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5. Langelier Saturation Index
6. Ryznar Stability Index

7. Puckorius Scaling Index

8 . Aggressive Index
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C=Log,(TH)- 0.4
D= Log, (T.ALK)
T.ALK=HCO3+ CO3
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Fig 1. Location of the Hable Roud River Basin in Iran and in provinces of Tehran & Semnan
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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) ;108 s, Sl perls

6<RSI<7 (Neutral) eus s Ryznar Index
RSI>7 (Corrosion) Su, s RSI=2pH - pH
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
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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

Ol b el

S hiS «;Q}’ Dl L3l il la wﬁu Sl Ll @ el 3l [EYgPEi®
Kurtosis ~ Skewness Std. Dev Median Mean Max. Min. Sample size Index
2.31 -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 13.3 12.89 13.73 11.71 129 Al
IR 209 ‘5L®d4>'u ‘5|Jg Sele ¢|JS,.UI‘, Jhe Olasein ¥ JJJ;-
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
0.284 = 0.309 H
0213 0232 )
é e e
0.071 g -
o 0.077 -
0.000
0.00 26464.77 52929.54 7939431 105859.08 0.000
Separation Distance 0.00 2646477 5292954 7939431 105859.08
Separation Distance
b
a
Isotropic Variogram Isotropic Variogram
1.05 o 1.09 [=]
0.79 0.82
é 052 el o © E 0.55 o
0.26 o 027 [=} a
0.00 0.00
0.00 26464.77 52929.54 79394.31 105859.08 0.00 26464.77 52929.54 7939431 105859.08
Separation Distance SeEsiaton Dstance
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 it 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)

YAV ol —FY 0 5lowd — 233195 Jlw W Ol 81058 wsige 9 pale



C,.:_;b.bj S48 )3 u'"d))‘ b Sl L;:brﬁ U'l\ qu“‘JJLJ ..\A)&
ol Rl e Jelse s adlaie IS g, 5 SN
53l Ll sl g, w55 IS gy 5 (SL
bﬁf&kﬁ.ﬁ:ﬁ%bﬂ@b%‘&‘jwéﬁbﬁd‘@u
ool Obdats 4 cpiaman les 6 s bl O S0, o
Jolge J 28 g 03Y Sl b5 S dal ot S Sls]
Aol Jlsl S,
PH Lo of los Lans Osman ola,Sely 51 ealizad
slaslpl shestatal 5 (6180 sy 0kl LS 5 5l eslul
Sar 3 G S ol SIS s A b ledas
ebu.:.w‘ju‘djj db) Li)j:‘df')“)j} b)jﬂ)})é‘)\.lgg_.)j—w‘)
Db o G sy gl 4 Al L el sladly
sl LS el o S50 5l cnles gl LS ot Jos o
S8 A SA)s 5l pedS Sl S sy S Y S
spms SAos 3l oS e S 0 6 slaiss s
(Inhibitor) S., s eduSCulan slse 3l eslazal o 5l a4l
Olda 51 S oS sl s w ) of caaS Sl (10K g

&b

1. Agatemor, C. and Okolo, P.O. 2008. Studies of corrosion
tendency of drinking water in the distribution system at the
University of Benin. The Environmentalist. 28(4): 379-384.

2. Ahmadi, S.H. and Sedghamiz, A. 2008. Application and
evaluation of kriging and cokriging methods on groundwater
depth mapping. Environment Monitoring Assessment.
138:357-368.

3. Alipour, V. Dindarloo, K. Mahvi, A. and Rezaei, L.
2015. Evaluation of corrosion and scaling tendency indices
in a drinking water distribution system: a case study of
Bandar Abbas city, Iran. Journal Water Health. 13(1): 203-
209.

4. Arko, O. 2013. Assessment of scaling properties of
groundwater with elevated sulfate concentration: a case
study from Ergene Basin, Turkey. Arab Journal Geosciences.
6: 4377-4385.

5. Chandrasekharana, H. Sarangia, A. Nagarajanb,
M. Singha, V. Natarajanc, K. and Anbazhagan, S. 2009.
Variability of soil-water quality due to Tsunami-2004 in the

coastal belt of Nagapattinam District. Tamilnadu Journal of

YAV ol —FY 0 5lowd — 233195 Jlw

YA

S5 omi 9 Sy
N S TS 5T | L G R EiF e L
CehS xS e 15 oS S ar g oy ke 2B L
Sbaoddy 51 plS o iy 5 aliesd Dol 51 T e
2338 ol b galasl 5 zilig glacaw] Cel Wlg o Gy
)‘ &)uTj\d?jL};Bﬂbuﬁ)ﬂ)Jﬂ\Seb‘bduuuw)f
Sy s ol P sl e s (e T
)L:._.‘? Y Lﬁd}l DL d)(ﬁuﬂ) JS‘ ))W}J})& )J\.ﬁ
Col s syl b s e Jol (Dl e b mals)
;p&w;ﬁjj&bduqcuww@@&w
toiles ks 5310 o o w1 La sl (gl 5 el a8
e SIS das e 0Lz AT 5 LSE RSI PSI gls a5 L
Jeeily Shils sgpakm Aoy, ab s 03 e fensn &
» Ll de)}?" (M)J \O/O) C:.‘.a Yo 9 )\KU}*&) (M)J
Al u.pu JaL.n\f Sllea a.k.'n))} (Jv.o)) YA/AY) C.w;’r B
c(J...a);VW\‘V)@;aT"‘\ ;l.k.dl{a.u)_,}a\i,bw@aih;acbw
wj‘\.&kﬁ»wucvybvuév\gmmﬁ (o5 YAIFA)
Q\}\}‘;{aiduq'ﬁajz})sj)dgdlﬁ-:;)wyawuwj
Camdly 4w 25 5 BN arli 5 s (e gS
CoiS 5 e Y e o BLIE ey LS5
G 5 Kol glaaY (Kal s 48 sl ol O plasd
S35 bl p3ofs 4 andllas 5 5 adais s i 55 (6 S
ol QT&)\KUy)jwﬁ‘flwtwﬁ e d u’:iLi}
7] be/\wa)ﬂjjfﬁ[\‘\] OLKan 5 ol sl IY] UL
ey 55 sl Sldlae 5,50 slaas > ol sl
Sl L3S Gy SIS, Sl S sl 5 Sal
ozl 53 Ol oy I3 oS ol S5 03V pimmen 3l
YL el Ol S o s (8 Sl am 35 VP/0) ad s>
S ol axils VU 35U I8 s, el 53 55 (mg/l YOY)
ont s [T 0L 5 el Y] OLKes 5 SU s b
cJLA.;): ;;JUJ?U’:'}"MW‘ Lllwbg_{i).i [YY] Qb&.o.éj
L;\.slﬁ‘_}o‘}gjjjzé 6LAOJJJ~>=A BE uT leﬂ: u,:..ﬁls (Pl u]
L] STV ISl 5 5581 Y] 0L 5 5 Je Slallas
2o WO 5 Kol 5 Y] 0LKen 5 (i 55

Ol S 13l (owsiaes 9 @ole



338p. (in Persian)

16. Malakootian, M. Mobini, M. and Sharife, 1. 2014.
Evaluation of Corrosion and Scaling Potential of Wells
Drinking Water and Aqueducts in Rural Areas Adjacent
to Rafsanjan Fault in During October to December 2013.
Journal of Rafsanjan University of Medical Sciences. 13(3):
293-304. (In Persian)

17. Mirzabeygi, M. Mahvi, A. Naji, M. and Abbasnia, A.
2016. Evaluation of corrosion and scaling indices of drinking
water in the villages of Khorasan Razavi province in 2013.
Iranian Journal of Research in Environmental Health. 2(1):
60-70.

18. Mirzabeygi, M. Naji, M. Yousefi, N. Shams, M.
Biglari, H. and Mahvi, A. 2016. Evaluation of corrosion and
scaling tendency indices in water distribution system: a case
study of Torbat Heydariye, Iran. Desalination and Water
Treatment. 57(54): 25918-25926.

19. Ostvari, Y. Byegi, H. and Davodian, A. 2015.
Geostatistical processing Scaling and corrosion potential
groundwater Lordegan plain. Journal of Environmental
Science and Technology. 17(2): 45-61.

20. Refait, Ph. Jeannin, M. Sabot, R. Antony, H. and
Pineau, S. 2015. Corrosion and cathodic protection of carbon
steel in the tidal zone: Products, mechanisms and kinetics.
Corrosion Science. 90: 375-382.

21. Shams, M. Mohamadi, A. and Sajadi, S.A. 2012.
Evaluation of Corrosion and Scaling Potential of Water in
Rural Water Supply Distribution Networks of Tabas, Iran.
World Applied Sciences Journal. 17(11): 1484-1489.

22. Taghipour, H. Shakerkhani, M. Pourakbar, M. and
Belvasi, M. 2012. Corrosion and Scaling Potential in
Drinking Water Distribution System of Tabriz, Northwestern
Iran. Health Promotion Perspectives. 2(1): 103-111.

23. Vadiati, M. Asghari Moghaddam, A. and Nakhaei,
M. 2017. Groundwater Quality Assessment for Agricultural
Purposes Using Fuzzy Inference Model. Journal of Iran-
Watershed Management Science & Engineering. 10(35):
73-80.

YAV ol —FY 0 5lowd — 233195 Jlw

V4

Environmental Management. 89: 63—72.

6. Gauthier, G. Chao, Y. Horner, O. Ramos, O.A. Hui,
F. and Lédion J. 2012. Application of the Fast Controlled
Precipitation method to assess the scale-forming ability of
raw river waters. Desalination. 299: 89-95.

7. Goldberger, A.S. 1962. Best linear unbiased prediction
in the generalized linear regression model. Journal of the
American Statistical Association. 57: 369-375.

8. Hasani Pak, A. 2013. GeoStatistical (5" Ed.). The
Tehran University Press, Tehran, 328 p. (in Persian)

9. Hoseinzadeha, E. Yusefzadeh, A. Rahimi, N. and
Khorsandi, H. 2013. Evaluation of Corrosion and Scaling
Potential of a Water Treatment Plant. Archives of Hygiene
Science. 2(2): 41-47.

10. E.H. R.M. 1989. An
introduction to applied Geostatistics. Oxford University
Press, New York. 561 p.

11. Kalantari, R. Yari, A. Ahmadi, E. Azari, A. Tahmasbi
Zade, M. and Gharagazlo, F. 2013. Survey of corrosion and

Isaaks, and Srivastava,

scaling potential in drinking water resources of the villages
in Qom province by use of four stability indexes (With
Quantitative and qualitative analysis. Archives of Hygiene
Science. 2(4): 127-134.

12. Khorsandi, H. Mohammadi, A. Karimzadeh, S. and
Khorsandi, J. 2015. Evaluation of corrosion and scaling
potential in rural water distribution network of Urmia, Iran.
Journal Desalination and Water Treatment. 57(23): 10585-
10592.

13. Kinsela, A.S. Jones, A.M. Collins, R.N. and Waite,
T.D. 2012. The impacts of low-cost treatment options upon
scale formation potential in remote communities reliant
on hard groundwater. A case study: Northern Territory,
Australia. Science Total Environment. 416: 22-31.

14. Liang, J. Deng, A. Xie, R. Gomez, M. Hu, J. Zhang,
J. Ong, C. and Adin, A. 2014. Impact of elevated Ca (2+)/
Mg (2+) concentrations of reverse osmosis membrane
desalinated seawater on the stability of water pipe materials.
Journal Water Health. 12(1): 24-33.

15. Mahini, AS. Jazi, H. Karimipour, H. Mechri, A.
Kamyab, HR. Zareh, A. Mansuri, M. Shariatpanahi, F.
Rastin, M. Najafinezhad, A. Pishdad, L. and Momeni, 1. 2012.
Assessment and land use planning for integrated watershed

management Hableh-rud Basin. Publications Pune, Tehran.

Ol S 13l (owsiaes 9 @ole


http://jhygiene.muq.ac.ir/search.php?sid=1&slc_lang=en&auth=Rezaei+Kalantari
http://jhygiene.muq.ac.ir/search.php?sid=1&slc_lang=en&auth=Yari
http://jhygiene.muq.ac.ir/search.php?sid=1&slc_lang=en&auth=Ahmadi
http://jhygiene.muq.ac.ir/search.php?sid=1&slc_lang=en&auth=Tahmasbi+Zade
http://jhygiene.muq.ac.ir/search.php?sid=1&slc_lang=en&auth=Tahmasbi+Zade
http://jhygiene.muq.ac.ir/search.php?sid=1&slc_lang=en&auth=Gharagazlo
http://jhygiene.muq.ac.ir/article-1-18-en.pdf
http://jhygiene.muq.ac.ir/article-1-18-en.pdf
http://jhygiene.muq.ac.ir/article-1-18-en.pdf
http://jhygiene.muq.ac.ir/article-1-18-en.pdf
http://www.tandfonline.com/toc/tdwt20/current

g3 — sole 4

Ol 813l (omrsian 9 @ole
Iran-Watershed Management
Science & Engineering

9, o
P ls 50 U

Vol. 12, No. 43, Winter 2019 VAV oyl —FY 8 )lows — o223 319d Jlu

Abstract

Groundwater Quality Assessment with an Emphasis on Potential Siltation
and Corrosion for the Hable-Roud River Basin

0. Asadi Nalivan!, A. Sadoddin?, Gh. H. Karami® and V. Berdi Sheikh?
Received: 04-10-2017  Accepted: 12-06-2018

Groundwater quality, especially siltation and corrosion, are of great importance considering economic
and health concerns. Due to the growing population and increasing water demands in the Hable-Roud river
basin and therefore increasing importance of groundwater, this research aims to assess the potential of
corrosion and siltation in groundwater resources. In this research, the Langelier Saturation Index, Ryznar
Stability Index, Puckorius Scaling Index and Aggressive Index indicators were used for corrosion and
siltation assessment and geostatistical analyses tools in ArcGIS were applied for zonation of the indicators
across the watershed. Given the average values obtained (0.67 for LSI; 6.51 for RSI; 6.09 for PSI; 12.89
for Al), a large portion of the study area (about 74%) is faced with a siltation condition. Considering the
minimum values of RMSE, the two indices of LSI and RSI were interpolated using the Kriging method,
while the IDW and RBF were considered for the interpolation of the PSI and Al indices, respectively.
Results suggest that, based on the SI indicator, 75.3% of the total area encounters a siltation condition while
the figures change for Al as 72.96%, for PSI as 56.42% and for RSI as 32.17%. In general, assessment of
the corrosion and siltation indicators indicates a siltation status for the groundwater resources of the basin,
which necessitates developing a suitable management plan to prevent its economic and health consequences.
One of the appropriate ways to deal with the siltation issue is to identify critical areas and then adjust water

pH to under saturation level.
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