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Fig. 1. Locations of the study area and the water sampling points
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Table 2. Irrigation water restriction level for the drip

system (IRSI 2008)
EC TDS

Parameter (umohs/cm) (mg/L) pH
No Restriction <800 <500 <7
Low to Middle 800-3000 500-2000  7-8
Restriction
Serious >3000 >2000 >8
Restriction

S bl i sl olel of S Cussame s =¥ Jsuz
(Hamza et al. 2015)

Table 3. Irrigation water restriction level for the
sprinkler system (Hamza et al. 2015)

Parameter Na Cl HCO;
(meq/L) (meq/L)  (meq/L)

No Restriction <3 <3 <1.5

Low to Middle >3 >3 1.5-8.5

Restriction

Serious Restriction >8.5

Sl ot slan sl Js s llaal =¥ J

Table 4. Schuler quality chart for drinking water

Quality Na* Ccr SO, TDS TH
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Good <115 <175 <145 <500 <250
Acceptable 115-230 175- 145- 500- 250-
350 280 1000 500
Average 230-460 350- 280- 1000-  500-

700 580 2000 1000
Inappropriate  460-920 700- 580- 2000-  1000-

1400 1150 4000 2000
Completely  920-1840 1400- 1150-  4000- 2000-
Inappropriate 2800 2240 8000 4000
Non-potable ~ >1840 >2800 >2240 >8000 >4000
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Table 1. Wilcox classification

Parameter Class Value Quality
S; (Low) <10 Perfect
S, (Average) 10-18 Good
SAR S; (High) 18-26 Average
S4 (Very High) >26 Bad
Ci (Low) <0.25 Perfect
C, (Average) 0.25-0.75 Good
EC(dSm) o High) 075225  Average
C4 (Very High) >2.25 Bad
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Table 5. Summary of water stability indices (NRC 1993; Ghaemizadeh & Akhevan 2014)

Index Equation Value Comment
LSI=pH - pHs LSI>0 Supersaturate conditions and tendency to
sedimentation of calcium carbonate
pHs= (9.3+A+ B)-(C- D) LSI=0 Equilibrium phase
. A= (log;o[TDS]-1)/10 LSI<0 Undersaturate conditions and tendency to
Langelier decompositi f calci bonat
. position of calcium carbonate
Saturation B=-13.12 log;o (T-+ 273)+ 34.55
C=logo [Ca®" as CaCOs]
D= log,, [alkalinity as CaCOj3]
RSI=2(pHs) - pH RSI<6 Supersaturate conditions and tendency to
Ryznar sedi.n.leriltation of calcium carbonate
Stability 6 <RSI<7  Equilibrium phase
RSI>7 Undersaturate conditions and tendency to
decomposition of calcium carbonate
Al= pH- log(Alkalinity. Hardness) AI<10 High corrosion
Aggressive 10<AI<12  Middle corrosion
Al>12 Non-corrosion
Puckorius PI=2pHs- pHeq PI>6 Corrosive
pHeq= 1.46 log(T Alkalinity)+ 4.54 PI<6 Sedimentation

WHO 5 ISIRI sl sl ool s T anis s 5 Solsed Sutis O iS bzl ,l s bl slo sl —F Jgus

Table 6. Satistical indices of the water quality parameters in Shar-e-Babak plain and their maximum limits according to
WHO and ISIRI standards

- q Standard
Parameter Minimum Maximum Average ISIRL _WHO
pH 6.5 8 7.49 7-8.5 6.5-9.2
HCO; (mg/L) 61 488 217.2 150 150
TDS (mg/L) 593 6078 257.9 1500 600
SO,*(mg/L) 0 1608 657.6 400 250
CI' (mg/L) 142 5502 1103 400 200
Ca?" (mg/L) 40 800 230 300 300
Mg*" (mg/L) 12 360 90 200 300
TH (mg/L) 0 3500 929 200
EC (uS/cm) 912 15450 4310 500
Na' (mg/L) 104 2730 672 200 200
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Table 7. Characteristics of the best models fit to half variograms of water quality parameters and indices

Parameter Best Model Nugget effect (C,) Sill (C,+C) Range of influence
Soi_ (meq/L) Spherical 0.05 0.34 26550
Cl™ (meg/L) Exponential 0.18 0.69 5200
HCO3 (meq/L) Gaussian 0.05 0.34 26580
Anion (meq/L) Exponential 0.05 0.45 5180
pH Spherical 0.0004 0.003 9700
TDS (mg/L) Exponential 0.07 0.39 4580
TH (mg/L) Exponential 0.26 0.52 4680
SAR Spherical 0.0001 0.17 6810
EC (pmohs/cm) Exponential 0.03 0.39 4750
Na™ (meg/L) Spherical 0.001 0.46 8010
Mg”" (meq/L) Exponential 0.25 0.61 6900
Ca*" (meq/L) Gaussian 0.35 0.59 9600
LSI Spherical 0.05 0.34 7600
RSI Gaussian 0.36 0.84 10910
Al Spherical 0.02 6500
PI Gaussian 0.002 0.005 14080
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Ministry for application in drip irrigation systems
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Table 8. Percentages of land areas of the study subbasin according to water quality

Agriculture (Wilcox classification)

Class C3-S1
Percentage area 6.9

C4-S1 C4-S2
453 47.8

Drip irrigation (ISIRI classification)

Status No restriction
Percentage area 0.1

Low to middle restriction

Serious restriction
52.3 47.6

Sprinkler irrigation (ISIRI classification)

Status No restriction
Percentage area -

Low to middle restriction

Serious restriction
71 29

drinking (Schuler classification)

Status Acceptable

Average
Percentage area 1.3 41.5

Inappropriate ~ Completely Inappropriate
56.3 0.9
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Table 9. Pearson correlation coefficents of corrosiveness maps and their components in Shahr-e-Babak aquifer

Parameter TDS Ca HCO; pH TH LSI RSI Al PI

TDS 1 0.72°  -0.03 0.006  0.74° 045" -0.54" -0.78" -0.74
Ca 1 022"  -0.14° 098 0.52° -0.67 -0.89" -0.89

HCO; 1 -0.64~ -0.13° -0.82° 079" -0.12° 0.52°
pH 1 -0.18"  0.72° -0.56° 042" -0.21°
TH 1 045" -059° -092" -0.85
LSI 1 -0.98"  -0.237 -0.82°
RSI 1 0.4 0.91"
Al 1 0.74"
PI 1
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