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Groundwater Quantity and Quality
Considering Irrigation Use
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Abstract

Drought as a natural phenomenon occurs due to shortage of
rainfall and increase of temperature over a long-term period.
This can affect the quality and quantity of groundwater. In this
research, the impact of drought on groundwater quality was
investigated in respect to the irrigation usage from Hashtgerd
plain aquifer. First, using Thiessen-polygon method and
precipitation values of 6 weather stations in Hashtgerd plain,
total average monthly rainfall for a period of 30 years (1985-
2015) was calculated. Monthly averages of groundwater levels
for a period of 23 years (1991-2014) were calculated using data
from 8 observation wells and Thiessen-polygon method. The
climatological drought and the groundwater drought were
evaluated by SPI and GRI, respectively. Based on the results,
the longest climatological drought with durability of 2 years,
severity of -2.73 (SPlsum), density of -1.365 (SPlavg) and total
average monthly rainfall of 157.70 mm was marked in the
water years 1998-1999. The most severe groundwater drought
was in the water years 2010-2014 (4 years durability) with
severity of -6.10 (GRIsum), density of -1.53 (GRlayg) and
groundwater average monthly level of 1180.26 m. On 12
months period, correlation between groundwater levels and
rainfall amounts were significant with time-lag of 11 months.
In June of water year 2013-2014 with extreme drought
condition, water quality in 16% of the aquifer area was
appropriate for irrigation while in December, the aquifer was
totally unsuitable for irrigation in therms of water quality.
Based on LSI, in June and December of all studied years, the
water quality of 100% of the Hashtgerd plain aquifer area,
showed the potential of calcium carbonate sediments
formation.

Keywords: Drought, Standard Precipitation Index (SPI),
Groundwater Resource Index (GRI), Pearson Correlation,
Willcox Diagram, Langelier Saturation Index.
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Fig. 1- Geographical location of the Hashtgerd plain and}at]uifer in Iran and in Alborz province
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Fig. 2- The location of selected meteorological
stations and their Thiessen-polygons in Hashtgerd
Plain
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Table 1- The SPI values and drought severity
classification (McKee et al., 1993)
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SPI values Drought severity class
>2 Extremely wet
1.50 ~1.99 Severely wet
1.00 ~ 1.49 Moderately wet
0.99 ~-0.99 Normal
-1.00 ~-1.49 Moderate drought
-1.50 ~-1.99 Severe drought
<-2 Extreme drought
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Fig. 7- Average groundwater level changes and
hydrological drought in Hashtgerd Plain

FUnStd 5 (o5 O ams Lanwgile Ol i -V S
3, S5 Cudd o‘sﬁu‘i ;&,)9“33-&&

Fig. 6- Total rainfall and climatological drought in
different water years in Hashtgerd Plain

Sl (olisilyp S 5 5l pgacme —F S5
5 ySouiids Canid 43 Wiglitie o

VAV Gl ) oF 2 ylowd oyl Jlw ¢l sl O ailio Wil
Volume 14, No. 4, Winter 2019 (IR-WRR)



Ol o 8l o> Y'Y 295 0 dzes ol plis (093 JS )3 ye ¥/A)
el 030 B s ¥ 53 g)lel 0393 Js VY 35 (i)

o5t 3 Gaajpg A Jlp Sl Skl b A JSs
(lwgie Jlog) MWVOIWYE T claJlo 55 5 Suie cubd
(08 Hln JUSES) IYAF=AYAY ¢ (Lo Lol yi3) VWAD-IYAF
Ll LAYYA-IYYE T b 5 JSo 4 ds g b ams o LS |,
S g yio WYAD (e (939y9) Syl Ol Sl ot oy
4 Sl g o O (WADSIWAY T o) Jloy Ll 4 s
SYL e Yo (WYY T L) wad o Jlsiis bylps
(HSizs Lol 08 oS ) 36 By palS ,8b cos g,
ol 55 ol SNl (o o plie 445 Sials 5 09Mle
Sl oy s g S )3 ey o 5 e > wb e
JS3) adlie (e p o by 3 Sl ool gy Lol 3500

(A

Wik Ol 9 seip) & e bawgio G b wyp Can
S sre an g Al (ygmp B9y b gl polie (o (Sase
Y Jgte sl &8 sk plen (Y Jgao) Wb ol (Sasen
Sy anboolo Vo L 3L L 5L o Kiie adlate )3 398 g0 odnlie
356 el oo WY Sloj 0,90 (sl olo VY gole & g ¥ o) jloj oy

Dgdisr (ol yed g (e ol e

455000 460000 465000 470000 475000 480000
1980000 3980000
Water Level
1975000 3975000
1970000 3970000
1965000 3965000
455000 460000 465000 470000 475000 480000
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1384-85 (Normal condition) and 1392-93 (Extereme
Drought).
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Table 2- Correlation coefficient and significant level between rainfall amounts and groundwater levels in
Hashtgerd Plain
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Time series Lag-Time (Month)
Nolag 1 2 3 4 5 6 7 8 9 10 11
1-Month -0.086 -0.039 0.015 0.048 0.078 0.081 0.076 0.036 0.027 0.086 0.126* 0.137*
3-Month -0.086 -0.040 0.010 0.046 0.073 0.076 0.060 0.007 0.040 0.089 0.127* 0.140*
6-Month -0.032 0.002 0.040 0.071 0.085 0.081 0.065 0.035 -0.021 0.034 0.157* 0.165*
12-Month 0.027 0.033 0.038 0.029 0.030 0.039 0.024 -0.008 -0.045 0.071 0.095 0.123*
*Significant correlation at 95% level.
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Fig. 9- Changes of SPI and GRI values for 3-month time series in Hashtgerd Plai
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Table 3- Area percentage of groundwater quality categories on the Wilcox digram in June and December
of water years with different conditions in Hashtgerd Plain
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Fig. 10- Water quality zoning in Hashtgerd Plain Aquifer on Wilcox Diagram in 1384-1385 with normal
conditions
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Table 4- Area percentage of LSl amounts in June and December of water years with
different conditions in Hashtgerd Plain
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Water Year -1.0~0 0~05 05~1.0 1.0~15 15~20 Sum
June

1374-75 0 1 99 0 0 100
1384-85 0 0 84 16 0 100
1392-93 0 0 23 77 0 100
December

1374-75 0 0 67 33 0 100
1384-85 0 0 52 48 0 100
1392-93 0 0 10 73 17 100

1374-75: Moderately Wet

1384-85: Normal

1392-93: Extereme Drought
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Fig. 11- Water quality zoning in Hashtgerd Plain Aquifer on Largelier Saturation Index (LSI) in 1384-
1385 with normal conditions.
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