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ABSTRACT 

Environmental Impact Assessment (EIA) is a procedure for assessing the environmental 

implication of a decision to implement policies and plans for the new development projects. The 

new Assiut Barrage and its hydropower station will enhance irrigation system, provide the 

community with the clean electricity, and improve locality traffic paths. Whoever the 

construction stage may affect the ambient environment with different factors. EIA using 

quantitative matrices was applied in this study to assess the effects of construction works and 

operating stage on the local environment. Quantitative Matrix is a two-dimensional table that 

defines the impacts arising from the interaction between project activities and environmental 

components. The investigated environmental factors are surface water, soil erosion, 

groundwater, ambient air quality, fauna, flora, and traffic volume. A comparison between using 

Quantitative and Weighted Matrices is applied and discussed in this study. The results showed 

that Quantitative Matrix has more detail related to environmental components than weighted 

matrix, while Weighted Matrix is useful in the alternative sites selection of the developed projects 

according to environmental issues. The result of this study is used to audit and improve 

environmental policies and planes during both of construction and operating stage of the Assiut 

new Barrage. Also, the study can be applied on any similar future riverine construction works.  

Keywords: Construction Projects, Environmental Impacts, Air Quality, Assiut new Barrage, 

Ambient Environment, Quantitative Matrix 

INTRODUCTION 

Human activities, in particular large-scale industrial, energy, construction, water 

resources, or agricultural projects, considerably affect the natural environment. Environmental 

Impact Assessment (EIA) is a decision tool employed to identify and evaluate the probable 

environmental consequences of certain proposed development actions. Environmental Impact 

Assessment (EIA) requires the qualitative and quantitative prediction, assessment and evaluation 

of the impacts of human activities on the environment in terms of appropriate indicators 

(Cashmore, 2004; Jay et al., 2007). EIA first came about as the result of the National 

Environmental Policy Act, passed in 1969 by the United States government (Leopold, 1971, 

Sánchez-Triana & Ortolano, 2001, Ogola, 2007). It can be used to identify the type, magnitude 
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and potential changes in the environment as a result of an activity or policy. Several studies lists 

a number of areas that need to be covered such as population, fauna, flora, soil, water, air, 

climatic factors, material assets, including the architectural and archeological heritage, 

landscape, and the inter-relationship between these factors. Different methods and techniques 

were used for EIA such as the Loran methodology, Leopold Matrix, Check List, Simple Check 

List, and stepped matrices among others (Lee, 1983,Thompson, 1990, Momtaz, 2002, Duinker & 

Greig, 2007). 

Lattemann and Höpner, 2008 studied the EIA of the desalination of seawater projects 

around the world. They discussed the issues of the concentration and chemical discharges to the 

marine environment, the emissions of air pollutants and the energy demand of the processes. Li 

et al. (1999) used GIS based map overlay method to develop a comprehensively environmental 

vulnerability around road and its impact on the environment. Pastakia and Jensen, 1998 used the 

Rapid Impact Assessment Matrix (RIAM) as a tool to organize, analyze and present the results of 

a complete environmental impact assessment. They applied the method on the study of EIA of fly 

ash deposition into a landfill. Josimovic et al. (20140 used the Leopold matrix in carrying out EIA 

for a wind farm in Serbia (case study). The obtained EIA results have enabled the precise 

identification of possible environmental impacts of the wind farm project, as well as removal of 

dilemmas and problems related to the public resistance to the realization of the project through a 

transparent relationship with stakeholders. Fedra (1990) discussed the methods and procedures 

of EIA, the relationship between indicators, standards, and in particular the use of computer-

based tools, models and expert systems that combine traditional modelling approaches which 

new techniques of artificial intelligence and dynamic computer graphics. Several studies used the 

spatial techniques to address the EIA such GIS and remote sensing (João & Fonseca, 1996, 

Warner & Diab, 2002, Abbas & Ukoje, 2009).   

Marttunen and Hämäläinen (1999) presented the decision analysis interview-method to 

assessment the environmental impacts of two water development projects. They concluded that 

decision analysis interviews can well be used in assessing the importance of environment impacts. 

Liu & Lai (2009) and Peche & Rodríguez (2009) proposed an integrated decision-support 

framework that employs fuzzy logic to manipulate the subjectivity of EIA. The proposed 

approach was applied to the EIAs of construction projects, exemplified in a case study of the 

Taiwan High-Speed Rail project. Toro et al., 2010 evaluated EIA systems in Colombia, using the 

model and the control mechanisms proposed and applied in other countries. The results found 

that EIA regulations in Colombia were ineffective because of limited scope, inadequate 

administrative support and the inexistence of effective control mechanisms and public 

participation.  

Environmental impact assessment of the Aswan High Dam; Egypt and its hydropower 

plant was carried out by (Rashad & Ismail, 2000). They considered several environmental factors 

such physical effects, social impacts, coastal erosion, groundwater regime, evaporation from the 

reservoir, river water levels Hydropower and greenhouse gases emissions, and biological effects. 
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The study indicated that the High Dam has overall positive environmental factors even though it 

has contributed to some environmental problems.  

This study is aiming to investigate EIA for the New Assiut Barrage. The objectives were 

the assessment of various environmental aspects and their impacts on the local or/and global 

environment. The study evaluated the environmental impacts of the project on water, soil, fauna, 

flora, traffic, navigation, and irrigation system. Also, any negative action should be considered to 

be mitigated by the authority. 

MATERIALS AND METHODS 

Study Area 

The Old Assiut Barrage was constructed between 1892 and 1902 to sustain a water level 

difference of about 4 m in order to feed the Ibrahimia Canal. The New Assiut Barrage and its 

Hydropower Plant were initiated in May 2012 to replace the old one and it is suggested to be 

finished in March 2018. The project is considered as one of the most important environmental 

projects that established to enhance water control and development in Egypt in coming years. 

The new Barrage is constructed 350 m downstream of the old barrage as illustrated in figure (1) 

with power generating capabilities of total capacity 32 MW. Assiut governorate is stretching for 

about 120 km along the banks of the river Nile Such location is 365 kilometers south of the 

capital Cairo.  

 

Fig. 1: Location and main elements of the New Assiut Barrage project 
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Methodology 

Application of this study was carried out on the new Assiut Barrage. The data is 

collected during the construction stages of the project such as continues measurement of noise, 

total suspended particulates, water quality, and groundwater level. The details of the new 

Barrage elements and its location was draw using AutoCAD and the designed maps were created 

using ArcMap-GIS software. Figures and tables were produced using Microsoft Office. 

Arrangement and analysis of the data were carried out along with the main conclusion of the 

study. 

Results and Discussion 

Environmental Impact Assessment of Assiut new barrage is carried out in this study for 

the construction stage and the operation process. Although the construction stage is almost 

finished, the study focuses on review the environmental effects to be used for similar construction 

works. The construction stages included several work activities such as excavation, soil removed 

and reservation, island cutting, installed construction bit, foundations, civil construction, 

mechanical and electrical construction among others. The scope of environmental impacts during 

construction stages are soil, farms, fisheries, traffic, noise, dust and surface water of the river 

Nile. 

Check List Method 

 A checklist of some variables is used to illustrate the effects of the construction stage 

related to environmental issues as presented in Table (1). The variables are classified into three 

main groups; effects on farm and soil, surface and groundwater, and air quality. The effects of 

the work activities are simply classified into three levels; they are YES, MY BE, and NO as given 

in Table (1). 

Table (1): Check List evaluation of EIA during construction stage of NAB 

Environmental Factor YES 
MAY 

BE 
NO Comments 

Land Form of embank 

• Extensive disruption to or displacement of the soil? 

• Impact to land classified as prime of unique farmland? 

• Changes in ground contours, shorelines, stream channels, or 

river banks? 

• Increased wind or water erosion of soils? 

• Effects of silt trapping behind the new barrage 

• Effects of the cultivated areas at the banks 

 

√ 

 

 

√ 

 

√ 

√ 

 

 

 

 

 

 

 

√ 

 

 

√ 

The top soil around the project 

is temporary removed during 

the construction stage. The top 

soil will be returned again to its 

original location after the 

construction stage. 

Air/Climatology 

• All pollutant emissions 

• Noise 

• TSP 

• Deterioration of ambient air quality? 

• Air movement, humidity or temperature? 

• Emissions of hazardous air pollutants 

 

√ 

√ 

√ 

 

 

√ 

 

 

 

 

√ 

 

 

 

 

 

 

 

√ 

 

 

The most negative effects of 

work activities on the air 

quality were inside the project 

border.  

Surface and Groundwater 

• Irrigation systems 

• Rise water level upstream the Barrage 

• Rise water level downstream 

• Groundwater level increases in the upstream side 

• Drop of water level in downstream of the dam 

• Surface Water quality of the river Nile    

• Surface water seepage from adjacent lands toward the river  

 

 

√ 

 

 

 

√ 

 

 

 

 

 

√ 

 

 

√ 

 

√ 

 

√ 

 

√ 
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For the soil, the impacts of the construction stage are evidence according to Table (1). A 

cut of 1.25 m of the topsoil from the banks and the island is removed and stored in a secure area. 

Also, surface water of the river Nile is affected due to the huge activity in the river stream 

especially on the first stages of the project. For air quality, the Total Suspended Particles (TSP) 

are measuring daily during the construction stages of new Assiut Barrage at a distance 60 m 

north the project to investigate the project impacts on the environment as presented in Figure 

(2). As illustrated in the figure, most the measured values are increased than the permissible limit 

(230 μg/m
3
) assigned by the Environmental Egyptian Law No 4/1994 (EEL4/94). The causes of 

this high level are not the project activities. The substantial causes are the traffic and the roads 

around the project are not sprayed by water even it is not good asphalted. The same result can be 

noticed for the measured noise levels which presented in Figure (3). The measured noise before 

November 2015 was less than the permissible levels assigned by EEL4/94 (65 dBA). The ambient 

noise level increased after this date due to the increase in public traffic. Although the excavation 

and dumping stages were from 2012 to 2015, the noise level in this period was accepted according 

to EEL 4/94. The noise levels and TSP were studied inside the NAB project by the authors in the 

previous publication (Rabeiy, 2017). 
 

 

Figure (2): Measured noise level outside the project 

 

Figure (3): Measured noise level outside the project 
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Table (2): Surface water quality during the construction stage 

Sampli
ng Site 

pH 

TD
S, 
pp
m 

Cond. 
µs/cm 

DO, 
ppm  

Turb. 
(NTU) 

Pb, 
mg/L 

Cd, 
mg/L 

Zn, 
mg/L 

Fe, 
mg/L 

Hg, 
mg/L 

Oil & 
Grease, 
ppm 

Nitrate 
 (NO3-N), 
ppm 

1 8.1 172 743.7 11.6 2.45 
0.036

9 
0.004 0.04 0.8329 0.0012 0.06 0.641 

2 7.91 176 1617 
10.3

8 
3.11 NM NM NM NM NM 0.04 0.626 

3 8.47 190 1691 
10.5

7 
3.21 NM NM NM NM NM NM NM 

4 7.78 196 660 
10.8

7 
3.15 NM NM NM NM NM NM NM 

5 9.26 196 1021 9.17 4.16 0.084 0.006 0.08 0.9337 0.0013 0.11 0.721 

6 8.88 196 1980 9.21 5.1 NM NM NM NM NM 0.1 0.679 

7 8.88 196 920 9.26 4.21 NM NM NM NM NM 0.07 0.655 

8 9.02 196 756 
10.3

9 
4.03 NM NM NM NM NM NM NM 

Allowa
b-le 
limit 

6.5-
8.5 

<50
0 

1500 
to 

2000 
< 6  0.01 0.001 0.01 0.5 0.001 0.1 2 

NM: Note Measured 

3.2. Quantitative Matrix of EIA 

The best-known type of quantified matrix is the Leopold Matrix, which was developed for 

the US geological survey by Leopold et al (Leopold, 1971). In the upper left-hand corner of each 

box with a slash, a number from 1 to 10 have to be placed which indicates the Magnitude of the 

possible impact; 10 represents the greatest magnitude of impact and 1, the least. Before each 

number the sign + (id the impact would be beneficial for this item). In the lower right-hand 

corner of the box, a number 1 to 10 should be selected which indicates the importance of the 

possible impact (e.g. regional vs local); 10 represents the greatest importance and 1 the least. The 

following factors are studied for the New Assiut Barrage. Some of these factors are valid during 

and after construction stage. The Matrix was designed to study the EIA of the project during the 

construction stage and the operating process as presented in table (3). The following 

environmental factors are considered in this study: 

- Irrigation system 

- Navigation system  

- Produce clean electrical energy with a capacity of 32 MW 

- Saving greenhouse gases by producing hydropower energy  

- The traffic from west bank of river Nile to the west bank and vice versa 

- Erosion of the soil for the downstream island 

- Rise of water level behind the barrage 

- Groundwater level 

- Surface Water quality of the river Nile    

- Drop of water level in downstream of the dam 

- Surface water seepage from adjacent lands toward the river 

- Effects of silt trapping behind the new barrage 

- Effects of the new barrage on the fish number, size, and species  

- How much saving of CO2 to produce 32 MG if we used fossil fuel 

- Effects of the cultivated areas on banks 
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Table (3): Leopold EIA matrix of New Assiut Barrage during and after the construction stages 

Project actions 

Environmental  

Characteristics 

Blasting 

Drilling 
Excavation Foundation 

Construct

ion bit 

River 

Dumping and 

loading 

Solid 

waste 

disposal 

Total 

Operat-

ion 

process 

Soil 
-3   

            7 

-8.5              

                9 

-2     

                 6 

-1        

             2                              

-6          

                   5 

-5         

            7 
-24.5       

        27 

-3 

          3  

Land farms 
-1 

            3 

-7   

                3 

-1 

                 3 

-1 

             3 

-6 

                  4 

-7 

           6 
-23 

        22 

4 

          9 

Surface water 
-7 

            8 

-7 

               8 

-4 

                 8 

-2 

             7 

-1 

                  4 

-1 

           1 
-22 

        36 

-2 

          5 

Groundwater 
-1 

            1 

-1 

               2 

-1 

                 1             

-1 

             1 

-1 

                  1 

-1 

           1 
-6 

         7 

-1 

          8 

Traffic 
-2 

            6 

-5 

               5 

-5 

                 7 

-4 

             7 

-4 

                  7 

-1 

           2 
-21 

        34 

+5 

          1  

Navigation 
-5 

            9 

-5 

                9 

-5 

                 9 

-5 

             9         

-5 

                  8 

-1 

           1 
-26  

        45               

+8 

          7 

Irrigation 
-1 

           2 

-1 

                2  

-1 

                 2 

-1 

             2 

-1 

                  2 

-1 

           2 
-6 

        12 

+9 

          9 

Noise 
-2 

           7 

-2 

                7 

-2 

                 7 

-2 

             5 

-2 

                  5 

-4 

           2 
-14 

        33 

+2 

          1 

TSP 
-4 

           8 

-4 

                8 

-4 

                 5 

-4  

             4                                                    

-5 

                  7 

-3 

           3 
-24 

        35 

+1 

          2  

Greene House 

Gases 

-4 

            4 

-5 

                5   

-4 

                 4 

-5 

             4  

-6 

                  4             

-7 

            2      
-31 

       23 

+6 

          4    

Fisheries 
-4 

          5 

-5 

               5 

-5 

                5 

-5 

             4 

-5 

                   2 

-1 

            2 
-25 

        23 

-2 

          5 

Fauna and 

Flora 

-2 

           3 

-3 

               3 

-3 

                4 

-3 

            3 

-3 

                  2 

-3 

            3 
-17 

        15 

-1 

          2 

Social effects 
+4        

           5 

+5 

              5 

+5  

                 7 

+5  

            7 

+5 

                   7 

-5 

           5         
+19 

        36 

+6 

          7 

Total 
 

 

 

 

 

 

 

 

 

 

 

 
-220 

      348 

+32 

        63 

 

For the operating stage of the new barrage, the environmental benefits are much greater 

than the negative impacts as presented in the Quantitative Matrix in Table (3). The effect of the 

new project on the traffic and navigation are increased dramatically by facilitating new roads, 

double ways traffic, and tow sluiceways as presented in Fig (1). Instead of one runway for the Old 

Barrage, the new NAB contains two runways for traffic as shown in Fig (4). Also, the facility 

roads from west to east banks and vice versa is transported away from the traffic jam of ElFath 

area of the old barrage. The effects of ANB on the groundwater several piezometers were drilled 

as illustrated in Figure (4). As the distance between Old and New barrage is small (300 m), the 

effects of NAB on groundwater levels is limited and if there are any variation of water tables, the 

reasons may be different than the effects of NAB. 



Assiut University Center for Environmental Studies-Egypt 

288 
 

 

Figure (4): Sites of surface water and groundwater samples 

4. CONCLUSION 

The New Assiut Barrage (NAB) is mainly an environmental project installed to serve a 

huge area of farms and cultivated lands in Assiut city and to control half of river Nile water.  

There are several benefits of environmental impacts of the project to the neighborhood 

community and to the rest of river Nile sector. The NAB controls the amount of water flow from 

Assiut to the river's end (enters the Mediterranean Sea). The main benefits are the improvement 

of the irrigation system, navigators in the river and traffic on the new bridge. The additional 

benefit of the NAB project is the producing of clean hydropower electrical energy with 32 

megawatts. This produced energy serves at least 16000 homes in Assiut city that covers the 

demand for energy due to the natural increasing of Population. Although the negative impacts of 

the NAB project during construction stage, the environmental benefits of the project after the 

operating process are obvious for the community. Using check list methods is a primly 

assessment of the EIA of the project activities. It gives a simple vision of the environmental 

factors and their effects on the local or global environment, while quantitative matrices such as 

|Leopold method are accurate and professional methods to study the environmental impacts of 

the projects. They help the decision makers to control the impacts of work activities on the 

environments. 
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5. RECOMMENDATIONS  

For any new project, study the environmental impacts of the planned project is essential. 

The check list methods gives a primary vision of the environmental impacts of the proposed 

project but the quantitative matrices are recommended to study the effects in details. Protecting 

surface water and groundwater of the neighborhood the project should be taken seriously. In the 

construction stages measurements of environmental factors such as noise, dust, gases, and other 

emissions can save the area from harmful elements. Wastes of different materials should be 

managed and disposal in the proper sites. More care is required for the hazardous materials 

disposed from any project. Hazardous material should disposal in the assigned areas for these 

wastes. 
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 تقييم الاثر البيئي لقناطر اسيوط الجديدة باستخدام طريقة المصفوفات الكمية

رجب السيد ربيعي

1

عبد الرحيم أحمد علي  - 

2

 

1

  -جامعة اسيوط  -استاذ مساعد بكلية الهندسة 

2

  وزارة الري –مدير عام السلامة والصحة المهنية و البيئة 

 الملخص

تقييييالاثر ييييلاث هي ييرلاءيييتلادمييييثإلاياييتلمالاوعيييملادعييي إلاث سيييييتو تلاث اهييييي لا ميثايي لات  ييثت ييي لاث اييي هي لا
تثلإيم هييي لاو ييبلاث هي يي لاث سخيايي سلاليياثجلايايييتالاث مميييملاهييميلادعييي  الا يخييولاسخييولاث ليياثجلاث قييميالاتلإعتيي  لاا  يي لا

ايت لاياي ءالاهيياولاف ي ولافيرلاتعسيي لاا يتس  ي لاعظيف لا تعسي لالاسخ فظ لايايتاسلاث سييتعلاث مميملا لاثجلايايتالا
ث هي  لاث سخيا لاتتا يولاخيا لاث سيتيلاسيجلاث يييالاث يبلاث  ييللاتث  ايىلاتث يبلاتخاييجلاوس يي تلاث ييسسلاتيالاميثاي لا
ثلأ يييلاث هي ييرلا  ييشثلاث سييييتعلاث قييتسرلاه اييتلمثالااييقيي لاث س ييفتف تلاث اسييي سلاث س ييفتف تلاث اسييي لاوهيي ي لاويييجلا

ولاث هي ييي لاث ع تميي لاسيجلاثعييي إلاث سييييتعلاتتف و  ي لاسييللاث هي يي لاس يفتف لاممت ييي لاتث تيرلات ييي لاتتاييللاثتاثجلا   تثسي
ث سخيا سلااس لا  ستلاث ميثا لاه  سق يع لاهيجلاايالاميثاي لاث تي  ييلاث هي يرلا  سيييتو تلاه ايتلمثالايا ييلاسيجلااييقي لا
س ولايتاثجلاث س يفتف تلاتث س يفتف تلاث اسيي سلات يملاتيالاميثاي لاث  تثسيولاث هي يي لاث سلت في لاس يولاث تي  ييلاو يبلاث سيي  لا

في لاتث سي  لاث ااخي لاتث عخيلاتث تيهي لاتث عه تي تلاتث خيتثعي تلاث هييي لاتث اييتيلاتلاميتم لاث  يتثإسلاتاي جلاسيجلاثءيالاث متلا
عت  جلاءش لاث ميثا لاثجلاسييتعلا ع ايلايايتالا ملاا عتلا الات  ييثتلاهي يي لامييم لاتيلييللااي هي لافيرلاسيخ ي لاثلأعيي إلا

هي لاو يبلاخاي للاث اي هرلاسع ي سلايسايجلادايتلمثالايس لافرلاسيخ  لاث تي يولاف ي يتلاث عت  جلاث بلااي م لاث  تثسولاثريم 
ءش لاث ميثا لافرلاتخايجلاث تلايالاتاي م لاث تورلاث هي رلافرلاث سي ييللاث ع يي لاث ساتقه ي سلااس لايتاختلاث ميثاي لا

لايجلااييق لاث س فتف تلاث اسي لات ارلاتف  يولايا يلاوجلاث ت  ييثتلاث هي ي لا  سييتو تلاو بلاث هي  لاث سخيا س
 ث هي  لاث سخيا لا–لاثجلاثايتالاث مميملالا–متم لاث  تثإلالا–ثلأ يلاث هي رلالا–ث سييتو تلاثلإعي  ي لا الكلمات الدالة:

 


