parameters. Three artificial intelligence algorithms Aurtificial Neural Network (ANN),
Adaptive Neuro-Fuzzy Inference System (ANFIS), and Support Vector Machine (SVM) were then used to
perform sensitivity analysis and predict scour depth. The research enables a comparative evaluation of these
models in predicting complex hydraulic phenomena.

Methodology

This study examines the scouring phenomenon downstream of triangular-triangular compound weirs
using experimental methods and artificial intelligence models. The investigated weir was constructed by
combining two triangular sections with angles of 90° and 150°, installed in a 6.7-meter long and 90-
centimeter wide experimental flume at the Water Research Institute of the Ministry of Energy. Tests were
conducted with four different flow rates ranging from 7.08 to 54.94 liters per second using sediments with
an average diameter of 0.5 mm. The scouring profile was analyzed through digital imaging and Grapher
software.

For the modeling section, four artificial intelligence methods were employed to predict scouring hole
dimensions: ANN, ANFIS and SVM. These models were selected for their capability to identify nonlinear
relationships and complex patterns in data, with their performance evaluated using RMSE, Nash-Sutcliffe
efficiency (NS), and MARE metrics. This study provides a framework for comparing various Al methods in
hydraulic problems and can contribute to improving the design of hydraulic structures.
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Results and Discussion

Given the complex and uncertain nature of scour phenomena in slope control structures, as evidenced by
previous research and the significant errors in conventional models, this study employed Al approaches
(ANN, ANFIS and SVM) that require less understanding of underlying physical mechanisms. A
Comprehensive sensitivity analysis was first conducted on dimensionless input parameters (Frp, t/to, and
Vuwlyn), with all algorithms implemented in MATLAB and Python. The models were trained on 70% of
experimental data and tested on 30%, while a thorough parameter sensitivity analysis was performed across
all four models to enhance prediction accuracy of scour hole dimensions.

In the ANN modeling approach, a sensitivity analysis of input parameters was conducted by varying each
input by +10% to evaluate their relative influence on scour hole dimensions. The results revealed that the
particle Froude number had the greatest impact (45%) on maximum scour depth, while t/to significantly
affected scour hole length (32%). The SVM model's sensitivity analysis showed that the particle Froude
number had the highest average influence (55%), whereas yw/yn had the least (10%). Similarly, ANFIS
analysis indicated the particle Froude number's dominant effect (62% average) with yw/yn again showing
minimal impact. Comparative evaluation of error metrics demonstrated that the SVM model outperformed
the other proposed methods, exhibiting superior accuracy and performance in predicting scour characteristics.

Conclusions

This study aimed to evaluate the performance of artificial intelligence models in predicting the dimensions
of the scour hole downstream of a triangular—triangular compound weir, based on laboratory data. Three Al
models: Artificial Neural Network (ANN), Adaptive Neuro-Fuzzy Inference System (ANFIS), and Support
Vector Machine (SVM) were assessed. The results showed that all three models were capable of estimating
key scour parameters, but the SVM model outperformed the others in terms of higher accuracy, lower relative
error, and better agreement with experimental data . From a hydraulic perspective, the findings indicated that

the particle Froude number was one of the most influential parameters on scour dimensions. As the Froude
number increases, both the maximum scour depth and scour hole length significantly increase, highlighting
the critical role of flow energy in scour development downstream of compound weirs. The results also
showed that under concentrated flow conditions and with increasing relative time, the scour hole continued
to expand, indicating a progressive development process Based on these results, it is recommended that in

the design of compound weirs especially triangular—triangular types the effects of the Froude number and
inflow conditions should be carefully considered to prevent the formation of deep scour holes. Furthermore,
the SVM model, as a precise predictive tool, can assist hydraulic structure designers in evaluating scour risk
and implementing appropriate protective measures (e.g., protective aprons, stepped profiles, or more resistant
materials) before construction. These findings can contribute to improving the safety of hydraulic structures,
reducing scour-related damage, and optimizing future designs.

Keywords: Sensitivity analysis, Particle Froude number, Experimental data, Nash-Sutcliffe efficiency (NS),
Neural network.
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Table 1- Parameters investigated in this study
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Table 2- A summary of the characteristics of the extracted scour profiles
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Fig. 5- Maximum scour depth values (laboratory and computational obtained from the ANN model values)
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Fig. 7- Scour hole length values (laboratory and computational obtained from the ANN model values)
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Table 5- Error metric results for the entire dataset (experimental results vs. SVM(RBF)-predicted values)
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Table 6- Error metric results for the entire dataset (experimental results vs. ANFIS model)
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Introduction

Blockage in the culvert is a major factor in reducing its efficiency. The effect of culvert blockage
intensifies by progress in the barrel. This study investigated the effect of blockage progression on scour
downstream of box culvert using experimental tests, which hasn’t been investigated in previous research. In
order to more accurately identify the flow pattern, especially along the culvert channel and the interaction of
flow and sediment downstream, numerical simulations were performed with FLOW-3D software. The
findings can aid engineers in considering the effects of scour and blockage in the design of more efficient
culverts.

Methodology

Using the modeling of natural phenomena in a laboratory environment, we can understand the behavior
of a phenomenon in a real environment. The planned experiments were conducted in the Hydraulic
Laboratory of the Water Sciences and Engineering Department at Razi University. The width, depth, and
length of the flume are 0.50 m, 0.60 m, and 5.40 m, respectively. The culvert, with a length of 30 cm and a
rectangular cross-section measuring 10 cm in width and 7.50 cm in height, is made of glass with a thickness
of 8 mm. To ensure developed flow upon entering the culvert, it is positioned 3.60 m from the beginning of
the flume. At the inlet and outlet of the culvert, a type 2 USBR transition with equal angles of convergence
and divergence of 26.50 degrees is used. To control the downstream water level at the desired level, a sharp-
crested weir with variable height is installed downstream of the culvert. the floor of the flume upstream of
the structure is uniformly covered with concrete, and the downstream section is filled by uniform sediment
with diameter of 0.85 mm and thickness of 20 cm. A total of 36 experiment were conducted with three flow
rate of 2.95, 5.38 and 8.03 L/s, four downstream depth of 4.5, 10.3, 16.3 and 23 cm with three blockage
scenarios 0, 0.2L and 0.32L where L is the barrel length. After reaching equilibrium in each experiment, the
height of the installed weir was increased to prevent a rapid drop in water level, then the pump was turned
off. After complete drainage, bed changes were recorded using a 3D scanner equipped with a Kinect camera,
which had an accuracy of £0.2 mm. The data extracted from the camera was then prepared for plotting the
necessary graphs. Finally, the bed surface was carefully leveled for the next experiment.

Results and Discussion
Based on the comparison of experimental and numerical results, it was determined that the numerical
model has sufficient ability to simulate the water surface and its results are reliable. Regarding sedimentary
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results, comparison of the results test Q> yis 032 B2 by both experimental and numerical methods showed the
formation of a scour hole immediately after the end of the outlet transition and the creation of a sedimentation
mound after the hole. Investigation of the effect of relative tailwater depth on scour depth in unblocked
conditions showed that at a fixed relative tailwater depth, the dimensionless maximum scour depth increases
with the increasing flow intensity parameter. Specifically, as the flow intensity increases from 0.45 to 1.24 at
a constant tailwater depth, the flow velocity inside the culvert barrel increases, and consequently, water exits
the culvert downstream with greater velocity. This increase in velocity at a fixed tailwater depth leads to
higher shear stress on the bed and enhanced flow power in sediment transport and bed erosion. Regarding
the effect of the progression of blockage in the culvert barrel on scour at the outlet, it can be said that when
the inlet section of the culvert is blocked, the maximum scour depth downstream of the culvert decreases.
The reason for this is that, in the case of fixed blockage, an eddy flow with a horizontal axis is created just
behind the obstruction, causing the streamlines separate and resulting in intense turbulence in the channel, in
such a way that the flow hits the culvert roof several times and then dives back toward the channel floor. This
process leads to significant energy loss in the flow, reducing the flow's potential for downstream scour
compared to the unblocked condition.

Conclusions

progression of the blockage in the culvert barrel can affect the flow hydraulic within it and has notable
impacts on the scour of the downstream bed. Due to the impossibility of measuring some parameters, such
as the Maximum scour hole depth at desired times in the laboratory environment due to high flow turbulence,
the powerful FLOW-3D numerical model was used after its calibration. The results indicated that in both
conditions, with and without blockage, the maximum scour depth significantly affected by the changes in
flow intensity and tailwater depth. An increase in flow intensity leads to an increase in scour depth. In
unblocked conditions, there is a critical relative tailwater depth for each specified flow intensity, below which
scour depth decreases with increasing tailwater depth, and above which it increases. The laboratory results
showed that for a fixed tailwater depth, with an increase in flow intensity, the location of maximum scour
depth moved closer to the end of the culvert outlet. The blockage at the inlet section on culvert conduit, with
blockage percentages of 20% and 32%, significantly affected the erosion and turbulence of the flow
downstream. Compared to the unblocked condition, the presence of the blockage created turbulence in the
flow, resulting in a significant drop in flow energy, which decreased the scour depth. However, as the
tailwater depth increases, the impact of blockage on scour diminishes due to reduced turbulence in the
channel. Given the great importance of water structures, especially culverts, in conveying flood, it is
necessary for the designer to pay special attention to the issue of downstream scour when designing the
culvert, because the poor performance of the culvert in conveying water during a flood can directly target the
health of human communities living downstream and the efficiency of communication infrastructure.
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Fig 1- A: Culvert at the intersection with a road. B: Blockage at the inlet of the culvert (Igbal & Riaz, 2024)
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Table 1- characteristics of the performed tests

yih LYW slos &3, yoh 2 G slos 93,
DI Test Row DI Test Row
/Y -IA¥ QzysaoPsz W e iAlg Qiynawofo 1
/.y NN Q2yuozPs V- VY ¥Als Qiyeaofo 2
N <IAY QeyunazfPso W Y I¥7 Qiyswofo 3
VXY < A¥ Q2yroxPso VY Y -I¥5 Qiyuaofo 4
Y/\Y < A¥ Q2yo0Ps0 VY e -IA¥ Qzynaofo 5
Y.y -IA¥ QzyuaoPso  YE MYV <JAY Qeyeawfo 6
.J5 LIA¥ Qzyu oz Po Yo YNV -IA¥ Qysoaofo 7
\IYY <IA¥ Qayrazfo  YF YV <IA¥ Qeyuawofo 8
Y/\Y <IA¥ Q2 yi3 032 Po Yy .15 VYD Qayunaofo 9
¥y LIA¥ Qayuozz o YA Y \IYO Qsyeoofo 10
.J5 LIA¥ Qeyu oz Pz Y YNV \IYO Qsysoofo 11
VY -IA¥ Q2yras2 Pz Y- YV Yo Qsyuaofo 12
Y/\Y <IA¥ Q2 yi3 032 P32 A <15 <IAY Qzyuofo W
vy JAE Q2yuoz Pz WY VYY -IA¥ Qeyranfo ¥
-5 -IN¥ QzyuozPso Y YWY A Qzysazfo 10
Y -IA¥ QzyeazzPso ¥YF YV <JAY Qayuapo V*
YV JJA¥ Q2 i3 032 Pso Yo N3 NS Qzyun oz Pzz WV
LR, JAF Q2yuaz2 Pso ¥ VY - /AY Q2yr oz Pz A
oyl Ssdee e ere Suid Sy ol LT

Lylys 10 &gl Cans iyl (K] Gos 105,50

19,5 Syre )V Al b oles o 1) slasl 59>

Al (sla)ll e 5l (S Tsolel Sl
(O3S 35S gy (£ SeS 4 g el Jlow (b >

Py 75 Gl e slod ) Gl g Sz &8 4

dsmax=YB, So L, Soc, 0, h, @, B, Yu, Vu, Y1, dso, Gs, a9, @, P, Sta, p, 1. P ")

Cxg e Jlow (o 02 P ioge, S JSS ca p5
Sol @ arg b cwl J&8 old g 9 Jlw (Seelio
Cgwy 0,0 S0 g <ol wlakie b “:’)9”5 e }‘ Ler*‘
ol owyp oad e oolatul (0gVY)  CS eSS
@ azgi bogd o Bis felse cpl b Lo o sla el )y
ol iS5y sl yelib cuS 5 g obya o9 b,
Jeol jloolaiwl b cawoYl jo )b ,o S s g Gas (J&5

ay

B ‘(Si"w"“— é,o.c )..5‘.\9- ds'max Zd.b..:‘) u.:‘ )b

Sc «opglS oo L ipglh S s S ol S 20
Ol el)Ih 5 ,dllS lyzme (250 b oo ygllS S s
dymo ;o Sladl (g9 i Qo0 B alaie slowdl wo s a
Ol Boe Yt sVl 53 0l Sy g B Vu g Y
059 & Gs cogu, 0,8 ,had laugle dso «LL o
gl @ S Hlae Jlee Jlil 0g g9, D)8
Stg «S @las Jxbss p oS mlas Lo Sl

! dimensional analysis



Slanr Oyl Cund il 45 (Smaid] p1 3] (g iy g3l (5308 g 2 Ruiglol owy

JB oli.mLo)T bow o a5 ol el S C‘JM‘

31w FLOW-3D sone Jow s (50501l

slealal, )5 0l solawl skl @ls b o] ol

Cowl 0uls &l aliis WS> ool OYole A LY
.(Valizadeh et al., 2024)

dp  ou 0 0w

E+P(E+$+E)

Copo W s T Al g ploj el JB2 p o] o &5

=0 ")
2O e Z g Y X slaygome sliwly o0 o F a4 b
ol ) Oy90 4 by (Siwgy dolre pdUaSTS Jlw

Ded o (sl

ou 0v oW _

IS a4 Glese 1) am e slaeg S eSS o
SSRERTSAR

ds.max

- w(a.ﬁ.%.Dl) ™)
=b—gh3¢'))5..adggw|$ogb&.$D| QT)QAS
305 (g0 iy a3

©oe Joo

Yl Sals 835> 0 Alixe slalidle 5

sleas e (g o oexdd e ailadl arwg Sl
ialesl o Slos ey (oliws 5 i Sspes o8 Slilos
5,505y 4 Camd e3¢ (Silwand Ll e |
Jsbiteds «guios ol o (BU et al., 2020) cuul 20

ot = ¥
6x+ay+az 0 M
<aﬁ+_aa+_aa+_aa)_F o - aﬁ+aa_ﬁ+aw (GIL0)
P ot "% ax Ty TWaz) T T ox THAY TP \ax T ey T a2
(617+_617+_617+_617)_F o - a%+aﬁ_ﬁ+a% (o)
P ot T ax T Vay T az) T Ty THAY TP ax T ey T a2 '
<av—v+_av—v+_aw+_aW)_F o - anraWJraW (=)
P o THox TP TWo) T T TR TP\ o Ty T s c
S ou; Ou; C - . g
Uil = 0, (4= (V) —pob Vol S5 @ (z-0) U (k) slaak,
] t _

- ou; Oy O B itu e Z g Y X glacgs o ol

vy = 0l = et 5 ) ny ’ E 2 oSS
i i

oS syl i a o g pe leadal, ol o

@ pEpUr ;) Gl g wies (Solew 5 (Selis
S3lodand Sl Beio Gl o 9d o 00ls bLS,I K0S
Il jekaie (pay il oolaiw! FLOW-3D Jow 31 goue
1 5 ool AUOCAD 38l 5y &,sllS 5 pols dusain
lejpe 5o oal eolainl byl b al glgm1 3 (goae Jow
9 boye slapgai o (V) Jooz 53 5553 Jow )0 95250

ol o @11 (F) UK 0 o ology] Ao

Sy & a5 Awd 6}“9—*—.’.) 6&&.@5 )55.3@ 6[.&:4.}43\)

Wigd oo Olo 7 dlal,

du; _F P AT aTﬂ,
P dar i ax; plu; — p( ox;

) *)
2 Ol Sy Byme 5 4 Uj g Ui o(F) alal, )

ol s (Salizs g pt 5 a8 P oy g Xi slac
ool Sty 92 4053 5l Ygano > (St Yo (sl
LjsSmy SS & l) S laglsl,S aS o9
YV slealul)) o3l go L po (g550 ) G AT 4 (oS
A s

FLOW-3D (g3us Juo (500 43 duwi o3lw! (550 daslpwd =Y Joua

Table 2- Boundary conditions used in the boundaries of the FLOW-3D numerical model
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Introduction

Groundwater resources, as the main supplier of agricultural, drinking and industrial uses, are affected by
polluting factors such as irrigation return water, urban and rural wastewater, and industrial effluents. Alborz
County, one of the important agricultural and industrial regions of Qazvin Province, is at risk of groundwater
pollution due to its increasing development and population. Due to the lack of implementation of appropriate
wastewater disposal systems, a large volume of pollutants, including nitrate, enter the aquifer of this plain.
The aim of this study is to investigate the vulnerability of the Alborz County aquifer using the DRASTIC
method and to utilize the Geographic Information System (GIS) to determine areas susceptible to pollution
and to provide management solutions to maintain the quality of groundwater resources.

Materials and Methods
Geographical Location

Alborz County is located in the northeast of Qazvin Province with an area of about 428 square kilometers.
The county borders Qazvin County to the north, Abyeq County to the east, Abyek and Buin Zahra County to
the south, and Qazvin County to the west. This region is heavily affected by environmental pressures due to
industrial and agricultural development.

DRASTIC Model

The DRASTIC method, introduced by the US Environmental Protection Agency, focuses on assessing
groundwater vulnerability using seven key parameters: depth of groundwater (D), net recharge (R), aquifer
media (A), soil media (S), topography (T), Impact of vadoes zone (), Hydraulic conductivity of the aquifer
(C). A rate value and a weight were determined for each of these parameters based on table (1), and then
these data were processed in ARCGIS software to prepare a vulnerability map of the region.

Table 1- Drastic parameter weight and rate table for Alborz County

Parameter D R A S T | C
Weight 5 4 3 2 1 5 3
Rate 1--2 6-9 6-8 4-7 8-10 5-6 1-4
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The vulnerability index (DI) was calculated based on the combination of these factors according to
equation (1) and levels of vulnerability were identified.

DI =D,.D,, + R.R, + A,A,, +S,.S, +T.T, + 1.1, + C,.C, ")

Based on the analysis, the vulnerability index of the Alborz County plain varies between 87 and 136.
According to the Drastic classification, the study area is divided into two zones of low vulnerability (31
percent) and medium vulnerability (69 percent). The western and central areas of the aquifer have the highest
vulnerability potential due to the high groundwater level and low land slope and require more monitoring.

To examine the accuracy of the vulnerability zoning map, the nitrate level of groundwater in the area was
examined. The results showed that areas with higher vulnerability have higher nitrate concentrations,
indicating a direct relationship between the vulnerability index and groundwater quality. The most important
polluting factor in this area is the excessive use of chemical fertilizers and the lack of urban wastewater
treatment systems.

In order to assess the effect of different parameters on the vulnerability index, a sensitivity analysis of
layer removal was performed. The results showed that the most important parameters affecting vulnerability
are Impact of vadoes zone (1) and net recharge (R). Removing these factors caused significant changes in the
vulnerability index, indicating their critical role in the transfer of contaminants to groundwater.

Conclusion

This research, by providing vulnerability maps, provides an important tool for planning and managing
groundwater resources in Alborz County and will assist officials in major environmental and executive
decisions. The results showed that Alborz County has areas with a moderate level of vulnerability, and the
western and central parts of the aquifer should be considered as critical areas. Accordingly, the following
suggestions are made:

Management of chemical fertilizer use: Modifying the cropping pattern and monitoring the use of nitrate
fertilizers in order to reduce the transfer of contaminants to groundwater.
Implementation of urban and rural wastewater treatment projects: To prevent the entry of contaminated
wastewater into groundwater resources.

Monitoring well drilling in vulnerable areas: Preventing hydraulic communication between contaminated
and uncontaminated aquifers.

Accurate monitoring of groundwater quality: Implementing continuous monitoring systems to control and
manage groundwater pollution.

Keywords: Vulnerability, Alborz Plain, Drastic .GIS

® © 2023, The Author(s). Published by Agricultural Engineering Research Institute. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/).
BY

https://doi.org/10.22092/idser.2025.369519.1621

V&


http://aeri.ir/Main/Index.aspx
https://creativecommons.org/licenses/by/4.0/

YYY-Y+0 aio/VE+ £ 4l /AN 0,land/ YT 0,98/ iSR} 9 (5 )W (51 05w L owiigee ol

AERI

gy o &g
Qlobw g Sl 33 ig ) 49 (2993 ! 3 g (3l 3 (3 9T (5 I MIaan T (SNIdig
S 2> Ll

¥ 53U o 0Bl darw ‘Erd:lﬂw) doguars ¢ o)l ST Cyanns

VEYTYNNY iy dy U VF YT VYA :edlyyo U

oS>

G 51 iU (a9l T Cod ! xiao 9 @b 5559WiS Bjlan (ol oS (el & siwo ) Ol didl gte
GBS 1 65l liaw e Cands )3 Canel Siabeo SOl 9 (g 9 (5 00 GHSL (ST (5ladgS & ] (gLl (kS
ol a8 ar gy ol 3 O GO § (Sl Copmonr g 390 00 bl dmie SBS ol Alr b (k0 9 (59l Arwgi Sy
ol 3 B 3945 o Cadd (1] olsBul 3,1 Bioluny 285 cawlio Blobw cyonidl o J5 & Oy o 51 oy ¥T 51 WL pors AL
Conj o € o 9 (532 )40l 22 5152 (63215 Sl (el &1 SoS «ynbodgl] asians BbLo (335 pasuadia 53 89Me (oo
QI ¢ ] g Fos (5100315 9 Lol dasie Glaglojlu & analpe b poliie (s ol (dwo 5 O qalie (S Cu yrte g allaio
Salaen plstal onl Cdpl Colbiused o JUT Calild cgluil ol buoro cailiio o (S Bl (gl owlidpmo ;L8 L ¢ a6
9 3985 Sl) Glotul (g (S3iainy Ml (2ldl i LT &ilobw Glue p2 Syilyd (g, 51 o3l b o 51 gy il
W SRS g dunt o GIS Jausmo 13 e i3 T Ol i 39 g0 CLeMLI b g agd (o5 & o oo g 31 oW L)
oW & laie dBlin JS Columo 3l o yd TY dgus Gl (guiualds 1B iy 90 5yl oybiw i Codid 310 LS B gy o1 gl
2 ) i e s gl 5550 9 ot o 3,15 4155 usgio (6 sl ¥ 33 ol 5 03 T 5 8 (5 eyt
315 (6 Pl (6 el Syl sl YU (o5 O gedanw 9 05 jlowns (2153 (53 o ool 9SGl W

bl OleWb! Globw cSustlyd ¢yl oy linw ped Conid ¢ 6 iy ] 1 ST (g0 319

obosgll slamiul a5 ol bl olobs cuejp)
Blod 311, ailate olgf oo 5550 ) lis b i s oVl
ey Slaged Jloel b g 0,5 ganaiyy spdyee]
35 GxSolr Yo Gnadyeesl b bl gudesyl]

.(Babiker et al., 2005)
oo Bl o b ol s ol rdieam] pspie
0,5 @l Ol Sogllo)byo lace gl awils o147
4 ey e 3l a1 lacil 5 355 Sl (ixs 4y
&S sl o 51 (S (Vrba, 1994) coul uejp; ol

oo 2l el Sl sle o198 cn i

Aodio
b 4 iz e oleed loogS S iy solaill
sol Glp or b Wbl Jpame oub
S22y ool Gadesgdl o o Cgmime (o))
EMSie e oppds ol Ay golamdl CMSin p odle
Jiis 4l bl ot il (Sblage 5 (armecen
FUSte o5 sl (Sogll S8 5 pansis o)l
Copde oly e 9y ol 5l g daw glbo] b el
SV enSslr 5 oan ¥l Juolse plulid sy sl
Ol (Sogdl 51 6 i slool, 5l S anlys] yaongl]

Oyl i3 b d i des axly ool ol5T olKiils ¢ Sgyand slao;le g T woige o)l ol S ggzeiils !
(Email: rostamabadi(@iau.ac.ir : Jetuws saims 55 o)l dya5 cpder e oodaol o1 olKitils 5 pudg aoly oyl yos svikigs 05,5 o boliwl”

Ol dyms g e oDl ol olKtils )5 (g axly o)l yos wiiges 09,5 ¢ Lobiwl”

https://doi.org/10.22092/idser.2025.369519.1621

AR



YYY =900 axiuo/VE+ £ Hlen 1A 0,/ YT 2,93/ (iSR} 5 5yl (S1 85w cwiige Wl

Sl &bl 5 Siwlys Jow 3l eolezw! L 2012)
A58 08l Slszel 6 sl Ganaty 4 oLl
ol 9y g_:‘)w O% dLJa)‘ la 9 M‘o).: OMY] JA‘}C
YU ol glls a8 bl fen wuzdl o Seiul,s ol
oo § B a5 35,ls B ol Sogll sogama ,0 wiiws
(Lathamani et |, en § SLbY 0S5 0 0l 1) Jow
Uiy 5l ookl b sz g sy Cymans 4 al., 2015)
SOl Gl olas ddlaie posed Gon Loy Sl
2 Sl e sl kol b peejny slac]
3ylS liizee ol izl Sl Sledl Blle L
clin oBg, 1) Sty Jow lilim oledll Sl
Lo ;0 dieiny Glao] s pdicanl o jshaie 4,
(Krishna et al., 2015) I, Ko 5 Lt )5 .0ils oo (5 00
i sl (Sogll andi g glp |y Szl b,
OS5 a8 Sl o e o Sl il &l yo
ol e eaiady sl s pdicaw] sleasd sl
5 sheeden) Gnyteby ok 4 wlgiee aslllae
5 79y e 355 oolitul (ej g ST Cu e
dahis o (Nakhostin Rouhi et al., 2017) .l Kon
R T P B R A e e
50 (1) Nl adls g Sulys Jow g0 5l eoliiul
55 byl s, bl eldhis Sledll Slly L
(Uslee Slasl> 19) oS asls b ond oslinsl Jow
Gt IVF  Siad gy LS e ols )Lt 55 TDS?
A Ay el el s Sl e
ool g dedi e )b dbhie (5 pdycal
b3, b (Sarcheshmeh and Shahmohammadi, 2017)
olis aldliz Sl Slls 5 Sl Jow 5l osliul
Srmte gldlye ddhie g oliwl daw ges aisls
o3g0mms Spdycnml als n S8 L eyl
Bera et al., ) Ko it aiwe wlele  Sllllas

2 Total Dissolved Solids

Joe s sl 098Il slaoais VT 5l g diald a0 G
e 5l oolaiwl b1y e ol (Sogl DRASTIC
(Aller et al., oS oo drnle Joo Sojelg 0 Julse
Spdoew! ob;,l L (Rahman, 2008) L=, .1987)
Lowin X1 00 Gos o5 oo ,ow ,0 cunjp) ol
(2dlmr Sledbl Glolw § Saiwlys Joe 5l solazl
2 S Sy sl Shasys Al i ol las
e 5 555, el b5 b Jamgio (s pdoca! (o520
s 8l lgsul 6 pdueuw! (Rangzan et al., 2008)
b, GIS lame jo Siitulys Jog, sleslaiwl bl el yg
Sls lgzal 5l aays o/ ols plas ol 4k WS
by L sﬁﬁﬂ sl glyls asyo V/AY ‘)JAJM]
Lugio ao,0 Y8 ol U lawgio doyo VY b as,o A
J..,;;gjaﬂ ol 61)lo o104 g 05 do )0 YA (oS U
(Chitsazan and Akhtari, ;35 lecas cul o5
o) sl G pdyoawl dai )l jslaseas 2000)
oolenlis gl 1, glanss o liw;er bl o)) > s o
sweiny ol (Sogll Jeily upVl b bl
Sty Gldl Sl 5 (Sosalsiiesnes Lulps el
P Ozl e rir g g wisls (las 5 s ]
Gblis g aiian &l s YL cbile § hugio 6 pdyoanl
) Fogll s 5y s b Jlod 5o SasS
29> olagss o (Fathie and Beygi, 2012) o
Joe SaS @ 1) 050 lssul sndycaml Sty
Olyis clale Lad ol yoss 519 GIS Laisee jo0 Siiulys
0,5 gy I 90 Jde (S Cxo p ]y Olind g
Va7 oS s (Sogll Juwily Glyls ooy V10 aslllas
shls ase M 5 oS pdeaw! Gl ssye
Slopaigad Hloy a4 Wb Solys Jow rwioms jo

(Amirahmadi et al., o, 5 (g0l (05 a>g5

1 Susceptibility Index (SI)

VoA


https://www.sid.ir/search/paper/%D8%A2%D8%B3%DB%8C%D8%A8%20%D9%BE%D8%B0%DB%8C%D8%B1%DB%8C/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all

e OleYbl Blolur 9 Sty (g &1 (938 ! ! i e lsPel (6 byl (Sinaig

(Pourbalighy |,5ee 5 adsyg eVl (5 pdoam]
sl 3,00 o pdeaw! dais dys L et al, 2022)
slagtsy 3l eslial b (B30 Greal Sl (ei )
U5 aldlir oSl Blels SaS L ol 5 Sl
Cosl VEY 103 Sl s e lis jyolie diels wisls
b s pdymml gy 5l aiib (i o (a3 li (nl 4tk
5 ol5sole Sldllas o .o zl5wl ol (5 pdscam!
@l slo oy, 5 (Moradinejad etal., 2023) 5o
Srere Sl aile (eins o ] (e
5 bz Sledbl Slobs Ay 45 (36 5 o0 Lol
ouds o3l sl (oo 31 aiae 29y (et 5 (2938 e
ol oo S5yl 958 cls S 58 asdlas cpl jo ]
Joe Wlgh oo (Dol Sitwl o by, ols ylid aslllas oyl
OhlSen g del> 0ad Cgusme s (pl o A
g Sewlye hg, 3l eolawl L (Hamed et al., 2024)
ST pdiean] @bls (GIS) Llilir ool sl
wols Hlas 9 W8S ) Glye Jo)l dilaie 3 1) (o)
5o ot 5 Gadieesl Jeelly it
o35 5o 3hlie o o 43 Sl ablaie 8 s
Sy vl oty e o Jlod
L i o (Ozegin et al., 2024) . Ken 5 .5 56
L orizmen 5 (Sogll & (s sloo] comlas L5
5 Sl slaJow Sl eslanal b (ag,2) 9ol Ul o
20,0 FO o Sogdl Jas wisls ylis eods 2ol Sl o
bugio a0 Vo 10 o8 a0 Ve j0 oS lews bl
(Ganweretal., ;,\Kon 5,55 .casl by ao,0 YO j0
ol g pdicanl 2Ll 4 055 Slillae 0 2024)
Blolo o Seulys S b Sligew b ()
siblis olobis Ll Gom azslsy Ll el
ailazd )5 8 s sl (Sogll (oyme y0 a5 oy
clale polie w1y 6yl cme bL3 )l sowl Cowsds b
odd Mol Sy Jowo aslis polis ¢ diged Ol s

2021; Amiri et al., 2020; Bhuvaneswaran and
99, 5l 3 (Ganesh, 2019; Ahmed and Nazzal, 2015;

3550 blie 6 pdyeom] (sanaiy 6l GIS 5 Sl
(Yazdani ;)L jsaie g Sl .ais,S ool 055 dslllas
el 6 plcawl w,p L and Mansourian, 2019)
Ol Sl o dlex 1 el (g, Jlez b (pgid cubo
shilo adlais 5l as 0 YTV Souljo g, 3l eolaiwl b wisls
Sl 3o 0 ¥ sga g lawgio B oS (5 pdycaw] sy
23S R s 2pge (rasE Ol 5o Sl Gl el
o L (Mardan & Yargholi, 2020) 5 )L 5 o)l ,e
g Sl Jaw 5l syl cis s pdicam] ganaigy
Wols slid g we S eolainl oldlae Gledbl &bl
Loy canVb oo, cuss Glgsul Sogll ol g Jomils
Slp &5 wihio iejp; o sl cossl 4 asg
O sble ol cbl> w0y, o B4 Glize gbdos
gl ang capse 5 Sogll 5l xSl sl
(Taheri Tizro et ),ISen g 9,55 5ol .Cosl (55,0
o 3 (g 00l ol ol ys by, 5l eolail
Oyl o Bollas a5 0j90 S sl mtls L osol
& » 3! (Novinpouretal., 2022) 1, Kon g 9295
ol Gyt o 1) Jeolezr cuds ein) sl jie
Ghie g ol Mol oy g 5l eolatwl b liws S
(S35 o Fble Wols (L)1 5 W08 (omp e 536
50 05l (Sogll s o0 VL (glyls (Byd g 08 Jled
Slen g woliBl axiie  adlas 5,90 ddlais
Jowe 5l e el )b & 0 2ol L (Aghazadeh et al., 2022)
Sy Bblie =181 50 a5 wols ylid 9 ais,S eolaiwl dusg))|
Slocdles a5 g S p 50 g el lawgio B oS Syl

Olyes el 65 swn s ol Bos 9 YU ginio g (55 ,5LaS

V-4


https://www.sid.ir/search/paper/دشت%20ایسین/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all
https://www.sid.ir/search/paper/سیستم%20اطلاعات%20جغرافیایی%20/fa?page=1&sort=1&ftyp=all&fgrp=all&fyrs=all

YYY =900 axiuo/VE+ £ Hlen 1A 0,/ YT 2,93/ (iSR} 5 5yl (S1 85w cwiige Wl

Slcilbvw s 4 SeS abesgd] dxies bl
9 ddlate Conyy banzme Copie g Sl lr 638
5 kel pobate (nay el (ini s T mlie (RS Sy e
sl S Gpleezr plel ol Sl osse sleesls
a owib S5 cds gl aS gl oyl cawsa
Lg)jio)f Glp ol aexle g0l 6’;.]50 (_ngL')Lo)’L»
oL ey Ll phe g Como a9 5L 3,50 slaools
56 ol (i 00,S86see ol g3l s By
=li bl oS oloul gudod ol ) jo 1) (6,500 sl 3 O
S92 g0 Landg yllun 42,8 S )3 50 Wlgi o0 pSl> ek

Boigy 9 olge
ailin (2Ll aor Cuondgo

L 02938 ol lagtivw g 51 (So 55l ol s
Fre a8 Gl (3yd Jlod 0 @0 kagleS FYA olis
ol by maw 5l e VYA gl Loyl el o
Ol b 3% 5laing s Qw4 Jlod 51 Gl
39 1200 s Sl Glapliw g b g 51l
Colue 5l ao,o VI 5 sl dgame (938 ol jols 4
Sondge (V) S5 s e S5 1) g Gl
2230 5LiS 2938 Ll o 1) 5l Gl e (Sl

3,90 ddlaie yiduol Cawl ouds adlal 155y ol lis
3,8 513 e L 3blie o aslllas
Ol 5yell Ol e 5 (S3sll Rl 3o (s sla]
Jodoas 5l pliw et ol ot o)l ST (ng3B
rarng uzen g oldla 5 a8l oo Ll
e 5 $HpsbiS slacakd 5l (S 55 )sleS 5 gaie
S i cole b a5 glagSa wunl g bl
aS Sl oa 005}5‘ L)T g_;:L,.w‘ Coxo> Yl oo
Oilge 5 s ol Lol azg LB (il o e
yobate s sl 009y pdis B jlas b ogzge o] aolie (o4
lp Gelas (L (3SL «55,5LS s o 5l el
43,5 O g0 dihie  hw gl sl 5l iSTos ol
lajls 555lsz 2l @ b Gal &5 il 5l o
RO PRV P NIV T BTN SU5 S B R IRV PN
‘) e_").».u alo> )" L(bo.)..;.iYT )“ ‘_;’YL» > Yl LS})BL:‘S
S oo 5yl Gl gl Cllo Slgal o)l

5 aibie Gl o (Sogll Gl Sl 4 axg b
oS 4 G (el s ol e oS Lid (sL,
bélpe oMbl Skls g DRASTIC (g0,,5 Jow

09,5 Lattia podle imgh ol 5l Buas ol o e

03038 HE ey

\ f‘t’l I W/—’

P

(02938 Q! (55lwr joed 9 o ylojls) (2938 Ul )3 3l (yliaw shend (oa Ll i CopnBgn Al ) UKW
Fig. 1- Map of the geographical location of Alborz County in Qazvin Province (Qazvin Provincial Housing and Urban
Development Organization)

QT ‘-JAJLMJ‘ » aS Sl ool Aj‘)‘ w)).’) uT LSJ.M-\JWT
2 S50 osdlly (s3sleiig e alite (sla sl

PR P S BT g PO Re- PR (N | g PCER

AR

Secew!yo Jowo
049, 155 pel sazete YL g 5 Jaume cbila> ol

bl sl Sl e, pb LT o lasll



e OleYbl Blolur 9 Sty (g &1 (938 ! ! i e lsPel (6 byl (Sinaig

toy S s (Sogll 5)ls ey s 00,8 cati Ol Jlade
Sl a5 el il S5 8 35390 () e 5 &5 )
SE )0 d92ge (o) a4z, Sl ) b (Slie by
@loly sl JSa s S slaails 55l g 398 Sp 9t
(Dixon, 2005) o5 walg S sueyp) ol
50 g Sl g8 lgsul (Sogdl 1Sl b cuds b plans
35 it (ol S5l Glaj 8l 5 s oS g
(Dixon, 2005) sg anles i ol 344 e 9, o)
YL eogame 4 Siitwlys iy yai o (N glsl é asls
TAs B em a8 355 oo Ul (o ol (gl La>
6ol b S eldl e Al culonis I ol
5 )0 0a VT 8 o (SigSz 5 s Jsbo 985 (5
S8l g e slr p3Y oles 2 9y0nlil S (oo S5 0]
Colsa oo (Dixon, 2005) cul 35,56 Sogll
el olae CollB 4 Gy e o> ) (C) (Sds o
Botes 45 35 oo 45 olsou] baims oS5 olge Lawgs
Sgd oo JysS Glgtul Baias JSas olge Jds Alawlgas
@ sobjum b gLl asb jo Sogll Jlanly jlacs! ol
Loz pogde b wil porie (pl o)l (S il ool
ezl Lo canl (San 155 050 LSS o195 4 ylg]
Sop sy Jols Js wil pldss ok > b
(Dixon, 2005) st
039 Sy )l S eadsl Ll cda 5l SG e 4
ua_’>LM4 9) L)"‘ )‘ és.....:‘s‘o oalo uoLM‘ QT w.o.b‘ o>
Ay ©jgo 4 yelly Cdo (2005 bel Sl
Sl pasls DI gl o aS 04 o dmlze (1))

Oloie 41098 o 00ld anadd bl e 4 as cul g

5 Topography
6 Impact of vadoes zone
"Hydraulic Conductivity of the aquifer

ARN

(Aller was o a1l 1y (6 pd o] d2ds § Wgd o gax
Sl pdvca] did ags slp et al, 1987)
S ey e 4y alise oyl )l 4 bgyye slaosls
slrosls sloa¥ o5 w2 5l w9 955 0 03l ARCGIS
(DixOn, o5 oo 4yl (6 3yl 4B ((So35)5359, 000
o5 alKia olds gl Gy,> ) DRASTIC 2005)
il o] Cawdds
che U (o) gl ol O (soiny <l Gos
a b oS b oyl ol a5 sl eld b olyl i)
5 Al 4 poie Cusld cnl Gl e Glssul s
ssbas 95500 S gldl zd 5 Alaulsay (Sogll Bl
ol Gl L ol padsesgdl 5l el Jeily ¢ Jsoss
(R)' L& 4355 (Dixon, 2005) oed oo yidos yel)l
095 b 3148 (Jbo 2 yeidhos o sl (o (liee
la b wiile galize Jlse bawgs 5 S glosl
JEsl sl ol shele @35t ol sy (o
Lol 5 el gLl dol 4y glidlé Lo 51 Sl
iy 2l gl 4 a5 el (oule 5 il gla Sl
Sl i Sl g (Sogll (o5 (ralidlay 5 00 Jiite
Sy 0 2l YL LA L asb o ¢ S ok 4 sl o
L. (Dixon, 2005) sl I8 YL  Soyl
S lmal bl Cuand 50 (e i lo 4 (A) o]
Sy S gandils 5 oS5 g5 ey ol g oo
e Saiil g cib sbals S5 (L5 jebay o)l
o JEl el olgmel Lo o GISE 5 5,0 asibe
5501 51058 50 (SO Sy Sal¥l ez 5o 5 0aiyY]
walys S (Sogll adly gailss, plyel b az 5
e Vb &l (S)T S L (Dixon, 2005) o5,
Sga>) Digd i dgd> ;0 Hes lawgie jebay a5
2ty BB T ol s S ks a8 L (e VA

! Depth to ground water
2 Net Recharge

3 Aquifer media

4 Soil media



VTV - Y00 asiuo/VE+ £ o /AN 0, loud/ Y by93) (iR 5 & bl (51 85l carigeo Colidinns

Loy crl 39,8 al)l Seawlys by, alfcin (sla yal b
wgdee ool polaisl Ll & byl )ly coenl 4 az g Ly
Ol 4 0y55n Ges &5 lojsiSl (5 dse ised slp
Qo 1y i Ojy et glidlpd bae 23U g (e
(o) wo) ey s B aus5 L5558 23 51eS 5
oo Sygo 4w el o )l el S (s shil
b oo go )8 asljoslal ol g conl prio Ve b SOY
S aelas o 00l 3blis (gl canslio & ygo 4 |y Joko
Oty gt Bl oS ey ol Ges 4z o
05 i ol oy (e ol s 4 eanY
Gl (S g e MO Gl feS Ges  bguye Ve (i
(Babiker ol o Ve 3l i e ges gl SO S
etal., 2005)

<l Gee (25, DIy (reejny <l Bae 035 Dw aiged
el Slys @Sl 53 (S
DI =D,D, +RR, +AA,+5,5,+TT, +1,1,+CC, (y)
5 olsel boe coad (i ol Goe ol
sloodls l cud i 4 SB LSl 5 g glodl je &b
Jdo 9 Lol Sol ey gl (ST 9295 ol o
Olgzel 4dss aadllae 040 dabate ;o .0kl o Cavdds S
s ol (gsleS 5l iSOl (il sla il Sl
Sgu o @l ool Cwsts dil0g, 5l adas g Cris g
Slr (Sels e calae yill e Sl e Sl
angs p Jasl clbles asds ‘Q1 Qo)j—l Cewddy
el 00 oS B ] CalBed o
Slid=s b (Aller et al., 1987) ,Ken 5 I

@ 23053 $lp (V) Jgar Blhe |) 70 U S5 sl

(Rahman, 2008) a5 cda (5 L ol b 4s ouwd 8315 Cumd (s y59 - Jgua

Table 1- Weights attributed to the seven parameters (Rahman, 2008)

Dw Rw Ay

Sw

Tw Iw Cw

5 4 3

2 1 5 3

Sy 9 55 e edg9me ;0 e Te Sl 555 g (Jled Ceend
ol Cawdds 90 B S oy (V) S

A 0,85 0 Gos G:elﬂ &l cdalllan 5,90 ddlaie o
Gloasls 4 bae slosls I wejpy o mhw

50 5 YWY slaosgame o a5 o solatwl (5 eg 5w

o33 o) ok (5,188 D5,

Fig. 2 - Groundwater depth rating

VWY



e OleYbl Blolur 9 Sty (g &1 (938 ! ! i e lsPel (6 byl (Sinaig

lool> 5 Eiso e o Suil jl 398 daely da JUIS
el Lo p Ble YOV oyl edgame & oyl
oo e gl sl el Jlg> 0 43s5 ke o i
YA oga 4o obl i g obl Gpal cdese
2yl 4 bgrye 55 4355 (e (eS8 g Lo 2 e Sl
5 0lrsS lalivg) wiile cbs ()8 Cgir 9 (30 Jlod
b el Jlo p ol VY sgao 085 b libeogs s
(alizeo slaosgasmeds (6,135 (555l 9 599 LY (GO
s Glyel palls Lds gl Sl ganatas

.m]wogbb&uﬁw(\”)ﬁ&b)‘ﬁl Ol pous

Al )b p e YO 5l i 40355 (6

3 b ol il 4 S Jlaae gSlas bl &
52 o ks B 51 e b 2335 b 3ol
OrreS a8 Sy o0 (U5,] 2 yeS) S v 4 Ll Gl
(Babiker etal., o,ls 5459 > cpl o Sogll Jlaxs!
5 eiS ol (b sla gl ool L 2005)
Sy Sejp RIS Jold) (65,5l g Sk o pb
Al 3985 (e 98 slacn o Jlosl G 9 (ol
bogie Gl el Casods Y cpl e alwgas

5 A3y, 69959 ok 5l S Of I b wdss

4030000
L

3930000
B

3380000
1

Oledul 4 dis (5,138 55,1

o ——
012 a4 6 8

Lo,
* ALt ol

N

oledul @i (5,158 a5

Kilometers |

T T
60 424000

Olpal @i 138 55,1 -V JSS

T T
433000 442000

Fig. 3 Net Recharge rating

oo oolazal 5l yliw s s lgsul glsl e
G azg bl sals ools las (I -F) SKG jo cl
(5l sl 5 SLusS| Glaoly owlidine) & o
awle addllas 0,90 lgsul ase saims LSid olge yiics
Glae oy s el dwle g oyl g 00l 0098 S

el Sz B 2l Glggal e 3,1 (- F) IS

bl g o) )0 0929 o s w5 Sal slaiw

Lg\oaj.'i L5L°J'.'.-*f’ Sl (Y *) d’b)‘)‘ o pS (g b LS‘Jb
5hastee 9o (55, sl cal aiS oyl o Ol eS8 > as
Lg)..,fo)‘bj‘ LS‘).) [T S E Ve GLm).';.oj)'ﬁ Q};SL? VY7 JL.;
ooy 5yl Gl st S plyl (e o el
SleMb] a5 L;Lb)wij 9 gs.BLw.S‘ 6L®ol.> &_A.:.*sjﬁ el

5 Olsel e gandiyy leaiss ¢l bl 5l Jol>

VY



VTV - Y00 asiuo/VE+ £ o /AN 0, loud/ Y by93) (iR 5 & bl (51 85l carigeo Colidinns

Olodul lanses (5,135 55,0

Loat,
& i

4 s (R L

i BN ra— | -

Siz 4 e 8
[se
C_le
nnnnnn oo do00 2000 000 pre ¥

wo?m w«lmo 402?%0 w?m 404?000

ME"U

LS sty STy

prs

ssssssssss

&l

Sl Lo (6138 53,1 100 o8 i Sy a1l £ JSod

Fig. 4- a: Drilling log map, b: Aquifer media rating

3,005 3529 b el S3L S Bl 4T 0gd o 00l Cond 4y (Sogd] Jlanl als cel S cdl oy ailsy,

&HIAE ol () JSe 3:lae (Babiker et al., 2005)
iV U lez bogame 4o dalllas 5,90 dilaie S Lo

4 S G0l oy cnl 3l enbioe (a8l (Sosll Jlat Sl

el 5 b a Ve )l g eddd pisie owy S

4020000 403000
1 1

4010000
1

C——
012 4 6 8

§ S b 5158 3550

Kiometers

o sl

Stund esgioa |[

S e (5,135 35!
I
[ ]er

T T T T
406000 415000 424000 3000

SB oo (5,138 i3, -0 JSS

242000

Fig 5- Soil media rating
Sl o Vo Goi)l 9oys 99 5l eS crd b bl sl ey gl ol Bk lej o8 b L bl o

s jslate Sy il wo s VA I iy et b bl

2 5 Ss lp syt Cuoyd ol gyl el i
i e Sl g S e oy ean YT JUESH s

WY



e OleYbl Blolur 9 Sty (g &1 (938 ! ! i e lsPel (6 byl (Sinaig

b cwn 5l (0 -9) JSo @l cud (o3, el cavsas

040000
1

31559295 (55135 LI5,0

w0
L

01000
L

00000
h

2990000
I

. PRI

D (1 5550

—— < ometers A
12 s B
\-

20do00 w000 azde00  asseoo aazoo0 asi00

2 25l (098 Jae ol (! -7) US55l Gl o
g.

e e~

oo
L

Bl G950 5l (b e 515 e bolad Al il T JSw
Fig.6- a: Topographic map of Alborz County, b: Topographic rating

bl 6l So Gl aBl axBls 9929 0aiiS wgaone
» {(Dixcon, 2005) g oo 48,5 Ll o olgsel L
Sy 5l Jol gl po adhaie 55 5 iz ol
Sk aS Al gy Gh))l 99 4 Gl el B3gazee o5 le
Sl 5 oy 605 Hlade b dle 5 b «Sinsale 5929

! 00 (59 (V) J&w d.tUa.o !

Sal Sw 5l S oglanlge g5 a5 dble o

S S5 550 3975 o 4 el ol LSS SIS
3,18 Y (558 ylej sVl g ol yiidos eain VT oS >
siblio ;0 Ve (5, Al l o s (e 5 ol b
S5 oy g s s il lge 5l plasel aome oS
Y Slyzel laue s a5 ablie jo 5 aw i)l ail oo

i Olssul gldt

o

| TR

T T T
40600

=
e 0" Al
g
i-ff'
Lo
=N

i

° R X
s 835xe
EL et Jansma (3551
CC—— ilometers 1
g. 012 4. ¢ @8 [ ] ¥ -
a5

bz (5,135 95, r

T T
433000 442000

Olo3l gl b (6,135 (4351 -V JSuo

Fig. 7- Vadoes zone rating

A



VTV - Y00 asiuo/VE+ £ o /AN 0, loud/ Y by93) (iR 5 & bl (51 85l carigeo Colidinns

Aoy, assl byt g cubo &l o cdpl culbks
o> 35y 50 g Sl fo Yov dga> )3 39, 500l 5995
A a5 ) (0 = A) S Sy oo 0 YO @ 0bT s
Ll ool Cawoay (7 -A) JSi illas dilaie SJg,0um
S8 2 oy ol VL (Sgpaee Colas Gl 4z e
UMS;JL’ 9 Sl ).,..m.u OMYT JLO.U‘ ulia‘ 9 Gﬁhﬁ))—’) 0._:"
Ve85l 5es R e Al e 6280508 Gl 9500 ]
AR5 S 85yl 595 2 e k3l ReS S3398 sl g
(Babiker et al., 2005) sg.% oo 48,5
Jguz 50 5l Slw el o Silys sla el )y 35

ol 005 81, (Y)

5o il Voo b wely ool slas adlaie ol 5o
o A 4 a5 b3S 13 Sl iulejl 090 43S
(Gl =AY S 5l iy cods (T) Jlisil colls
55 55 dyera Voo 3l Gy JU! ol b it
FEee b 635 o Cood o Q'I buoge ole a5 cwl
g ol atwlS ol jlade 5l 3,8 Caz 50 9 59, 40 @
ol 00l sl 3 59, )0 @ye e VYo Sl ST
s 5 35290 sladilssg; o Slee 4 4z L
s oy g Jlad 4l jo 8T Slge, s o
sy Wlogy Slgesy 4 3,80 Sz 4o 9 Wled dails Ll
Sod Dloye Jlo= 5 6550 Aml ps Wgh e hos
SLid co sleo yh lanle 5 (o) sl I 25LS S92

oS SIS sl sy ollyy el ools LSs 1,

S
4 g
4 < H
i f~—t
[\ 4
1 4 4 H
H L .“_ ¥
’O.J-b .,_{ b
/ . g
4 T N
H < . .
p loal,
Y il
\: . i

)
| As wpie

Sy Sl ) g

| i
| —
]~ 012 4 6 8
- = - = —— — A =
e = o =

i gy Syl NS 05 Sl Culiud o

olyol JEm cubld X
W @r

a

Lol .
? Ll
o i H
H o sl
Syl s 2
e il ! bl
[ ok ssgone 012 468 J
] H [ bt e3gaoma |
e e w H , r v . . r
ot o i om0 wionn wieoo

< &l

SHgyid Colud (6 )15 3y iz« Coliud pd duid 10 (JUSI Culsld Al 1l -A JSW
Fig. 8- a: Transmissibility map, b: Alluvial iso-thickness map, c¢: Aquifer Hydraulic conductivity rating

SECEa g pol )b g uud 8315 Comnd gy, Y Jgus
Table 2- Rates attributed to the seven parameters

Dr Rr Ar Sr

Tr Ir Cr

Y

At ALF YUY

Ve BA FLO YL

AV



e OleYbl Blolur 9 Sty (g &1 (938 ! ! i e lsPel (6 byl (Sinaig

o> g baye (59 50 ool A b5l slaaY 0,8

ool g G pdiaanl Lazls asd daa¥ Ll o8,

S3ge sanai (1) Uy b (s iyl L

Seciwlyo s Ll dwlxe
syl 5 S 4 (2055 5 @ISOl o
Ol fels S LSJ“‘-’W-“’T bl @l Sl g,
0o b0 5 45 GIS Lo 10 (5 pdynm! aids 5,1

(Rahman, 2008) Syl;> (189, 4 (5 p2ds ! ol (gaiadd -1 Jgo
Table 3- Classification of vulnerability index by drastic method (Rahman, 2008)

Srdcu ol

(D1) Sgiuslys yablis

s By LB g 52l
S
bwgie
oL

Sbj k3

<46
47-92
93-136
137-184
185<

5 05k Olsl 50 5 98 Glacaond 15 (e
S Jomily (B5b jlecanl YU (e o el
32 o ) U5 sl yyinl 5] sl o L
oy s 85 2y gl & i ool i
255 ) S e aes o5 (6 pdy]

Sl ) gy 4y (2938 Cdd S pdy o] Gediy
(Moradinejad | San g o5 g0l o Sladlas ;o  (Jgors
Slsgel 6l s vl Lasls ols ol et al., 2023)
YY Sg0 o del Cawd 4 VFY B FF o pgid Cb
PY 5l i 9 05 iyl ogaoe ;0 Culs jl as)s
a0 ;0 gy 3l S g dansgie (6 g ool B3g0me j0 sy
O S 5o Sl s s Connd) (B,0 a4l jo cbs
B o B S T e R P
Ghyls 5 el 938 clo il gend a5 50l el (ol
ol Lgta 5 05 iyl sl

(Taheri Tizro et |, Son g 5,505 5,0l Sldlas jo
Srpd caml als a5 ap eols las al, 2021)
G g Sol e VOV 9 ) o0 (o (g8 oo Silys

el (2L (6 il el Il 2938 oo

I cwlole o5 @rdiaus] Gl oo oy

Sge Slsul a4 0058 g Ay O g0 4 408 4yl
50 5l 1) ey 2aSTy oUlgs laoaisVT 5 0.5
)10 097y plyel 4 s )50 4 4dss bawgie Gl
Sgds oo Szl oo VT 5l am 4 Cas (5 iyl Ll
4 Comd 3lg0 5l (et 50 iyl @b sy o
YU JEsl b i a5 Ll > a) beaVT 5 L
Spdcawl ol L > 0 5 0gb oo sl ()l
(Aller s¢5 o 3bx! @y 3G b boaiy VT 25T 4 oo
wil 58, Sl asls juix e et al., 1987)
o Sogll Blis o (a5 o 6 ppdyml Sy
dr 1) 5 SasS anls oS laaigy 5 55 anlys
iy Lol sl (S8l 51 ol a5 15 352 el oy
» {Dixcon, 2005) coils auslgs yasesgl sl (5 xS
Cand Sl g pdicam! Lasls (V) dal, bl
429 b nlplo ol 2o VWWEBAY o 50l ol 0
Loag g0 & 5l plioped cds «F) Jgor @
L) basgio s (AY B FY o (a3li) o5 (6 pdyres]
ity () J58 05 g0 gumaile Y7 LAY

Al Juds @ ams o plas 1y e olgsel (6 il

VY



VTV - Y00 asiuo/VE+ £ o /AN 0, loud/ Y by93) (iR 5 & bl (51 85l carigeo Colidinns

a0 e

4010000
h

3990000
I

O3l (5524 sl 235050

3960000
OE

N

a

o

@

Kilometers ]

Lol
e s

i 039e

ol 63t3s seunsl Wdgiinne

-

406000 415000 14000

433000 442000 451000

2938 bl 5yl (3l e Candd (6 33y o] (Gaigy -4 JSUS

Fig. 9- Vulnerability zoning of the Alborz County plain, Qazvin Province

SNEE-L SR RN LR PO SPCH C
@ oyl selg e STy 51,0 (Jg o)l v92s (55,5l
9750 pseigel ¢ (V) bl (ool 209 o 1o poise]
5 ML slaoly il 959 s3len STy ST 50 5
P e had Sl a4 S el b
49w o0 el s 1) oy (nl sole sl
T o S (g
NH, +20, —>NO, +2H" +H,0 49)
Sl g 4 bgs o SleMb! (Gl1-) +) S Ll
Slr qmle palh Gloe @ o ool 5l g 0 LS 5o
Godige aldi b g ol oolawl SCauls a2l
Ol il alie (0 V) UG 0 adhate Soule
15 M el rglite s caliee Llis o &l i 5o Y]
$559biS Sudlad 39 o8 e 4 ds (3,0 Jlod o
Sl Ol o Siar plend GbogS o5 Sras g
Sl s AAE g Sl 65 (i 2l 5o dezse
Cond (nl Gpdyml ganaiy b ool (Sinles
SVl dilaie (6 pdyconl 45 55 (635 0 Ceond j3 000
4>l onl gy ol 3l eVl 5 il cpl Sl (Sl

Bl i Sudl e a5l

S5 (G digy, Al b Ol yided dully donny Lo
Sl oad as Sl ALE Come oy p @lp
Ol 5o 0,5 aslie (crwblio Jlne L) oad angs 428
lo G, tn (o)) ol 4 bogrpe J1t sla Sogll
Ol s el Slawd 5 155 sla Sogll Ll a4y by e
slocdls Jl e (Sl pebples gl a3l G e
Sdoe (aseis lp gwbe Jlae rizmen 5 ol
cel o gl bl 4 Ol ol pdyca]
Sogl ol Gl polie 0gi o lodsas IS
oyl Jols (S jobay ejpy ol o Sl
Olps e e S ool 5 (g5,0laS
SogS 0,8 Hl o ey e nj ye eadiiie
bl ;5 a5 ek sl sus b Tnas glears
ol G B gy i (slegS by a5 Y Y 144
O B dns ey a5 0 Dlyig jlade sl olisl
G 899y Oire HlaEe b aldl el sad oL iy
ge a5 285 i o 1) b Sl il o b
WS (o0 Oyls (65eS Hlm (5o BgS L anslie )

(Jokar Niasar, 2002)

VA



e OleYbl Blolur 9 Sty (g &1 (938 ! ! i e lsPel (6 byl (Sinaig

404000

Sl 33 ad Ll b Ol i o Al daug e

410000 4020000 4030000
1

4000000
I

3990000
L

Lol

Sl iaie

[0 st e

Ol 3y i 03935

080000

o —— Kilometers
012 4 6 8

70000

410000 4020000 4030000

4000000

3990000

3980000

3970000

() Sl yd (T39I (guiaiqn U o dwg o (A1) 55! oyl o) Cundd Ll e o i — Y + JSUS
Fig. 10- The iso-Nitrate (a) and Comparison of DRASTIC Vulnerability zoning and the iso-Nitrate maps of Alborz
County plain (b)

e g 9 sl SIS& cel a5 wil ashie o g

AT e Sl 1 a¥ (pl ogzg el ouds

b aY Bd> b Cowlus Julxi
=225 @l e &5 Wakiee liixe (S
don 3l eolatul e Cuwl Sew (Soddl 4 s
sla iyl g yse 9wl Cavods 5 Sl slo il )b
L KRR U L] KRR L St KR W oW
ol 4 oal ools Cand slo 3,1 g oy g A Wndies
Slp Lo e g ol SIS cds Sl (5 p il
)..Jl.:T gy ool 5l ol vgzg e o pl 4 o S S
lacl 5l ol ol s prlas jo cJudo ol 90,8 s
NV R RN WS [N FORN IS < JIE <R RV
sdelianas guls a8 wel Casoas al)l jo b Cod s oy

el ool S1(F) Jgoz 0 Judow ol 5l

Ll jl e S50 5 02 5l @bcwnd S )sba

Y Cn et 31 Se il (@Yl iy 6]
&S Sl 09),5 S dbhie ol 4oy, 043y o
Lol jo aldog, opl il .cul ga050 (pl Gge 39,
oo b Gbliel al30g, ol jgue .l (Sogll yols Jlas!
00 At olowd slodsS) Sogdl Jom el ol
ool by ol 5l il als g Slelas )l gl jeae
u]alcbwlowga&b@w‘chwjus&ubyYL
Ol ol mle gl el a5 gble ol o il
D500 (Al L L;L&bc[g 9 doll> wold J...d)‘ Ls’da'“’
Al asine adhis Gree sdolx gwypm jo ol allls
aied syl mlie cnl 4 g9 ol aliBeligs eSE S
S e o5 oais o)l CodSh g Goyed ol el

Sy ;0 )l g (o) pdylideis sloaY 2529 o] Yo

ARR



YYY =900 axiuo/VE+ £ Hlen 1A 0,/ YT 2,93/ (iSR} 5 5yl (S1 85w cwiige Wl

Ll dis a Syl (ad b Comlms Julod —€ Jgus
Table 4- DRASTIC Index sensitivity analysis to the layered removing

oul Bds yialyly 039

(00 35 o> 33) (6 9 ] (a3 L O puads
Vulnerability index changing (%)

Removed parameter | Weight

Min Mean ‘ Max ‘ SD
D 5 0 13 5.7 0.85
R 4 0.1 15 3.8 0.71
A 3 0 0.3 14 0.34
S 2 0.8 2.6 0.54
T 1 0.05 1 2.6 0.54
| 5 0 1.6 5.65 1.2
C 3 0 0.5 2.7 0.64

ol wle 5l Sogdl Bi> auje oeVL L @
sl eaiadil I3l 6y onaiy (e
oo ;3 1y p5Y Sloseas asilet b ows oo )18 (Y ghue
5 Sed LB (55 5liS slodsS 5 (55,5LaS ol b pas
Sl Ol e S 55 g (B )1 e b
Sgd oo Slpidin gk (! bl a4zl b aisS S
ol Sop 5l Gy b Lyysd ol gleelKins
S 22l ) 2 9)lee Ssax
5 e lodgS Brae p 5elaS Sl plejle
lossS i alls WS ol iS58 ol
o $59laS DY¥gaze Cwd Wl g abend
ool ool ol oot lianss gloosS e 28,V
oy Srae e ;o oyds oo o Slee I Wil e
s Sl 5 e (gl S oolittel _olosds (glaosS
S5 g ol Sl [ Cuds dgux o LS e )0 puiS
Flae oo & bpo (g50la8 o)l 1) ol 5 st
chile Sosh je 035 el poron (Stujlae
Clle STy anS e 505 o)l |y g)lye laj e s
oole Lol jiw alseg, olys cdbale ) o1 ol s
ipd oo Rl ) (Bpae 355 Jlade ()8 Sde 12y sla
oS bl )0 b 5 gliwg) 2L 5 Ol slaes
JEsl clagr b sl YU T ras Gos ¢ dilaie (iS5 Sins
& ey ] 1B A e 22l |y OIS ahal

GBS b 055 Sl bl ol b o il

O b 095 00 odalive (F) Jgaz ;0 &5 jshilen
(D bl o 4l 30 4 bg o VP (eSila b 350 039
)l (SloFeen yially (nl a4 bgpe (5555 09 b &S ol
L R) b L35 4 bose (59 s 328 01 5l o
Olgzel bpzme 4 Blato Jgo (55 (S sl VO laie
—aesei s 2 Bos Fse (35 0o o5 e el (A)
O35t Geos Jds @ Olsien 1) O 6555 039 oo YL o
Ol el 5l Gl o s 55 (e 5 o el
b ey 5o 2 38,50 Slai o &S 0 (g 5 cal @
Joo 5l pSams o alalas sbxl el conl (Son
@ibhio 4 Sond (B W b plgee Jy 0ed
g ols oss Joane o U 1) Jow jo oolatwl 5,50 slayie
2,5 ol

S 5 4%

cbs liul G pdican] Candg (iagn ol 5o
S 0l oy GIS 5 Seiiulys (59, b5l oyl j0s
FYA Colio b ,dl b ol s jo oo (ylid b gy
Gl dzhie S Coluns 5l oo 0 VY dg0 a0 ieglS
Coomd 53 Carluns 51 00,8 FA g 05 (6 pdscam] (oM
B bwgie g pdicawl S 0 plesul S0 g o)
Cud Gaipy 2l Sl mie b ganaiy ol o)l
el o3 gy cnl 51l (93 Slsen 515l Gliw 0t
205 518 S s Syl Jlie )0 laasl opl J s

K



e OleYbl Blolur 9 Sty (g &1 (938 ! ! i e lsPel (6 byl (Sinaig

Loy 0pd colitul ganaigy ool )0 58 Koo slajis,
colre g oo (S (oo ol sy =l alio
S Salys g, 0gd gy 4 alie sla b,
Sl yelily 4 (23059 9 (65035l 5 (gwaige Dglad
sy 3 il
SRl

(55,903 oolatdl slafashy 5 Cupde olojle
ol cblis glesle i Sl wsislsS sler ol
il OB 5 T epgd il (glalaie ol (Sl

5okl a5 cns3d bl Gl Sz &5lhe lejle 5 (2938

sble 0 Gla> jeme jgow e o glddhieo|
O Selgpies bl 5180 cel o la> Slibee aS
Sogdl g 0585 b sl slaasY g YL ol slaayY
Jie sl ol slee o 4 oYU 3091 (slao,au )
Gl ol blwl slay cquas L35 ¢lp 0gis
wdss 5l 8 Ol Lolesl o SIS cds wb b gble jo
D9 ol slaas¥ 4 Sogl sl corge b oil avsls
slogsy, olyul G Gndcaml ganay oy
Sl ogy 5l L asdllas pl jo 1o 8925 (gousie

Do o oKl wilaslds Lasl s |, Sledlb! 3wl e ol oo solauwly bl el s (gl

&y

Aghazadeh, N., Chitsazan, M., Mirzaee, Y. & Ebrahimi, H. (2022). Modifying DRASTIC Model DRAST-
VUL to determine groundwater vulnerability in an urban aquifer. Watershed Engineering and
Management, 13(4), 690-703. doi: 10.22092/ijwmse.2021.125064.1596. (In Persian).

Ahmed, I. & Nazzal., Y. (2015). Hydrogeological vulnerability and pollution risk apping of the Saq and

overlying aquifers using the DRASTIC model and GIS techniques, NW Saudi Arabia. Environment
Earth Science.64: 342-356.

Aller, L., T. Bennet, J.H. Lehr, R.J. Petty, & G. Hackett. (1987). DRASTIC: a standardized system for

evaluating groundwater pollution potential using hydrogeological settings. EPA/600/2-87/035. US
Environmental Protection Agency, Ada, OK, USA.

Amirahmadi, A., Abbariki, Z. & Ebrahimi, M. (2022). Evaluation of the vulnerability of Davarzan Aquifer
by DRASTIC method using GIS. Journal of Arid Regions Geographic Studies, 2(6), 51-66. (In
Persian).

Amiri F, Tabatabaie, T., & Entezari M. (2020). GIS based DRASTIC and modified DRASTIC techniques

for assessing groundwater vulnerability to pollution in Torghabeh-Shandiz of Khorasan County, Iran.
Arabian Journal of Geosciences, 13(12): 1-16. doi:https://doi.org/10.1007/s12517- 020-05445-0.

Babiker, 1S., Mohamed, MAA., & Hiyama,T. 2005). A GIS-based DRASTIC model for assessing aquifer

vulnerability in Kakamigahara Heights, Gifu Prefecture, central Japan. Science of the Total
Environment, 345(1-3): 127-140.
Bera, A., Mukhopadhyay, BP., Chowdhury, P., Ghosh, A., & Biswas, S. (2021). Groundwater vulnerability

assessment using G1S-based DRASTIC model in Nangasai River Basin, India with special emphasis
on agricultural contamination. Ecotoxicology and Environmental Safety, 214: 112085.
Bhuvaneswaran, C., & Ganesh, A. (2019). Spatial assessment of groundwater vulnerability using DRASTIC

model with GIS in Uppar odai subwatershed, Nandiyar, Cauvery Basin, Tamil Nadu. Groundwater
for Sustainable Development, 9:100270. doi:https://doi.org/10.1016/j.gsd.2019.100270.

Chitsazan, M., & Akhtari, Y. (2009). A GIS-based DRASTIC Model for Assessing Aquifer Vulnerability in
Kherran  Plain, Khuzestan, Iran. Water Resource Management, 23, 1137-1155.
doi.org/10.1007/s11269-008-9319-8.

Dixon B. (2005). Applicability of neuro-fuzzy techniques in predicting groundwater vulnerability: a GIS-
based sensitivity analysis. Journal of Hydrology. 309(1-4):17-
38. https://doi.org/10.1016/j.jhydrol.2004.11.010.

WY


https://doi.org/10.1007/s11269-008-9319-8
https://doi.org/10.1016/j.jhydrol.2004.11.010

YYY =900 axiuo/VE+ £ Hlen 1A 0,/ YT 2,93/ (iSR} 5 5yl (S1 85w cwiige Wl

Fathie, H. A.& Beygi, H. H. (2012). Zoning the vulnerability potential of Shahrekord aquifer using the
DRASTIC model and its validation using seasonal changes in nitrate and phosphate pollutant
concentrations. Water Resources Engineering, 5(14), 1-16. Doi: 20.1001.1.20086377.1391.5.14.1.6
(In Persian).

Ganwer, S., Sinha, M. Multaniya, A., & Ghodichore, N. (2024). Introducing reverse Multi Influencing Factor
technique in DRASTIC model for groundwater wvulnerability assessment. Groundwater for
Sustainable Development, Volume 25, 101106. https://doi.org/10.1016/j.9sd.2024.101106.

Hamed Masoud, H., Dara Rebwar, N., & Kirlas Marios, C. (2024). Groundwater vulnerability assessment
using a G1S-based DRASTIC method in the Erbil Dumpsite area (Kani Qirzhala), Central Erbil Basin,
North Irag. Journal of Groundwater Science and Engineering, 12(1): 16-33. doi:
10.26599/JGSE.2024.9280003.

Jokar Niasar, V. (2002). Investigation and estimation of nitrate transfer from absorbent wells to the
groundwater surface in Tehran, Master's thesis, Sharif University of Technology. (In Persian).
Krishna, R., Igbal., J., & Gorai, A.K. (2015). Groundwater vulnerability to pollution mapping of Ranchi

district using GIS. Applied Water Science 5, 345-358. https://doi.org/10.1007/s13201-014-0198-2.

Lathamani, M.R., Janardhana, B., Mahalingam, S., & Suresha. (2015). Evaluation of Aquifer Vulnerability
Using Drastic Model and GIS: A Case Study of Mysore City, Karnataka, India, Aquatic Procedia. 4,
Pages 1031-1038, doi.org/10.1016/j.agpro.2015.02.130.

Mardan, H., & Yargholi, B. (2020). Ardabil Alluvial Plain Aquifer Vulnerability Zoning Using a

Combination of GIS and DRASTIC Method. Journal of Environmental Science and Technology,
22(6(97)), 391-406. (In Persian).

Moradinejad, T., Rezaei, M., & Nakhaei, M. (2023). Vulnerability Assessment of Groundwater Resources
in Qazvin Aquifer with DRASTIC, Modified and Fuzzy Methods. Journal of Drought and Climate
Change Research, 1(3), 35-56. doi: 10.22077/jdcr.2023.6186.1020. (In Persian).

Nakhostin Rouhi, M., Rezaei Moghaddam, M. H., & Rahimpour, T. (2017). Groundwater vulnerability
zonation using DRASTIC and SI models in GIS (Case Study: Ajabshir Plain). Journal of Eco
hydrology, 4(2), 587-599. doi: 10.22059/ije.2017.61496. (In Persian).

Novinpour, E.A., Moghimi, H., & Kaki, M. (2022). Aquifer vulnerability based on classical methods and
GIS-based fuzzy optimization method (case study: Chahardoli plain in Kurdistan province, Iran).
Arabian Journal of Geoscience 15, 360 (2022). doi.org/10.1007/s12517-022-09549-7.

Ozegin, K., llugbo, S. & Adebo, B. (2024). Spatial evaluation of groundwater vulnerability using the
DRASTIC-L model with the analytic hierarchy process (AHP) and GIS approaches in Edo State,
Nigeria. Physics and Chemistry of the Earth, Parts A/B/C, Volume 134 103562,
doi.org/10.1016/j.pce.2024.103562.

Pourbalighy, M., Rezayan, S., Rafaty, M, & hejazi, R. (2022). Evaluation of groundwater vulnerability of
aquifers in aisin plain by drastic and GODS models and GIS. Journal of RS and GIS for natural
resources, 12(4 (45), 71-94. (In Persian).

Rahman, A. (2008). A GIS based model for assessing groundwater vulnerability in shallow aquifer in Algarh,
India. Applied Geography, 28(1):32-53.

Rangzan, k., Firouzabadi, P, Mirzaei, & Alijani, f. (2008). Mapping of groundwater vulnerability using
drastic and empirical assessment of unsaturated zone in gis, varamin plain. Iranian journal of geology,
2(6), 21-32. (In Persian).

Sarcheshmeh, B. & Shahmohammadi-Kalalagh, S. (2017). Evaluation of Salmas Plain Aquifer VVulnerability
to Pollution Using DRASTIC Model and GIS. Water and Soil Science, 26(4.2), 55-67. (In Persian).

Taheri Tizro, A., Qaleban Tgmedash, M., & Farajy, F. (2021). Vulnerability evaluation of Qazvin Plain
Using DRASTIC-AHP Based on Geographic Information System. Journal of Natural
Environmental Hazards, 10(29), 145-160. doi: 10.22111/jneh.2020.34024.1659. (In Persian).

Vrba J.,, & Zoporozec A. (1994). Guidebook on mapping groundwater vulnerability. International
Contributions to Hydrogeology. Verlag Heinz Heise GmbH and Co, KG.

Yazdani, V., & Mansourian, H. (2019). The assessment vulnerability of Qazvin-plain aquifer, sensitivity
analysis removing parameters by using GIS. Irrigation and Water Engineering, 10(2), 127-145. doi:
10.22125/iwe.2019.100746. (In Persian).

WY


https://dorl.net/dor/20.1001.1.20086377.1391.5.14.1.6
https://doi.org/10.1016/j.gsd.2024.101106
https://doi.org/10.1007/s13201-014-0198-2
https://doi.org/10.1016/j.aqpro.2015.02.130
https://doi.org/10.1007/s12517-022-09549-7

)

Ministry of Jihad - e - Agriculture
Agricultural Research, Education and Extension Organization
Agricultural Engineering Research Institute (AERI)

Irrigation and Drainage Structures Engineering Research

(Agricultural Engineering Research)

Vol. 26, No. 98, Spring 2025 Print ISSN: 3060-6764 Online 1SSN:3060-6772

Contents

Research Paper

Investigation of specific energy stability in converging side weirs with guiding structures.
AmirReza Shahriari, Mehdi Daryaee, Seyed Mahmood Kashefipour, MohammadReza Zayeri.............

Exploring key drivers affecting the development of farmers’ resilience capacity in the face of water
scarcity.
Mojtaba Noori, Rohollah Rezaei, MohammadKazem RahiMi....cieiiiieinineieieiiniiecersnciecesensescnnens

Analysis of the dimensions of farmers' resilience to drought crisis using content analysis method
Mohammad Mehdi Ghasemi, Javad Ghasemi c....cccuveiiiieiiiiiiiiiiiiiiiiiieierreicrreracasasreenennes

Estimating scour hole dimensions downstream of triangular-triangular compoung sharp-crested
weirs using artifical intelligence models.
Sasan Nejati, Mehdi Meftah Halaghi, AbdolReza Zahiri, YOUNes AMINPOUr.....cceererurerrerseeeansnsene

Experimental and numerical investigation of the effect of blockage progression on scour
downstream of box culvert.
Reza Bavandpoori Gilan, Rasool Ghobadian, Ali ArMan ....ceveeeriiiiiirireieniieniiiiririraseseseniniesasasen

Vulnerability zoning of the Alborz county of Qazvin province aquifer using DRASTIC method and
GIS
Hosein Atashgaran, Massumeh Rostamabadi, Saeed Kazemi Mohsenabadi ...........ccccccoevivevieiieiieicieieennn,

19

43

67

85



Irrigation and Drainage Structures Engineering Research

(Agricultural Engineering Research)
Vol. 26 No. 98 2025

Published by: Agricultural Engineering Research Institute (AERI)

Executive Director: Dr. H. Dehghani -sanij Professor

Editorial Board:
F. Abbasi

N. Abbasi

N. Heydari

A. Kiani

S. Koochakzadeh
M. J. Monem

A. Nasseri

M. H. Omid
A. Parvaresh Rizi
M. Shafai-Bejestan

International Editorial
Board:
M. A. Sharifi

A. Torabi Haghighi

Editor in Chief: Dr. N. Abbasi, Pro-
fessor Assistant Editor: Dr. O. Raja

Professor, Agricultural Engineering Research Institute

Professor, Agricultural Engineering Research Institute

Associate Professor, Agricultural Engineering Research Institute

Professor, Golestan Agricultural and Natural Resources Research and Education Center
Professor, University of Tehran

Professor, Tarbiat Modares University

Associate Professor, East Azerbaijan Agricultural and Natural Resources Research and Education
Center

Professor, University of Tehran

Associate Professor, University of Tehran

Professor, Shahid Chamran University of Ahvaz

Professor, International Institute for Geo-Information Science and Earth Observation (ITC),
University of Twente Enschede, Netherlands

Professor, Leader of Hydrosystems Engineering & Management research group at Water,
Energy, and Environmental Research unit in University of Oulu, Finland

Text Editor: M. R. Dahi
English Editor: M. R. Dahi

Coordinating Manager: A. Uossef -Gomrokchi

Typesetting & Layout: Sh. Jabbari

Reviewers:
- S. Emami
- N. Heydari
- R. Daneshfaraz
- 0. Raja

- R. Rezaei

- S. Soltani B. Lashkarara

- P. Varjavand

- M.A. Shahrokhnia A. Mokhtaran - A. Uossef Gomrokchi

- N. Abbasi - Sh. Moghispoor - H. Yonesi
- J. Ghasemi - H. Montaseri
- B. Kamayi Abbasi - Y. Mehri

AERI Site: www.aeri.ir
Journal Site: http://idser.areeo.ac.ir
E-mail: aridsej@areeo.ac.ir


http://idser.areeo.ac.ir/

