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Abstract

In recent decades, changes in climate and social norms in the direction of uncontrolled extraction of
groundwater resources have led to a sharp decline in groundwater levels and a reduction in the karst
springs discharge. Springs that have a smaller catchment area, where a part of their catchment area is
located in alluvium, and there is more connection between karst and alluvial aquifers, are more
vulnerable to human activity. To evaluate these effects, karst springs in the central areas of Kermanshah
province have been studied. Accordingly, four dried-up springs in the region have been studied more
accurately, indicating a significant relationship between the groundwater level in the surrounding
alluvium and the karst spring discharge. The study aimed to estimate the minimum groundwater level
to maintain the karst springs discharge. According to the findings, if the groundwater level around the
springs reaches or less specified amount, these springs will be dried. This level has been named the
minimum allowable groundwater level (MAGWL). The way to preserve the springs is to keep the
groundwater level of the surrounding areas above the MAGWL. According to the average annual
decrease of groundwater level in the study area, the need for management and control of the extraction
from the alluvial aquifers is strongly felt.

Introduction

Groundwater is the most important resource for Iran's public water supply, agriculture, and industry.
Almost 65% of Iran is subject to an arid climate (Madani 2014), and surface water resources are limited
in most areas. The Zagros range represents about 55% of the total karst area in Iran (Raeisi 2002).
More than 85% of water abstraction is provided to agriculture in the study area.

The continuous increase in withdrawal rates in recent years has led to a significant disturbance of
the water balance in the region and, consequently, to a dramatic lowering of the groundwater table,
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especially in the alluvial aquifer system. This resulted in a reversal of the natural hydraulic gradient
between the karst aquifer and the alluvium and, consequently, in a groundwater movement from the
karst system into the alluvial system.

Methodology

The study area is located in the west of Iran, and it is one of the central cereal-growing regions in
Iran. There are more than 1000 springs in the west of Iran, most of which are karstic. Of these springs,
55 have long-term data. In this research, only a few hydrographs of the springs have been drawn as
representatives due to discussion constraints. Data describing water extraction from the study area were
collected from the Kermanshah Regional Water Authority and Water Resources Management
Company of Iran.

Results and Discussion

Almost all karstic springs have shown a decreasing trend in their discharges in the past decades.

To evaluate the changes in discharges of karstic springs in addition to the karstic springs, it is also
necessary to investigate the changes in the groundwater level, as discussed in the following.
In the last three decades, the licenses for a large number of water wells were issued to grow and develop
agriculture in the area. At the same time as the licenses were issued, the drought period also occurred.
The number of water wells drilled and their withdrawal rates in the recent period of 13 years are
available. Significant increases in the number of water wells and their withdrawal rates are observed
(especially in deep water wells). Hereafter, the karstic springs with a smaller basin or their catchment
areas have a hydraulic connection with their adjacent alluvial aquifers, the first temporary or permanent
drying options.

To monitor the relationship between discharges of karstic springs and groundwater levels, the
closest observation wells located in the groundwater flow path around the karstic springs have been
used because of the absence of observation wells in the catchment area springs in mountainous areas.
Accordingly, the lowest water level is detected in the alluvial aquifers around the karstic springs before
the drying. In the following, the graph of the relationship between GWL and discharges of four karstic
springs is shown. There was no specific relationship between the groundwater level and the spring's
discharge when the groundwater level had no extreme drawdowns. Still, with the decrease in
groundwater level, a decline in the discharges of the karstic springs has been observed. These springs
are located in the central regions of the study area, which has the highest rate of drawdown, and these
karstic springs have a background of drying. To maintain the karstic springs, the groundwater level
should not be less than the minimum allowable GWL (or maximum allowable drawdown (Kang et al.,
2011), or existing drawdown should be compensated. The Minimum Allowable GWL (MAGWL) is
close to the level of GWL recorded at a drying time of Kkarstic springs.

Conclusions

In the west of Iran, the extracted groundwater for agriculture plays an essential role in people's
economy. Despite this importance, to avoid further adverse impacts in the coming years, the rate of
groundwater abstraction, especially in some areas, is alarming and requires reconsideration.
Based on the long-term monitoring data on amounts of groundwater extraction, discharges of karstic
springs, and changes in groundwater levels have been attempted to evaluate the sustainable
management of water resources in this area. In the last two decades, because of over-extraction of
groundwater on the one hand and changes in the input conditions (precipitation and, consequently,
recharge and changes in sub surfaced flow and their effect on interaction surface-groundwater) on the
other hand, the discharges of karstic springs have been decreased. Some of them have been dried up
permanently or temporarily during the dry seasons. Variations in groundwater level can affect the
groundwater flow direction and rate of this flow. In the study on sustainable yield, it is essential to
maintain permanent output and meet supply water needs. In the past, springs were good sources of
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water supply. So surface water originating from springs had been considered the significant origin of
water for irrigation. Still, with a change in social and climate conditions, this attitude has been changed.
For some of the springs, the Minimum Allowable Ground Water Level has been calculated, and the
calculated values are close to the observed values when the springs have been dried.
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Table 1- The annual groundwater level changing

The
Duration of The A. A.* Cumulative  Area of Average of The A. A. changes
. in GWL of A A.in the i in the volume of
the Name of region . the specific . n
evaluation changes GWL aquifers storage aquifer’s storage
(m) changes (Km?) (MCM)
(m)
18/1999 Minanrahan -0.18 -3.25 140 0.02 -0.504
11/2006 Kamyaran 0.18 2.06 300 0.02 1.08
25/1992 Kermanshah -0.41 -10.34 650 0.035 -9.327
24/1993 Ravansar -0.25 -6.20 350 0.02 -1.750
18/1999 Mahidasht -1.42 -25.66 460 0.02 -13.064

* A. A. : Average Annual
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Table 2- The annual volume of groundwater extraction from wells in the study area

Name of region Total wells A\?vrellcllsjltural We(t}\(jlrcelat)ractlon
Minanrahan 1452 1401 79.33
Kamyaran 775 769 36.02
Kermanshah 5486 4525 287.92
Ravansar 1882 1721 138.83
Mahidasht 2700 2546 107.19

Gaos (0) 9 Goe o Slaoly 31 OT Cuild g x> 1(C) 9 Bane 1(D) Baos 40w 1) o yi> Slaole dluxi - Jou>
Shioilk s 5o
Table 3- The number of wells drilled (a: semi-deep wells, b: deep wells) and their withdrawal

rates (c: the annual volume of groundwater extraction from semi-deep wells (MCM) and d: the
annual volume of groundwater extraction from deep wells (MCM), in two time slicing

Name of region 2002-2003 2015-2016
a b c d total a b c d total
Minanrahan 361 20.24 65 15.83 36.07 752 43.75 149 24.85 68.60
Kamyaran - - - - - 314 1.95 96 10.30 12.25
Kermanshah 1513 11462 834 21120 32582 2955 8228 1130 15757  239.85
Ravansar 493 35.88 629 99.15 135.03 394 14.00 797 102.66  116.67
Mahidasht 1118 90.48 289 53.79 144.27 951 39.51 642 54.31 93.83

25140 Wiz 5 dxdllae 3590 dikain O 35350 S dniz AWT Wy - Joua
Table 4- Trend of spring discharge in the study area in the recent decades

Average discharge (I/s)

Catchment Name ofSpring 5777987 1981-1991  1991-2001 _ 20012011 2011-2016
Mianrahan Armani jan 581 261 3
Taghbostan 562
Ghanbar 118 81
< Niloofar 980 1027 878 400 33
é Yyavari 474 389 99 0.43
g Khezre elyas 30 0
5 Khezre zendeh 181 220 152 120 8
= Sarableh 866 986 579 264 335
Varmenjeh 569 370 212 180
Sabz ali hashilan 301 307 293 132 193
Bi abr 226 249 83 144
Sareno 61 46 48 27 21
mahidasht Charzebar 63 28 6
Kashanbeh 238 257 130 94
Ravansar Mirazizi 173 113 97 10 0
Bor bor 114 111 5 0.031
Gharedaneh 186 200 199 130 121
Tiran 457 420 392.81 74 0
Ravansar 2688 2368 2008 1940 1593
Jaberi 283 302 179 77 63
c Mirahmad 189 250 210 242
g Shah hosein 230 462 215 347
E Ghale hasan khan 58 13 10 32
S Ghala ghasavand 169 109 12 0

Marab 126 66 57 37
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Fig. 3- Annual precipitation recorded at the selected weather stations
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Fig. 4- Correlation between groundwater level (GWL) and spring discharge
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Table 5- The minimum allowable groundwater level for some springs which have dried

Spring name Khezr-e- Elyas Yavari Niloofar Tiran
MAGWL (ma.s. 1) 1303 1305 1311 1340
GWL in first drying up 1302 1304 1309 1338

Current values (ma. s. ) 1299 1304 1303 1321
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Table 6. Forecasting the annual groundwater level changes

Cumulative Area of

Duration of . A. Ch.* in the . . A. Ch.in the
the evaluation Name of region GWL (m) AGS\?LIPH:? € he(?rﬁ';;ers S V. (MCM)
o Minanrahan -0.2 -6 140 0.02 -0.56
by Kamyaran 0.08 2 300 0.02 0.48
g Kermanshah -0.75 -29 650 0.035 -17.06
g Ravansar -0.24 -9 350 0.02 -1.68
Mahidasht -1.04 -33 460 0.02 -12.88

# A. Ch.: The annual changing
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