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Iran is situated in an arid and semi-arid region characterized by negligible atmospheric
precipitation and its uneven spatial and temporal distribution. Given escalating human
water demands, securing sustainable water resources is paramount. Therefore, despite
the country’s recurring droughts, floods, and runoff, employing flood spreading
technology, a conventional, widely used, and natural solution for flood control,
groundwater recharge, and vegetation enhancement, is more crucial than ever. This
study evaluates the East Azerbaijan Tasuj flood spreading system’s impact on
recharging the plain’s groundwater aquifer and the water table. Results show that
groundwater levels in all observation wells within the East Azerbaijan Tasuj plain
declined between water years 2004 and 2009, indicating a negative aquifer balance.
This is attributed to increased aquifer withdrawals, reduced precipitation and rainfall,
and drought conditions during this period. However, wells closest to the flood
spreading networks (Pt1, Pt2, and Pt3) exhibited minimal water level changes (less than
5 meters). Considering the frequency and volume of flooding events, the flood
spreading area’s size relative to the aquifer, and groundwater flow direction, this
suggests the effectiveness of the networks in recharging the aquifer and partially
offsetting over extraction. Analysis of precipitation amounts and flood volumes
entering the spreading area revealed that rainfall exceeding 20 mm triggered flooding.
Furthermore, rainfall exceeding 50 mm, or single, short-duration, high-intensity rainfall
events, resulted in significant recharge, particularly during the flood spreading plan’s
initial years.
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EXTENDED ABSTRACT

Introduction: Iran is located in a region with a dry and semi-dry climate. In such areas, not only are the rainfall
amounts minimal, but their spatial and temporal distribution is also inadequate. Today, given the human need for
water, striving to reach sustainable water resources is essential. Therefore, despite the occurrence of droughts,
floods, and runoff in the country, the necessity of watershed management and groundwater conservation as the
best and most scientific method for sustainable water resource management is more important than ever. Flood
spreading is a common and widely used solution for controlling floods, storing and harvesting surface water,
recharging groundwater aquifers, and increasing vegetation cover. The objective of this research is to assess the
impact of the flood spreading system in Tasuji, East Azerbaijan, on the artificial recharge of the groundwater
aquifer in the plain and the quantity of the aquifer water.

Methodology: The flood spreading project of Tasuji is located 110 kilometers west of the center of East
Azerbaijan province, north of Lake Urmia, and the watersheds overlooking the city of Tasuji, within the
geographical coordinates of 45°18' to 33°0'45" eastern longitude and 38°20'0" to 38°24'0" northern latitude. This
area, with an area of approximately 9616.79 ha, includes ten sub-basins. The average elevation of the flood
spreading area is 1700 m, with an average annual rainfall of 363.3 mm over 22 years and an average annual
temperature of 10.65°C. The average rainfall volume in this plain is 80.46 million m® y, of which about 68.76
million m® is evaporated, and approximately 2 million cubic meters flows as surface runoff. Based on the above
data, on average, about 9.7 million cubic meters is infiltrated. Studies of the Tasuji plain water balance show that
the balance of the plain is negative. In studies evaluating the quantitative impacts of artificial recharge projects,
the focus has been primarily on examining the impacts of such projects on groundwater resources at the scale of
the studied plain. However, artificial recharge projects in the country, such as flood spreading, are often
implemented locally and over a limited area of the aquifer, rather than across the entire plain. Therefore, it is
expected that the effects will be localized. Thus, it is better to consider this assessment within the area surrounding
the point of effect (the recharge or injection site) and within a meaningful radius around it and in the direction of
flow (corresponding to the hydraulic gradient). In groundwater studies, this method is referred to as the "controlled
mass and volume balance method" for solving localized issues within the aquifer. In general, in order to assess
the impact of flood spreading operations on the groundwater resources of the Tasuji aquifer, available and
accessible data, such as groundwater levels in wells, characteristics of observation wells, exploitation wells,
volume of floodwater entering the spreading area, etc., were collected and analyzed over a seven-year statistical
period from 2004 to 2010. The fluctuations in groundwater levels were examined in four observation wells within
the flood spreading area after each flood event. Additionally, groundwater level fluctuations were compared with
variations in the recharge/discharge ratio and the rainfall/infiltration ratio using fluctuation diagrams within the
controlled volume unit (spreading area). By examining groundwater level fluctuations and the discharge of each
monitored resource over time and considering flood event timings within the flood spreading area and the flood
volume, a quantitative assessment of the flood spreading project’s impact on artificial recharge can be provided.
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Results and Discussion: According to the studies conducted in this research in the Tasuji plain, as evidenced by
the presented graphs, the groundwater level in all observation wells during the water years 2004 to 2009
experienced a decline, indicating a negative water balance in the aquifer. This is due to increased extraction from
the aquifer, reduced precipitation, and drought occurrences over these years. However, despite these conditions,
the wells that were closest to the flood spreading networks (observation wells Pt1, Pt2, and Pt3) showed the least
amount of change in the measured groundwater levels (a decrease in groundwater levels of less than 5 meters).
Considering the number and volume of flood discharges carried out by flood distribution areas during this period,
as well as the location, extent of the flood distribution area relative to the extent of the plain aquifer area, and the
direction of groundwater flow, this is evidence of the effectiveness of flood distribution networks in recharge the
groundwater aquifer and the exposure of this plan to partially compensate for the over-withdrawal from the plain
groundwater aquifer. On the other hand, wells located farther from the recharging sites (flood spreading networks)
and closer to areas where agricultural wells extract water (observation well Pt4) showed greater changes (a
decrease in groundwater levels of more than 25 meters). The results indicate that even within the control volume
range where exploitation wells are fewer, due to the occurrence of drought, reduced rainfall in the region, flood
volume, and waterlogging on the one hand, and the high hydraulic gradient and speed of groundwater flow in the
flood spreading area on the other, the flood spreading project was not able to significantly contribute to
groundwater recharge. Analysis of rainfall during each event and the volume of floodwater entering the spreading
area showed that rainfall over 20 mm in the region led to flooding in the area. On the other hand, rainfall exceeding
50 mm, as well as short-term but heavy rainfall events, resulted in significant recharge, especially during the initial
years of implementing the flood spreading project.

Conclusion: The results show that even in the control volume range where the exploitation wells are less, due to
the occurrence of drought and reduced rainfall in the region, the volume of floods and water intake on the one
hand, and the high hydraulic gradient and the speed of groundwater flow in the flood distribution area on the other
hand, the flood distribution plan has failed to significantly affect the recharge. This important issue can also be
due to the low number of times and volume of water intake, and possibly the reduction in the infiltration rate in
the flood distribution area due to the design of the Ghulam Bardezdi channels. Therefore, the evaluation conducted
in this study showed that the Tasuj flood distribution plan did not have a significant effect on the recharge of
groundwater resources to the predicted extent and size. An examination of the amount of rainfall in each event
and the volume of flood entering the distribution area showed that rainfalls of more than 20 mm in the region have
led to flooding in the area. On the other hand, rainfalls of more than 50 mm, as well as single short-term but large-
scale rainfalls, have resulted in significant recharge, especially in the early years of the flood spreading plan.
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I Mass balance and the control volume.
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Figure 1- Location of the study area in the province and water resources map (Habibzadeh et al. 2017)
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Figure 2- Geological map of the Tasuj region (Habibzadeh et al. 2017)
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Table 1- Location, depth and level of observation wells in the Tasuj floodplain area (Habibzadeh et al. 2017)
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Figure 3- Distribution map of observation and exploitation wells in the Tasuj Plain and within the floodplain
area (Habibzadeh et al., 2017)
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Table 2- Flooding status of Tasuj Flood Control Station from the time of construction until 200 (Habibzadeh et

al., 2017)
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Figure 4- Diagram of changes in flood volume in Tasuj
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Figure 7- Graph of simultaneous changes in groundwater flow height and inflow flood volume in observation well Pt2

| S-S PV L P — vl e plid
1337 4 - 200
413 150 \
A 160
o 1333 140 }
Y o13m 120 )
B 100 A
3 1329 a0
3, 1327 6
s 10
™1 0
1323 : - | — . o

11870010 4 7001 4 FA01 @|(7100|4 7a0(1 4 700

1383 1384 13§y 1386 | 1387 | 1388

P3 (sloanliin oy ;5 (539)9 Mo o2 9 (Fwojts T Ol EE] Glojed Ol yudd jl390 -A S
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Figure 10- Diagram of simultaneous changes in recharge/harvest and precipitation in the Tasuj floodplain
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Figure 11- Diagram of simultaneous changes in recharge/withdrawal and groundwater level in the Tasuj
floodplain
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Figure 12- Diagram of simultaneous changes in recharge/withdrawal and flood volume entering the Tasuj
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