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Extended Abstract

Introduction

The majority of agricultural areas worldwide are managed using traditional surface irrigation methods.
However, these methods face significant challenges, including inefficient water use and suboptimal
productivity. Given their widespread use and low efficiency, improving surface irrigation systems has
become essential. In recent decades, numerous initiatives have aimed to enhance the efficiency of irrigation
systems and management practices. One such advancement is the development of low-pressure irrigation
systems. Studies based on behavioral theories examining farmers’ adoption of irrigation technologies have
identified several influential factors. Accordingly, this study aims to explain the role of technology ease of
use and farmers’ self-efficacy in influencing their behavior toward adopting and using modern low-pressure
irrigation systems.

Materials and Methods

The method of this research follows a quantitative paradigm. In terms of purpose, it is applied
research, and in terms of data collection, it is descriptive research conducted through a survey. In total,
112,010 farmers in East Azerbaijan Province formed the study population, and a sample of 393 was
selected using the Cochran formula through multi-stage sampling. The main data collection tool was a
researcher-designed questionnaire consisting of three parts: the first part relates to the individual
characteristics of the farmers, the second part concerns the characteristics of the exploitation system, and
the third part includes items related to the main variables. The face and content validity of the questionnaire
were confirmed by professors and subject matter experts. The reliability of the research instrument was
determined using Cronbach’s alpha, and construct validity was assessed through convergent validity using
confirmatory factor analysis. SPSS 20 and AMOS 21 software were used for data analysis.

Results

The measurement and structural model analyses indicated that model fit was acceptable across
multiple indices and that the hypothesized relationships among the variables were logically consistent.
Hypothesis testing revealed that all proposed relationships were statistically significant. Specifically, there
was a positive and significant relationship between the perceived ease of use of the low-pressure irrigation
system and farmers’ willingness to adopt it. Additionally, farmers’ self-efficacy was found to be
significantly associated with their willingness to use the technology. Overall, structural equation modeling
showed that ease of use and self-efficacy together explained 60% of the variance in farmers’ willingness to
adopt low-pressure irrigation systems, with ease of use emerging as the stronger predictor.
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Conclusions

This study investigated the factors influencing farmers’ adoption of low-pressure irrigation systems.
Specifically, it examined the effects of perceived ease of use of the technology and farmers’ self-efficacy on
their willingness to adopt such systems. The findings confirmed that both factors significantly influence
adoption, with ease of use playing a particularly strong role. When the equipment, connections, and
maintenance of the irrigation system are simple to operate and learn, farmers are more likely to adopt low-
pressure irrigation. Additionally, farmers’ confidence in their ability to implement water conservation
strategies enhances their conservation behavior. In other words, effective water conservation depends on
farmers’ understanding and belief in their own capabilities.
Keywords: Water consumption management, Modern irrigation system, Technology acceptance, Farmers'
behavior
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Fig.1- Conceptual Model of the Research

Sl b idn (S p o Glajgd 50 e

@olawi b laas lo 5l 5,953 o idu o wind
sleglias glaling, & p woles o wuls Sbdl
aial bl ol yelas 5l Sleddsl cdl o gl cois

3 oAl d9zy Jlail (185 Sl e b (b, YY)

529WES 15330 st 3lani wl] g axdllas 3490 dlllaio (gLaliwg, 40 (GaI50 Aiged o =Y Joua
Table 1- Research sample size in the villages of the study area based on the number of farmer beneficiaries
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Table 2 - Results obtained from the validity and reliability assessment of the measurement model
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Chi-square (df) = 361.399 (100); P value (>=0.05) = .000;

Relative Chi-Sq (<=5) = 3.614; AGFI (>=0.9) = .864;

GFI (>=0.9) = .900; CFI (>=0.9) = .944; IF| (>=0.9) = .944;
RMSEA (<=0.08) = .082; RMR (<=0.08) = .042

GO+ Ty
@ su2 Gl 66
Ce3D o T @ 54 0 o Pt G
A 2
G S ==
G T | D
68
62 78
Ce8D 89 Z: 7
D 50
31 .60
< o N
GO = ED—w i
G b ¥

o 3 ylailin! Cul s (wlw! g (g ,Wa Lw Jue -Y UG
Fig. 2- Structural model based on standardized coefficients
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Table 3- Summary of results obtained from structural model estimation
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Extended Abstract

Introduction

Urban sewage collection systems in areas with rugged topography present significant hydraulic
challenges. Steep slopes and substantial elevation differences generate high kinetic energy in the flow.
Without proper control, this excess energy leads to adverse consequences, including erosion and degradation
of the channel bed and walls. Further issues may involve structural damage and vibrations induced by high-
energy flow, the entrainment of large volumes of air due to free-falling sewage, and the potential for water
hammer in closed systems. To address these challenges, vortex drop structures have been introduced as an
efficient engineering solution. These structures establish a controlled vortex flow pattern within a vertical
shaft, thereby dissipating the incoming flow's excess energy in an effective and manageable manner.
Methodology

In the present study, a physical model of a vortex drop structure was constructed to investigate its
hydraulic performance, including the spiral inlet and the shaft. Furthermore, since the structure's performance
in flow energy dissipation is significantly influenced by the upstream and downstream hydraulic conditions
and geometry, the rate of flow energy dissipation by the structure was measured.

A 1:10 scale physical model of the East Tehran Sewer Vortex Drop Structure was constructed in the
Hydraulic Structures Laboratory of Shahid Bahonar University of Kerman, Iran. The model comprises a
rectangular approach channel, a tangential vortex inlet, a drop shaft, an energy dissipator, and a rectangular
outlet conduit. In this study, a spiral inlet with different outlet diameters was employed. The inlet channel,
with a rectangular cross-section, conveys the flow to the tangential inlet structure. This channel measures
0.18 m in width (B) and 0.21 m in height. Downstream of the vortex drop structure, the flow exits via a
rectangular outlet conduit measuring 0.18 m in width and 0.24 m in height.

The model begins with an initial reservoir; upon filling, water enters the structure through the inlet
channel. The wall height of the inlet channel is 0.24 m. Four different flow rates were used in this experiment:
10.67, 14.55, 19.40, and 25.22 liters per second, respectively.

Results and Discussion

In the present study, the flow behavior within different sections of the vortex drop structure, including
the inlet channel, the spiral inlet structure, and the outlet channel (energy dissipator), was investigated.
Subsequently, the influence of three parameters including: flow rate (Q), inlet structure diameter (d), and the
ratio of sump depth to shaft diameter (Hs/D) on the energy dissipation efficiency (EDE) was examined. The

Vv


https://orcid.org/0000-0002-54251-7556
https://orcid.org/0000-0003-1418-1538

Experimental Investigation of the Energy Dissipation Efficiency of a Vortex Drop Shaft with a Spiral Inlet

effect of these parameters was evaluated in three stages: first, each parameter was assessed individually, then
in pairwise combinations, and finally all three parameters were evaluated together.

The results indicate that flow rate had the greatest influence on EDE. The highest efficiency (92.79%)
occurred at a flow rate of 10.67 L/s, while the lowest (88.93%) corresponded to 25.22 L/s. Consequently,
EDE was found to decrease with increasing flow rate.

The simultaneous effect of all three parameters (diameter, flow rate, and sump depth) on energy
dissipation efficiency shows that, for a 12 cm diameter and a flow rate of 10.67 L/s, the highest efficiency of
94.59% corresponds to Hs/D=1. For the same diameter and a flow rate of 25.22 L/s, the highest efficiency is
88.92% for Hs/D=1. For a 16 cm diameter and a flow rate of 10.67 L/s, the highest efficiency is 94.08% for
Hs/D=1. For this same diameter and a flow rate of 25.22 L/s, the highest efficiency is 90.35% for Hs/D=2.
Conclusions

In the present research, a physical model of a sewer vortex drop shaft with a spiral inlet was investigated
in the Hydraulic Structures Laboratory at Shahid Bahonar University of Kerman. This study examined the
effect of three parameters including discharge (Q), the diameter of the inlet structure (d) and the ratio of the
depth of sump to the drop shaft diameter (Hs/D) on energy dissipation efficiency (EDE). Separate analysis
of the individual parameters revealed that the influence of flow discharge (Q) on EDE was greater than that
of the other two parameters (diameter and sump depth ratio), accounting for 79.92% of the effect. The two-
parameter analysis concerning the interaction of diameter and discharge on EDE showed that at a discharge
of Q=10.67 L/s, the highest EDE (93.15%) was achieved with a 12 cm diameter. Furthermore, when the
discharge increased to Q=25.22 L/s, the maximum EDE (89.25%) was recorded for the 16 cm diameter.
Regarding the combined effect of diameter and sump depth ratio on EDE, the results indicated that for a 12
cm diameter, the peak EDE (92.21%) occurred when HS/D=1, meaning the sump depth was equal to the drop
shaft diameter.

The results of this study confirm that all three parameters—flow discharge, inlet diameter, and sump
depth—affect the energy dissipation efficiency (EDE), with flow discharge exerting the greatest influence.
Future work should investigate the effect of other geometric parameters of the spiral inlet, particularly the
slope of the inlet channel bed and the slope of the inlet structure itself, on the EDE of vortex drop shafts.

Keywords: Energy dissipation efficiency, Discharge, Vortex drop structure, Laboratory model, Spiral inlet.
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Fig.3- The experimental model of the vortex drop shaft structure
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Table 3- The rate of flow energy dissipation
n (%) e o
Discharge Diameter
Hs /D=2 Hs /D=1 Hs /D=0 Q(L/s) d(cm)

92.04 94.08 91.18
92.00 94.01 91.01 10.67
93.89 94.09 91.20
91.55 93.45 90.50
91.49 93.40 90.52 14.55
91.55 93.35 90.55 16
90.98 90.59 89.71
90.91 90.50 89.71 19.4
90.92 90.61 89.80
90.35 88.87 88.52
90.35 88.80 88.50 25.22
90.40 88.79 88.49
92.54 94.14 91.69
92.55 94.11 91.61 10.67
92.59 94.19 91.72
91.81 93.33 90.42
91.88 93.31 90.44 14.55
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91.10 91.28 89.61 '
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91.99 93.25 90.67 12
90.81 92.08 89.80
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88.65 88.88 88.70
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Extended Abstract

Introduction

In countries such as Iran, where drinking water, agriculture, and industry heavily rely on groundwater
resources, management and protection are fundamental priorities. Excessive extraction has caused severe
decline in groundwater levels and water quality reduction. Given increasing population and surface water
shortage, dependence on quality groundwater has intensified significantly.

The Qazvin Plain, as a major agricultural and industrial hub, plays an effective role in regional food
security and economic development. Agricultural and industrial activities have imposed increasing pressure
on water resources. Although part of water demand is supplied through the Taleghan Dam and seasonal
rivers, this plain has severe dependence on groundwater with increasing extraction, leading to level decline
and serious quality challenges.

The Qazvin Plain is located within 49°10' to 50°40' East longitude and 35°20' to 36°31' North latitude.
The plain area is 5059.3 square kilometers with elevation ranging between 1131 and 2902 meters. With semi-
arid climate, it receives average annual precipitation of 317 millimeters. With 250,000 hectares of agricultural
land, the agricultural sector accounts for more than 85 percent of water consumption.

The objective is to classify groundwater quality for agricultural, drinking, and industrial uses, and
investigate spatial and temporal variations over a 20-year period from 2001 to 2021.

Methodology

Groundwater quality data were obtained from Qazvin Regional Water Company. Water type and facies
were determined using the Piper diagram. Qualitative classification for agricultural purposes was conducted
according to Wilcox classification, for drinking according to Schoeller classification, and for industrial
purposes using Langelier Saturation Index (LSI). The Wilcox method classifies water based on electrical
conductivity (EC) and sodium adsorption ratio (SAR) into four classes: excellent, good, average, and
unsuitable. Schoeller method classifies water into six classes based on total dissolved solids (TDS) and total
hardness (TH). Langelier index categorizes water as corrosive (LS1<0), balanced (LSI=0), or scaling (LSI>0).
Spatial and temporal zoning maps were prepared using Kriging interpolation in GIS at five-year intervals.
Results and Discussion

Piper diagrams analysis over five periods (2001-2021) revealed continuous aquifer degradation. In 2001,
most samples showed calcium-bicarbonate facies indicating fresh water. By 2006, samples shifted toward
calcium-sulfate facies. In 2011, degradation accelerated with dramatic dispersion increase and sodium-
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chloride facies emergence indicating serious salinization. By 2016, critical condition became evident with
high facies diversity. In 2021, crisis peaked with maximum dispersion, where calcium-bicarbonate facies
appeared only in limited samples, and significant portions showed saline facies dominated by sodium-
chloride and sodium-sulfate.

For agricultural water quality, no sample was excellent quality. Good quality decreased from 25.25% in
200110 17.91% in 2021 (29% reduction). Average quality increased from 46.46% to 58.95%, and unsuitable
samples fluctuated between 14.23% and 33.33%. Medium and unsuitable categories comprised 75 to 92
percent.

For drinking water quality, about 70% of samples remained in good to average categories, but good
quality decreased from 29% to 22%. Completely inappropriate category increased from zero to 2.74%. In
total hardness, good quality declined from 39% to 24%, while acceptable water increased to 44%.

For industrial water quality, significant changes occurred. Corrosive water decreased from 96.97% to
70.1%, while scaling water increased dramatically from 2.02% to 23.1%. Balanced water comprised only 1
to 6.7%. More than 93% falls into corrosive or scaling categories, requiring treatment before use.

Spatial-temporal analysis revealed northern areas had best quality while southern areas faced worst
guality, with degradation advancing from south to north. For agriculture, medium and unsuitable water
increased from 75% to over 90%. For drinking, good quality decreased from 29-39% to 22-24%. For industry,
over 93% are either corrosive or scaling.

Conclusions

Groundwater resources show concerning degradation trends. Facies evolution from fresh to saline types,
dramatic diversity increase, and significant reduction in suitable quality represent serious warnings.

For agriculture, unsuitable water increased from 75% to over 90%, necessitating urgent strategies
including extraction control, cropping pattern modification, and drainage systems development. For drinking,
good quality decreased from 29-39% to 22-24%, with southern areas requiring advanced treatment. For
industry, more than 93% are corrosive or scaling, requiring treatment.

The spatial pattern indicates degradation advancing from south to north. The trend shows increasing
salinity and hardness resulting from excessive extraction, reduced recharge, and likely saline water intrusion.
This requires urgent actions including extraction control, artificial recharge enhancement, agricultural return
flows treatment, and pollution prevention. Without fundamental measures, sustainability will be severely
threatened.

Keywords: Langelier index, Piper, Qazvin aquifer, Quality zoning, Schoeller, Wilcox.
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Table 1- Classification criteria for Agricultural water

ol Cods EC Sadb SAR (Sadb
Water Quality (uS/cm) Classification Classification
e
o <250 C1 <10 S1
excellent
- 250-750 c2 10-18 s2
good
buogio
750-2250 C3 18-26 S3
Average
calial
i >2250 C4 >26 S4
Unsuitable
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Table 2- Quality classification of agricultural water based on the Wilcox method

ol cois’ $339WS lp T oS g9 Sadb
Water Quality Water Quality type for agricultural use Classification

S EgliS (sl cslio =y pd c151
excellent Clean- completely harmless to agricultural

g 539U (sl ccanlio =g

-5 ' ks sy o ' 255 o5 . C2S1, C2S82, C1S2

good Slightly Salty- almost suitable for agricultural

Lo Y liees L) (555918 (sl o0l 6 — o8

7 (13 s ) csioglis sl il JIB =8 353, C352, C351, C253, C1S3

Average Salty- for agricultural with the necessary arrangements

- GNP SRS 95 ke C4S1,C4S2, CAS3,C454, C354,C254,C154
Unsuitable Too Salty- harmful to agricultural

S Ol s Jaged 5 ganail jleslial b oyl
45 2ol (TDS) Jslowe Sl IS l5ee 5 o mlie JS
2 sl aeln] O pabs sl )5 (5550 Hlews el
B g dib 15w | ol Gled ganaid b,
eyt e s canliol SLalS cenliol awgie (g
Sl 0l 43‘)‘ ) JB‘A" 5o asS Q.».»S‘SA Mﬂ)

.(Schoeller, 1962)
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Table 3- Quality classification of drinking water based on the Schuller method

of cus
e TDS (mg/L) TH (mg/L)
Water Quality
7 <500 <250
Good
Jrt & 500-1000 250-500
Acceptable
S
1000-2000 500-1000
Average
Cuwliob
) ) 2000-4000 1000-2000
Inappropriate
Canliol Mals
) . 4000-8000 2000-4000
Completely inappropriate
2rd S >8000 >4000
Undrinkable

Lol cp e a5 Canloas slpiiun Al sloasls
139 g0 domloes £ dlayl ) 5l @l cpl el a5y el
LSI=pH, — pH,, *)
b yo pH lade i 5 4 pHy, 9 pH calal) () o

Corivo J 51 (Go 5 O CandnS Guivaiinb
Sloasils 0 G 8 Cgw, g (Swjes abe w)p
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(Sunkari et al., 2019)
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Table 4- Quality classification of industrial water based on the Langelier Saturation Index

ol cuds aEY Had s
Water Quality Langelier Saturation Index_(LSI)
it 0<Ssl
Corrosion
b b ol
b b B - SI1=0
Balanced Water
138o
p) ._9«4) SI>0
Scaling

+0.2 +0.3 +0.4 +0.5
| |-
I .

Scaling

Fig. 3- Langelier Saturation Index
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Table 5- Water Type and Facies Based on Piper Diagram

SLjoyed Logsl sl < ulug' ol [ J PWESS) 0 lws g oo
. . Anion Cation . .
Time Period Concentration  Concentration Water Type Water Facies Type and Facies
™ S i el
2001(\YA-)  HCOs>SO:>Cl  Ca>Mg>Na+K ® o i * o o
Bicarbonate Calcic Calcium-Bicarbonate
Sew — a3l S e — w5l edS
2006(¥A)  HCO>SOSCI  CasMgsNask oo™ 9w = g~ S5 07
Bicarbonate-Sulfate Calcic Calcium-Bicarbonate-Sulfate
5L - wla oS 5L — 58 gu — CanundS”
2011('\¥2-)  SO~HCO:>Cl  Ca>Mg>Na+K s o T = ® SRR e
Sulfate-Bicarbonate Calcic Calcium-Sulfate-Bicarbonate
0,5 — «la) Ll — cudS Ll — CanndS =0 IS — 5l
2016(\Ya0)  SOs>CI>HCOs  Ca>Mg>Na+K A > o ) . # R
Sulfate-Chloride Calcic-Mixed  Calcium-Sulfate-Chloride-Mixed
0,8 — «la) - bl Lalises — —o i — &5la)
20210f-)  SO~CI>HCOs  Ca>Na>Mg+K A s e T . ke olS Sl
Sulfate-Chloride Mixed-Sodic  Mixed-Sodium-Sulfate-Chloride
(98 Cdd (S (5l el yly Ol i gy 1 Jgo
Table 6- Trend of Quality Parameter Changes in Qazvin Plain
Falb 2001(YYA+) 2006(YY'A0) 2011(Y¥4+) 2016(Y¥40) 2021(V£++)
Parameter
A oS
. . Ca Ca Ca Ca & Mg Ca, Mg & Na
Dominant Cation
e gl
) . HCO:s HCOs & SOs SO+ & Cl SO+ & Cl SO+ & Cl
Dominant Anion
ladiges SuSTy, Sgdxe Sgdore s Lwgio 03 S 03 S s
Sample Distribution Limited Relatively Limited Moderate Extensive Very Extensive
o)l ) g9 o bwgia L b ks FShs
Facies Diversity Low Moderate High Very High Maximum
O Sl sladiges YL bogie oS oS o oS b
Good Quality Samples High (>35)  Moderate (25-30)  Low (15-20) Very Low (<10) Very Low (<5)
13 k) o> oS S o Lo 4.>_,»»" J:6 \_fb.
Saline Facies (% Very Low Low Moderate Considerable High
aline Facies (%) (<5%) (5-10%) (10-20%) (20-30%) (>30%)
S Cundy sl Cgllas s SRRULS S Sl sl
Quality Status Satisfactory Relatively Good Concerning Critical Highly Critical
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Fig. 4- Water Type and Facies Based on Piper Diagram (2021)
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Medium - S2
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Table 7- Percentage of each the Quality classification of agricultural water based on the Wilcox method

SLiog e oy busgia eliol
Time excellent good Average Unsuitable
Period C481,C4S2, C4S3,C484,
C181 C2S81, C282,C1S2  (C3S3, C3S2, C3S1, C283, C1S3 C354,C284,C154
2001(¥A-) 0 25.25 46.46 28.28
2006(1yA2) 0 27.37 47.37 25.17
2011(yva-) 0 19.79 46.88 33.33
2016(1y20) 0 19.18 46.58 34.25
2021()¥--) 0 17.91 58.95 23.14
Wilcox Diagram
32
C1S4
Unsuitable c2s4
Unsuitable c3s4
26 + Unsuitable
\ C454
Unsuitable
- \
E Average \
@ 207 c283
g Average
i 13-\ 353
= Average
©
E \ C4S3
< 15 Unsuitable O
E c1S2 \
= Good ]
T Cc2s82
Qo Good \
» c3s52
104 Average P
\ c4S52
\ . A < o Unsuitable
% .
“Lv. -
5 Cc181 p . L — * [ °
Excellent Cood cast .:..-..‘ o o® R (]
%° Average Iy cas1
K Sep g 4° o0 ,°2°% Unsuitable
e ..'.‘t .':'"-.- .u':. o
° :' o, o O °
o‘100 250 750 2250 5000 10000
Conductivity (micromhos/cm at 25°C)
Low - C1 Medium - C2 High - C3 Very High - C4

Salinity Hazard

(Ve o) (S SUig gy el 2 (55,9WiS O CuS gainalab —0 JSS
Fig. 5- Quality classification of agricultural water based on the Wilcox diagram (2021)
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Table 8- Percentage of each the Quality classification of drinking water based on the Schuller method

TDS
Period Good  Acceptable  Average Inappropriate inapp fopriayte Undrinkable
2001(\YA)  29.29 30.3 33.33 7.07 0 0
2006(\vA0)  27.37 26.32 41.05 5.26 0 0
2011('v-)  20.83 32.29 36.46 9.38 1.04 0
2016()v20)  20.55 27.4 38.36 10.96 2.74 0
2021(7F-)  22.39 34.33 35.07 6.72 1.49 0
TH
2001(7vA+)  39.39 36.36 23.23 101 0 0
2006(\¥Ad) 3895 40,00 20.00 105 0 0
2011(\wa-)  27.08 29.17 3958 417 0 0
2016('va0)  24.66 35.62 34.25 4.11 137 0
2021(vf-+)  23.88 44.03 27.61 373 075 0
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Schoeller Diagram 2021
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Fig. 6- Quality classification of drinking water based on the Schuller diagram (2021)
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Table 9- Percentage of each the Quality classification of industrial water based on the Langelier Saturation Index

sl 0,93 oy Sl o I g,
Time Period Corrosion Balanced Water Scaling
2001(¥A-) 2.02 101 96.97
2006(\vAd) 3.16 2.11 94.74
2011(yva-) 20.83 521 74.00
2016(vas) 13.7 14 84.9
2021( ¥ -) 231 6.7 70.1
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Quality classification of agricultural water (Wilcox)
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Extended Abstract

Introduction

Currently, water shortage is one of the challenges that has affected many regions, especially arid areas,
due to population growth and irrational and unscientific use of water. So that excessive use of water from
wells, the groundwater level has been lowered significantly, resulting in a decrease in the water flow of
aqueducts and wells, and even the loss of some of these water resources. In order to solve the problem of
water scarcity for various purposes such as providing agricultural water resources, permeability water into
the groundwater table, increasing the vegetation cover, improving the environment, etc., earthen dams have
been constructed in some susceptible areas, including arid regions. However, sedimentation in the reservoirs
of these structures and subsequent disruption of the rate of infiltration into the ground is one of the problems
that the construction of such dams brings. On the other hand, the factors that disrupt the infiltration of water
into the groundwater table are sedimentation in the reservoirs of these earthen dams, which in some places
turn into evaporation ponds due to the accumulation of sediment inside their reservoirs. Sedimentation of
materials inside dam reservoirs is the result of sedimentation of materials carried by tributaries and reduces
their permeability capacity. The intensity of this sedimentation process depends on the roughness of the
watershed, its use, soil types, and the intensity and duration of rainfall. The type and location of the reservoir,
as well as the hydrological regime of the river, also play an important role in this regard. So that their capacity
may be reduced by up to 80 percent and cause the reservoir to lose its water storage function. In addition to
the fact that these sediments play an effective role in reducing the volume of reservoirs, another important
aspect is their pollution. The chemical composition of the sediments depends on the type of soils in the
watershed, their agricultural use, and also the type of industry in the region. Considering that Sistan is one of
the regions facing a water crisis and that numerous earthen dams have been constructed in its western
highlands, there is a need to investigate the performance of these structures regarding their permeability status
with the witness area so that, if necessary, reforms can be made for their optimal exploitation. Therefore, this
research was conducted in the reservoirs of dams constructed in the western highlands of Sistan.

Methodology
To carry out this experiment, five earthen dams in the region, which were constructed in the 1970s,

were selected and the amount of aging infiltration from the reservoir of these constructed dams and the
control area was measured at different depths based on the standard double cylinder method at different
times. By sampling the soil of the studied treatments, the physical properties of the soil samples were also
determined.
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Results and Discussion

The results showed that the infiltration rate in the control area was on average 1.2 times higher than the
reservoir of the constructed dams, which showed a significant difference at the one percent level. In addition,
the cumulative infiltration of the control area was also higher than that of the dam reservoirs and was
statistically significant at the 5% level (p < 0.05). In examining the effect of accumulated sediments on soil
particle size distribution, the findings showed that the percentage of clay, silt, and sand in the soil of earthen
dam reservoirs had a significant difference compared to the control area at sampling depths (p < 0.05). The
percentage of clay and silt increased by 14.2 and 3.2 times, respectively, compared to the control area, which
consequently caused a change in soil texture from sandy class (control area) to clay loam in the earthen dam
reservoir. Changes in the weighted average diameter (MWD) index in the studied treatments also indicated
an 18-fold decrease in this index in the earthen dam reservoir compared to the control area. The results of
multiple regression analysis to determine the most important factors affecting soil permeability also indicated
that the percentage of sand accounted for 96% of the changes in soil permeability in the studied treatments.

Conclusions

The construction of an earthen dam increases the recharge of underground aquifers, which has a
favorable effect on the water supply of wells and aqueducts, which in turn plays an effective role in increasing
employment generation, improving the living conditions of watershed residents, and reducing their socio-
economic problems. However, due to the lack of proper management of the sediments accumulated in the
reservoirs of these dams, after several floods entered the reservoirs of these dams, their permeability has
decreased significantly, and after a few years of water withdrawal, their reservoirs have become evaporation
ponds, and a large part of the water entering these reservoirs evaporates and becomes unavailable without
being used. The results of this study also showed that with the accumulation of sediments resulting from the
entry of floods into these areas and the change in the physical properties and stability indices of soil
aggregates, the permeability of these areas has decreased significantly. In addition, with the accumulation of
sediments in the reservoirs of dams and their rising levels, their overflows are easily destroyed, which has
led to the intensification of water erosion in the studied areas.

Keywords: Artificial infiltration, Flood, Sediment, Soil physical properties, Water penetration into the soil.
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Table 2 - Comparison of the mean (standard error + mean) of some soil physical properties in the studied treatments
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Table 5 - Model Coefficients of regression analysis of surface permeability in treatments with soil physical properties
(percentage of sand, silt, clay and MWD index
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Table 6 - Results of stepwise regression analysis of surface permeability in treatments with soil physical properties
(percentage of sand, silt, clay and MWD index)
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Extended Abstract
Introduction

The accelerated and multidimensional growth of the contemporary world in both technical and social
domains has significantly increased the complexity of human interactions—among individuals and with
nature. Consequently, the concept of development, once primarily examined through an engineering lens,
has evolved into a comprehensive paradigm encompassing technological, economic, social, political,
environmental, and governance dimensions (Rosely and Voulvoulis, 2024). This paradigm emphasizes equity
and sustainability, particularly the resilience of ecosystems. In domains such as water resource management,
where human needs and behaviors intersect with ecological requirements and the carrying capacity of nature,
this shift in perspective assumes heightened importance. Systems thinking offers a holistic framework that
conceptualizes issues as interconnected systems. It accounts for the interactions among components, the
multi-causality of events, foresight, dynamism, and the outcome-oriented nature of actions, while integrating
technical, environmental, and social considerations. Although the importance of systems thinking in
managing the complexities facing the world has now become apparent and has been more or less noticed in
recent years, it is still in the educational and cultural stages, and its application to various issues has not been
fully operationalized (Ross and Wade, 2024). Therefore, it seems that it is very necessary to explain the
necessity and importance of this approach in solving today's complex problems, including water resources
management, especially in Iran. This article attempts to briefly introduce the principles and foundations of
the system and systems thinking, mention some global experiences, explain its role and position in the
management and engineering of Iranian water resources, and present strategies and suggestions in this regard.

Methodology

This study begins by reviewing the complexities of contemporary phenomena, with particular emphasis
on water management. It then outlines the principles and foundations of systems thinking, highlighting the
necessity of adopting systems thinking approaches in water management and engineering. Subsequently, it
introduces methods and tools for systemic analysis of water resources and presents selected global
experiences in applying this approach. The analysis then turns to Iran’s water resources, employing the
iceberg model as a systems tool. Within this framework, water-related challenges are examined across four
conceptual layers: events, patterns, structures, and mental models, with illustrative examples provided at each
level as follows (Senge, 1990; McLean et al., 2019; Kim, 1994).

e Events include phenomena such as the sharp decline in dam and well water levels, the reduction of
potable water reserves, the drying of wetlands and rivers, the occurrence of land subsidence, the
deterioration of water quality, the decline in agricultural production, and the intensification of social
and security tensions.
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e Patterns encompass recurring trends such as declining groundwater levels, rising salinity of water
and soil, shifts in climatic indicators (temperature and precipitation), expansion of cultivated land
and water consumption, and the growth of supply-driven activities.

e Structures refer to institutional and policy-related issues, including the multiplicity of water
authorities, inefficiencies in allocation systems, subsidy and export policies, weaknesses in
legislation, and the predominance of structural (engineering) solutions.

e Mental models capture underlying beliefs and assumptions, such as the absence of systemic
thinking, the perception of water resources as inexhaustible, prioritization of sectoral and regional
interests, and the pursuit of production irrespective of land-use planning and water availability.
These factors are identified as root causes of structural inefficiency, reinforcing problematic trends
and triggering adverse events.

Results

Studies on Iran’s water resources show that the country’s water crisis is no longer merely a scientific
warning. Its symptoms—such as water scarcity, land subsidence, and the drying of dams, wells, wetlands,
and rivers—are now visible to everyone. The situation has moved beyond abstract indicators and has become
a serious issue with social, economic, and even security implications. The analysis conducted in this study
using the Iceberg Model indicates that although natural and climatic factors contribute to the crisis, the core
of the problem lies in water management practices, institutional structures, and development mindsets shaped
over recent decades. Water management in Iran has largely focused on maximizing extraction, and the
absence of a systems thinking in policymaking has led to the challenges we face today. Many current events
stem from repetitive patterns and fragmented decision-making in the past, whereas sustainable water
management requires a comprehensive, forward-looking approach that recognizes the interactions and
mutual impacts among different components of the system. Furthermore, the paper proposes solutions
tailored to each layer, prioritized from the deepest level upward: reforming beliefs and rethinking mental
models, restructuring institutions and governance, and implementing adaptive, preventive, and remedial
measures. Finally, the transition from traditional approaches to systems thinking is proposed as the
fundamental step and the cornerstone of any effective and sustainable reform across all layers.

Conclusion

The analysis also shows that addressing Iran’s water crisis requires looking beyond surface-level
symptoms and focusing on the deeper structural and cognitive roots of the problem. This means that merely
changing policies or launching new projects will not be sufficient. Instead, fundamental shifts in values,
mindsets, and institutional structures are necessary. Without transformation at these deeper levels, resolving
the water crisis will not be possible. Furthermore, considering the points discussed, it can be concluded that
Iran’s water crisis is a multidimensional national challenge, and the most fundamental step is shifting from
fragmented, sector-based thinking to a holistic, systems-thinking approach. Global experiences show that
systems thinking in water resources management provides a comprehensive framework that, through
integrated and basin-level management, stakeholder and local community participation, the use of systemic
analytical tools, and attention to social and ecological resilience, enables participatory decision-making and
sustainable policymaking. Given these experiences and the current conditions of water resources—especially
in arid and semi-arid regions—it is clear that transitioning from sectoral and infrastructure-focused
management to a system-based approach is not merely an option but a vital necessity for ensuring the
long-term sustainability of water resources.

Keywords: Water governance, System dynamics, Integrated water management, Water crisis
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Extended Abstract
Introduction

Earth dams are the most common type of dams due to their cost-effectiveness, and they make up the
majority of the world's dams. Water seepage is one of the most important issues in the design and safety of
earth dams, as it can lead to increased pore water pressure, reduced shear strength, the occurrence of piping
phenomena, and ultimately dam failure. Statistics show that approximately 35% of dam failures are directly
or indirectly related to seepage. This risk is particularly exacerbated in dams built on permeable alluvial
foundations.

To control seepage, various measures are employed, including drainage systems in the dam body and

foundation. Blanket drains, toe drain, and chimney drain, whose main roles are to collect leaked water, reduce
pore water pressure, and lower the water table. Although the use of chimney drains has become more common
in recent years, new studies show that horizontal drains, especially their length, can have a significant impact
on reducing pore water pressure and improving dam stability, while parameters such as drain thickness,
height, and angle play a lesser role.
Seepage in earth dams is examined using numerical and experimental methods. Numerical methods are fast
and cost-effective, but laboratory studies are of high importance as a basis for validating numerical results
and for a detailed examination of the dam's actual behavior. Given that the impact of different drainage
geometries with the same length has not been fully investigated to date, this study designs a laboratory model
of a homogeneous earth dam to examine the effect of various drainage types with equal lengths and different
geometries on seepage discharge and flow patterns in an earth dam located on an alluvial bed.

Methodology

In this study, a homogeneous earth dam was constructed using glass bead material, which contains glass
particles with sizes ranging from 0.7 to 3.5 millimeters. The dam model was designed in a drainage box with
dimensions of 150 cm length, 10 cm width, and 60 cm height, and included 5 piezometers to monitor changes
in pore water pressure under the dam structure. The purpose of this experiment was to investigate the effect
of the downstream drain's geometric shape on seepage from the dam. To observe the water seepage, artificial
sunset yellow dye and potassium permanganate were used to visualize the flow lines. An air tank was also
placed above the laboratory box to keep the water level in the dam constant.
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The hydraulic conductivity of the material was estimated to be 0.128 cm/s using the constant head
permeability test. The height of the constructed dam was 25 cm above the level of the permeable layer, which,
considering the location of the overflow weirs, resulted in a reservoir water level of approximately 22 cm.
The crest width was 10 centimeters, and the upstream and downstream body slopes were equal to the dam
width at the foundation, which was 130 centimeters. Figure 1 illustrate the details of the constructed dam.

To study the effects of different drain system and their geometry, three different drain system involving
blanket, toe and chimney drain were studied and compared with the basic state of an earth dam with no drain
system. The length of all implemented drains was almost identical equal to 21 cm. The dimensions of the
drains were presented in tablel. The coarse gravel was used to create the employed drains. To avoid any
mixing of the fine glass beads within the coarse materials of drains, a fine mesh fabric was placed around the
drain system. The thickness of the gravels in the drains was 3 cm.

Air tank

Overflow orifice

¥

Outflow orifice: Inflow line

—Piezometers

Fig. 1 - Details of the constructed embankment dam along with an image of the constructed earthen dam model

Tablel. Details of the employed drainage systems

Type
Blanket Toe Chimney
parameters
Length (cm) 21 21 21
Height (cm) 3 8 10
Volume (cm?) 630 945 1170

Results and Discussion

The summery of the achieved results were presented in figure 2 in terms of pore pressure in the base of
the dam. In this figure each curve belongs to the specific drain. As seen, the toe and blanket drains have
similar effect in removing of pore water pressure, while the chimney drain is very effective, comparing to
other drain.

Additionally, the seepage line was investigated in the toe and blanket types to evaluate the seepage
velocity and their lengths. The results are shown in figure 3. As seen in this figure, the seepage path through
the earth dam from the identical inlet point has different outlet point. The length of the seepage path in toe
drain and blanket drain significantly is shorter than that in no-drain. Among toe drain, blanket drain, and
chimney drain , the toe drain has the shortest seepage path.
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Fig. 2- the effect of drains in damping of developed pore water pressure along the dam

No-Drain Toe Drain

Fig. 3. The seepage line through the earth dam under different drain conditions comparing to the no-drain state

Conclusions

The objective of this study is to evaluate the performance of various drainage systems in controlling
seepage and mitigating pore water pressure within a homogeneous earthen dam constructed on an alluvial
foundation under laboratory conditions. To quantitatively assess the influence of drainage systems on the
seepage rate and the dam's hydraulic behavior, three drain configurations: horizontal or blanket drains, toe
drains, and chimney drains, were investigated. Their performance was subsequently compared to a control
scenario with no drainage system. The findings of this investigation demonstrate that chimney drains are
superior comparing to other drain types in reducing pore water pressure; however, they concurrently lead to
a higher rate of seepage. When drain length is held constant, horizontal drains are preferable to toe drains.
Nevertheless, the implementation of toe drains can enhance the structural stability of the dam body due to
the incorporation of a substantial volume of coarse-grained material. This particular aspect, however,
warrants further investigation to enable a quantitative comparison of its outcomes with those of other drainage
configurations. Based on a value analysis conducted by considering three parameters—pore water pressure
reduction, seepage discharge, and the volume of material utilized as a cost factor—the chimney drain yields
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the highest value, whereas the toe drain yields the lowest. It is noteworthy that the differential in value
between the chimney drain and the toe drain is marginal.

Keywords: Blanket Drain, Chimney Drain, Permeable base, Seepage Rate, Toe Drain
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Fig. 1 - Details of the constructed earth dam body along with an image of the constructed earth dam model.
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Fig. 2 — Particle size distribution curve for glass beads, the body material of the earth dam.
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Table 1 - Characteristics of the earth dam constructed in the present study
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Table 2 - Coordinates of piezometers installed on the model body regarding the bottom of the foundation at the

upstream.
Dista;ieef‘:m) ,f:;l:ation Y (mm) X(mm) _ res ool
surface (mm) Piezometer number
65 185 140 Piezometer 1\ jog3.
55 195 420 Piezometer 2v yieq}0
55 195 640 Piezometer 3y jog5.
65 185 1010 Piezometer 4% jog5.,
65 185 1310 Piezometer 50 og5.
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Fig. 3. View of different drains employed in the studied earth dams

V-V (f)

Vr
(SB35 0l Jloy sl O Jlad U ilaakal, ol 4o
6}&6 ‘0‘5‘“’) U?d" CJL?- )0 6‘°}“~> A_)T )Lw.S ‘55).» Uno
Sl (@20 Quo (iS22 Q (iSe; 80l Jloy cuis
o> Vg oy S oo Vp (3805 s S o

Y g o Slo ol Hlid 59, lp ol 1S

Sl i o 4 S glojim T L 356 Ccon

SR W)
o g b

oS g oy yp 4y Al O 00 &y Gudizd ol S
20,5 oo &l 155 50 5 )lse
583 g o il

S8 092y 3l sy p jeliie 4 G opl jo

BUSISIEA S ELPR OV PRV E CRPLIRA IS N VIR |

i3l 6T
A, L0 e Gl 1S i dulie sl
Slie 2 35 3IbT ecenlin (iSa ) dnogs g Buios ol o
son Ol o L85 Do 35,06 g ppe Sl v
(Elnashretal., 2023) ,,SKon g yiidl slaaog L aliv
) )4 glaiSa; dwlis 5 2Ll slp ) dk)

3 eslarul

_F )
Value = C

5 505 0 Skes B2 i)l Vale o] o o5

155518 g0 5l 1Sy o Slas a2 jo el Sl a2 C
Gly g cis (20 5 loyi> O jLad rals Jold cslate
Jloy @lp o ad)F s o aid) Sy wllas x> 4y 50
ooliul 5 slaakal) jlass) ) sloyal by S5 s 55l

W)
U= Uy—-U )
Uno
6 _ Qo —Q \p)
Qo

A\l



Oy gy 1 2Bl Kok (S s By )3 SR SR 5] 5 Shos 2Rl o3 axllize

2 ol e Gl 5l e 5 €85 Sjgo 488 VO Goe (F) UK ol asle o] aBilel Jow 5 ol 4 S

el oty Sl Sl @ 3 Gl 1) s im0 Ol Sl Gl s (6, (668!

P g Sygo 4 b S0l (S ol Gb e

25
20 A ‘,_-0---0---0---0---&---0 ---------- @-—------- S )
54
2 F bt
% \; 10 1
9 /
T ;)
0é . . . . .
0 10 20 30 40 50 60
ol
Time(min)

RS2} g Sl 45 ouwd axdllae pRed (S s CowdWU 35w 40 Of 515 il 5 (g Sl Wgy £ U
Fig. 4 — Water level raising in the reservoir of the studied earth dam in case of no drainage system.
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Fig. 6 - Image of the homogeneous earth dam laboratory model in the horizontal drainage type, along with the
reservoir water level from the start of the experiment.
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Fig. 7 - Water level changes in piezometers for horizontal drainage with 5 to 10 minute intervals.
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level from the start of the test.
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Table 4 - Comparison of seepage line lengths in homogeneous earth dams
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Table 5- Value analysis of the employed drainage systems in the studied earth dam

oyl e
Value F Parameter uDrai r:
c 2 U

3 S
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