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1-Introduction

In most projects, among the factors and indicators that are considered for the environmental evaluation of
projects, often those that have more of a purely environmental aspect are addressed. It seems that in addition
to environmental assessments, other parameters and techniques can be used to decide on the relative
superiority of one project over others. Environmental geotechnics is a part of engineering geology that
looks at both environmental and geotechnical issues. In this research, for the first time, an attempt has been
made to consider environmental issues and factors along with geotechnical perspectives. For this purpose,
different standards related to water and soil in different fields of drinking, agriculture and geotechnics have
been studied and evaluated using fuzzy TOPSIS multi-characteristic decision making technique.
Khuzestan, the agricultural hub of the country with more than three million hectares of fertile land was
considered for this research. Four irrigation and drainage networks of Kheirabad (southeast of Khuzestan),
Evan (northwest of Khuzestan), Ramhormoz (east of Khuzestan) and Dasht-e Azadegan (west of
Khuzestan), with titles Al to A4, respectively, were used in this research. In the final fuzzy ranking based
on similarity index, Evan irrigation and drainage network in northwest Khuzestan with the highest
similarity index, the best conditions and Azadegan plain irrigation network in western Khuzestan had the
worst conditions.

2-Methodology

Classic Technique for Order-Preference by Similarity to Ideal Solution (TOPSIS), which is suggested by
(Hwang and Yoon, 1981) is one of the best methods in multiple criteria decision making. In this method,
specific and exact values are used for determining criteria’s weights and ranking of options. The fuzzy
approach of this method was proposed by (Chen and Huang, 1992) for the first time. (Chen and Tsao, 2008),
were used the experimental analysis in development of fuzzy TOPSIS. (Afshar et al., 2011), were used
fuzzy TOPSIS decision method to the analysis of the Karun river basins. Other researchers, including
(Wang 2009) and (Ye 2010), also were used Fuzzy TOPSIS method in their studies and research. TOPSIS
steps are follow:

Step 1: Making decision matrix

Step 2: Determining criteria weights

Step 3: Normalizing of decision matrix

Step 4: Determining weighted Normalized decision matrix

Step 5: Finding (FPIS,A*) and (FAIS , A_)

Step 6: Calculating distance from ideal solution and anti-ideal solution
Step 7: Calculating similarity index
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3-Discussion
The four steps of research is presented summarized as follow:

A) Selecting criteria, standards and data gathering about geotechnical, agricultural and environmental

parameters influencing in decision making:

Necessary basic information for decision making processes, was derived from Khuzestan province
irrigation and drainage networks. To facilitate research, irrigation and drainage systems of Kheirabad, Evan,
Ramhormoz and Dasht-e Azadegan, were called Al to A4. The data which considered for surface and
underground waters of the area include calcium, magnesium, sodium cations, sulfate and chloride anions
and TH, TDS, EC, pH parameters for comparison with existing standards of drinking water

B) Using an appropriate scale for fuzzification of quantitative and qualitative criteria:

C) Determining compilation weight for criteria:
Determination of weight of criteria is one of the requirements to work by decision making models. There
are three methods to determine the weight of criteria:
1-Weight of criteria is clear based on existing sources or expert judgment.
2-There is no specific weight for criteria and weight indices are determined by using entropy method.
Shannon and (Weaver, 1947) proposed the concept of entropy. (Zeleny, 1982) used it in decision making
to give weight to criteria. Entropy shows uncertainty of predicted data from a probable event. If an event is
precisely predicted, probability rate is high, and Shannon Entropy will be small.
3-compilation of two above cases

D) Compiling of results based on FTOPSIS method:
The fuzzy TOPSIS model was implemented separately for surface and groundwater and soil in terms of
effective parameters in drinking, agriculture and geotechnics. According to the FTOPSIS model, A2
(irrigation and drainage network of Evan, North -West of Khuzestan) has the best conditions, and A3 and
Al are in the next ratings, respectively. Also, A4 (irrigation and drainage network of Dasht e Azadegan,
West of Khuzestan) has the worst conditions (Fig. 1).
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Fig. 1. The final ranking of options in FTOPSIS model.

3- Conclusion

Analyzing and evaluation of effects of development activities on environment is the main goal of all
common methods in the environmental assessment that is basically a multi criteria analysis. All data which
applied for these analysis are usually collected from results of field researches and votes of specialized
experts. This information has qualitative nature and usually expressed in a range of predefined descriptive
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word features. So, the data that are imported in the evaluation matrix in most method, are in the form of
nominal data (very low to very high) that are defined by numbers in pre-determined ranges (such as ranges
of 1 to 3, or 1 to 5) or in the form of symbols that contains information on certain desired effect features
(as the definitive, permanent, long-term, reversible, etc.). TOPSIS technique with vector normalization have
been established in the form of criteria values based on the matrix evaluation of alternatives by considering
shortest distance to the positive ideal and the greatest distance to negative ideal. The results obtained from
TOPSIS model with fuzzy approach in this study, in combination with entropy method to determine the
weight indices, indicates that this model will help to confidence increase in the allocation of appropriate
values to each parameter in a heterogeneous compared, according to the effect of fuzzy classification and
also because of the ability to combine several criteria for each option and using fuzzy logic. Fuzzy essence
of this technique allows the data to be used to estimate a parameter range. Application of fuzzy multi-
criteria decision making can help to create understanding and reduce contradictions in the decision making
process and providing the perfect platform to explore the feasibility of the project or plan from a different
views.
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Fig 1. networks of irrigation and drainage systems . Al:Evan (North-West), A2:Dasht-e Azadegan (West),
A3:Ramhormoz (East) , A4:Kheirabad (South-East) in Khuzestan province
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Fig. 2. Indices, standards and parameters used in the study.
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Table 2. Hydro-geochemical standards and parameters used in this study

standards Soluble Cations (mg/l) Soluble Anions (mg/I) TH TDS pH
Ca* Mg Na* SO - cl - (mg/l)  (mg/l)
WHO 2008 200.00  250.00 250.00 200.00
IRAN 1053 ~ 300.00 30.00 200.00 250.00 250.00 200.00 1000.00 6.5-8.5
Indian 75.00 ... 200.00 250.00 300.00 6.5-8.5
EPA 2012 20.00 250.00 250.00 180.00 500.00 6.5-8.5

(Karanth, 2001) uﬁﬁs&l-’s uul.w‘ » g.:" alisee Lngo\)) Slasin -V LJSJ.>
Table 3. General Water categories based on Wilcox (Karanth, 2001)

Water class Type of water
Clsl Non-saline
C1S2,C251,C252 Slightly saline
C1S3,C2S3,C351,C352,C3S3 Saline
C1S4,C254,C354,C451,C452,C4S3,C454 highly saline

(Rhoades et all, 1992) glé o laslew! Lld 4 Ol gonail -F Joo
Table 4. General water classification based on FAO (Rhoades et all, 1992)

Water classification EC (mS/cm) TDS (mg/L)
Non-saline water <0.7 <500
Saline water 0.7-42 500-30,000
Slightly saline 0.7-3.0 500-2000
Medium saline 3.0-6.0 20004000
Highly saline >6.0 > 4000
Very saline >14.0 > 9000
Brine >42 > 30,000
slel 5l pel Gigs ool 5o solitul 0,50 wlelbl das laste! S5y Sloogas b bl j0 09250 glosluilin!
4 arg b elasls olelbl 5 gwejn; (b Orze 9 21Ky, )95 (2 Ts (s es ) ey Jul
Y B Y Jgloz) 00,5 5,918,5 cons ,3 slas ol O ) e (B Jgoz) o a8 )5 Ll 8 s S Canglie

$39laS Sl &)lys ¥7 0 bl 15 (bl o S5 (la el )b (suinaiilo -0 Jgox
Table 5. Soil alkalinity, permeability and salinity classes based on 466th Iranian Agriculture Ministry issue

Alkalinity Permeability Salinity
pH Value pH Class Perm. Value Perm. Class EC Value EC class
<3.5 Ultra Acid >0.0038 Impermeable <2.0 Non-Saline
3.5-4.4 Extremely Acid 0.0038 - 0.15 Very Slow 2.0-4.0 Very Slightly Saline
4.5-5.0 Very Strongly Acid 0.15-0.5 Slow 4.0-8.0 Slightly Saline
5.1-5.5 Strongly Acid 0.5-1.52 Moderately Slow 8.0-16.0 Moderately Saline
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5.6-6 Moderately Acid 1.52-5.08 Moderate >16.0 Strongly saline
6.1-6.5 Slightly Acid 5.08-15.24 Moderate Rapid
6.6-7.3 Neutral 15.24-50.8 Rapid
7.4-7.8 Slightly Alkaline <50.8 Very Rapid
7.9-8.4 Moderately Alkaline
8.5-9.0 Strongly Alkaline
>9.0 Very Strongly Alkaline
alizes sloslaslinl Golul p S SaSi5 la Sy sauailb -F Jsax
Table 6. Geotechnical classification standards and descriptive terms
Soil Strength Swelling %
De$g:ﬁ:ive Lique‘;gction Seismic Hazard Disp%/rosivity
ucCs SPT Term % Term
Very Low <20 0.1>PGA <25 <48 <6 Soft <25 low
low 21-40 0.1<PGA<0.15 26-40 46-96 6-10 Medium 26-50 Moderate
Moderate 41-60 0.15<PGA<0.2 41-60 97-192 11-20 Firm 51-75 High
High 61-80 0.2<PGA<0.3 61-75 193-383  21-30  Very Firm >75 Very High
|¥|§Ly >80 0.3<PGA >75 5383 >30 hard
lodSes jolmo (slodilsog, coniy,iud Slelll -V Jga
Table 7. Surface water parameters in networks.
Parameters Soluble Cations (mg/l) Soluble Anions
(mg/l) TH TDS
mg)  (mgny PP
Networks Ca** Mg** Na* SOq4 - Cl -
Average 195.06 46.81  357.48 527.57 635.89 679.05 1762.81 7.56
Al Max 210.12 52.48 456.70 743.53 722.64 728.05 2043.68 7.96
Min 186.66 41.15 235.20 373.40 545.85 634.81 1382.26 7.28
Average 186.69 43.84 239.76 497.14 456.15 645.95 1423.57 7.26
A2 Max 212.42 58.19 287.45 738.30 554.67 717.83 1698.00 7.38
Min 154.27 25.40 175.21 328.40 235.37 577.34 1301.18 7.14
Average 21580  40.01  320.45 574.00 530.45 702.80 1680.72 7.35
A3 Max 257.45 44.48 417.21 855.76 579.75 806.73 2061.36 7.45
Min 186.00 31.17 267.34 335.90 474.38 623.66 1419.54 7.24

OFA
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Average 190.71 37.15 579.54 481.11 962.34 628.45 2250.84 7.96
Ad Max 245,72 41.06 658.70 754.35 1154.74 712.55 2505.80 8.24
Min 173.60 24.25 471.80 335.90 743.12 592.74 1895.01 7.65
oSy (o) 25 Sl sandgify i Slellbl -A o
Table 8. Groundwater parameters in networks.
Parameters Soluble Cations (mg/l) Soluble Anions (mg/l) TH DS oH
Networks Ca* Mg++ Na* SOs- cl- (mg/l) (mg/l)
Average 192.21  43.09 413.95 646.06 572.23 656.64 1867.53 7.73
Al Max 265.04 54.38 473.70 699.36 627.64 884.71 1927.81 8.00
Min 13750 34.60 311.00 594.90 515.79 490.21 1838.16 7.45
Average 175.60 42.09 190.65 413.07 418.14 611.10 1239.55 7.48
A2 Max 198.44 5461 236.12 447.16 475.60 669.95 1304.89 7.80
Min 15423  35.29 117.07 369.94 348.07 559.19 1153.29 7.20
Average 279.43  38.28 367.49 932.91 476.88 854.35 2094.99 7.90
A3 Max 352.84 4193 388.17 1090.75 514.76 1035.10 2238.68 8.35
Min 231.24  31.73 321.81 828.27 435.56 749.19 1989.25 7.21
Average 186.85 34.76 522.48 538.77 885.41 608.98 2168.27 8.72
Ad Max 241.07  38.90 576.27 587.67 924.31 749.47 2299.90 8.92
Min 14535 30.71 454.82 495.98 815.61 522.54 2103.56 8.58
(Karanth, 2001) S5SLg Jloges bl p laasios O auas, 5 polie -1 Jgax
Table 9. Networks classification and ranking of water base on Wilcox (Karanth, 2001)
Water class
Water type Rankin
p Al A2 A3 Ad g
Surface c4s3,c4s4 €352, €353, €353, cds3, c4s4 A2>A3>A1>A4
c4s3 c4sd
€3s3, c4s2 c4s2, c4s3
il L l 1 > > >
Underground cds4 c4s3. cdsd cAsd c4s4 A2>A3>A1>A4
(Rhoades et all, 1992) g5 jLao ol et Ol (gomas, polie =)+ Jso
Table 10. Networks ranking of water base on FAO (Rhoades et all, 1992)
EC (average) .
Water Rankin
ater type Al A2 A3 Al anking
Surface 2967.7 2051.0 23153 27241 A2>A3>A4>Al
Underground  3417.2 24618 2738.4 3476.0 A2>A3>A1>A4

<UL, «Rahimi, and Delfi, M., 1993) Ll 5 oI5
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Table 11.Liguistic terms for soil science data in networks

Network Salinity Alkalinity Permeability
Al Very Slightly Saline Neutral - Slightly Alkaline Moderate - Moderate Rapid
A2 Very Slightly Saline Slightly Alkaline Moderate
A3 Moderately Saline Moderately Alkaline Moderate Rapid
A4 Strongly Saline Moderately Alkaline Moderate
Gl ez leaSed jo SSSess sl sl )l Condy Sk (Sb by VY Jour
Table 12.Liguistic terms for soil geotechnical parameters in networks
Netwotks Seismic Hazard Dispersivity Swelling Liquefaction Soil Strength
Al High Very Low Low- Very low Very Low Firm-Very firm
A2 Moderate - High Very Low Low-High Very Low Soft- Medium
A3 Very High low Low-Moderate Very Low Firm-Soft
A4 Moderate Very Low Low-High Very Low Firm- Very soft
Dy sl S oS
(VD alarl)) 5l eslil L 553 ls 30 3ails & Sl etz b plde ol -V
wo Wi (1 daly) S 9 o5 s asl
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Table 13. Fuzzy Scale for the evaluation of the geotechnical parameters

Soil

TFN Dispersivity Seismic Hazard  Liquefaction Strength Swelling
1 1 3 Very Low Very Low Very Low Soft low
1 3 5 low low low Medium Moderately
3 5 7 Moderate Moderate Moderate Firm High
5 7 9 High High High Very Firm Completely
7 9 9 Very High Very High Very High hard
Gl g sloaSis 5l alaS o 0 S SuSses; sl S o3l olacl NV Json
Table 14. TFN of Geotechnical parameters corresponding with fuzzy scale
Networks  Dispersivity Swelling Seismic Hazard Liguefaction Soil Strength
Al 1 1 3 1 2.34 4.34 5 7 9 1 1 3 3.67 5.67 7.67
A2 1 1 3 1.67 3 5 4 6 8 1 1 3 1 1.67 3.67
A3 1 3 5 1 167  3.67 7 9 9 1 1 3 234 367 5.67
A4 1 1 3 167 3 5 3 5 7 1 1 3 3 4.34 6.34
6)—.5(":’:“‘4’ 6L“LJ“\‘° 59 oolaw! VES VN Slo=e N Gn_&b LgL:aQ” -\0 Jﬁ""’.’
Table 15. Weight of indices used in this study by compilation method
EPA Na SO4 Cl TH TDS pH
Surface - S tandard _______ 0.472 0.020 0.372 0.008 0.122 0.006
t
water 1053 standard Ca Mg Na SO4 Cl TH TDS pH
0.013 0.032 0450 0.019 0.355 0.008 0.116  0.005
EPA Na S04 Cl TH TDS pH
Groundw  Standard 0313 0251 0248 0.059 0.119  0.009
ater Ca Mg Na SO4 Cl TH TDS pH
l053standard 93 0018 0279 0224 0221 0052 0106 0.008
. Salinity Alkalinity Permeability
i Agriculture 0.858 0.002 0.140
oi . o . I . . .
Geotechnics Dispersivity Swelling Seismic Hazard Liquefaction Soil Strength
0.531 0.095 0.087 0.000 0.288
Surface water Groundwater Soil
All Environment Drink Agriculture Drink Agriculture Agriculture Geotechnics
0.100 0.200 0.100 0.200 0.300 0.100
(FTOPSIS) Jaw slyz! 5l ol mls -V7 Jgo
Table 16. Results of implementation of FTOPSIS model
Media Standards Networks Distance * Distance Slmlllr?(rjg
Al 0.503 0.256 0.337
EPA A2 0.317 0.502 0.613
Standard A3 0.469 0.273 0.368
Surface water A4 0.662 0.078 0.106
Al 0.499 0.251 0.335
1053 standard A2 0.319 0.493 0.607
A3 0.463 0.270 0.368

IAAR
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Ad 0.645 0.090 0.122
Al 0.488 0.190 0.281
EPA A2 0.211 0.510 0.707
Standard A3 0.511 0.162 0.241
Ad 0.542 0.131 0.194
Groundwater ————-——————-

Al 0.469 0.211 0.310
A2 0.214 0.495 0.698

1053 standard
A3 0.506 0.162 0.242
Ad 0.512 0.159 0.237
Al 0.546 0.493 0.475
) A2 0.554 0.486 0.467

Agriulture
A3 0.752 0.093 0.110
Soi Ad 0.795 0.045 0.054
Al 0.402 0.594 0.596
) A2 0.520 0.454 0.466

Geotechnics
A3 0.571 0.422 0.425
A4 0.428 0.551 0.563

(S g oy p) 2l (b o Jold) (38 lalas 51 S5 0 50 a5 (awas, -V Jouo
Table 17. Options rankings in the separate media in FTOPSIS.

Ranking Surface water Groundwater Soil
Drink Agriculture Drink Agriculture Agriculture Geotechnics
1 A2 A2 A2 A2 Al Al
2 A3 A3 Al A3 A2 A4
3 Al Al A3 Al A3 A2
4 A4 Ad Ad A4 A4 A3

a5 ol gonad, VA g
Table 18. Final ranking in FTOPSIS.

Networks FTOPSIS
Distance + Distance — Similarity Index
Al 0.56 0.13 0.19
A2 0.41 0.27 0.40
A3 0.61 0.17 0.22
Ad 0.78 0.07 0.08
s AY sloas 35wl ol SuSGe5 9 (65,5l o daae AV iy T calls asls wlul 5 ol gonas,
Cd) AY a4 S a5l 18 sam sleas, o s a0 A AT jss)gi&wf‘)AY @;JMlQT)ing‘A\‘L’;
Y Sy o)l 1y Lty o sy (BT colil jasls jlade op i b (Gliwjes o8 Jlad -l

oy b She L 5l 1) Lulis e </ Joles
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Fig. 3. The final ranking of options in FTOPSIS model.
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