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27 Bazoft Dam Site
Geology
DESCRIPTION
B Pibk: Alternating hard of consolidated, massive ( BAKHTYARI FM )
I Kgu: Bluish grey marl and shale with subordinate thin - bedded argillaceous ( GURPI FM )
[ MuPlaj: Brown to grey, calcarcous, feature-forming sandstone (AGHAJARI FM )
- OMas: Cream to brown - weathering, feature - forming, well - jointed limestone (ASMART FM )
| BM Crystalline limestone and dolostone with interbeds of marly limestone ( Jahrom FM )

- KEpd-gu: Grey and brown, medium - bedded to massive fossiliferous limestone ( KAZHDUMI FM )

I OQft2: Low level piedment fan and vally terrace deposits

I K11: Massive to thick - bedded orbitolina limestone

B Ekn: Tine-bedded argillaccous limestone and calcarcous shale ( Kandavan Shale )

| ] Kbgp: Undivided Bangestan Group, mainly limestone and shale, Albian to Companian

I E: Undivided Eocene rocks

I As: limy-marl, marly-lime and thin layers of limes ( Asmari FM )
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Geology Map of the Bazoft Dam Site
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Figure 1- Geological map of Bazoft dam site
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Table 1- The degrees of corrosion and scaling of water (10)

. RSI asls Jlade i LSI sl o
ks, The value of RSI R ac The value of LSI index
Water behavior index Water behavior
‘-“M Lﬁ)l;\ifﬁ“’) 5-6 NS (5)“3‘;5“") 0-0.5
Weak scaling Low scaling
)‘“‘?b L;"U)?? Lf)l;\ifﬁ“’) 6-7 JQ“"?"‘ (5)“:\15“") 0.5-1
Weak scaling and corrosion Medium scaling
Medium corrosion High scaling
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Table 2- the classification of the type of groundwater based on different parameters (23)
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Table 3- The coordinates and the altitude level of the
studied springs
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Figure 2- Abdughtorsh and Pasangabin springs
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Table 4- Description of the parameters in the different water sources of dam site
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Source (uSfem) R Class ° Descript (Mgl Descri (ppm) Descrip Ca0) /I)q Descripti
ion ption tion Alkalinity on
(Ca0)
S o3 ol o e
e 195.72 0.03 C1s1 1.22 Excellen  108.6 Fresh 161.23 e 1.02 -0.34 J
Spring t water Hard Excellent
sleS Se oj6 ol . Je
Borehol 329.4 0.6 C2s1 13.45 Excellen 194.2 Fresh 199.62 H 21.24 -0.46
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e t water
" s J16 o B .
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Table 5- Description of the indicators in the dam site water resources

&
Source

.

Spring

4l
Borehole

4)'[5)9)
River

i Jf

Total dam site

o gl
Description

KR RSI

Caulio

0.01 i
Suitable

10.37

Caulio

0.02 i
Suitable

10.8

coliel
unsuitabl

1.23

ol
Suitable

e

Spogs

LSI

Description

sl (S,
High
corrosive
Sbj (Sx8
High
corrosive
sl (S,
High
corrosive
sl (S5,
High
corrosive

-1.15

-1.01

-1.12

-1.11

o gl
Description

pf «5)‘;@%9”)
Low scaling

pf «5)‘;@%9”)
Low scaling

wf d)‘;\iéﬁ“’)
Low scaling

rvf d)‘;\ii?“)
Low scaling

Pl ‘yW 4:.»053
% class Description
52 Y S %uﬁ
Class 2 Suitable
53 Y S %uﬁ
Class 2 Suitable
Class 2 Suitable
Class 2 Suitable
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Table 6- The statistical properties of the assessed parameters and compared with the allowable values of WHO

B ool s tlocs
. “ - q c . 3 jlomo B
Al e e ofle gnn oWl Sle S e o
Parameter Min. Max. Mean Std. Variance Skewness Kurtosis WHO (1994a) permissible
Deviation
pH 7.87 8.23 8.08 0.115 0.013 -0.302 -1.08 6.5-8.5
EC
(uS/cm) 172 735 369.87 218.55 47764 0.654 -1.41 750
TDS 100 495.58 227.63 153.28 23495.8 0.712 -1.31 1000
Na% 0.83 58.08 20.23 24.97 623.66 0.636 -1.65
SAR 0.01 3.88 1.14 151 2.28 0.771 -1.35
HCO; 128.10 237.94 167.24 30.04 902.72 1.053 1.62
Cl 4.25 202.10 67.27 83.05 6897.5 0.738 -1.46 250
SO, 4.10 37.08 14.05 11.99 143.79 0.723 -1.13 500
CO3 0.00 21.00 8.11 8.342 69.59 0.182 -1.85
Ca 37.00 78.00 49.36 9.32 86.81 1.669 3.73 200
Mg 3.60 21.00 13.72 3.13 9.82 -1.194 6.53 150
Na 0.5 126.1 37.73 50.28 2528.1 0.791 -1.276 200
K 0.20 3.80 0.63 794 0.63 3.626 14.71 30
NO3 2.60 4.20 3.62 .586 0.34 -0.774 -0.97 50
TH 159.25 221.53 179.34 19.22 369.31 0.556 -0.69 500
Alkalinity 0.69 131.20 38.51 50.96 2596.8 0.794 -1.239 600
LSl -1.31 -.78 -1.104 13674 .019 1.139 1.389 -
RSI 10.53 9.80 10.293 .19082 .036 -1.713 2.977 -
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Table 7- Values of the investigated parameters on the right and left abutments (concentrations in ppm)
clab/)'&nl)b EC TDS Na R - R 2- 2+ 2+
PH (uS/cm) % SAR HCO; CL SO, CO; Ca Mg
Abutment/parameter 28
o 8.02 249 139.2 0.86 0.02 164.7 425 12.36 21 37 21
Left abutment
. el gl 7.92 433 265.6 2231 077 167.75 429 16.48 21 78 3.6
Right abutment
2o,y /2 lis TH Alkal. Alkal. B
sl [gle LSI RSI RSC PI KR K* NO Na*
Abutment/parameter (Ca0)  (CaCO0y) s
v gl 179 0.87 34 -1.1 10.2 -0.2 4597 0.01 0.37 3 0.5
Left abutment
Cuwly >l
) gbe 210 29.3 3.45 -1.15 10.22 -0.75 52.12 0.26 3.8 4 255

Right abutment
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Table 8- Correlation matrix of the parameters

EC TDS Na

cL~

CO; Ca~ Mg~ Na

ACco SO, NO;
PH  usiem) Mgy o SAR A - Al s 2 ap KT TH(ppM)
PH
EC(uS/cm) 0.21 1
TDS(Mgll)  0.21 1 1
Na% 021 098 098 1
SAR 024 096 096 099 1
HCO- 006 (063 (063) (0.62) (0.65 1
CLA 021 096 096 099 099 (0.64) 1
SO 0.6 089 089 093 091 (0.56) 092 1
COM2- (0.04) 045 043 037 037 (0.63) 033 041 1
Can2+ (020) 044 044 045 036 006 037 047 015 1
Mgr2+ 025  (000) (000) 00l 007 (004 008 007 (006 (0.70) 1
Nar+ 024 095 095 099 099 (0.65 100 092 036 037 007 1
Kns (025 035 034 029 020 (0.13) 019 030 047 085 (076) 020 1
NOs- 0.07) 020 020 024 024 (058 021 015 032 000 (0.27) 025 021 1
TH(pm)  (002) 063 062 065 058 003 060 072 021 08 (0.20) 059 058 (0.20) 1
Alkalinity (ca0) 023 095 094 099 099 (065 1 092 037 038 005 1 022 026 0.60
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Table 9- The loading value of the factors following the VVarimax rotation

Varimax s e 5l az bele b Jlade -4 Joas

Component
1 2 3 4
pH -0.88
EC 0.97
TDS 0.97
Na% 0.99
SAR 0.99
HCO, -0.64 0.64 -0.34
Cl 0.99
SO, 0.94
CO; 0.51 0.62
Ca 0.34 0.86 0.34
Mg -0.89 0.32
Na 0.99
K 0.86 0.36
Nosz -0.90
TH 0.57 0.47 0.61
Alkalinity 0.99
ooy 202 58.37 15.82 11.61 7.17
% of variance
&S oibly 2oy
% of cumulative 58.368 74.185 85.8 92.97

variance

Component 2 (¥ Jle)
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Figure 4- Factors rotation coefficients diagram
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Table 10- The statistical parameters related to EC relation with TDS and LSI with RSI

Jse R = S Adjusted R Std. Error of the Durbin- ANOVA
Model Square Estimate Watson = Sig.
EC QTDS . 0.998 0.996 0.996 10.19 151 4280 0
TDS correlation with EC
RSILLSI 0.94 0.88 0.87 0.07 1.84 127.6 0

LSI correlation with RSI
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Figure 6- The comparison of EC with TDS in the present study and previous studies
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Introduction: Water resources quality assessment of the dam sites is one of the primary studies in the
designing of these structures. The main challenges in Iran are the reduction of water resources and the limitation
of groundwater exploitation. Much of these resources are formed in karst water resources in the karstic
susceptible formations such as the Asmari carbonate formation in Zagros Mountain, Iran. In this study using
laboratory and field studies, various parameters and indices were assessed to investigate the water resources
quality of Bazoft dam site for different purposes. Bazoft dam is a double-curvature arch dam with a height of
211 meters which is located in Chaharmahal and Bakhtiari Province of Iran. The bedrock of the dam site consists
of limestone and dolomite rocks of the Asmari and the Jahrom formations. The Jahrum formation formed the
right abutment, the riverbed and the lower parts of the left abutment. The Asmari formation formed the rocks in
the middle and upper part of the left abutment.

Materials and Methods: After field studies, chemical analyses have been performed on the collected water
samples from the water resources such as springs, river and the exploratory boreholes in the dam site. PH and
electrical conductivity (EC) were measured by pH meter and electrical conductivity apparatus was measured at
25 ° C. Concentration of ions such as calcium, magnesium, bicarbonate was measured by titration method. The
concentration of ions such as sodium and potassium, sulfate and nitrate were measured using the Flame-

Photometry, and Spectrophotometry methods, respectively.. The test error in all cases was low and the results
were confirmed. The indices such as Langelier saturation index and Ryznar stability index, sodium adsorption
ratio (SAR), soluble sodium percentage, residual sodium carbonate, permeability index, Kelly ratio, were
calculated based on related equations. Principal factor analysis (PCA) is used to determine the most influential
variables when the number of variables is investigated and the relationship between them is unknown. In this
method the variables are set on the elements so that the first factor is reduced to the next factor of the variance,
hence the variables that are based on the first factors are the most influential. PCA reduces the dimensions of the
initial data by turning the main components around the vertical and horizontal axes of coordinates. This rotation
actually increases the variance between the main components and therefore it is called Variance Maximize
Varimax or orthogonal rotation .The Varimax command is one of the most common methods of orthogonal

rotation that preserves the independence between the extracted agents. This method reduces the number of the
larger factor loadings to the lowest number. In this method, the scree plot chart determined the number of factors
extracted. Parameters of R? and RMSE in order to investigate the performance of relations have been used. As
R2 is closer to the one and the RMSE is closer to the zero, the proposed relationship will yield better
performance.

Results and Discussion: Anions such as HCO3, Cl, SO,, CO5; and NO3 and cations such as Ca, Na, Mg, and
K are the most, respectively. From the viewpoint of hardness, all waters are placed in the hard category.
According to the percentage of Na, the spring’s water is excellent, the water of the borehole is good and the river
is acceptable. The results of factor analysis showed that 87.13 percent of the water quality variations are
controlled by four factors. The most important factors affecting the water quality of the dam site include EC,
TDS, Na %, SAR, CIl, SO, alkalinity, Na, and CO; with 50.91 %. The second factor include calcium,
magnesium, potassium ions with 15.82 %, the third factor include nitrate, bicarbonate, and hardness with 11.61
% and pH and carbonate with 7.17 % are fall into the fourth factor. The correlation matrix of the parameters was
investigated and the accuracy of some relationships was examined on the basis of different statistical criteria.
The relationships of LSI with RSl and EC with TDS in the dam site and their comparison with previously
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suggested equations indicated that there is a high correlation and each relationship is applicable for a particular
area. Also, the trend of points obtained from each equation has the appropriate consistency but the RMSE of the
assessed equations is high. EC plot against TDS to determine the relationship between the two parameters in the
Bazoft dam site is TDS=0.70Ec-31.24.

Conclusion: The concentration of all assessed cations and anions is lower than the WHO permissible limit.
The water resources are corrosive and all indices indicated the appropriate quality of water resources for farming
and drinking.

Keywords: Bazoft dam, Factor analysis, Hydrogeochemistry, Water resources pollution



