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5. Langelier Saturation Index
6. Ryznar Stability Index

7. Puckorius Scaling Index

8 . Aggressive Index
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1. Semi Variogram
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C=Log,(TH)- 0.4
D= Log, (T.ALK)
T.ALK=HCO3+ CO3

dsbe H 5 IS cills dslee A o 55 atld iy, oo
33 PHy e izmed Sl oS Sl S s

560000

590000

) il dsloee LB 55 se b SIPH] paze VU la ) 5o
) pH=(9.3+A+B)-(C+D) 4D)
) Ol 55 &S
A= (Log,(TDS)-1)/10 )
B=-13.12* Log, (°C+273)+ 34.55 )

620000

3900000 3930000 3960001

3YFHIO

Legend

Water Resources

4 Qanats

3840000

= Springs

3HL0000)

Deep wells

Semi-deep wells

C:S Watershed boundary

3060006

2930000

3900000

Legend
w llable-Roud River Basin

5__‘5 Tehran and Semnan provinces

armsar

3RF000

33400060

Iran

Km

3810000,

560000

590000

620000 650000 680000

Oliaws 9 01,8 Glalkial 5 O pl Hs s g adk Lilsn g, 4 9> Cond 50 -\ JSJG

Fig 1. Location of the Hable Roud River Basin in Iran and in provinces of Tehran & Semnan

Table. 1 Indices used for the analysis of corrosion and siltation of groundwater and the guideline for the interpretation

Index value Water conditions (Index interpretation) Index

RSI<6 (Siltation) (s ;1A s Sl perls

6<RSI<7 (Neutral) eus s Ryznar Index
RSI>7 (Corrosion) Su, s RSI=2pH - pH
LSI>0 (Siltation) (5,138 < su, 5N asls
LSI=0 (Neutral) ous .5 Langelier Index
LSI<0 (Corrosion) S, = LSI= pH- pHs
AI<10 (Corrosion) S, A s

10<AI<12 (Neutral) oas s Aggressive Index
AI>12 (Siltation) s ,liE < 5, Al= pH+ log (A)*(H)
PSI>6 (Corrosion) Su, oS n A
PSI<6 Puckorius Index

(Siltation) ¢ li8C 4,

PSI=2pHs- pHeq
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5. Kriging
6. Best linear unbiased prediction

YAV ol —FY 0 5lowd — 233195 Jlw

\al

"’\‘jd" Cawd s ) dsles
PH. = 1.465+ Log(T.ALK)+ 4.54 )
s IDW, LPI, GPI, LPD) ,li-ps; (sla_ss, aslsl s
W23 8 |3 sz 5550 Wl iS5 (Kriging Ordinary
bl oo (olal jiane S S LU Olsee e sl
Ql}géwld)bﬂMuﬂﬁ.:ﬁ&eswlwﬁﬁ
SOl e e 2 o5, S ol blE e S bl
Ao o Ol ol S 5 ol 8 S Ly 5 el >l
5580 2 1y Jsgmme polis phre polde 5leslinal b e i o Y
1l (A) J g0 oot Lol poiios G Sllons p 5 S
) =532+~ 2(x) 2
(h) Bols s bli i ¢l pl S sl slde y(h) O 55 &S
Z(x) (x. T h) Oe j5 ame eddig wSesll ldde Z(xi + h)
Sl Seslll sla n X, G 3 e sl (5, Sesll e
A sl axdllas 55 40 85 5dee o aJu.;":f-l?u"

L;j‘i&j)bh&'ﬁudud’;")
gf)} )):Sb )\J\.E.A J"}) w\ L (IDW]> ‘d«@lﬁ L),M.4<.€« uwj)
1] 555 o aloes () Usles 51 eslizal (D)

= @)

: E{l:'_]:'l_B

A

[ eJ@Li.a)‘.lﬁ.aJeJJ b))ifaa.s.swaaprl uQT)JstS
ol el sl saalie LG sl m o a5 Ol i dbd s
Sl Ols5 (G pl o5 &S ol Cilisea a0l 5 (sluls o,
Jul:e.l.:;jUa;-uiwaS
[ERPEI W e ck.w S Llg o aS s o iS5l (65l sed
T 53 s onl 2 e A3k Sl b 50 oSS 0l
Aoy S 5 e o S slyls Oly 5 el calises

)‘ onS Lol u<._i Uj"}) U'i‘ (rLPI) L;L>m 6‘4)»9—.)»&; U‘i’ﬁj
dﬁwy\y@pﬁi&,)zﬁb@bjémgbﬁuﬁa
josﬁdfaﬁ%ﬁéﬁwq.cﬁw\wbrdfﬁ.héﬁdija
S ln A 4B 8 53 ey a S e 3 (el ol
(_g)l.;_:; L_gj.i.,\.:dUa’u\ d;j) U'i‘ Jj.;& a))u:w'@lap.)p.g-
Dol Sler S s ) 4 s

Sopon b oled ob RBFY elad mly i)

1. Inverse Distance Weighting

2. Global Polynomial Interpolation
3. Local Polynomial Interpolation
4. Radial Basis Function
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Table 2. Statistics of the indices investigated

Sais (S lee Dl S N e L e o R

Kurtosis ~ Skewness Std. Dev Median Mean Max. Min. Sample size Index
231 -0.48 0.39 0.79 0.67 1.48 -0.42 129 LSI
2.34 0.43 0.74 6.3 6.51 8.71 4.92 129 RSI
2.79 0.29 0.76 5.97 6.09 8.62 4.32 129 PSI
231 -0.48 0.41 133 12.89 13.73 11.71 129 Al

o o slasll ¢l p Coee f';ﬁ"’ Jbe Dlasein ¥ J i
Table. 3 Specifications of the chosen variograms for the indices investigated

RSS R? C/CO+C) () b plas Sl laskss Joe la sl
RSS R? C/(C0+C)  Effective range (m) Sill Nugget Model Index
0.013 0.759 0.924 56118.44 0.208 0.0001 Gaussian LSI
0.234 0.693 0.923 54559 0.741 0.001 Gaussian RSI
0.339 0.56 0.981 62800 0.733 0.014 Spherical PSI
0.016 0.75 0.923 55079 0.23 0.017 Gaussian Al
Isotropic Variogram Isotropic Variogram
L B 0.308 o
0213 0232 )

Semivariance

0.155

0.071 g

o 0077 K
a
0.000
0.00 26464.77 52929 54 79394 31 105859.08 0.000
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o
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o
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£ . 2
a 4
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o
0.00 0.00
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d C
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Fig 2. Variograms of corrosion and siltation indices a: Al¢ b: LSI¢ ¢: PSI¢ d: RSI
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Table. 4 RMSE values of the indices using geostatistical methods

Kriging  RBF LPI GPI IDW

Estimation method selection according
Chosen model

Kriging RBF LPI GPI IDW Index

to RMSE
Gaussian Kriging 0.2 0.23 0.22 0.23 0.21 LSI
Gaussian Kriging 0.38 0.41 0.39 0.42 0.4 RSI
Power (1) IDW 0.45 0.45 0.46 0.47 0.44 PSI
Spline RBF 0.23 0.22 0.24 0.25 0.23 Al
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Fig. 3 Zonation of groundwater resources based on the Langelier Saturation Index for the Hable-Roud River Basin
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Fig. 4 Zonation of groundwater resources based on the Ryznar Stability Index

for the Hable-Roud River Basin
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Fig. 5 Zonation of groundwater resources based on the Puckorius scaling for the Hable-Roud River Basin
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Fig. 6 Zonation of groundwater resources based on the Aggressive Index for the Hable-Roud River Basin
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Table 5. Areal distribution of corrosion and siltation classes for different indices

RV parls S el
(Langelier Index) (Aggressive Index)
Colus B L) ()Lig.ds) IES WA Wj G WA Loy ()LI.<.A) Colus C»:&Jij
Area (Percent) Area (ha) Condition  Area (Percent) Area (ha) Condition
24.65 211769 LRt 27.04 232308 LS
(Corrosion) (Corrosion)
75.35 647512 SIS 2 72.96 626975 SMS s
(Siltation) (Siltation)
Pl el oSy e
(Ryznar Index) (Puckorius Index)
Colos sy (L) colos Caxd s Co-lows Aoy (a) ol Caxds
Area (Percent) Area (ha) Condition  Area (Percent) Area (ha) Condition
32.17 276506 SIS 56.42 484721 SMS s
(Siltation) (Siltation)
45.17 388145 Jales - 43.58 374560 it
(Neutral) (Corrosion)
22.65 194629 ERYs
(Corrosion)
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