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With respect to the importance and considerable extent of the Kosar
irrigation and drainage network, the environmental issues of the network are
investigated. The purpose of this study was to evaluate the environmental
effects of the Kowsar irrigation and drainage network located in the central
basin of Karkheh in Khuzestan province, using two methods: conventional
and modified ICOLD matrices. To study the environmental parameters, three
physical, biological and socio-economic environments were used. Then,
using two methods of conventional and modified ICOLD matrices, the effect
of each of the project micro-activities on the environmental factors of the
study area was measured in the operation phase separately for the three
mentioned environments. Thus, a matrix was designed according to all three
environments, which was completed by environmental experts and the
average score of the evaluation criteria was considered. The results showed
that the most positive effects are related to the socio-economic environment.
It should be noted that the sum of positive values using conventional and
modified ICOLD matrices was 793 and 458.9, respectively, and for negative
values was 447 and 285.8, respectively. Therefore, both matrices showed
reasonable and good fitness in estimating the impacts and thus the
implementation of the Kawser irrigation and drainage network is verified.

© Authors, Published by Environment and Water Engineering journal. This is an open-access
article distributed under the CC BY (license http://creativecommons.org/licenses/by/4.0/).
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Introduction

According to the
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ignoring
assessment in the implementation and operation
of irrigation and drainage networks and finally
the emergence of destructive effects caused by
environmental negligence, due to the significant
size of the Kowsar irrigation and drainage

network, the environmental issues of the network
are investigated. The main goal of countries is to
achieve sustainable development. In order to
achieve this goal, attention to environmental
protection is crucial. The purpose of this study
was to assess the environmental impact of the
Kowsar irrigation and drainage network in the

environmental
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central Karkheh basin in Khuzestan province,
using two methods; Conventional ICOLD matrix
and Modified ICOLD matrix.

Materials and Methods

In this study, operational phase activities were
studied in three physical, biological, and socio-
economic environments. According to the study
area, field visits and interviews of environmental,
irrigation, and drainage experts, water, geology,
water, economic resources, and their comments
on the irrigation and drainage network were
evaluated. To increase the accuracy in the scoring
process, the questionnaire was used, which was
designed according to all three matrix
environments completed by experts and
environmental experts, and the mean scores were
evaluated. In assessing the reliability of the
questionnaire, Cronbach's alpha was used and
Cronbach’s alpha coefficient was calculated. In
addition, the parameters of each triple
environment were determined by environmental
experts and consulted with them.

In the modified ICOLD matrix method, to
quantify the effect of project activities on various
aspects of the environment, quantitative
coefficients are used with some of the symbols
used in the conventional ICOLD method. The
impact factor used in this method was determined
by multiplying the proposed figures for the time
of occurrence of the effect and its continuity.
Table (1) shows the symbols and coefficients
used in this method. In the modified ICOLD
matrix, the duration factor was reduced to have a
more  effective  analysis in  assessing
environmental impacts and to show the effect of
duration on the parameters under study in a more
accurate way. According to the evaluation made
using the conventional and modified ICOLD
matrix and by averaging all the questionnaires
completed by environmentalists, the identity
matrix of physical, biological, and socio-
economic effects of the Kosar irrigation and
drainage network was determined in the
operation phase.

Table 1 The symbols and coefficients used in the modified ICOLD matrix

Coefficient ~ Condition symbol Type of impact Coefficient Condition symbol  Type of impact
1 Short term |
0.7 Temporary T Continuity of impact 125 Mediumterm M Time of impact
15 Permanent P 15 Long-term L
Results

The results showed that the most positive impacts
using these two methods are related to the socio-
economic environment and the most negative
impacts are related to the biological environment.
Moreover, the results showed a very good fit
between the two matrices in environmental
assessment. It is necessary to mention, that the
total of positive values using common and
modified ICOLD matrices were 793 and 458.9,
respectively, and negative values were 447 and
285.8, respectively. According to the results of
the final scores for two conventional ICOLD and
modified ICOLD matrices in different
environments of the irrigation and drainage

network, the results in two physical and socio-
economic environments suggested the superiority
of positive and constructive effects of project
performance relative to the total negative scores
obtained from the evaluation of environmental
impacts. It is noteworthy that, the sum of positive
scores in the physical environment due to the
constructive effects of factors such as the earth’s
shape and the quality of soil resources and the
positive effects of all physical parameters is
higher than the environment. Table 2 tabulates
the total final scores of conventional and modified
ICOLD matrice in the triple environment

Table 2 Total final scores of conventional ICOLD matrix in the triple environment

Matrix Total Scores SOC'IO n—qi)caocr‘:;)mlc Ecological Impacts Physical Impacts
Conventional Negative Positive Negative Positive Negative Positive Negative Positive
447 793 112 480 150 99 185 214
Modified 285.84 458.96 64.99 257.16 117.35 70.95 103.5 130.85
Conclusion

In the environmental impact assessment, over
time, each activity has a positive and negative
effect and will help reduce adverse
environmental effects by identifying them.

Therefore, in this study, both matrices showed
good and reasonable estimation in the assessment
of the impacts and as a result, the implementation
of the Kowsar irrigation and drainage network.
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The main conclusions of this research work
could be summarized as:

1. The results of the two methods of conventional
ICOLD matrix and modified ICOLD were
consistent with each other and it can be
confirmed, according to the superiority of
positive  and  constructive  points, the
implementation of the Kosar irrigation and
drainage project.

2. In an environmental assessment, it is
determined over time that each activity has a
positive and negative effect, and identifying them
will help reduce the adverse effects on the
environment.

3. Assessing the environmental effects of the
projects will increase the quality of the
environment, increase the level of welfare,
reduce public dissatisfaction and prevent the
destruction of natural landscapes. This will
eventually lead to sustainable development.

4. In an environmental assessment, the negative
effects of the project can not be ignored but it is
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necessary to try to reduce their effect and use
solutions. Therefore, in order to achieve
sustainable development, it is recommended to
observe all environmental conditions, rules, and
regulations in construction projects and the
operation of irrigation and drainage networks.
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Table 2 Conventional ICOLD matrix Scores Identify physical impacts of the irrigation and drainage network

Environmental/

parameters Impacts @D @ & @ B 6 O 6 O @1 (11 (12 Total
Number of positive impacts of P 7 1 4 5 21 5 13 4 2 8 8 6 84
Number of negative impacts of P 1 2 4 4 2 17 4 11 4 5 0 0 54
Total of positive values of P 18 2 10 12 38 8 30 7 3 10 22 13 173
Total of negative values of P 1 4 10 8 2 36 8 24 8 6 0 0 107
Number of positive impacts of T 4 0 3 8 0 0 2 1 4 2 4 2 30
Number of negative impacts of T 7 9 8 10 0O 0 0 4 2 0 0 0 40
Total of positive values of T 6 0 4 13 0 0 4 0 5 2 4 3 41
Total of negative values of T 15 10 18 20 O 0 0 10 5 0 0 0 78
Total number of positive impacts 11 1 7 13 21 5 15 5 6 10 12 8 114
Total number of negative impacts 8 11 12 14 2 17 4 15 6 5 0 0 94
Total of positive values 24 2 14 25 38 8 34 7 8 12 26 16 214
Total of negative values 16 14 28 28 2 36 8 34 13 6 0 0 185

Air quality (1), Air and noise pollution (2), Dehydration regime (3), Flood regime (4), Land shape (5), Erosion (6), Soil
resources quality (7), Soil salinity (8), Suspended load and sediment (9), Groundwater level (10), Surface water quality (11),
Groundwater quality (12). T :Impacts Temporary, P :Impacts Permanent, | :Short term, MMedium-term :, L :Long-term

525 5 g )lal s s SIS oLl pg e AT e ile il Y o
Table 3 Conventional ICOLD matrix Scores Identify the biological impacts of the irrigation and drainage

network
Environmental/

parameters Impacts 1 @ @ @ B 6 (M G ©» @) @11) @@A2) Total
Number of positive impacts of P 10 4 6 6 2 6 2 2 1 3 2 3 47
Number of negative impactsofP 8 11 9 5 2 4 2 2 18 8 1 5 75
Total of positive values of P 17 5 15 9 2 9 3 2 1 7 3 9 82
Total of negative values of P 12 13 11 7 2 6 2 4 38 17 1 6 119
Number of positive impacts of T 1 3 3 1 0 0 0 0 1 2 0 2 13
Number of negative impacts of T~ 2 1 3 2 1 1 1 1 5 1 1 0 19
Total of positive values of T 0 5 4 1 0 0 0 o0 1 3 0 3 17
Total of negative values of T 3 1 3 3 2 2 2 1 12 0 2 0 31
Total number of positive impacts 11 7 9 7 2 6 2 2 2 5 2 5 60
Total number of negative impacts 10 12 12 7 3 5 3 3 23 9 2 5 94
Total of positive values 17 10 19 10 2 9 3 2 2 10 3 12 99
Total of negative values 15 14 14 10 4 8 4 5 50 17 3 6 150

Aquatic ecosystem (1), Terrestrial ecosystem (2), Vegetation density and diversity (3), Rare plant species (4), Rare animal species (5), Plant
species at risk (6), animal species at risk (7), Variety of animal species (8), Weeds (9), Aquatic plants (10), Animal migration (11), habitats
(12). T :Impacts Temporary, P :Impacts Permanent, | :Short term, M: Medium-term : L :Long-term.
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Table 4 Conventional ICOLD matrix Scores Identify the Socio-Economic impacts of the irrigation and drainage

network
Impacts Environmental Parameters
1 2 3 4 5 6 7 8 9 10 11 12 Total
No. of positive impacts of P 17 22 26 19 14 29 16 11 15 10 13 4 196
No. of negative impacts of P 13 4 0 1 13 1 0 0 7 3 11 1 54
Total of positive values of P 32 39 49 39 25 67 34 16 26 12 28 5 372
Total of negative values of P 20 5 0 1 19 1 0 0 9 3 17 2 77
No. of positive impacts of T 5 5 8 16 7 4 0 2 2 0 6 2 57
No. of negative impacts of T 4 0 3 3 1 1 0 0 0 1 0 11 24
Total of positive values of T 10 8 20 30 11 6 0 3 5 0 13 2 108
Total of negative values of T 6 0 4 3 1 2 0 0 0 1 0 18 35
Total No. of positive impacts 22 27 34 3 21 33 16 13 17 10 19 6 253
Total No. of negative impacts 17 4 3 4 14 2 0 0 7 4 11 12 78
Total of positive values 42 47 69 69 36 73 34 19 31 12 41 7 480
Total of negative values 26 5 4 4 20 3 0 0 9 4 17 20 112

Population (1), Emigration (2), Earnings and Cost (3), Occupation (4), Welfare facilities (5), Health and Disease (6), Land use (7),
Archaeological and religious monuments (8), Customs and tradition (9), Tourism (10), Social acceptance (11), Public participation (12). T :
Impacts Temporary, P :Impacts Permanent, | :Short term, M :Medium term, L :Long-term
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Table 5 Modified ICOLD matrix scores identify the physical impacts of the irrigation and drainage network

Environmental Parameters

Impacts

1 2 3 4 5 6 7 8 9 10 11 12 Total
Nuo. of positive impacts of P 3 2 3 1 0 5 1 8 2 2 1 2 30
No. of negative impacts of P 0 0 1 1 6 0 6 0 1 2 1 1 19
Total of positive values of P 146 124 69 28 0 211 41 261 93 82 45 103 1203
Total of negative values of P 0 0 29 37 211 0 25 0 34 118 45 22 74.7
No. of positive impacts of T 1 2 1 1 0 1 0 0 2 1 0 1 10
No.of negative impacts of T 0 0 0 2 1 0 0 0 4 3 5 4 19
Total of positive values of T 13 2 1 07 0 1.7 0 0 21 07 0 1.1 1055
Total of negative values of T 0 0 0 31 2 0 0 0 6.8 42 45 82 28.8
Total No.of positive impacts 4 4 4 2 0 6 1 8 4 3 1 3 40
Total No. of negative impacts 0 0 1 3 7 0 6 0 5 5 6 5 38
Total of positive values 159 144 79 35 0 228 405 261 114 89 45 114 13085
Total of negative values 0 0 29 6.8 231 0 25 0 102 161 9 104 1035

Air quality (1), Air and noise pollution (2), Dehydration regime (3), Flood regime (4), Land shape (5), Erosion (6), Soil resources quality
(7), Soil salinity (8), Suspended load and sediment (9), Groundwater level (10), Surface water quality (11), Groundwater quality (12). T :
Temporary, P :Permanent, | :Short term, M :Medium term, and L :Long-term Impacts
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Table 6 Modified ICOLD matrix scores identify the biological impacts of the irrigation and drainage network

Environmental Parameters

Impacts 1 2 3 4 5 6 7 8 9 10 11 12 Toul
No. of positive impacts of P 0 2 1 1 1 1 2 2 3 2 3 5 23
No. of negative impacts of P 2 0 4 8 2 1 3 2 3 4 3 2 34
Total of positive values of P 16 675 22 22 18 3 52 56 9 945 525 121 64.15
Total of negative valuesof P 6.7 0 16 324 45 225 101 675 71 118 7 54 110
No. of positive impacts of T 1 0 1 0 0 0 0 0 0 0 1 0 3
No. of negative impacts of T 0 1 0 0 0 0 1 1 1 1 0 0 5
Total of positive values of T 16 245 17 0 0 0 0 0 0 0 105 O 6.8
Total of negative values of T 0 105 o0 0 0.7 0 14 21 105 1.05 0 0 7.35
Total No. of positive impacts 1 2 2 1 1 1 2 2 3 2 4 5 26
Total No. of negative 2 1 4 8 2 1 4 3 4 5 3 2 39
impacts
Total of positive values 32 92 39 22 18 3 52 56 9 945 63 121 7095
Total of negative values 67 105 16 324 52 225 115 885 815 1285 7 54 117.35

Aquatic ecosystem (1), Terrestrial ecosystem (2), Vegetation density and diversity (3), Rare plant species (4), Rare animal species (5), Plant
species at risk (6), animal species at risk (7), Variety of animal species (8), Weeds (9), Aquatic plants (10), Animal migration (11), habitats
(12). T :Temporary, P : Permanent, | :Short term, M :Medium term, and L :Long-term impacts
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