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Figure 1- Groundwater level map of Yazd-Ardakan plain and location of observatory wells and aquifer
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Table 1- Classification of water quality based on GQI

GOl s
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GOl value

Completely Unsuitable  Unsuitable Medium Acceptable Suitable Water quality class
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Table 2- Statistical characteristics of the aquifer water quality in the period of (2000-2020)

e Cudlage lojlw (Fuaelll 3 it oo sbro &1yl PSlas Jslas AaSwin
Drinking standard of the WHO Average Standard deviation  Maximum  Minimum  Characteristic

300 10.43 9.23 50.7 1.36 [
300 9.92 8.99 46.56 1.18 Mg**
200 31.03 37.8 312.72 261 Na’

200 37.03 55/68 117 2.99 Ccr

250 12.34 12.35 85.32 1.51 So4*
600 3187.12 3152.94 13924 401 TDS
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* The concentration of ions is in ppm and the TDS is in milligrams per liter.
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Figure 2— The trend of the quality parameters of the study wells in the Yazd-Ardakan aquifer, (a):chloride, (b): magnesium,
(c): calcium, (d): TDS, (s): sodium (m): sulfate
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Table 3- Comparison of the interpolation methods considering the estimation accuracy of the quality parameters of the study
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Cl 0.640 178.398 0 181.494 0.001 181.396 0.001 181.369 0 181.469
SO4 0.566 13.122 0.325 13.546 0.165 15.065 0.276 14.546 0.336 13.436
TDS 0.527 2182.537 0.494 2258.498 0.272 2709.150 0.310 2638.080 0.489 2270.146
L g o9 (oinlS b bl 581 55 qudS g lilgus 03 (sl ol Sl &l yasis

Sy90 slayiol )l cp laiad o Gl |y awgmone puss 4SS
<l @lie cdeS 1) 58U 0 yidin TDS 5 )IS mjsie (y
9 P g 4o b g bl 4LBly () )90 039850 (e
Cowloads plonl liwgdin joudS Jais adlaio jd &S (V) S0
OhESen 5 (Sap (83 5 (V) )lKen 5 (ggpus )l cilas
9 et IS yiel)l dw Ay don ol 4 093 Siagl 3 (V)
A 48 ) ey ol cudS p ) ()38 51 o i TDS
cillae 5 8 s ingh @i b ok d90e b pols iagl

3y

05535 9 EduS (sl

el 5 1) & bgypeBQI Ladli catpaiyy ki b S
Al LS =05 plsul )3 (T epdy s 5 s 090
3 ool 5l eeud GQI Hlacie @l s o5l g i ol ol
>lo= 3 21 )18 JouB BB oS )3 (e g bawgie (WIS
el ol Jds al oo s (2l pl Sl 5ol codS Jled
ol 3l (2les ol 3 (i glajially cble Sl sy
olgel Jlod 3 caS Sals Y o ytage 3l Sy il oo
ol g5 Cpglme 53 03905 ol (15 ly 4 g (o adlllas 3590
oLy o8 5o Ol dgs candYb 3 Ol cuslyp b oS o)l Juasl
o ly ol eas g 008 eS8 o adlllas 350 el Canns 4 Judl
e e Lials G

o3 0393 ) esiwois ol CadsS (§ s il jglate
5)93 slal g (GQI) 1l GQI (sloais &) 495 L WYVA-ITA]
Ol i @y g ab odlazwl (V) a5l Slllas (GQld)
GQI ol @l yis oy (Lt a0 (YY) 035 (3 iwmj
A Cote g idlS dme 4y ble .Cawl puiite oy OO B =V
A8l o e i Il ine

ool cuslie gy 9 €853 Auglie )00 (2 (19> e
=AY Jsa2) 43,5 QIR 5 RMSE slajial)l 5 s e
9 maedS g (Jgone S8 (b9 5l Jslore Cliel> JS 9 lidgu
by s oo i ealar wl Al ols u e gy 3l 55 o2 o
2lgy od ol &S lbdasuin (adiny Cus 2 gl g,
Slagby) o) (12l 33 Bbey (ryite 9 25650 )13 odltul 3590
9 Solojr 9 (M) saslus 5 (ooge guli b &S 28l oo Lol e
2 el (Y0) o) Kon

el (&S Clasute sabas, S @i ¥ o ¥ sl S
Sy L e it g ol S5y L a5 ke (o eS oS (5 psboa,
A Gdale 4y oy WYV e jo cwlodd astin (glogrd
5 onelS 1y 45 (5 5 3in 5 (TDS) Jpbeo Clasls 5 of5
(TDS) Jslo clials JS IS YA Jlo p> st yly la)guo
53 1y 4y ppomb pelS g Sl g 00 5YL pade

9 WJ{ o il ludd) il dunlio C”L"
U”I Lol IAVATY) L;w.lblf i D)9 u_o..f b dnstin u_o.:l.n (o2 a0
Slods (o ciwlodgy saiag) il asly 5l xS ials
Ll &8 Jb jo s agy op s b b iel)l dod 0dgases
2 )5 plasel (655 50 (2las )3 Lajially 45) (liee (a8
29 03wy (yTamlio Cundg d Slae 9 (252 SBCand
ooyl pioron Cowla bl e B pux Jledd 03gd2e
eyl Canl 08I o plis ) Copnd |) il (208 )5 e
039350 )3 Lol 0dgy oiblS dalllas 590 039z b g gin )
Febly aiysb sl 039 (ol 3b; Jhaw e b 3j 0B

b dlaly j0 ol aidld bayiolyls yolu oo 5 1y o oy e (o2 ko



vaq

e JUT 15T ouils (3,1 s9tire 4 (GQD) (o 25 T oS (LS ()l (om0« S 981z €515 9 ST o0 (59 7

S400VE
1

54°30'0"E
1

54°0'0"E
L

54°30"0"E
i

54°0'0"E.
1

54°30'0"E
1

A

Low : 1.48994

Low : 5.12833

Low : 1.09409

4
‘:,_ Y
= =
= o1
] &
g 2
bl
L 1Ikm M LI Ikm M LTI 1Km
0510 20 30 40
= =
S &
g 8
]
H# Cities % Cities *  Citics
. Sod_r TDS_r Ca_r z
2 | pr High : 2.59004 e High : 9.49136 w High : 1.86434 _§
N 3 3 L 3
S| Wy 106825 o 104462 £
4 s
s s
] &
g B
bl
1T 1km N 1T 1Km M1 Ikm
0510 20 30 40
z Ashkezar g
£ g
s 1
& 2
a
% Cities % Cities Y Cities
L | Merx Clr Na_r z
S | pwm High: 5.11405 e High : 9.78955 e High : 4.6914 -g
$7 g
o . assa - 400276 el P TR P E -
T T T T T T
S4°0°0"E 54°30"0"E S4°0""E 34°30'0"E 34°0'0"E 54°30M0"E
ITPVA JUo 5 andllao 3590 Cudd S Oladuin gauddy S8 1595 - IS
Figure 3- Spatial distribution of qualitative characteristics of the studied plain in 2000
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Figure 4- Spatial distribution of qualitative characteristics of the studied plain in 2020
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Introduction: Inter-basin water transfer affects the environment, culture and economy of donor and recipient
basin. In this regard, one of the most important aspects are the positive and negative effects on the quality of
groundwater in the recipient basin. Spatio-temporal changes of groundwater quality as the results of inter-basin
water transfer, plays an important role in water resources management. Thus, this study attempts to investigate
the temporal trends of groundwater quality parameters using Mann-Kendall test and Sen's slope estimator. In
addition, spatial changes of groundwater quality and the effects of inter-basin water transfer were studied.

Materials and Methods: In this study, non-parametric methods and interpolation models were used to
evaluate the spatio-temporal patterns of groundwater quality parameters in the Yazd-Ardakan plain. Mann-
Kendall nonparametric test and Sen's slope were used to examine the temporal trends in the span of 2000 to
2020. The interpolation models and groundwater quality index (GQI) were used to study the spatial patterns and
classify the quality of groundwater. The assessment of quality parameters of all studied wells including Ca?",
Mg®*, CI', Na', SO,* and TDS were studied in equal time periods. Groundwater quality measurements were
performed twice a year using a volumetric method, one in spring and the other one in autumn. The World Health
Organization (WHO) standard was considered to compare values of different parameters in the plain.

Results and Discussion: A decreasing trend was observed in S0,%, Na* and TDS parameters in most wells
and there was an increasing trend for Ca**, Mg®* and CI” parameters. Considering WHO classification standard,
all the studied parameters were in the allowable ranges except TDS. The parameter ranking showed that TDS,
CI and Mg? had the greatest impact on the quality of aquifer groundwater. The Mg and TDS parameters had the
highest and the lowest changes, respectively during 2000 to 2020. Results of the GQI showed that the total
quality of the Yazd-Ardakan aquifer was in the moderate class and acceptable because of relatively large
decrease in the groundwater in the span of the studied period. However, the decrease in groundwater quality was
negligible. Changes of the quality map showed that the most negative quality changes were related to the Yazd,
Taft, Meybod, Ardakan and northern regions (Chah-Afzal desert). This indicates high groundwater pumping in
these areas and being located near the desert area. The most positive quality changes belonged to the central and
southern part of the aquifer.

Conclusion: Comparison of the interpolation models showed that the geostatistical methods can show better
results than the definitive methods in zoning groundwater quality parameters. The Kriging and IDW models
were the best models and consistent with the results of the research. The quality of groundwater was acceptable,
while the reduction in quality was very low and negligible in the Yazd-Ardakan aquifer during the studied
period. The temporal trends of SO,*, Na* and TDS had either a negative significant trend or no trend in the Yazd
area. Considering ranking maps, TDS, CI" and Mg?* had high impacts on determining the GQI. These trends
were positive in Yazd city and consequently the GQI maps could not confirm the negative temporal trend and
zoning maps. This finding showed that the use of qualitative indicators could neutralize the effects of the
parameters on each other and provide a better and acceptable result. In all, the transfer water with appropriate
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quality could control the increase of the TDS, SO,*, Na and caused an increase in CI” in these areas. There are
many effective factors to study water quality, so its description seems to be difficult. Therefore, using water
quality indicators can provide total water quality conditions in a concise and understandable way.

Keywords: Groundwater quality index, Mann-Kendal, Sen's slope, Water transfer Yazd_Ardakan



