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﹞︀ره ٣ ، دوره ١٤  ︡ه ،︫  ﹞︀ره ︑︣︗﹞﹥︫   ︫﹟﹫﹝︪︫

︀﹨ ️ ﹁︪︣﹫ ︀ و︎  ﹨ ﹤﹞︀﹡︣︋:﹟﹫ ︣ ذره︋  ﹬︡و︨︐︀ن ز﹠﹨            •
︣︐︪﹫ ︣ق︋   ︋، ︣ ︀ک ︑ •            آب︎ 

︀ز︨︀زی ︣ای︋  •            ︚︀ر︚﹢ب ︑︭﹞﹫﹛ ﹎﹫︣ی︋ 
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︠﹢ا﹡﹠︡ه ﹎︣ا﹝﹩ ؛
︣ی ﹝︖﹑ت ︑︣︗﹞﹥  ﹞︀ ︨️ ، از︨  ﹡﹬︪︣﹥ ای ﹋﹥ ا﹬﹠﹉ در ا︠︐﹫︀ر︫ 
︫︡ه ︑﹢︨︳ د﹁︐︣ ﹝︴︀﹜︺︀ت ︑﹢︨︺﹥ ﹁﹠︀وری ︫︣﹋️ ︨︀︑﹊︀ب ا︨️ 
︠﹢ا﹨︡  ﹇︣ار  ﹝﹠︡ان   ﹤﹇﹑︻ ا︠︐﹫︀ر  در   ﹏︧﹚︧﹞ ︋︴﹢ر  ا...  ا﹡︪︀ء   ﹤﹋

.️﹁︣﹎
 ︀︋ ﹁︀︲﹑ب  و  آب  و  آب   ، ︋︣ق  ﹨︀ی  ︝﹢زه  در  ﹡﹬︪︣︀ت   ﹟﹬ا
﹝︜︡ود  ︋︭﹢رت  و  ︫︡ه   ﹤﹝︗︣︑  ، ا﹡︐︪︀ر  ز﹝︀ن  از  ا﹡︡ک  ︑︀︠﹫︣ی 

﹝﹠︐︪︣ ﹝﹩ ﹎︣دد .
  ︤﹫﹡ و  ﹡﹬︪︣︀ت  ا︨︀﹝﹩  ︭︠﹢ص  در  ا︵﹑︻︀ت   ︉︧﹋  ️﹧︗
 ﹩︐﹡︣︐﹠﹬ا آدرس   ﹤︋  ً︀ ﹀︴﹛ ﹝︖﹑ت   ﹟﹬ا  PDF  ﹤︟︧﹡  ﹤︋ د︨︐︨︣﹩ 

.︡﹫﹬︀﹞︣﹁ ﹤︺︗︣ا﹞  WWW.SATKAB.COM/MAGAZINE

︀︑﹊︀ب  ︨️ ﹋︣ ︣ ﹝︴︀﹜︺︀ت ︑﹢︨︺﹥ ﹁﹠︀وری︫   د﹁︐
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﹤︮﹑︠
︋﹢﹬﹌ و ﹧︨ ︡﹬︣︠︀م آ﹜︧︐﹢م

 ﹩︨︡﹠﹧﹞ ﹎︣وه  در  ﹁︣ا﹡︧﹥  دو﹜️   ﹜﹧︨ در︮︡   ٢١  ︡﹬︣︠  ︀︋  ﹌﹬﹢︋ ﹁︣ا﹡︧﹢ی   ️﹋︫︣
در︮︡   ۵٠  ︀︑ آ﹜︧︐﹢م   ﹩︋︀﹇︣︋ ︑︖﹧﹫︤ات   ️﹋︫︣ در  ︠﹢د  ﹧︨︀م  ر︨︀﹡︡ن  و  آ﹜︧︐﹢م  ﹇︡رت 
 ، ︨︀زی  ︗︀ده  و︨︀ز،﹝︟︀︋︣ات،   ️︠︀︨ در   ﹩﹬︀﹨  ﹤︠︀︫ دارای   ﹤﹋  ﹌﹬﹢︋ ﹋︣د.  ﹝﹢ا﹁﹆️ 
︋︀︋️ درا︠︐﹫︀ر  ﹝﹫﹙﹫︀رد د﹐ر)  ﹬﹢رو(٢٫۴٨  و ر︨︀﹡﹥ ﹨︀ ا︨️ ٢﹝﹫﹙﹫︀رد  ︨︀︠︐﹞︀ن ︨︀زی  
﹎︣﹁︐﹟ ﹧︨︀﹝﹩ از آ﹜︧︐﹢م ︎︣دا︠️ ﹝﹩ ﹋﹠︡ ﹋﹥ ﹁︣ا﹡︧﹥ در ︨︀ل ١٣٨٣ ︋︣ای ﹋﹞﹉ ﹝︀﹜﹩ 
﹡﹀﹢ذ دو﹜️ ، آ﹜︧︐﹢م را   ︀︋ ︋︣ای ﹝﹆︀︋﹙﹥  ارو︎︀ر  ︋﹥ آ﹜︧︐﹢م ﹬︣︠︡اری ﹋︣ده ︋﹢د.﹋﹞﹫︧﹫﹢ن 
ای   ﹤﹬︀︎ ی   ﹤﹞︀﹡ ﹝﹢ا﹁﹆️   ﹌﹬﹢︋ و  .آ﹜︧︐﹢م  ا︨️  ﹝︖︊﹢ر﹋︣ده   ﹩︐︺﹠︮ ︫︣﹋︀ی   ﹟︐﹁︀﹬  ﹤︋
و  ﹁︣وش  ﹨︀ی   ﹤﹊︊︫ ی  ز﹝﹫﹠﹥  در  ﹨﹞﹊︀ری  در︋︀ره ی  ا﹝︱︀﹋︣د﹡︡﹋﹥   ️︪﹧︊﹬٨ارد در  را 
 ︩︟︋ و ﹌﹬﹢︋ ︣ان﹝︻ ﹩︨︡﹠﹧﹞ ︩︟︋ ︉﹫﹋︣︑︣ه ︋︣داری و﹧︋ ︎︣وژه ﹨︀ی ﹝︪︐︣ک آ﹝︀ده ی
︑︖﹧﹫︤ات  ا︨️.ا﹜︊︐﹥ ا﹬﹟ ﹨﹞﹊︀ری ︝︀﹜️ ا﹡︜︭︀ری ﹡︡ارد و ﹨︣دو ︫︣﹋️ ﹝﹩ ︑﹢ا﹡﹠︡ ︋︀ 
︫︣﹋︀ و ︻︣︲﹥ ﹋﹠﹠︡﹎︀ن د﹬﹍︣ ﹡﹫︤ ﹋︀ر﹋﹠﹠︡.︋﹢﹬﹌ ا︻﹑م ﹋︣ده ا︨️ ﹋﹥ ︋﹢﹬﹌ ﹝﹞﹊﹟ ا︨️ 
ا﹡︐﹆︀ل د﹨︡ ﹋﹥ ۵٠ در︮︡ آن ﹝︐︺﹙﹅ ︋﹥  ﹋﹏ ﹧︖︑ ︩︟︋﹫︤ات ︠﹢د را ︋﹥ ︫︣﹋️ ︗﹬︡︡ی 

︋﹢﹬﹌ ︠﹢ا﹨︡ ︋﹢د. 

︑﹬︀﹫︡ ا﹨﹞﹫️ آب در﹨﹛ ا﹡﹧︗ ﹩︪﹬︡︀﹡﹩ آب 

از  آب   ﹩﹡︀﹧︗  ﹩︪﹬︡﹡ا  ﹜﹨ ﹧︚︀ر﹝﹫﹟  در  ︗﹧︀ن  ﹋︪﹢ر   ١۴٩ از   ﹤﹋  ︣﹀﹡٢٠٠٠٠  ﹤︋  ﹉﹬︤د﹡
٨ا︨﹀﹠︡︑︀ ٢﹁︣ورد﹬﹟ در ﹝﹊﹬︤﹊﹢ ︨﹫︐﹩ ﹎︣دآ﹝︡ه ︋﹢د﹡︡ا﹨﹞﹫️ آب ︫﹫﹬︣﹟ در ︑﹢︨︺﹥ ی 
 ︣︲︀︝ ︀ن﹎︡﹠﹬︀﹝﹡.︡﹡︣د﹋ ︡﹫﹬︀︑ را  ا﹬﹟ آب   ︶﹀︝ ︋︣ق آ︋﹩ در ﹬︀︎︡اروا﹨﹞﹫️ ︎︣وژه ﹨︀ی 
درا﹬﹟ ﹨﹛ ا﹡﹬︪︡﹩ ازدو﹜️ ﹨︀ی ︗﹧︀ن ︠﹢ا︨︐﹠︡ ﹋﹥ ︋︣ای ا﹬﹟ ﹋﹥ آب ﹋︀﹁﹩ ︋︣ای ﹨﹞﹍︀ن 
﹁︣ا﹨﹛ ︫﹢د ︋﹥ ﹝﹮︧﹢﹜﹫️ ﹨︀ی ︻﹫﹠﹩ ︠﹢د ︻﹞﹏ ﹋﹠﹠︡.در︋﹫︀﹡﹫﹥ ی ا﹬﹟ ﹨﹛ ا﹡﹬︪︡﹩ آ﹝︡ه 
﹢م ا﹨﹞﹫️ داردو﹬︀︋︡ در︋︣︠﹩   ︋️︧﹬︡اری ز﹬︀  ︎︩﹬ا︨️ ﹋﹥ «︠︀︵︣﹡︪︀ن ﹝﹩ ﹋﹠﹫﹛ ﹋﹥ ا﹁︤ا
﹝﹠︀︵﹅ ︋﹥ ︨︣اغ ﹋︀ر﹨﹬︀﹩ ا︋︐﹊︀ری ︚﹢ن ﹝﹬︣﹬︡️ آب ︋︀ران و ︑﹢︨︺﹥ ی ︎︣وژه ﹨︀ی ︋︣﹇︀︋﹩ 
 ﹩︪﹬︡﹡ا ﹜﹨ ﹟﹬از ﹡︪︧️ ﹨︀ی ا ﹩﹊﹬ ر﹁️.را︋︴﹥ ی ︋﹠﹫︀دی ︋﹫﹟ آب و ا﹡︣ژی ،﹝﹢︲﹢ع
︋﹢د﹋﹥ درآن ︋﹥ ︫﹫﹢ه ﹨︀ی ︑︱﹞﹫﹟ ︑﹢︨︺﹥ ی ﹬︀︎︡ار و از︗﹞﹙﹥ ﹝︺﹫︀ر ا﹡︖﹞﹟ ︋﹫﹟ ا﹜﹞﹙﹙﹩ 

︋︣ق آ︋﹩ ︋︣ای ︑﹢︨︺﹥ ی ﹬︀︎︡ار ︎︣دا︠︐﹥ ︫︡. 

ز﹬﹞﹠︦ ︫︣﹋️ «وی ای ︑﹉ ﹨﹫︡رو» را ︋﹥ آ﹡︡ر﹬︐︦ ﹁︣و︠️ 

ا︑﹬︩︣ ﹇︣ارداد ﹡﹬︣︠ ﹩﹬︀﹧︡ ︫︣﹋️ «وی ای   ︦﹠﹝﹬ای ︗﹩» و ز ︤︐﹬︀ی «آ﹡︡ر﹨ ️﹋︫︣
︑﹉ ﹨﹫︡رو»(︻︣︲﹥ ﹋﹠﹠︡ه ی ︑︖﹧﹫︤ات ︋︣ق آ︋﹩) ︑﹢︨︳ ︫︣﹋️ آ﹡︡ر﹬︐︦ را ا﹝︱︀ ﹋︣د﹡︡.
︫︣﹋️ ا︑﹬︪︣﹩ آ﹡︡ر﹬︐︦(︨︀ز﹡︡ه ی ︑︖﹧﹫︤ات ﹋︀ر︠︀﹡﹥ ای) ا︻﹑م ﹋︣د ︋︀︋️ ا﹬﹟ ﹇︣ارداد 
 ︦﹠﹝﹬ز  ﹩︨︡﹠﹧﹞  ️﹋︫︣  ﹤︋ د﹐ر)  ﹝﹫﹙﹫﹢ن   ٢٣٠ ﹬﹢رو(٢١٨︑︀  ﹝﹫﹙﹫﹢ن   ١٩٠  ︀︑  ١٨٠  ﹟﹫︋
آ﹜﹞︀ن ︎︣دا︠️ ﹋︣ده ا︨️.﹝﹆︀﹝︀ت ا︑︜︀د﹬﹥ ی ارو︎︀ ︫︣ط ︑﹬︣︠ ︡﹫﹬︀︡ ︫︣﹋️ «وی ای 
﹢رت ﹎︣﹁️ ﹁︣وش «وی ای ︑﹉ ﹨﹫︡رو» ︑﹢︨︳  ︑﹉» ︑﹢︨︳ ز﹬﹞﹠︦ را ﹋﹥ در︨︀ل ٢٠٠۵︮ 
 ︿﹚︐︟﹞ ﹬︣︠︡ر﹇︊︀ی  ︎﹫︪﹠﹧︀د﹨︀ی  ﹝﹫︀ن  از   ﹜﹨  ︦﹠﹝﹬د﹡︡.ز﹢︋ ﹋︣ده  ا︻﹑م   ️﹋︫︣  ﹟﹬ا
︎﹫︪﹠﹧︀د آ﹡︡ر﹬︐︦ را ︋﹥ ︎﹫︪﹠﹧︀د ︫︣﹋️ ا︑﹬︪︣﹩ ﹋︣اس ا﹬﹠︡ا︨︐﹬︣︤ و ︫︣﹋️ آرژا﹡︐﹫﹠﹩ 

 ︩﹬٣٠در︮︡ا﹁︤ا  ︦︐﹬آ﹡︡ر  ️﹋︫︣ ﹁︣وش   ︀︑  ︫︡  ︉︊︨ اد︾︀م   ﹟﹬داد.ا  ︛﹫︗︣︑ ا﹬﹞︍︤ا 
﹬︀︋︡وا﹬﹟ ︫︣﹋️ ﹝﹩ ︑﹢ا﹡︡ ︑︖﹧﹫︤ات ﹡﹫︣و﹎︀ه ﹨︀ی آ︋﹩ را ︋﹥ ︵﹢ر ﹋︀﹝﹏ ارا﹬﹥ د﹨︡.  

 ﹤﹋ ︡﹬︀﹫﹞ ︣ا︑﹩ ︋﹢︗﹢د﹫﹫︽︑ ،︨︡ ﹩︝︀د ﹝﹩ د﹨︡ ﹋﹥ در ︨︡ آ﹜﹞︀ن ︵︣ا﹧﹠︪﹫︎ ︤ارش﹎ ﹟﹬ا
 .︫︡︀︋ ﹩﹞ ︀﹧﹬ار︑﹀︀ع ورود ︩﹬آ︋﹍﹫︣ی و ا﹁︤ا ، freeboard آزاد ︛︴︨ ︩﹨︀﹋ ﹏﹞︀︫

ا︑﹫﹢︎﹩ در ︎﹩ ︮︡ور ︋︣ق ︨﹥ ﹡﹫︣و﹎︀ه آ︋﹩ 

﹝﹆︀﹝︀ت ا︑﹫﹢︎﹩ ا︸﹧︀ر ا﹝﹫︡واری ﹋︣ده ا﹡︡ ﹋﹥ ︋︐﹢ا﹡﹠︡ ︋︀ ︮︀در ﹋︣دن ︋︣ق ا︲︀﹁﹩ ︨﹥ ︎︣وژه 
 ︀﹨ ﹝﹫﹙﹫﹢ن  ا︨️   ️︠︀︨ د︨️  در  د﹐ر  ﹝﹫﹙﹫︀رد   ١٫۴ ︋︀︮︣ف   ﹤﹋ ﹋︪﹢ر   ﹟﹬ا  ﹩︋︀﹇︣︋ ی 
 ﹩﹞ ا︑﹫﹢︎﹩  دو﹜︐﹩  ︋︣ق   ️﹋︫︣ ﹎﹢ی   ﹟︟︨   ︀﹬آرا  ﹢﹋︡﹠︨.︡﹠﹠﹋ ا﹬︖︀د  ارزی  درآ﹝︡  د﹐ر 
 ۴٢٠  ️﹫﹁︣︸  ︀︋  ٢︉﹫﹎ ٣٠٠﹝﹍︀وات،﹎﹫﹙﹍﹏   ️﹫﹁︣︸  ︀︋ ︑﹊︤ه   ﹩︋︀﹇︣︋  ︨︡  ️︠︀︨«︡﹬﹢﹎
ر︨︡.»︨﹠︡و﹋﹢   ﹩﹞ ﹬︀︎︀ن   ﹤︋  ١٣٨٩ ︨︀ل  در  وات   ︀﹍﹞  ۴٣۵  ︀︋  (︦﹚︋  ︀﹬)﹤︧﹚︋ و  ﹝﹍︀وات 
︵﹩ ︟︨﹠︀ن اش در ︑︀ر︞﹬ ٢٩﹁︣ورد﹬﹟ ﹎﹀️ ا︻︐︊︀ر ا﹬﹟ ︨︨︡︀زی ﹨︀ ︑﹢︨︳ دو﹜️ ا︑﹫﹢︎﹩ 
و ﹨﹛ ︚﹠﹫﹟ وام ﹎︣﹁︐﹟ از دو﹜️ ا﹬︐︀﹜﹫︀ و ︋︀﹡﹉ ︑﹢︨︺﹥ ی ارو︎︀ ا﹡︖︀م ︫︡ه ا︨️.ا︑﹫﹢︎﹩ 
﹇︭︡ دارد ︑︀ ︋︣ق ا︲︀﹁﹥ را ︋﹥ ﹋︪﹢ر﹨︀ی ﹨﹞﹬︀︧﹥ ی ︠﹢د ﹬︺﹠﹩ ︨﹢دان،︗﹫︊﹢︑﹩ و ﹋﹠﹫︀ 

︮︀در ﹋﹠︡. 

 ﹩﹞︀﹠︐﹬س ︑﹢︨︳ ︫︣﹋️ و﹢﹯﹐ ︣و﹎︀ه ٢۵٠ ﹝﹍︀وا︑﹩ ︨﹊︀﹝︀﹡﹌ ٣﹫﹡ ️︠︀︨

︫︣﹋️ ︨﹢﹡﹌ دا ﹋﹥ ︋︤رگ ︑﹬︣﹟ ︫︣﹋️ ︨︀ز﹡︡ه ی ﹡﹫︣و﹎︀ه در و﹬︐﹠︀م ا︨️ ︨︀︠️ ﹡﹫︣و﹎︀ه 
︋︣﹇︀︋﹩ ٢۵٠ ﹝﹍︀وا︑﹩ ︨﹊︀﹝︀﹡﹌ ٣ در ︗﹠﹢ب ﹐﹯﹢س را آ︾︀ز ﹋︣د.︫︣﹋️ دو﹜︐﹩ ︨﹢﹡﹌ دا 
 ﹩﹛︀ ︣داری ﹝﹩ ر︨︡ و︨  ﹧︣ه︋   ︋﹤ ︀ل ١٣٨٨︋  ا︻﹑م ﹋︣د ا﹬﹟ ﹡﹫︣و﹎︀ه ٢٧٣ ﹝﹫﹙﹫﹢ن د﹐ری در︨ 
١ ﹝﹫﹙﹫︀رد ﹋﹫﹙﹢وات ︨︀︻️ ︋︣ق ︋﹥ و﹬︐﹠︀م ︮︀در ﹝﹩ ﹋﹠︡.︨﹊︀﹝︀﹡﹌ ٣ در ا︨︐︀ن ︨﹊﹢﹡﹌ 
در ﹡︤د﹬﹊﹩ ا︨︐︀ن  ﹝︣﹋︤ی ﹋﹢ا﹡﹌ ﹡︀م در و﹬︐﹠︀م ﹇︣ارداردو︎︦ از ٢۵ ︨︀ل ﹧︋︣ه ︋︣داری 
︋﹥ ﹐﹯﹢س وا﹎︢ار ﹝﹩ ︫﹢د.︫︣﹋️ ︨﹢﹡﹌ دا ۶٠در︮︡ ﹧︨︀م ا﹬﹟ ︎︣وژه را درا︠︐﹫︀ر دارد و 
 ﹤﹬︀﹞︨︣ ︢اری را ﹡﹫︤ از ﹝﹠︀︋︹ ︠﹢دش ︑︀﹝﹫﹟ ﹝﹩ ﹋﹠︡.︫︣﹋️ ︑﹢︨︺﹥ و﹎ ﹤﹬︀﹞︨︣ ی ﹤﹠﹬︤﹨
﹎︢اری ︋︣ق و﹬︐﹠︀م ﹐﹯﹢س ﹋﹥ در ﹨︀﹡﹢ی ﹝︧︐﹆︣ ا︨️ ︋︣ای ︨︀︠️ ︨﹊︀﹝︀﹡﹌ ٣ ﹋﹥ ︋︤رگ 
︑﹬︣﹟ ︨︣﹝﹬︀﹥ ﹎︢اری ︠︀ر︗﹩ و﹬︐﹠︀م ا︨️ ︫︩ ︫︣﹋️ دو﹜︐﹩ ︋︣ق و ︨︀︠︐﹞︀ن ︨︀زی را 

︋﹥ ﹋︀ر ﹎︣﹁︐﹥ ا︨️ ﹋﹥ ︨﹢﹡﹌ دا و ︫︣﹋️ ︋︣ق و﹬︐﹠︀م از︗﹞﹙﹥ ی آن ﹨︀ ﹨︧︐﹠︡.

︑︡اوم ﹝﹆︣رات ﹝︀﹜﹊﹫️ ︑︀︨﹫︧︀ت ︋︣﹇︀︋﹩ ﹡︣وژ 

 ︶﹀︝ را   ﹩︋︀﹇︣︋ ︑︀︨﹫︧︀ت   ﹩﹞﹢﹝︻  ️﹫﹊﹛︀﹞ ی   ﹤﹛︀︨︡︮ ﹋︣د﹝﹆︣رات  ا︻﹑م  ﹡︣وژ  دو﹜️ 
 ︩﹬ا﹁︤ا ﹝﹠︷﹢ر   ﹤︋ ﹝﹆︣رات   ﹟﹬ا ا︮﹑ح  ︋︣ای  ارو︎︀   ﹤﹬︀د︜︑ا ︑﹆︀︲︀ی   ︀︋ و  ﹋︣د  ︠﹢ا﹨︡ 
 ︣︋ ﹤﹋ (ESA ︀﹬)EFTA ︣د.︨︀ز﹝︀ن ﹡︷︀رت﹋ ️﹀﹛︀︟﹞ ︩︟︋ ﹟﹬︢اری ︭︠﹢︮﹩ درا﹎ ﹤﹬︀﹞︨︣
﹨﹞︧︀زی ﹡︣وژ︋︀ ︎﹫﹞︀ن ﹝﹠︴﹆﹥ ی ا﹇︐︭︀دی ارو︎︀ ﹡︷︀رت ﹝﹩ ﹋﹠︡ا︻﹑م ﹋︣د﹋﹥ در ﹝﹆︣رات 
﹝︀﹜﹊﹫️ ︑︀︨﹫︧︀ت ︋︣﹇︀︋﹩ ﹡︣وژ ︋︣︠﹢رد ﹝︐﹀︀و︑﹩ ︋︀ ﹝︀﹜﹊︀ن دو﹜︐﹩ و ︭︠﹢︮﹩ ︮﹢رت ﹝﹩ 
﹡︣وژ  ﹬︀دآوری ا︨️ ﹋﹥   ﹤︋ ︋︀ ︎﹫﹞︀ن ﹝︢﹋﹢ر ︑︱︀د دارد(﹐زم  ا﹬﹟ ﹝﹆︣رات   ﹟﹬و︋﹠︀︋︣ا ﹎﹫︣د 

︻︱﹢ ا︑︜︀د﹬﹥ ی ارو︎︀ ﹡﹫︧️).
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Briefings

Bouygues to buy stake in Alstom

France’s Bouygues has agreed to buy the French government’s 21 
percent stake in power engineering group Alstom and to assume a 50 
percent share ofAlstom’s hydropower equipment business. Bouygues 
- which has units in construction, telecom-munications, road works, 
property development, and media  is to pay 2 billion euros (US$2.48 
billion) for a share of  Alstom that France acquired in a financial bail-
out ofAlstom in 2004.To counter the state’s influence, the European 
Commission required Alstom to find industrial partners. Alstom and 
Bouygues signed a framework agreement April 26, providing for coop-
eration of  their sales networks and turnkey joint ventures combining 
Bouygues’ civil engineering with Alstom’s equipment Cooperation is not 
to be exclusive, allowing each company to work with other partners and 
suppliers. Bouygues said Alstom might contribute its entire hydropower 
division to the new company, in which Bouygues would take a 50 per-
cent stake.

World Water Forum acknowledges hydra

Nearly 20,000 people from 149 countries met in the 4th World Water 
Forum March 16-22 in Mexico City, affirming the importance of  fresh 
water to sustainable development, and the importance of  hydropower 
projects in helping secure that water. Delegates called on world govern-
ments to make concrete commitments to secure adequate water for 
all people. «We note with interest the importance of  enhancing the 
sustainability of  ecosystems and acknowledge the implementation and 
importance in some regions of  innovative practices such as rainwater 
management and the development of  hydropower projects,» a declara-
tion said. One forum session focused on the fundamental relationship 
between water and energy. It identified methods of  ensuring sustain-
able development, including the sustainable development criteria of  the 
International Hydropower Association.

Andritz buys VA Tech Hydro from Siemens

Andritz AG and Siemens Austria have signed a contract complet-
ing Andritz’s purchase of  hydroelectric equipment supplier VA Tech 
Hydro. Andritz, an Austrian manufacturing equipment maker, said it 
paid Siemens, a German engineering conglomerate, between 180 million 
and 190 million euros (US$218 million and US$230 million). European 
Union authorities ordered
Siemens to sell VA Tech Hydro as a condition for approval of  Siemens’ 

purchase of  Austria’sVA Tech in 2005. Siemens chose Andritz’s bid over 
competitors Cross Industries of  Austria and Impsa of   Argentina. The 
acquisition adds 30 percent to Andritz’s sales and enables it to deliver 
complete hydro plants.

Ethiopia grooms three hydros for exports

Ethiopia officials say they hope to generate millions of  dollars in foreign 
currency by exporting excess electricity from three hydroelectric projects 
the nation is building at a cost of  US$1.4 billion. «By 2010, the construc-
tion of  the Tekeze hydropower dam with a capacity of  300 Mw, Gilgel 
Gibe 2 with a capacity of  420 Mw, and Belesse (or Beles) hydropower 
dam with a capacity of  435 Mw will be completed,» Sendeku Araya, 
spokesman for state-owned Ethiopian Electric Power Corp., said. 
Sendeku said April 18 that construction of  the dams is being funded by 
the Ethiopian government, as well as loans from the Italian government 
and the European Investment Bank. Ethiopia aims to export its excess 
electric power to neighboring Sudan, Djibouti, and Kenya.

Vietnam firm builds LaosÊ 250-MW Sekamang 3

Song Da Corp.,Vietnam’s largest power plant builder, launched con-
struction of  the 250-MW Sekamang 3 hydropower project in southern 
Laos. The government-owned Song Da said the US$273 million plant 
will begin operating in 2009, exporting 1 billion kilowatt-hours per year 
to Vietnam. Sekamang 3 is located in Sekong Province next to Vietnam’s 
central Quang Nam Province. It will be handed over to Laos after 25 
years of  operation. Song Da Corp. has a 60 percent stake in the project 
and will finance the investment with its own funds.The Hanoi-based 
Vietnam Laos Electricity Development and Investment Co. con-sortium 
brought together six state-run power and construction firms including 
Song Da and utility Electricity ofVietnain to develop Sekamang 3, called 
Vietnams largest foreign investment.

Norway to keep rules on hydro ownership

Norway’s government says it will maintain century-old rules favor-
ing public ownership of  hydropower concessions, rejecting European 
Union (EU) demands to amend them to allow more private investment 
in the sector. The EFTA surveillance authority (ESA), which monitors 
non-EU Nonvay’s compliance with the European Economic Area treary, 
has said Norway’s rules on ownership of  hydropower treat public and 
private owners differently, and so are against the treaty.

5  HRW  / Jully   2006



 HRW      6

 ﹩︮﹢︭ ︣﹝﹬︀﹥ ﹎︢اران︠   ︨﹤  ︋ ﹩︋︀﹇︣ ︡ه  ﹡﹫︣و﹎︀ه ﹨︀ی︋  ︵︊﹅ ﹡︷︀م ﹡︣وژ،ا﹝︐﹫︀ز﹨︀ی ﹁︣و︠︐﹥︫ 
از ا︻︴︀ ﹝﹠﹆︱﹩ ﹝﹩ ︫﹢د و ︋﹥ دو﹜️ ا︻︀ده ﹝﹩ ︫﹢دوا﹝︐﹫︀ز﹨︀ی  ︋﹫﹍︀﹡﹥ ۶٠ ︨︀ل ︎︦   ︀﹬
 ﹤﹋︡﹠﹬﹢﹎ ﹩﹞ ︀م︷﹡ ﹟﹬︡ان ا﹆︐﹠﹞ ︣﹬︀︨وESA .︡﹠︐︧﹨ ﹩﹝﹯دا ︤﹫﹡ ﹩﹞﹢﹝︻ ︩︟︋ ﹤︋ وا﹎︢اری
 ﹤︚︣﹎.︡﹠﹠﹊﹡راه ︎﹫︡ا ︩︟︋ ﹟﹬د ︑︀ ︫︣﹋️ ﹨︀ی ︭︠﹢︮﹩ ︋﹥ ا﹢︫ ﹩﹞ ︉︊︨ ﹩﹞︀︷﹡ ﹟﹫﹠︚
رو﹎︣  «اود  ا︨️  ︫︡ه  ︑︽﹫﹫︣ا︑﹩  ︠﹢ا︨︐︀ر  ا︨️  داده   ﹏﹫﹊︪︑ ﹡︣وژ  دو﹜️   ﹤﹋ ای   ﹤︐﹫﹝﹋
ا﹡﹢﹋︧﹟» وز﹬︣ ﹡﹀️ وا﹡︣ژی در︑︀ر︞﹬ ٢ ارد﹧︊﹬︪️  ا︻﹑م ﹋︣د ﹋﹥ دو﹜️ ︑︭﹞﹫﹛ ﹎︣﹁︐﹥ ا︨️ 
 ️︺﹠︮ از   ﹩﹝﹫﹡ ﹋﹠︡.︝︡ود   ︶﹀︝ را  دو﹜️   ﹤︋  ﹩︮﹢︭︠  ﹩︋︀﹇︣︋ ا﹝︐﹫︀ز﹨︀ی  ا︻︀ده  ﹡︷︀م 
ا︨️.  ︀﹨ ﹧︫︣داری  درا︠︐﹫︀ر   ﹜﹨ در︮︡آن   ۴٠ ︝︡ود  و  دو﹜️  در﹝︀﹜﹊﹫️  ﹡︣وژ   ﹩︋︀﹇︣︋
﹋﹥ درد︨️  ﹝︀﹜﹊︀ن ١٠ در︮︡ی ﹨︧︐﹠︡   ︤﹫﹡ ا﹜﹊﹛  و  ﹡﹢ر︨﹉ ﹨﹫︡رو  ﹎︣وه ﹨︀ی ︮﹠︺︐﹩ 

︟︋︩ ︭︠﹢︮﹩ ا︨️. 

ا︻︐︊︀رات ﹋︣︋﹠﹩ ︋︣ای ︎︣وژه ﹨︀ی ︋︣﹇︀︋﹩ ︫﹫﹙﹩ 

﹝︖﹬︣︀ن ︎︣وژه ی ︋︣﹇︀︋﹩ ١۵۵ ﹝﹍︀وا︑﹩ ﹐﹨﹫﹍﹢﹯︣ا در︫﹫﹙﹩ ا︻﹑م ﹋︣د﹡︡ ﹋﹥ ا﹬﹟ ︎︣وژه را 
در﹨﹫︀ت ا︗︣ا﹬﹩ ︵︣ح ︨︀زو﹋︀ر ︑﹢︨︺﹥ ی ︎︀ک(CDM) ︋﹥ ︔︊️ ر︨︀﹡︡ه ا﹡︡ ︑︀ و﹇︐﹩ ﹋﹥ در 
︨︀ل ١٣٨٧ وارد ﹝︡ار ﹝﹩ ︫﹢د︑﹬︡﹫﹬︀﹥ ی ︑︖︀رت ا︻︐︊︀رات ﹎﹢ا﹨﹩ ︫︡ه ی ﹋︀﹨︩ ا﹡︐︪︀ر 
﹋︣︋﹟ را درد︨️ دا︫︐﹥ ︋︀︫﹠︡.︵︊﹅ ا︻﹑م ︫︣﹋️ ا︑﹬︪︣﹩ ﹡﹫︣و﹎︀ه ﹨︀ی ︋︣﹇︀︋﹩ ︎︀ر︑﹠︣ز 
︎︀︨﹫﹀﹫﹉ و ︫︣﹋️ ﹡︣وژی ︨︣﹝﹬︀﹥ ﹎︢اری ︋︣﹇﹩ ا︨︐︀︑﹊︣ا﹁️ ﹡﹢ر﹁︀﹡︡، ﹡﹫︣و﹎︀ه ﹐﹨﹫﹍﹢﹯︣ا 

﹋﹥ در رود︠︀﹡﹥ ی ︑﹫﹠﹍﹢﹬︣﹬︣﹬﹊︀ی ︫﹫﹙﹩ در د︨️ ︨︀︠️ ا︨️.
︋︤رگ ︑﹬︣﹟ ︎︣وژه ی ︋︣﹇︀︋﹩ ︗﹧︀ن ا︨️ ﹋﹥ ︑︀ ﹋﹠﹢ن ︋︣ای ︑︖︀رت CDM ︔︊️ ︫︡ه ا︨️.
CDM﹋﹥ ︑﹢︨︳ ︨︀ز﹝︀ن ﹝﹙﹏ ︋﹥ ا︗︣ا درآ﹝︡ه ا︨️ ﹋︀﹨︩ ا﹡︐︪︀ر ﹎︀ز﹨︀ی  ﹨︡ف از ︵︣ح 
﹎﹏ ︠︀﹡﹥ ای ا︨️ ﹋﹥  ︋﹥ ﹎︣م ︫︡ن ︗﹧︀ن ﹋﹞﹉ ﹝﹩ ﹋﹠︡.در︲﹞﹟ ︋﹥ ﹎︤ارش ︠︊︣﹎︤اری 
ا︻︐︊︀رات  ﹁︣وش  ︋︣ای   ﹩﹚﹫︫ ︗﹠︣ا﹋︪﹟»  ای   ﹩︗  ﹩︨  »  ️﹋︫︣  ،︀﹊﹬︣﹞آ ︑︖︀ری  ا︠︊︀ر 
﹋︣︋﹠﹩ ︎︣وژه ی ︋︣﹇︀︋﹩ ١٣۶ ﹝﹍︀وا︑﹩ ﹡﹢و︋﹏ ︋︀ ︫︣﹋️ ︋﹫﹟ ا﹜﹞﹙﹙﹩ «ام ︗﹩ ام» ︑﹢ا﹁﹅ ﹡︀﹝﹥ 
ا﹝︱︀ ﹋︣ده ا︨️. ﹡﹫︣و﹎︀ه ﹡﹢و︋﹏ ﹇︣ار ا︨️ در رود︠︀﹡﹥ ی ﹡﹢و︋﹏ در ﹝﹠︴﹆﹥ ی ︋﹫﹢︋﹫﹢ی 

︫﹫﹙﹩ ︨︀︠︐﹥ ︫﹢د.

﹉﹬ ﹤︋ ﹉﹬ او﹎︀﹡︡ا:︨︨︡︀زی ﹤︋ ﹩﹡︀﹧︗ ﹉﹡︀︋ ︀د﹧﹠︪﹫︎

︋︀﹡﹉ ︗﹧︀﹡﹩ در ︑︀ر︞﹬ ١۵﹁︣ورد﹬﹟ ︋﹥ او﹎︀﹡︡ا ︎﹫︪﹠﹧︀د ﹋︣د ︋﹥ ︗︀ی ︫︐︀ب زد﹎﹩ در ر﹁︹ 
﹋﹞︊﹢د ﹁︤ا﹬﹠︡ه ی ︋︣ق و ︨︀︠︐﹟ ﹨﹞︤﹝︀ن دو ︨︡ در رود ﹡﹫﹏، ا︋︐︡ا ﹬﹊﹩ از ا﹬﹟ دو﹡﹫︣و﹎︀ه 
در   ﹤﹋ ﹁︀﹜︤.او﹎︀﹡︡ا   ﹩﹛︀﹎︀︗﹢︋ ﹝﹍︀وا︑﹩  ︎︣وژه ی ٢۵٠   ﹩﹠︺﹬، ا︨️   ︣︑ ارزان  ︋︧︀ز﹡︡﹋﹥  را 
︫︣ق آ﹁﹬︣﹆︀ ﹇︣ار دارد︋﹥ ︫︡ت د︚︀ر ﹋﹞︊﹢د ︋︣ق و ︠︀﹝﹢︫﹩ ﹨︀ی ︨︣ا︨︣ی روزا﹡﹥ ا︨️.
﹬﹢ری ﹝﹢︨﹢﹬﹠﹩،ر﹬﹫︦ ︗﹞﹧﹢ر او﹎︀﹡︡ا﹋﹞︊﹢د ︋︣ق را ︋﹥ ﹎︣دن وام د﹨﹠︡﹎︀ن «﹝︡ا︠﹙﹥ ﹎︣» 
 ️﹀﹛︀︟﹞ ︨︡ ︠︀ر︗﹩ ا﹡︡ا︠︐﹥ ا︨️ ﹋﹥ ︋﹥ ﹎﹀︐﹥ ی وی ︋︀ ︵︣ح ﹨︀ی ︨︀︠️ ﹨﹞︤﹝︀ن دو
﹋︣ده ا﹡︡.︋︀﹡﹉ ︗﹧︀﹡﹩ ﹨﹛ ا︻﹑م ﹋︣ده ا︨️ ﹋﹥ او﹎︀﹡︡ا ﹬︀︋︡ ا︋︐︡ا ︎︣وژه ی ︋﹢︗︀﹎︀﹜﹩ ﹁︀﹜︤ 
 ﹤﹋ ︋︣ود  ﹡﹫︣و﹎︀ه   ﹟﹬ا د︨️   ﹟﹫﹬︀︎ در  د﹬﹍︣ی   ︨︡  ﹟︐︠︀︨ ︨︣اغ   ﹤︋  ︡︺︋  ︡﹠﹋ ︫︣وع  را 
 ﹩﹞ ﹩﹡︀﹧︗ ﹉﹡︀︋ ︡ه ی ﹋︪﹢ری﹠﹬︀﹝﹡ ︀︋︣ودی﹬ ︦﹬︣﹎.️︨ا ︀﹞︣و﹎︀ه ٢٠٠ ﹝﹍︀وا︑﹩ ﹋︀رو﹫﹡
﹎﹢﹬︀︎︣︋»︡﹬﹥ ی ارز﹬︀︋﹩ ﹨︀ی ﹝﹆︡﹝︀︑﹩ ﹋﹥ ︑︀﹋﹠﹢ن ا﹡︖︀م ︫︡ه ا︨️ ﹝︺︐﹆﹬︡﹛ ﹋﹥ ︎︣وژه ی 
را  ︠﹢د   ﹩﹡︀︊﹫︐︪︎ ﹡﹫︤ی   ﹩﹡︀﹧︗ ا︨️.︋︀﹡﹉  ︑︣ی  ارزان  ی   ﹤﹠﹬︤﹎  ﹩﹛︀﹎︀︗﹢︋ ︎﹫︪﹠﹧︀دی 
ا︻﹑م ﹋︣ده ا︨️....﹋﹥ ︎︦ ︑﹊﹞﹫﹏ ︑︖﹬︤﹥ و ︑︜﹙﹫﹏ ﹨︀ی ︗︀ری ﹬﹢︭︑ ﹤︋ ︡﹬︀︋︉ ﹨﹫︀ت 

﹝﹬︡︣ه ︋︨︣︡»

﹑﹯در و﹡︤و ﹩︚︣و﹎︀ه ٢١۶٠ ﹝﹍︀وا︑﹩ ﹋︀روا﹫﹡ ︩﹬︀︪﹎

ی  رود︠︀﹡﹥  در   ﹩︚︀روا﹋ ﹝﹍︀وا︑﹩   ٢١۶٠  ﹩︋︀﹇︣︋ ی  ︎︣وژه  ر︨﹞﹩  ︵﹢ر   ﹤︋ ︚︀وز   ﹢﹎﹢﹨
 ︣﹫﹫︽︑ دو﹝﹫︣ا﹡︡ا  ﹁︣ا﹡︧﹫︧﹊﹢   ﹤︋  ︤﹫﹡ را  آن  و﹡︀م  ﹋︣د  ا﹁︐︐︀ح  ︋﹢﹜﹫﹢اررا  درا︨︐︀ن  ﹋︀رو﹡﹩  

داد ﹋﹥ ﹬﹊﹩ از ﹇﹧︣﹝︀﹡︀ن ا︨︐﹆﹑ل و﹡︤و﹯﹑ ا︨️.﹡︟︧︐﹫﹟ وا︝︡ ١٨٠ ﹝﹍︀وا︑﹩ ا﹬﹟ ︎︣وژه 
درآور﹬﹏ ٢٠٠٣ ︋﹥ ﹧︋︣ه ︋︣داری ر︨﹫︡ودوازد﹨﹞﹫﹟ و آ﹬︣︠﹟ وا︝︡ ﹡﹫︤ در ٩ا︨﹀﹠︡ ︋﹥ ﹧︋︣ه 
︋︣ق ︨﹩ وی ︗﹩   ️﹋︫︣︤﹫﹡ ︎︣وژه   ﹟﹬ا ︋︣داری ر︨﹫︡.﹝︀﹜﹉،︵︣اح و﹝﹬︨︡︣︀︠️ و︨︀ز 
 ️﹋︫︣ ،﹉﹬︣︐﹊﹛ا ا﹡︣ژی ︗﹠︣ال  از ︫︣﹋️  د﹜﹊︀رو﹡﹩(اد﹜﹊︀)ا︨️.﹋﹠︧︨︣﹫﹢﹝﹩ ﹝︐︪﹊﹏ 
﹋﹢ار﹡︣ ﹡︣وژو︫︣﹋️ ا﹜﹫﹟ ︑︣ا﹡︧﹀﹢ر﹝︀︑﹢رن ا︑﹬︩︣ در ﹝﹠︀﹇︭﹥ ای ︋︣﹡︡ه ی ﹇︣ارداد او﹜﹫﹥ ی 
۵٠٠﹝﹫﹙﹫﹢ن د﹐ری ︑︖﹧﹫︤ات ︋︣ق ﹝﹊︀﹡﹫﹊﹩ ا﹬﹟ ︎︣وژه ︫︡.︎︦ از آن ﹋﹥ در ︨︀ل ١٣٧٨ 
︗﹠︣ال   ︳︨﹢︑ ﹇︣ارداد  ٩٠در︮︡  از   ︩﹫︋︫︡ اد︾︀م   ﹉﹬︣︐﹊﹛ا ︗﹠︣ال  ﹋﹢ار﹡︣در   ️﹋︫︣

ا﹜﹊︐﹬︣﹉ ا﹡︖︀م ︫︡. 

︵︣ح ﹨︀ی ︋︀ز︨︀زی ︎︣وژه ﹨︀ی ︋︣﹇︀︋﹩ ︻︣اق

︑︺﹞﹫︣ات ا︲︴︣اری دو︎︣وژه ی  ︋︣ای   (IDA)﹩﹡︀﹧︗ ﹉﹡︀︋ ا﹜﹞﹙﹙﹩   ﹟﹫︋ ا﹡︖﹞﹟ ︑﹢︨︺﹥ ی 
﹡﹫︣و﹎︀ه ٢۴٩ ﹝﹍︀وا︑﹩ در︋﹠︡ی ︠︀ن  و  ﹡﹫︣و﹎︀ه ۴١۵﹝﹍︀وا︑﹩ دو﹋︀ن   ﹩﹠︺﹬ ︋︣﹇︀︋﹩  ︻︣اق 
︋︣ای  ﹋︣د  ا︻﹑م   IDA دارد.   ﹤﹫﹧︑ درد︨️  را  ا︲︴︣اری  ا︻︐︊︀ر   ﹟﹫﹞︀︑ ︋︣ای  ای   ﹤﹞︀﹡︣︋،
︫︡ه  ١٣۵۴و١٣۶۶︨︀︠︐﹥  در︨︀ل   ﹤﹋  ︀﹨ ﹡﹫︣و﹎︀ه   ﹟﹬ا در  ﹐زم  ︑︺﹞﹫︣ات  ﹝﹫︤ان   ﹩︋︀﹬ارز
 ﹩︵  ﹤﹋  ﹩﹬︀﹨ آ︨﹫︉  د﹜﹫﹏   ﹤︋  ︀﹨ ﹡﹫︣و﹎︀ه   ﹟﹬ا.️﹁︣﹎  ﹉﹝﹋ ﹝︪︀ور  ﹝﹧﹠︨︡︀ن  از   ︡﹬︀︋︡﹡ا
︗﹠﹌ ︋﹥ آن ﹨︀ وارد ︫︡ه ا︨️ و ︾﹀﹙️ ﹨﹬︀﹩ ﹋﹥ در ﹡﹍﹥ داری آن ﹨︀ ︮﹢رت ﹎︣﹁︐﹥ ا︨️ 
︣ای ا﹬﹟ ︑︺﹞﹫︣ات ا︲︴︣اری ۴٠ ﹝﹫﹙﹫﹢ن  ︋﹥ ︑︺﹞﹫︣ا︑﹩ ا︨︀︨﹩ ﹡﹫︀ز دار﹡︡. IDAدر﹡︷︣ دارد︋ 
د﹐ر ︑︟︭﹫︬ د﹨︡.در︲﹞﹟ ار︑︩ ا﹬︀﹐ت ﹝︐︜︡ه ﹡﹫︤ ︋︣ای ︑︀﹝﹫﹟ ︨︀﹝︀﹡﹥ ی ︎﹫︪︣﹁︐﹥ ی 
︑︤ر﹬﹅ دو︾︀ب ︋﹥ ٨٠٠︨︡﹝﹍︀وا︑﹩ ﹝﹢︮﹏ ﹋﹥ ︋︤رگ ︑﹬︣﹟ ︨︡ ︻︣اق ا︨️ در ︎﹩ ا︨︐︟︡ام 
︎﹫﹞︀ن ﹋︀ر ا︨️.﹡﹫︣وی ︚﹠︡﹝﹙﹫︐﹩ ︻︣اق در︨︀ ١٣٨۴ ﹎︤ارش داد ﹋﹥  ︋︣ای ﹬︀︎︡ار︨︀زی 
 ︬﹫︭︟︑ ︻︣اق  ا﹝︡ادر︨︀﹡﹩  و  ︋︀ز︨︀زی  ︮﹠︡وق   ﹤︋  ︣﹍﹬د د﹐ر  ﹝﹫﹙﹫﹢ن   ٢٠  ﹏︮﹢﹞  ︨︡

﹬︀﹁︐﹥ ا︨️.

۵۴۵٨﹝﹍︀وا︑﹩  ﹡﹫︣و﹎︀ه   ﹤︋ ﹝︣︋﹢ط  ﹝︴︀﹜︺︀ت  ا﹡︖︀م  در︑﹊︀︎﹢ی  ︎︀﹋︧︐︀ن 
﹩︖﹡﹢︋

ا﹡︖︀م  ︋︣ای  ﹝︪︀ور  ا︨︐︟︡ام  در︎﹩  و︋︣ق(WAPDA)︎︀﹋︧︐︀ن  آب  ی   ﹤︺︨﹢︑ ︨︀ز﹝︀ن 
 ﹩︖﹡﹢︋۵۴۵٨ ﹝﹍︀وا︑﹩   ﹩︋︀﹇︣︋ ی  ︎︣وژه   ﹩︝︣ا︵ ﹋︀ر﹨︀ی  و   ﹩︖﹠︨ ا﹝﹊︀ن  ﹨︀ی  ︋︣ر︨﹩ 
در︗︀﹎﹙﹢ت در ﹋﹠︀ر رود︠︀﹡﹥ ی ︨﹠︡ ︎︀﹋︧︐︀ن ا︨️. WAPDAدر︎﹩ ا︗︣ای ︋︣ر︨﹩ ﹨︀ی 
ا︨﹠︀د ﹝﹠︀﹇︭﹥ ا︨️.︋︣ر︨﹩ ﹨︀ی  ︑﹧﹫﹥ ی  و   ﹩﹚﹫︭﹀︑ ﹩︨︡﹠﹧﹞ ﹩︝ا﹝﹊︀ن ︨﹠︖﹩،︵︣ا
﹝﹆︡﹝︀︑﹩ ا﹝﹊︀︨﹠︖﹩ ︨︡ ︋﹢﹡︖﹩ ا﹡︖︀م ︫︡ه ا︨️ ﹋﹥ ١٨٠ ﹝︐︣ ︋﹙﹠︡ی دارد، دارای ﹧︚︀ر 
︑﹢﹡﹏ ︑︟﹙﹫﹥ ی ۶۵٠٠﹝︐︣ی ا︨️ و︋﹥ ︵﹢ر ﹝﹫︀﹡﹍﹫﹟ ︨︀﹜﹩ ٢١٢۵٠ ﹎﹫﹍︀وات ︨︀︻️ ︋︣ق 

.︡﹠﹋ ﹩﹞ ︡﹫﹛﹢︑

︑︟︭﹫︬ ا︻︐︊︀ر ︨︀ز﹝︀ن ا﹁﹬︀﹆﹬︣﹩ ︋﹥ ︨︀ز﹝︀ن ︝﹢زه ی و﹜︐︀

 ﹤︋ و﹜︐︀  ی  ︝﹢زه  ︨︀ز﹝︀ن   ﹏﹫﹊︪︑  ﹤︋  ﹉﹝﹋ ︋︣ای   (AWF)︀﹆﹬︣﹁آ آب  ︑︀︨﹫︧︀ت  ︨︀ز﹝︀ن 
 ﹩︋︀﹇︣︋  ﹤﹚﹝︗ از  آ︋﹩،  را﹨︊︣دی   ︹︋︀﹠﹞ ی   ﹤︺︨﹢︑ و  و﹜︐︀  رود  ی  ︝﹢زه   ️﹬︣﹬︡﹞ ﹝﹠︷﹢ر 
 ️︧﹫︐︎︀︋ AWFوژان   ︦﹫﹬داد.﹋﹢رد︗﹥ ︋︡و﹝︣ا ر ︬﹫︭︟︑ (١٩٩۵٩٠د﹐ر)رو﹢﹬١۶۵٠٠٠
م.پ.﹋﹢﹝︍︀ر وز﹬︣ا﹇︐︭︀د و ︋﹢د︗﹥ ی ︋﹢ر﹋﹫﹠︀﹁︀︨﹢ در ﹝︀ه آور﹬﹏ و در ﹧︫︣ اوا﹎︀دو﹎﹢ در 
︋﹢ر﹋﹫﹠︀﹁︀︨﹢ ﹇︣ارداد ا﹬﹟ ︑︀﹝﹫﹟ ا︻︐︊︀ر را ا﹝︱︀ ﹋︣د﹡︡.︋︡و﹝︣ا ﹝﹩ ﹎﹢﹬︡ ا﹬﹟ ا︻︐︊︀ر ︋︣ای 
 ﹏︝︀︨،︀﹠︾،﹢︨︀﹁︀﹠﹫﹋ر﹢︋ ﹩﹠︺﹬ ︀︐﹛︋︣ای ︫﹊﹏ ﹎﹫︣ی ︎﹫﹞︀ن ︋﹫﹟ ︫︩ ﹋︪﹢ر ﹋︣ا﹡﹥ ی رود و

︻︀ج،︑﹢﹎﹢،︋﹠﹫﹟ و ﹝︀﹜﹩ ا﹨﹞﹫️ ز﹬︀دی دارد.

HRW      6 



7  HRW  /  Jully   2006

Under Norway’s system, hydropower concessions sold to foreign or 
private investors expire and revert to the state 60 years after the licenses 
are granted, while public concessions last in perpetuity The ESA and 
other critics of  the system say it keeps private business out of  the sector. 
tor. Although a committee of  the Norwegian government suggested 
changes, Oil and Energy Minister Odd Roger Enoksen said April 20 
the government has decided to preserve the system whereby privately 
owned hydropower concessions revert to the state. The state owns about 
half  and municipalities about 40 percent of  the Norwegian hydropower 
industry. Industrial groups  Norsk  Hydro and Elkem are the main own-
ers of  the 10 percent in private hands.

Chilean hydro projects offer carbon credits

Developers of  the 155-Mw La Higuera hydroelectric project announced 
they have registered the Chilean project with the Clean Development 
Mechanism (CDM) Executive Board, receiving approval to trade certi-
fied carbon emission reduction credits when La Higuera goes on line on 
2008. Partners Pacific Hydro Ltd. of  Australia and Statkraft Norfund 
Power Invest of  Norway said La Higuera, under construction on Chile’s 
Tinguiririca River, is the world’s largest hydropower project so far 
registered for CDM trading.The United Nations-authorized program is 
intended to reduce emissions of  greenhouse gases thought to contribute 
to global warming. Meanwhile, Chilean developer CGE Generacion 
signed an agreement with MGM International of  the United States for 
sale of  carbon credits from the 136-MWNoble hydropower project, 
Business News Americas reported. Noble is to be built on the Noble 
River at San Fabian de Alico in the Chile’s Biobio Region.

Bank to Uganda: Build one dam at a time

The World Bank advised Uganda April 4 to build the cheapest of  two 
proposed hydropower plants on the Nile first, the 250-MW Bujagali 
Falls project, instead of  rushing to meet a growing power deficit by 
building two dams at once.The east African country is suffering a severe 
electricity shortage that causes daily blackouts. President Yoweri  Mu-
seveni has blamed the shortfall on «meddling» foreign donors whom he 
says rejected plans to build two dams at the same time.The World Bank 
said Uganda should consider starting with Bujagali Falls before tackling 
another dam farther downstream, 200-MW Kannna. «Based on the pre-
liminary assessment thus far, we believe the proposed Bujagali project is 
the least-cost option,» World Bank country representative GraceYabrudy 
said. «The bank has confirmed its support ... subject to completion of  
the ongoing analysis and approval by our board.»

Venezuela inaugurates 2,160-MW Caruachi

Venezuela President Hugo Chavez formally inaugurated the 2,160-
MW Caruachi hydroelectric project on the Caroni River in Bolivar 

State, renaming it Francisco de Miranda after the hero of  Venezuelan 
independence. The first 180-MW unit began operation in April 2003; the 
12th and final unit began operation February 28.The project is owned, 
designed, and constructionmanaged by utility CVG Electrificacion del 
Caroni (Edelca).A consortium of  GE Energy, Kvaerner of  Norway, 
and Elm Transformatoren GmbH of  Austria won the original US$500 
million electro-mechanical equipment contract in competitive tendering. 
Following GE’s acquisition of  Kvaerner’s hydro business in 1999, more 
than 90 percent of  the contract was carried out by GE.

Initiatives to refurbish Iraq hydro projects

The World Batik’s International Development Association (IDA) is 
preparing an emergency funding program to make urgent repairs to 
two hydroelectric projects in Iraq, 415-MW Dokan and 249-mw Der-
bandikhan. IDA said consultants will be required to assess rehabilitation 
needs of  the projects, which were built in 1975 and 1987. Both have 
been damaged by war and neglect and require major rehabilitation. IDA 
is considering providing US$40 million for urgent repairs. Meanwhile, 
the U.S. Army is recruiting a contractor to supply an advanced injection 
grouting system for 800-mw Mosul Dain, the largest dam in Iraq. In 
2005, the Multi-National Force-Iraq reported an additional US$20 mil-
lion in Iraq 1Zeconstruction and Relief  Funds was allocated to stabilize 
Mosul Dam.

Pakistan seeks study of 5,458-MW Bunji

Pakistan’s Water and Power Development Authority (WAPDA) is 
recruiting consultants to perform a feasibility study and design work for 
the 5,458-MW  Bunji  hydroelectric project at Jaglot on Pakistan’s Indus 
River. WAPDA seeks a feasibility study, detailed engineering design, 
and preparation of  tender documents. A prefeasibility study has been 
performed on Bunji, which is to have a 180-meter-tall dam, four 6,500-
meter-long headrace tunnels, and average annual production of  21,250 
gigawatt-hours.

Africa agency funds Volta Basin Authority

The African Water Facility (AWF) granted 165,000 euros (US$199,590) 
to help establish the Volta Basin Authority to manage the Volta River 
Basin and promote strategic water resources development, including hy-
dropower. AWE Director Kordje Bedoumra and Burkina Faso Finances 
and Budget Minister Jean –Baptiste  M.P Compaore signed the grant 
agreement in April in Ouagadougou, Burkina Faso. Bedoumra  said 
the grant is crucial to creation of  a convention between the six Volta 
riparian countries, Burkina Faso, Ghana, Cote d’Ivoire, Togo, Benin, and 
Mali.
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︑︜﹢﹐ت ︋︣ق آ︋﹩ در ﹨﹠︡و︨︐︀ن:︋︣﹡︀﹝﹥ ﹨︀ و ︎﹫︪︣﹁️ ﹨︀    ٢٦ 
﹡﹢﹬︧﹠︡ه :آ﹡﹊﹢ر وا︫﹫︪︐︀

﹨﹠︡و︨︐︀ن در ︎﹩ ︨︀︠️ ﹡﹫︣و﹎︀ه ﹨︀ی ︗﹬︡︡︋︣﹇︀︋﹩ ︋﹥ ︸︣﹁﹫️ ﹋﹏ ٧٥٠٠٠﹝﹍︀وات از ︨︀ل ٢٠٠٧ 
︑︀ ︨︀ل ٢٠٢٢ ا︨️. ﹝︜﹢ر﹬️ دادن دو﹜️ ︋﹥ ︋︣ق آ︋﹩ ،﹁︣︮️ ﹨︀ی ︚︪﹛ ﹎﹫︣ی ︋︣ای ︨︀ز﹡︡﹎︀ن 

﹡﹫︣و﹎︀ه ﹨︀ و ︑︀﹝﹫﹟ ﹋﹠﹠︡﹎︀ن ﹋︀﹐ و ︠︡﹝︀ت ﹁︣ا﹨﹛ ﹝﹩ آورد.

﹝﹆︀﹜﹥ ی ﹁﹠﹩  
︫﹫﹢ه ی ارز︜﹞ ﹩﹝﹋ ﹩︋︀﹬﹏ ︎︣وژه ﹨︀ی ︗﹬︡︡ ︋︣ق آ︋﹩    ٣٢ 

﹡﹢﹬︧﹠︡﹎︀ن : ︗﹢رج ︨﹩. ﹜︡ک و ︠﹢ان د.﹋﹫﹠︐︣و
﹝﹊︀ن ﹎﹬︤﹠﹩ ﹝﹠︀︨︉ ︋︣ای ︋﹥ ︝︡ا﹇﹏ ر︨︀﹡︡ن ا︔︣ات ﹝﹠﹀﹩ در ︎︣وژه ﹨︀ی ︗﹬︡︡ ︋︣ق آ︋﹩ ا﹨﹞﹫️ 
 ﹩︴﹫︜﹞ ️︧﹬ا︔︣ات ز ︑﹢ا﹡﹠︡ ﹝﹫︤ان  ارز﹬︀︋﹩ ١٥ ︫︀︬︠ ﹋﹙﹫︡ی ﹝﹩   ︀︋ ︝﹫︀︑﹩ دارد.﹬︡︎︡آوران 

﹝﹠﹀﹩ ﹝﹊︀ن ︎﹫︪﹠﹧︀دی را ︋︣آورد ﹋﹠﹠︡.

︎︀ک ︨︀زی ﹝︖︀ری ا﹡︐﹆︀ل آب:︑﹆﹢﹬️ ︑﹢﹜﹫︡ ︋︣ق در ﹨﹫︡رو︑︀︨﹞︀﹡﹫︀    ٤٠ 
﹡﹢﹬︧﹠︡ه : آ﹡︐﹢﹡﹩ ب. دن

︋︣﹡︀﹝﹥ ی آز﹝﹬︀︩ و ︎︀ک ︨︀زی ︫︣﹋️ ﹨﹫︡رو︑︀︨﹞︀﹡﹫︀ در ٢٩︑︀︨﹫︧︀ت ︋︣﹇︀︋﹩ ﹝﹩ ︑﹢ا﹡︡ ︑﹢﹜﹫︡ 
︋︣ق ا﹬﹟ ︑︀︨﹫︧︀ت را ︨︀﹜﹩ ٦٧﹎﹫﹍︀وات ︨︀︻️ ا﹁︤ا﹬︩ د﹨︡.

   ︀﹨ ︩︟︋               

 ︀﹨ ﹤︮﹑︠  ٤
ا︠︊︀ر ﹝﹧﹛ ︋︣ق آ︋﹩ از ︨︣ا︨︣ ︗﹧︀ن  

د﹬︡﹎︀ه: ر﹁︐﹟ ︋﹥ ﹁︣ا︨﹢ی ﹡﹀️    ١٠
  ︑﹢︨︳ (﹋︀رل وا﹡︧︀﹡️)، ︨︣ د︋﹫︣ 

ا︠︊︀ر روز   ١٢
ا︠︊︀ر ︗﹧︀﹡﹩ ︮﹠︺️ آب، ﹋︀﹝﹏ و آ︨︀ن ︋︣ای د︨︐︨︣﹩   

﹬︀ددا︫️ ﹨︀ی ﹁﹠︀وری    ٤٨
﹬︀﹁︐﹥ ﹨︀ی ︋︣ر︨﹩ ﹨︀ و ا︠︊︀ر ﹁﹠﹩ ﹝﹧﹛  ا﹬﹞﹠﹩  ︨︡ و ﹡﹫︣و﹎︀ه ﹨︀ی ︋︣﹇︀︋﹩  

درس ﹨︀ی آ﹝﹢︠︐﹥:درد︨︣﹨︀ی ﹡﹍﹥ داری    ٥٠
﹡﹢﹬︧﹠︡ه:︗﹫﹞︤ ل.﹎﹢ردون ،﹋︀ر︫﹠︀س، ︫︣﹋️ ﹝﹧﹠︨︡︀ن ﹝︪︀ور ︋︣ق آ︋﹩  

﹩︋︀﹇︣︋ ﹉︚﹢﹋ ︣و﹎︀ه ﹨︀ی﹫﹡   ٥٢

 ︫︣ح روی ︗﹙︡

﹎︤ارش ﹋︧︉ و﹋︀ر ︋︣ق آ︋﹩: 
︋︣ر︨﹩ ﹝﹠︴﹆﹥ ای

﹡﹢﹬︧﹠︡﹎︀ن :  ﹜﹢ر﹡️ ︋﹙️ و ژان ﹝﹫︪﹏ دور﹡﹩

 ،﹩﹬︀︨︀﹠︫ ︋︣ای ﹩︋﹢︚︀ر︚ ا﹋﹠﹢ن
︑﹬︀﹫︡،︑︀﹝﹫﹟ ا︻︐︊︀ر و ︎﹫︀ده ︨︀زی 

︎︣وژه ﹨︀ی ︋︀ز︨︀زی و/﹬︀ ار︑﹆︀ء 
︑︡و﹬﹟ ︫︡ه ا︨️.﹬﹉ ︋︣ر︨﹩ 
 ﹟﹬ردی از ︑︣﹋﹫﹥ ﹡﹫︤ ﹋︀ر︋︣د ا﹢﹞

︚︀ر︚﹢ب را ﹡︪︀ن ﹝﹩ د﹨︡.

١٨ : ﹤︜﹀︮

︵︣ح ︗﹙︡: را︋︣ت ا︨︍﹙﹞﹟ از 
︋﹢﹜︡ر،﹋﹙︣ادو،ا﹬︀﹐ت ﹝︐︜︡ه
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27 Hydroelectric Development in India: Plans and Progress
BY ANKUR VASHISHTHA
India is committed to developing about 75,000 mw of  new hydropower capac-
ity from 2007 through 2022.The government’s focus on hydropower provides 
significant opportunities for developers and suppliers.

Technical article
33 Method for Quantitatively Evaluating Sites for New 

Hydroelectric Projects
By GEORGE C. LEDEC AND JUAN D. QUINTERO
Proper site selection is vital to minimize negative effects associated with the 
development of  hydro projects. By assessing 15 key indicators, developers can 
estimate the extent of  adverse environmental effects for a proposed site.

41 Cleaning Water Conveyances: Hydro Tasmania Boosts 
Power Production
BY ANTHONY B. DENNE
Hydro Tasmania’s water conveyance testing and cleaning program at its
29 hydroelectric facilities should yield an increase of  more than 67 gigawatthours 
of  electricity production each year.

 Departments

5   Briefings
       Important hydro news from throughout the world

11  Viewpoint: Moving Beyond Oil
       By Carl Vansant, Editor-in-Chief  

13  Update
       Easy-to-access, comprehensive worldwide hydro business news

49  Tech Notes
       Important hydro and dam safety technical news and study findings

51  Lessons Learned: Maintenance woes
       By James L. Gordon, B.Sc., Hydropower Consultant 

53  Small Hydro

    

Cover Story

Framework
for Deciding to 
Rehabilitate and 
Uprate Hydro
Facilities

BY LAURENT BELLET AND

JEAN-MICHEL DEVERNAY

A framework  for 
identifying, approving, 
funding, and imple-
menting rehabilita-
tion and/or uprating 
projects is now avail-
able. A case study 
from Turkey illustrates 
application of  this 
framework.
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HRW ﹤﹚︖﹞ ﹩︨︀ر﹁ ﹤﹝︗︣︑ ر﹁︐﹟ ︋﹥ ﹁︣ا︨﹢ی ﹡﹀️
د﹬︡﹎︀ه

﹋︀ری از :
د﹁︐︣ ﹝︴︀﹜︺︀ت ︑﹢︨︺﹥ ﹁﹠︀وری 

︫︣﹋️ ︨︀︑﹊︀ب 

: ︣︷﹡ ︣﹬ز
﹝﹧﹠︡س ﹬︡ا... ﹁︣︗﹩ 

FARADJI@SATKAB.com

﹝︖︣ی :
 ︀︊﹧︮ ️﹋︫︣

www.sahbatech.com

 :﹜︗︣︐﹞
︀︊﹧︮ ﹟﹫﹝︗︣︐﹞ ︣وه﹎

﹎︣ا﹁﹫﹉: 
︀︊﹧︮ ﹩︝آ︑﹙﹫﹥ ︵︣ا

︚︀پ :  
﹋︀﹡﹢ن ا﹡﹀﹢ر﹝︀︑﹫﹉

 ️︠︀︨ ️﹬︣﹬︡﹞ ﹩︭︭︟︑ ︀در﹞ ️﹋︫︣
و ︑﹧﹫﹥ ﹋︀﹐ی آب و ︋︣ق (︨︀︑﹊︀ب )

د﹁︐︣ ﹝︴︀﹜︺︀ت ︑﹢︨︺﹥ ﹁﹠︀وری 
︑﹧︣ان ؛

 ︠﹫︀︋︀ن ︠︣﹝﹧︪︣ ، ︎﹑ک ١٢٠ 
 ٨٨٧٤١٣٠١ : ﹟﹀﹚︑ 
٨٨٧٤٠٤٤١ : ︦﹋︀﹁ 
www.satkab.com

 ﹟︐︨︀︠︣ ︣ق آ︋﹩ دا︫︐﹥ ا︨️.︠﹫︤ش ا︠﹫︣ ﹇﹫﹞️ ﹡﹀️ ﹬︀ ﹨﹞︀ن︋  ︣ای︋  ︤ر﹎﹩︋  ﹫︀﹝︡﹨︀ی︋  ︀ره ی ﹡﹀️︎  (﹡﹍︣ا﹡﹩ ︗﹧︀﹡﹩ در︋ 
﹝﹢ج ﹇﹫﹞️ ﹡﹀️ ︋﹥ ﹎﹢﹡﹥ ای ﹁︤ا﹬﹠︡ه ︋︣ ︗︢ا︋﹫️ ︑﹢﹜﹫︡ ︋︣ق ﹝﹩ ا﹁︤ا﹬︡.ز﹬︣ااز︋︣ق ︋﹥ ︻﹠﹢ان ﹬︡︋﹏ ﹡﹀️ ﹋︀ر﹨︀ی ︋︧﹫︀ری 
︋︣﹝﹩ آ﹬︡﹬︀ ﹝﹩ ︑﹢ان ︋︣ق را ﹧︋︐︣ ︋﹥ ﹋︀ر﹎︣﹁️(︋︣ای ︑﹢﹜﹫︡ ︋︣ق از ﹡﹀️ ﹋﹞﹩ ا︨︐﹀︀ده ﹝﹩ ︫﹢د).ز︾︀ل ︨﹠﹌،آب و ﹡﹫︣وی 
﹨︧︐﹥ ای «︨﹥ ﹝﹠︊︹ ︋︤رگ» ا﹡︣ژی ︋︣ق ﹨︧︐﹠︡. ︨﹫︴︣ه ︋︀ ز︾︀ل ︨﹠﹌ ا︨️ و ﹧︨﹛ آب و ﹡﹫︣وی ﹨︧︐﹥ ای در︑﹢﹜﹫︡ ︋︣ق 

︗﹧︀ن ﹨︣﹋︡ام ١٧در︮︡ ا︨️.
ا﹝︀︠﹢ا﹡﹠︡﹎︀ن HRW︋﹥ ︠﹢︋﹩ ﹝﹩ دا﹡﹠︡﹋﹥ آب ︋﹥ ︠︀︵︣ ﹝﹬︀﹨ ️﹬︤﹩ ﹋﹥ دارد ︋︣ای ︑﹢﹜﹫︡ ︋︣ق ︋︣︑︣ی دارد:

•   ︑︖﹬︢︎︡﹬︡︣ی وا﹇︺﹩- ︋﹥ «︨﹢︠️»﹡﹫︀زی ﹡﹫︧️ و ︚︣︠﹥ ی ︵︊﹫︺﹩ ﹨﹫︡رو﹜﹢ژی ا﹬﹟ ﹋︀رراا﹡︖︀م ﹝﹩ د﹨︡.
•   ︎︀﹋﹩- ︨︀︠️ و ﹧︋︣ه ︋︣داری ﹡﹫︣و﹎︀ه آ︋﹩ ︝︡ا﹇﹏ آ﹐﹬﹠︡﹎﹩ را دارد.

•   ︻﹞︣ز﹬︀د-٧۵︑︀ ︋﹫︩ از ١٠٠︨︀ل دوام دار﹡︡ و ︋﹥ را︨︐﹩ ﹝﹫︣ا︔﹩ را آ﹬﹠︡﹎︀ن ︋﹥ ︫﹞︀ر ﹝﹩ آ﹬﹠︡...﹁﹆︳ ︎︣وژه ﹨︀ی 
آ︋﹩ ﹬︤﹞ ﹟﹫﹠︚︐﹩ دار﹡︡!

در︨︣ا︨︣ ︨︡ه ی ︋﹫︧︐﹛ ﹝﹫﹑دی ︝︣﹋️ ︋﹥ ︨﹢ی ︋﹥ ﹋︀ر﹎﹫︣ی ︋︣ق ﹨﹞︣اه ︋︀ ا﹁︤ا﹬︩ وا︋︧︐﹍﹩ ︋﹥ ﹡﹀️ ︋﹢د︋﹥ ﹎﹢﹡﹥ ای 
﹋﹥ ﹨﹛ ا﹋﹠﹢ن ︝︡ود دو ︎﹠︖﹛ ا﹡︣ژی ︗﹧︀ن ︋︣ای ︑﹢﹜﹫︡ ︋︣ق ︋﹥ ﹋︀ر ﹝﹩ رودودو︎﹠︖﹛ د﹬﹍︣ ︋﹥ ︮﹢رت ﹡﹀️ ︑﹢﹜﹫︡ و ﹝︭︣ف 
 ﹩﹬︤︗ ﹛ ︋﹥ ﹎︀ز ︵︊﹫︺﹩ ﹝︣︋﹢ط ﹝﹩ ︫﹢د ﹋﹥ ﹝﹆︡اری از آن ︮︣ف ︑﹢﹜﹫︡ ︋︣ق ﹝﹩ ︫﹢د.(﹝﹆︡اری﹨ ﹤﹫﹆︋ ﹜︖﹠︎ ﹉﹬.د﹢︫ ﹩﹞
از ﹋﹏ ا﹡︣ژی ﹬︺﹠﹩ ﹋﹛ ︑︣ از ١در︮︡﹨﹛ ︋﹥ ︨︣︗﹞︹ ﹬︀︨︣ ﹝﹠︀︋︹ ﹝︓﹏ ا﹡︣ژی ز﹝﹫﹟ ﹎︣﹝︚،﹩﹬︀﹢ب،︲﹬︀︺︀ت،︋︀د،︠﹢ر︫﹫︡ و 

﹝︀﹡﹠︡ ا﹬﹟ ﹨︀ ﹝︣︋﹢ط ﹝﹩ ︫﹢د).
 ﹌﹠︚ ﹤︋ ﹩﹡﹑﹋ دو︋︀ ا﹡︡﹋﹩ ﹋﹢︫︩ ا﹡︣ژی﹢︋ ﹩﹬︀﹞آز ️︟︋ در اوا︠︣ د﹨﹥ ی ١٨٠٠﹝︀﹡﹠︡ ︋︣﹡︡ه ︫︡ن در ️﹀﹡ ︿︪﹋
ا﹬﹟ ﹨﹞︡ا︨︐︀﹡﹩ ﹁︤ا﹬﹠︡ه   ﹤︋ ︋︣ ذ﹧︗ ︣﹬︀︠︀ن ﹎︢ا︫︐﹥ ا︨️ و ﹋︀ر︫﹠︀︨︀ن  ︋︀ری  ا︔︣ز﹬︀ن   ︡﹬︫︡ آ﹝︡.ده ﹨︀ ︨︀ل ﹝︭︣ف

ر︨﹫︡ه ا﹡︡ ﹋﹥ ﹝﹠︀︋︹ ﹡﹀️ ︋﹥ ︨︣ا︫﹫︊﹩ ا﹁﹢ل دا﹯﹞﹩ و ︋︣﹎︪️ ﹡﹬︢︎︀︣ا﹁︐︀ده ا﹡︡ ﹬︀ ︋﹥ زودی ︚﹠﹫﹟ ﹝﹩ ︫﹢د.
︑︀﹨﹞﹫﹟ ︚﹠︡ی ︎﹫︩ ﹡﹀️ درا︾﹙︉ ﹝﹢ارد از ﹝﹠︀︋︹ د﹬﹍︣ ا﹡︣ژی ارزان ︑︣ ︋﹢د.ا﹝︀ درد﹨﹥ ﹨︀ی ا︠﹫︣ ﹡﹀️ در ﹋﹏ ارزان 

﹡︊﹢ده ا︨️ و﹧︋︀ی ﹁︤ا﹬﹠︡ه ی آن ︨︊︉ ︫︡ه ا︨️ ︑︀ ﹬︀︨︣ ︫﹊﹏ ﹨︀ی د﹬﹍︣ ا﹡︣ژی ﹡﹫︤ ر﹇﹫︉ آن ︫﹢﹡︡.
︨﹢ءا︨︐﹀︀ده ﹁︤ا﹬﹠︡ه از ﹡﹀️ ︋︣ای ر︨﹫︡ن ︋﹥ ا﹨︡اف ︨﹫︀︨﹩ ﹡﹫︤ ﹝︺︱﹏ ﹡﹀️ را دو︚﹠︡ان ﹋︣ده ا︨️ و ︋︣︗︢ا︋﹫️ 

﹬︀︨︣ ﹝﹠︀︋︹ ا﹡︣ژی ﹋﹥ ﹋﹛ ︑︣ ︨﹫︀︨﹩ ﹨︧︐﹠︡ ا﹁︤وده ا︨️.
 ︣﹬︀︨ ︣ا﹝﹢ش ﹋︣د ﹋﹥ ︎﹫﹞︀ن ﹋﹫﹢︑﹢ و﹁ ︡﹬︀︊﹡ ︤﹫﹡ ︡ه ی ﹝︣︋﹢ط ︋﹥ آ﹜﹢ده ︫︡ن ︗﹢ ︋﹥ ﹋︣︋﹟ را﹠﹬︣ا﹡﹩ ﹨︀ی ︋︤رگ و﹁︤ا﹍﹡
︎﹫﹞︀ن ﹨︀ ﹡﹞﹢د ر︨﹞﹩ ا﹬﹟ ﹡﹍︣ا﹡﹩ ﹨︀ ﹨︧︐﹠︡.﹨︡ف ﹎﹫︣ی ︋︣ای ﹋︣︋﹟ زدا﹬﹩ از ﹝﹠︀︋︹ ا﹡︣ژی ﹡﹫︤ ︚︪﹛ ا﹡︡از ︋︀ز﹨﹛ ﹧︋︐︣ی 

︋﹥ ا﹡︣ژی آ︋﹩ ﹝﹩ د﹨︡.
︋︀ ﹋︀﹨︩ ﹡﹆︩ ﹡﹀️، ﹝︖﹞﹢︻﹥ ای از ر﹨﹫︀﹁️ ﹨︀ ︋︣ای ر︨﹫︡﹎﹩ ︋﹥ ﹡﹫︀ز﹨︀ی ا﹡︣ژی ﹐زم ا︨️.︫﹊﹩ ﹡﹫︧️ ﹋﹥ ︋﹥ 
︮︣﹁﹥ ︗﹢﹬﹩ و﹋︀را﹬﹩ ا﹡︣ژی ﹧︋ ︡﹬︀︋︀ی ︋﹫︪︐︣ی داد.︋︣ای ︋︣ر︨﹩ و ︎﹫︀ده ︨︀زی ﹁﹠︀وری ﹨︀ی ا︋︐﹊︀ری و در︝︀ل ︸﹧﹢ر 
︗︜︑،︡﹬︡﹆﹫﹅ و ︑﹢︨︺﹥ ی ︋﹫︪︐︣ی ﹐زم ا︨️.﹎︧︐︣ش ﹋︀ر︋︣د ︋︣ق ︲︣وری ا︨️ و ﹝﹠︀︋︹ ︋︣﹇︀︋﹩ (در﹇︀﹜︉ ︎︣وژه ﹨︀ی 

﹡﹢︨︀زی ︫︡ه و ︑﹢︨︺﹥ ﹬︀︗ (︡﹬︡︗ ﹤︐﹁︀﹬﹍︀ه ︠﹢︋﹩ دار﹡︡ و ﹝﹩ ︑﹢ا﹡﹠︡ ﹧︨﹛ ︋︤ر﹎﹩ در ﹝﹠︀︋︹ ︗﹬︡︡ دا︫︐﹥ ︋︀︫﹠︡.

﹋︀رل و﹡︧﹠️
︨︣د︋﹫︣

︡﹠﹋ ﹩﹞ ︡﹠﹚ ︣︠﹫︤د ﹨﹞﹥ ی ﹋︪︐﹩ ﹨︀ را︋  ﹝﹢ج ﹋﹥︋ 
︗︀ن اف ﹋﹠︡ی
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Worldwide angst over oil has enormous implications for hydropower. The recent run-up the rising 
tide  of  oil prices makes electricity production increasingly attractive. That’s because, as an alternative 
to oil, many tasks can be done as well or better using electricity (and little oil is used to make electric-
ity). Electricity’s «big three» energy sources are coal, hydro, and nuclear-coal is dominant, and hydro 
and nuclear each produce about 17% of  the world’s electricity.

Readers of  HRW, of  course, are well-aware that hydro has many beneficial attributes that are 
superior for electricity production, including:

• Genuinely renewable __no «fuel» required; takes advantage of  the natural hydrologic cycle.
• Clean - minimal emissions associated with plant development and operation.
• Long-lived  __75 to 100+ years; truly a legacy for the future ... an attribute that’s been 

demonstrated only by hydro projects!
Throughout the 20th century, the move toward electrification paralleled the growth of  petro-

leum dependency to the point that, currently, about two-fifths
of  the world’s energy is used for making electricity and another two-fifths is produced and con-

sumed as petroleum. The remaining fifth comes from natural gas, some of  which is used to produce 
electricity. JA tiny fraction of  total energy (less than 1%) conies from the combination of  all other 
resources geothermal, wood, waste, wind, solar, etc.]

Oil’s discovery in the late 1800s was akin to winning an energy lottery small efforts yielded 
enormous amounts of  energy. Decades of  extravagant use have taken a toll on the world’s reserves. 
There is a growing consensus among experts that oil resources are, or soon will be, in permanent, 
irreversible decline.

Until recently, oil often was inexpensive in comparison to other sources of  energy. However, in 
recent decades oil generally has not been cheap, and its increasing price has led to making alternative 
energy forms competitive.

Add to oil’s burden the fact that, increasingly, it is exploited for political ends  making other, less 
political energy sources more attractive.

Add, also, the large and growing concerns about atmospheric carbon emissions - concerns for-
malized in the Kyoto, and other, agreements. The objective of  decarbonizing  energy supplies makes 
hydro look even better.

As petroleum’s role diminishes, a host of  approaches will be required for addressing energy 
needs. Certainly greater emphasis will need to be given to conservation and energy efficiency. More 
research and development will be needed for exploring and implementing new, innovative, and 
emerging technologies. Expansion of  electrification is imperative, and hydropower resources in 
new, redeveloped, and modernized projects are well-positioned to contribute an ample share to new 
supplies.
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ا︠︊︀ر روز

 ﹇︣ارداد﹨︀: 
 ﹤︮﹑︠

︫︣﹋️ ﹁︨︣️ ﹨﹫︡رو  ︵﹩ ﹇︣اردادی 
︋︀ز︨︀زی ︨︀﹝︀﹡﹥ ی ︑﹬︣︜﹉ دی ︨﹩ 
ژ﹡︣ا︑﹢ر ︎︣وژه ی ︑﹙﹞︊﹥ ای – ذ︠﹫︣ه 

ای ٣۶٠ ﹝﹍︀وا︑﹩ ﹁﹙︧︐﹫﹠﹫﹢گ در و﹜︤ 
ا﹡﹍﹙︧︐︀ن را ︋﹥ ︫︣﹋️ ︨﹍﹙﹉ ا﹡﹍﹙︧︐︀ن 

︨︍︣د.︨﹫﹛ ︎﹫︙﹩ دو︋︀ره ی  آر﹝﹫︙︣ و 
︨﹫﹛ ︎﹫︘ ﹨︀ی ﹝﹫︡ان ا︮﹙﹩ و ︋︀ز︨︀زی 
﹇︀ب ﹝﹫︡ان از ︗﹞﹙﹥ ﹝﹀︀د ا﹬﹟ ﹇︣ارداد 
ا︨️.︵︊﹅ ︋﹠︡ی از ﹇︣ارداد در︮﹢رت 
﹜︤وم ﹨︧︐﹥ ی آر﹝﹫︙︣ ﹨﹛ ﹬︀︋︡ ︻﹢ض 
 ﹟﹬︣ارداد ازا﹇ ﹟﹬د.︫︣﹋️ ︵︊﹅ ا﹢︫
ا︠︐﹫︀ر ︋︣︠﹢ردار ا︨️ ﹋﹥ در ︮﹢رت 

 ﹤︨ ﹉﹬︣︜︑ ︋︀ز︨︀زی ︨︀﹝︀﹡﹥ ﹨︀ی ﹏﹬︀﹝︑
وا︝︡ د﹬﹍︣ را ﹡﹫︤ ︑︀ ︨︀ل ٢٠٠٩ ︋﹥ ︻﹧︡ه 

︋﹍﹫︣د.

︫︣﹋️ ︋︣ق «ورار﹜︊︣﹎︣ ا﹬﹏ ور﹋﹥» 
 ﹉﹬︣︜︑ ︣ارداد︑︀﹝﹫﹟ ︨﹥ د︨︐﹍︀ه﹇

︎︣وژه ی ︑﹙﹞︊﹥ ای – ذ︠﹫︣ه ای ۴۵٠ 
﹝﹍︀وا︑﹩ ﹋﹢︎︧﹢رک ٢ را ﹋﹥ ﹇︣ار ا︨️ 
در رود︠︀﹡﹥ ی ا﹬﹏ ا︑﹬︩︣ ︨︀︠︐﹥ ︫﹢د 

︋﹥ ︫︣﹋️ « ای ︋﹩ ︋﹩» ا︑﹬︩︣ ︨︍︣د.
ا﹬﹏ ور﹋﹥ ︋︀ ︫︣ا﹋️ ︫︣﹋️ آ﹜﹞︀﹡﹩ «ان 

︋﹩ د︋﹙﹫﹢» در︝︀ل ا︗︣ای ا﹬﹟ ︎︣وژه 
ی ٣٠٠﹝﹫﹙﹫﹢ن ﹬﹢رو﹬﹩(٣١٨ ﹝﹫﹙﹫﹢ن 

د﹐ری) ا︨️.

︫︣﹋️ ا﹬︀﹫﹛︀︐﹬﹩ اد﹬︧﹢ن ﹇︣ارداد 
︑︺﹞﹫︣ات ا︨︀︨﹩ و︋︀ز︨︀زی ﹡﹫︣و﹎︀ه 

︋︣﹇︀︋﹩ ۶۵ ﹝﹍︀وا︑﹩ ︎﹢﹡︐﹥ را ︋﹥ ︫︣﹋️ 
«︎﹩ ای ︨﹩» ︨︍︣د.︵︊﹅ ا︻﹑م ︫︣﹋️ 

اد﹬︧﹢ن درا﹬﹟ ︎︣وژه ﹬︀︋︡ ︨︀زه ی 
︑﹬︡︊﹏ ﹡﹫︣و﹎︀ه ﹋﹥ ٧۵٢۵ ﹝︐︣ ︵﹢ل و ۶ 
﹝︐︣ ﹇︴︣ دارد ︑︜️ ︻﹞﹙﹫︀ت ︠︀رق ا﹜︺︀ده 

﹡﹍﹥ داری ﹇︣ار﹎﹫︣د.︫︣﹋️ «︎﹩ ای ︨﹩» 
از ﹋︀︎﹢و دی ︎﹢﹡︐﹥ ︑﹠﹧︀ ︫︣﹋️ ﹋﹠﹠︡ه ی 

﹝﹠︀﹇︭﹥ ︋﹢د.

 (HCC)︡و︨︐︀ن﹠﹨ و︨︀ز   ️︠︀︨  ️﹋︫︣
﹡﹫︣و﹎︀ه   ️︠︀︨ ﹇︣ارداد  ی  ︋︣﹡︡ه 
 ١۶٠ ﹡﹫︣و﹎︀ه  و  ︨﹢ا﹜﹊﹢︑﹥  ١٢٠٠﹝﹍︀وا︑﹩ 
︑﹫︧︐︀ی   ︨︡ آ︋﹩  ︋︣ق  ی  ︎︣وژه  ﹝﹍︀وا︑﹩ 

︨﹀﹙﹩ ﹝︝︣﹙﹥ ی ۴ ︫︡.
﹇︣ارداد  ﹋︣د  ا︻﹑م   ﹩﹮︊﹝︋ ︋﹢رس   ﹤︋  HCC

در  ︨﹢ا﹜﹊﹢ت)   ︀﹬)﹤︑﹢﹊﹛ا﹢︨  ️︠︀︨
 ﹩︨︡﹠﹧﹞ در﹇︀﹜︉  را  ︚﹠︀ب  ی  رود︠︀﹡﹥ 
–︑︡ار﹋︀ت-︨︀︠️ ︋︀ دو﹜️ ︗︀﹝﹢ و ﹋︪﹞﹫︣ 

ا﹝︱︀ ﹋︣ده ا︨️.

HCC ا﹬﹟ ︎︣وژه ی ۴٣١٢۵ ﹝﹫﹙﹫︀رد رو︎﹫﹥ 

﹨﹞﹊︀ری   ︀︋ را  د﹐ری)  ﹝﹫﹙﹫﹢ن   ٩۶١) ای 
 ﹤﹫﹋︣︑ اوزا﹜︐﹫﹟  ﹡︣وژو  ا︨︍︀س   ️﹋︫︣

ا﹡︖︀م ﹝﹩ د﹨︡.
 ٣٫٩۶ ﹇︣ارداد  ﹋︣د  ا︻﹑م   ﹟﹫﹠︙﹝﹨HCC

﹝﹫﹙﹫﹢ن  ای(٨٨٫٢۵  رو︎﹫﹥  ﹝﹫﹙﹫︀رد 
در   ۴  ﹩﹚﹀︨ ︑﹫︧︐︀ی   ︨︡ د﹐ری)︨︀︠️ 
 ﹩︋︣︾ ︋﹠﹍︀ل   ️﹛︀﹬ا در   ︀︐︧﹫︑ ی  رود︠︀﹡﹥ 
﹋︣ده  ا﹝︱︀  آ︋﹩  ︋︣ق   ﹩﹚﹞  ️﹋︫︣  ︀︋  ︤﹫﹡ را 

ا︨️.

  ︋︀ز︨︀زی:
︋︀ز︨︀زی ﹡﹫︣و﹎︀ ﹨︀ی ︎︣وژه ی «دا﹜﹠︀ آردا ﹋︧﹊﹫︡» در ︋﹙︽︀ر︨︐︀ن

︋︣ق  ا﹡︐﹆︀ل   ﹩﹚﹞  ️﹋︫︣
﹇︣اردادی   ﹩︵  (NETC)︀ر︨︐︀ن︽﹚︋
ا﹝︱︀   ﹤︋  ﹏﹬آور  ٢٥  ︞﹬در︑︀ر  ﹤﹋
آ︋﹩  ︋︣ق  ﹡﹫︣و﹎︀ه   ﹤︨ ر︨﹫︡︋︀ز︨︀زی 
در ︎︣وژه ی «دا﹜﹠︀ آردا ﹋︧﹊﹫︡» را ︋﹥ 

︫︣﹋️ «وی ای ︑﹉ ﹨﹫︡رو» ︨︍︣د.
ا︨️   ﹇︣ار  ﹨﹫︡رو»   ﹉︑ ای  «وی 
﹋︀رد︗︀﹜﹩  ﹝﹍︀وا︑﹩   ١٠٦ ﹡﹫︣و﹎︀ه 
︋︣ق    ︡﹫﹛﹢︑  ︡︝وا ﹧︚︀ر  دارای   ﹤﹋ را 
﹝﹍︀وا︑﹩   ١٠٣٫٥ ا︨️،﹡﹫︣و﹎︀ه 
ا﹬﹢ا﹜﹢ف ﹎︣اد را ﹋﹥ ︨﹥ وا︝︡ی ا︨️ و 
﹡﹫︣و﹎︀ه ٦٠ ﹝﹍︀وا︑﹩ ا︨︐﹢دن ﹋﹑د﹡﹫︤ 
را ﹋﹥ ﹧︚︀ر وا︝︡ دارد ︋﹥ ︵﹢ر ا︨︀︨﹩ 
︑︺﹞﹫︣ ﹋﹠︡.ارزش ا﹬﹟ ﹇︣ارداد ︝︡ود 

د﹐ر)  ﹬﹢رو(٦٠٫٤﹝﹫﹙﹫﹢ن  ﹝﹫﹙﹫﹢ن   ٥٠
ا︨️.

ای  «وی   ﹤﹋ ا︨️  ﹇︣ار   ﹟﹫﹠︙﹝﹨
︑﹢ر︋﹫﹟-ژ﹡︣ا︑﹢ر︎﹠︖﹞﹩  ﹨﹫︡رو»   ﹉︑
ا︨︐﹢دن   ﹤︋ را  ١٦﹝﹍︀وات   ️﹫﹁︣︸︀︋
 ️︠︀︨ ﹋﹠︡.︻﹞﹙﹫︀ت  ا︲︀﹁﹥  ﹋﹑د﹡﹫︤ 
 ️﹋︫︣ را   ﹩﹬ا﹁︤ا  ️﹫﹁︣︸  ﹟﹬ا ︨︀ز  و 
 ️︜︑ او﹝﹢﹜️»  او﹡︡  ︑﹊﹠﹢︋︀و  «︎﹢ر 
 ١٦ ارزش   ﹤︋ ︗︡ا﹎︀﹡﹥  ﹇︣اردادی 
د﹐ر)  ﹝﹫﹙﹫﹢ن  ﹬﹢رو(١٩٫٣  ﹝﹫﹙﹫﹢ن 

ا﹡︖︀م ﹝﹩ د﹨︡.
ه  ︎︣وژه  دو﹝﹫﹟    «︡﹫﹊︧﹋ آردا  «دا﹜﹠︀ 
ای ︋﹫﹟ ︋﹙︽︀ر︨︐︀ن  وا︑﹬︩︣ ا︨️ ﹋﹥ 
 ﹟︋︣﹋ ا﹡︐︪︀ر  ﹎﹢ا﹨﹩  آن  در︚︀ر︚﹢ب 

ا︻︴︀   ︩﹬︣︑ا  ﹤︋  ﹢︑﹢﹫﹋ ︎︣و︑﹊﹏   ﹅︊︵
 ﹢︑﹢﹫﹋ ︎︣و︑﹊﹏  از  ︫﹢د.﹨︡ف   ﹩﹞
ا︨️.  ﹩﹡︀﹧︗  ︩﹬︀﹞︣﹎ دادن   ︩﹨︀﹋
﹡﹫︣و﹎︀ه   ﹟︐︠︀︨  ︤﹫﹡ ︎︣وژه   ﹟﹫︐︧︟﹡
در  ﹋︀﹝︀ک  ︑︧︀﹡﹊﹢ف  ﹝﹍︀وا︑﹩   ٨٠

رود︠︀﹡﹥ ی وا︚︀ ︋﹢د.
︋﹙︽︀ر︨︐︀ن  ﹨︀ی  ر︨︀﹡﹥  ﹎︤ارش   ﹤︋
در︝︀ل  ﹨﹫︡رو»   ﹉︑ ای  ،»وی 
 ️︠︀︨ ی  در︋︀ره   NETC  ︀︋ ﹝︢ا﹋︣ه 
روی   ︣︋ ︗︀د﹡﹫︐︧︀)   ︀﹬  )︀︧︐﹫﹡︡﹬  ︨︡
از  ا︨️.﹨︡ف  ﹬︀د﹡﹫︐︧︀  ی  رود︠︀﹡﹥ 
 ﹟﹫﹬︀︎ ی ﹤︚︀﹬︎︣وژه ﹎︧︐︣ش در ﹟﹬ا

﹡﹫︣و﹎︀ه ٨٦٤ ﹝﹍︀وا︑﹩ ﹬︀︚︣ا ا︨️.

 ﹇︣ارداد﹨︀: 
︨︀︠️ دو ︎︣وژه ︑﹢︨︳ ︫︣﹋️ ﹨﹠︡و︨︐︀ن در ﹨﹠︡

 ا︠︊︀ر ︫︣﹋️ ﹨︀: 
وا﹜﹢»   ︀︪﹍﹡︀︚»  ️﹋︫︣ ﹁︣وش 

 ﹩﹬︀﹊﹬︣﹞آ ️﹋︫︣ ﹤︋ ﹟﹫︚

ا﹬︀﹐ت  وا︑︣  وا︑︤  ﹁﹠︀وری   ️﹋︫︣  
﹋︀ر  و   ︉︧﹋ و   ︀﹨  ﹩﹬دارا ﹝︐︜︡ه 
در    » ور﹋︤  وا﹜﹢   ︀︪﹍﹡︀︚»  ️﹋︫︣
︚︀﹡﹍︪︀ را ︋﹥ ︵﹢ر ﹋︀﹝﹏ ﹬︣︠︡اری 
 ︣︊︠ ﹟﹬ا︻﹑م ا ︀︋ ﹋︣د.︫︣﹋️ وا︑︤ 
 ﹤﹋ ︠︊︣داد   ،﹏﹬آور  ٢۶  ︞﹬در︑︀ر
﹝︺︣وف  ︨︀ز﹡︡﹎︀ن  از   ︀︪﹍﹡︀︚
﹨﹫︡رو﹜﹫﹊﹩  ای  ︎︣وا﹡﹥  ︫﹫︣﹨︀ی 
و  ︝︣ار︑﹩  ﹨︀ی  ﹡﹫︣و﹎︀ه  ︋︣ای 
و  آب   ︹﹬ز﹢︑ ﹨︀ی  ︋︣﹇︀︋﹩،︎︣وژه 
 ﹟﹫︚ در  آب  ︻﹞﹙﹫︀ت  ﹨︀ی  ︎︣وژه 

ا︨️.

﹡PDF ﹤︟︧ ا﹬﹟ ﹝︖﹙﹥ را ﹝﹩ ︑﹢ا﹡﹫︡ در 
www.satkab.com/magazine آدرس

︡﹫︋︀﹫︋

︫︣﹋️ ︑﹢︨︺﹥ و ︨︀︠️ و︨︀ز 
︚﹢﹡﹌ ﹋﹫﹠﹌ ﹇︣ارداد ︑︖﹧﹫︤ ﹡﹫︣و﹎︀ه 

︋︣﹇︀︋﹩ ۵١٢ ﹝﹍︀وا︑﹩ ﹋︀و︗﹩ در رود︠︀﹡﹥ 
 ﹌﹠﹫﹋ ﹌﹡﹢︚ ی ︗﹫︀﹜﹫﹠﹌ در ا︨︐︀ن

 ︦﹠﹝﹬ز ️﹬را ︋﹥ ︫︣﹋️ ︋︣ق آ︋﹩ و ﹟﹫︚
︨︍︣د.

︵︊﹅ ا﹬﹟ ﹇︣ارداد ۵١﹝﹫﹙﹫﹢ن 
﹬﹢رو﹬﹩ (۶٢﹝﹫﹙﹫﹢ن د﹐ری)︫︀︠﹥ ی 
و﹬️ ز﹬﹞﹠︦ در ︫︀﹡﹍﹧︀ی ﹧︚ ︡﹬︀︋︀ر 

 ﹤︋ ﹉﹬︣﹨، ر︋﹫﹟ ︻﹞﹢دی ﹋︀︎﹑ن﹢︑
︸︣﹁﹫️ ١٢٨ ﹝﹍︀وات ︻︣︲﹥ ﹋﹠︡.

 ﹇︣ارداد﹨︀: 
︦﹠﹝﹬ز ️﹬و ️﹋︫︣ ︳︨﹢︑ ﹟﹫︚ ﹩︗︀وا︑﹩ ﹋︀و﹍﹞︣و﹎︀ه ۵١٢﹫﹡ ︤﹫﹧︖︑
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VA Tech Hydro signed a contract 
April 25 with Bulgaria’s National 
Electricity Transmission Co. 
(NETC) for refurbishment of  
three hydropower projects in the 
Dolna  Arda Cascade.

VA Tech Hydro is to over-
haul the 106-mw Kardjali plant, 
which has four generating units; 
the 103.5-mw Ivailovgrad plant, 
with three units; and the 60-mw 
Studen  Kladenez plant, with 
four units. The contract value to 
VA Tech Hydro is about 50 mil-

lion euros (US$60.4 million).
VA Tech Hydro also is to 

add a fifth turbine-generator, 
of  16 mw, to Studen Kladenez. 
Construction work for the addi-
tion will be performed by PORR 
Technobau und Umwelt AG as 
an additional contract worth 16 
million euros (US$19.3 million).

The Dolna Arda Cascade 
work is the second project 
between Bulgaria and Austria in 
which carbon emission certifi-
cates will be allotted to Austria 

under the Kyoto Protocol, 
intended to reduce global warm-
ing. The first was construction of  
80MW Tsankov Kamak on the 
Vacha River.

Bulgarian media reported 
VA Tech Hydro also is in talks 
with NETC on construction of  
Yadenitsa (or Jadenitsa) Dam on 
the Yadenitsa River. The project 
is intended to expand the lower 
reservoir of  the 864MW Chaira 
project.

CONTRACTS:

Briefly
First Hydra Co. awarded a 
contract to CEGELEC of  the 
United Kingdom to refurbish 
the DC excitation system of  
a generator at the 360-Mw Ffes-
tiniog pumped-storage project 
in Wales, United Kingdom. 
Work is to include rewind of  
armature and main field wind-
ings, and refurbishment of  the 
field frame. The contract con-
tains an option to re-core the 
armature depending on existing 
conditions. CEGELEC also 
holds contractual options to 
refurbish the excitation systems 
for three other units between 
now and 2009.

Austrian utility Vorarlberger 
Illwerke AG awarded a contract 
to ABB AG of  Austria to 
supply three sets of  excitation 
equipment for the 450-
MWKopswerk 2 pumped-stor-
age project, which is being built 
on Austria’s III River. Illwerke 
is developing the 300 million 
euro ~US$318 million) project 
jointly with German utility 
EnBW AG.

Italian utility Edison S.p.A. 
awarded a contract to PAC 
S.p.A. of  Italy to perform 
overhaul and refurbishment 
work at the 65-Mw Ponte 
Gardena hydroelectric project. 
Edison described the work as 
extraordinary maintenance of  
the project’s diversion structure, 
which is 7,525 meters long and 
6 meters in diameter. PAC, of  
Cape di Ponte, Italy, was sole 
bidder.

Update

 REFURBISHMENT:

Bulgaria awards rehab of Arda Cascade

COMPANY NEWS:

U.S firm
acquires ChinaŸs 
changsha Valve

Watts Water Technologies 
Inc. of  the United States has 
completed acquisition of  the as-
sets and business of  Changsha 
Valve Works in Changsha.

Making the announcement 
April 26, Watts said Changsha 
is a leading manufacturer of  
largediameter hydraulic-actuated 
butterfly valves for hydropower 
and thermal electric plants, 
water distribution projects, and 
water works projects in China.

Watts manufactures prod-
ucts to control the efficiency, 
safety, and quality of  water.

Breaking news can be found 
at HydroNews.net, HCIÊs 
Internet news service. For 
headlines of the latest top sto-
ries in hydro, visit www.hyd 
ronews.net.

India’s Hindustan Construction 
Co. Ltd. (HCC) received contracts 
to build the 1,200 MW Sawalkote 
and 160-MW Teesta Low Dam 
Stage 4 hydropower projects.
HCC told the Bombay Stock Ex-
change it received approval from 
the government of  Jammu & 
Kashmir State to build Sawalkote 
(or Sawalkot) on the Chenab River 
on an engineering-procurement-
construction oasis.

HCC will carry out the 43.125 
billion rupee (US$961 million) 
contract in consortium with SPAS 
of  Norway and Ozaltin of  Turkey.
HCC also said National Hydro-
electric Power Corp. awarded it 
a 3.96 billion rupee (US$88.25 
million) contract to build Teesta 
Low Dam 4 on the Teesta River in 
West Bengal State.

CONTRACT AWARD:

Hindustan to build tow India projects

Chongqing Shipping Construction 
& Development Co. awarded a 
contract to Voith Siemens Hydro 
Power Generation to equip the 
512-MW Caojie hydroelectric 
project on the Jialing River in 
China’s Chongqing Province.

The contract, valued at 51 million 
euros (US$62 million), calls for 
Voith Siemens’ Shanghai unit 
to supply four vertical Kaplan 
turbines of  128 mw each.

CONTRACT AWARD:

Voith Siemens to equip 
ChinaÊs 512-MW Caojie 
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﹡﹢︨︀زی ﹝︖﹞﹢︻﹥ ی ︋︣﹇︀︋﹩  ١٧٧۴ 
﹝﹍︀وا︑﹩ ا﹬﹠﹍︀ در رود︠︀﹡﹥ ی ﹋﹠﹍﹢ 

در︗﹞﹧﹢ری د﹝﹊︣ا︑﹫﹉ ﹋﹠﹍﹢(DRC) از 
٩ارد﹧︊﹬︪️ آ︾︀ز︫︡.درا﹬﹟ ︎︣وژه آب از 
ار︑﹀︀ع ١٠٠٠﹝︐︣﹁︣و﹝﹩ ر﹬︤د و ﹝﹩ ︑﹢ا﹡︡ 

د︨️ ﹋﹛ ۵٠٠٠٠﹝﹍︀وات ︋︣ق ︑﹢﹜﹫︡ ﹋﹠︡.
﹨﹛ ا﹋﹠﹢ن ﹡﹫︣و﹎︀ه ﹨︀ی  ٣۵٠ 

 ︀﹍﹠﹬١ و ١۴٢۴﹝﹍︀وا︑﹩ ا ︀﹍﹠﹬︀وا︑﹩ ا﹍﹞
٢ ﹁﹆︳ ۵٠٠﹝﹍︀وات ︑﹢﹜﹫︡ ﹝﹩ ﹋﹠﹠︡ ﹋﹥ 
﹡︀︫﹩ از ︲︺︿ ﹡﹍﹥ داری ا︨️.﹇︧﹞️ 
︚︪﹛ ﹎﹫︣ی از ︋︀ز︨︀زی را ︫︣﹋️ ﹝﹌ 

 ﹌﹞ ﹩﹬ا﹡︣ژی،︫︀︠﹥ ای از ︫︣﹋️ ﹋︀﹡︀دا
 (﹜﹬︤﹫﹠﹞ ︡ه ی﹠﹠﹋ ︡﹫﹛﹢︑)︤﹬︣︐︨︡ا﹠﹬ا
و ︫︣﹋️ ︑﹢︨︺﹥ ی ︮﹠︺︐﹩ آ﹁﹬︣﹆︀ی 

︗﹠﹢︋﹩(دارای ١۵در﹧︨︡︮﹛) ا﹡︖︀م ﹝﹩ 
د﹨﹠︡.

︫︣﹋️ ﹝﹌ ا﹡︣ژی ︋︣ای ﹝︝︣﹙﹥ ی ١ 
︋︀ز︨︀زی ﹡﹫︣و﹎︀ه ا﹧︋، ︀﹍﹠﹬︧︀زی ︑﹢ر︋﹫﹟ 
ژ﹡︣ا︑﹢ر ١٧٨﹝﹍︀وا︑﹩ ،︗﹩ ٢٣در ا﹬﹠﹍︀ی 

 ﹤﹬︀﹞︨︣ ٢ ︋﹥ ﹝﹫︤ان ١٢ ﹝﹫﹙﹫﹢ن د﹐ر

 ﹤﹚︝︣﹞ ﹩︵︤﹫﹡ ︡︝وا ﹟﹬︢اری ﹝﹩ ﹋﹠︡.ا﹎
 ︡︝︀روا﹧︚ ︋︀ز︨︀زی ﹩﹠︺﹬،﹤﹞︀﹡︣︋ ی ٢
د﹬﹍︣،ا﹡︣ژی ﹇︀︋﹏ ا︵﹞﹫﹠︀﹡﹩ ﹁︣ا﹨﹛ ﹝﹩ 

آورد.
︵︊﹅ ا︻﹑م ︫︣﹋️ ﹝﹌ ا﹡︣ژی 

،︎﹫﹞︀ن ﹋︀ر ا︮﹙﹩ ﹝︝︣﹙﹥ ی ١︫︣﹋️ 
﹁︣ا﹡﹊﹢︑︀︨﹩ ا﹬︐︀﹜﹫︀ ا︨️ ﹋﹥ در ︨︀︠️ 

﹡﹫︣و﹎︀ه ا﹬﹠﹍︀ در ٣٠ ︨︀ل ︎﹫︩ ﹡﹫︤ 
﹝︪︀ر﹋️ دا︫️.

﹇︣ارا︨️ در ﹝︝︣﹙﹥ ی ٢ ﹡﹫︤ ︑︀﹝﹫﹟ 
ا︻︐︊︀ر ︋︀ز︨︀زی ﹧︚︀روا︝︡ ︋︺︡ی ︵﹩ 

﹧︚︀ر ︨︀ل آ﹬﹠︡ه ︑﹢︨︳ ﹝﹌ ا﹡︣ژی 
ا﹡︖︀م ︫﹢د ﹋﹥ ︝︡ود ١١٠ ﹝﹫﹙﹫﹢ن د﹐ر 

︋︣آورد ︫︡ه ا︨️.︵︊﹅ ا︻﹑م ﹝﹌ 
ا﹡︣ژی،﹝﹠︀﹇︭﹥ و ︑︀﹝﹫﹟ ا︻︐︊︀ر ︎︣وژه در 
︨﹥ ﹝︀﹨﹥ ی ﹧︚︀رم ︨︀ل ٢٠٠۶ ︑﹊﹞﹫﹏ 

﹝﹩ ︫﹢دو﹋︀ردر﹝︜﹏ ﹡﹫︤ از ژا﹡﹢﹬﹥ ی 
٢٠٠٧ آ︾︀ز ﹝﹩ ︫﹢د.

 ﹟﹬ی ︋︺︡ی ︑﹢︨︺﹥ ی ا ﹤﹚︝︣﹞
︎︣وژه،ا﹬﹠﹍︀ی ٣ ︋︀︸︣﹁﹫️ ٣۵٠٠﹝﹍︀وات 

﹡﹫︤در﹧︚︀ر︚﹢ب ︎︣وژه ی ﹝︪︐︣ک 
﹝﹢رد ︜︋︒ ﹇︣ار ﹝﹩ ﹎﹫︣د ﹋﹥ درآن 
دو﹜️ ﹨︀ی ︗﹞﹧﹢ری د﹝﹊︣ا︑﹫﹉ 

﹋﹠﹍﹢،︋﹢︑︧﹢ا﹡︀،آ﹡﹍﹢﹐ ، ﹡︀﹝﹫︊﹫︀ و آ﹁﹬︣﹆︀ی 
︗﹠﹢︋﹩ ︫︣﹋️ دار﹡︡.﹇︣ارا︨️ ︋︣ر︨﹩ 

﹨︀ی ا﹝﹊︀ن ︨﹠︖﹩ ︎︣وژه ی ﹝︪︐︣ک 
و ︎﹠︕ ﹋︪﹢ری ︎︣وژه ی ︋︣ق دا﹐ن 

︾︣︋﹩(و︨︐﹊︣) ﹝︣︋﹢ط ︋﹥ ا﹬﹠﹍︀ی ٣ از ﹝︀ه 
﹝﹥ آ︾︀ز ︫﹢د.

  ︋︀ز︨︀زی: 
آ︾︀ز︋︀ز︨︀زی ︎︣وژه ی ︋︤رگ ا﹬﹠﹍︀ در ︗﹞﹧﹢ری د﹝﹊︣ا︑﹫﹉ ﹋﹠﹍﹢  ﹇︣ارداد﹨︀: 

 ﹤︮﹑︠

 ﹟﹫﹞︀︑ ︩﹬︣︑ور︋﹢﹡︡ ا ﹩︋︀﹇︣︋ ️﹋︫︣
︨︀﹝︀﹡﹥ ی ︠﹢د﹋︀ر︨︀زی ︎︣وژه ﹨︀ی 
︋︣﹇︀︋﹩ ﹎︣﹜﹢س ٢(︋﹥ ︸︣﹁﹫️ ١٣۵ 

﹝﹍︀وات)و﹁﹢﹡︧﹫﹠﹍︀و(٢۵﹝﹍︀وات)ا︑︣
﹬︩ را ︋﹥ ︫︣﹋️ «وی ای ︑﹉ ︨️» 

ا︑﹬︩︣ ︨︍︣د.︵︊﹅ ا﹬﹟ ﹇︣ارداد 
︣︋،﹟﹫﹞︀︑،﹩︝وی ای ︑﹉» ︵︣ا» ️﹋︫︣

︎︀︨︀زی،آز﹝﹬︀︩ و راه ا﹡︡ازی ︨︀﹝︀﹡﹥ 
ی ︠﹢د﹋︀ر︨︀زی ﹎︣﹜﹢س ٢(درد︨️ 

︨︀︠️ در رود︠︀﹡﹥ ی ﹎︣﹜﹢س) و 
﹁﹢﹡︧﹫﹠﹍︀و(︑﹧︋ ️︜︣ه ︋︣داری در 

رود︠︀﹡﹥ ی ز﹬﹙︣) را ︋﹥ ︻﹧︡ه دارد.
︑︀﹝﹫﹟ ا︋︤ارا﹡︡ازه ﹎﹫︣ی ﹝︀︫﹫﹟ ﹨︀ و 
 ﹩﹊﹬︣︐﹊﹛ا ﹩﹊﹫﹡︀﹊﹞ ️︸︀﹀︝،︡آ﹐ت﹫﹚﹋

﹨︣دو﹡﹫︣و﹎︀ه و ︑︀﹝﹫﹟ ﹝︜︣ک و ﹎︀ور﹡︣ 
︑﹢ر︋﹫﹟ ﹡﹫︣و﹎︀ه ﹁﹢﹡︧﹫﹠﹍︀و ﹡﹫︤ ︗︤و 

ا﹬﹟ ﹇︣ارداد ا︨️.

︎︣وژه ی ︠︡﹝︀ت ︨︀︠️ و︨︀ز ︎︣وژه ی 
︋︣﹇︀︋﹩ ١٠٠﹝﹍︀وا︑﹩ ﹎﹙﹠︡وی ︫︣﹋️ 
ا﹡︣ژی ا︨﹊︀︑﹙﹠︡ و ︗﹠﹢ب در ﹐ک ﹡︦ 

 ﹩︨︡﹠﹧﹞ ︡ی از ﹎︣وه︝ا︨﹊︀︑﹙﹠︡ ︋﹥ وا
︗﹫﹊﹢︋︤ ︨︍︣ده ︫︡و ︫︀﹝﹏ ︋︣ر︨﹩ 

 ﹏︜﹞ ︣︋ و ﹡︷︀رت ﹩﹠﹁ ﹩﹡︀︊﹫︐︪︎،﹩︝︣ا︵
﹋︀ر ︵﹩ ︨︀︠️ و ︨︀ز ﹝﹩ ︫﹢د.︫︣﹋️ 

︗﹫﹊﹢︋︤ ︎﹫︩ ازا﹬﹟ ︋︣ر︨﹩ ﹨︀ی ا﹝﹊︀ن 
 ﹩︨︡﹠﹧﹞،︨︀زی ︵︣ح ﹤﹠﹫﹧︋،﹩︖﹠︨

︑︡و﹬﹟ ﹝﹠︀﹇︭﹥ و ︑︺﹫﹫﹟ ﹝︟︪︭︀ت و 
ارز﹬︀︋﹩ ﹝﹠︀﹇︭﹥ ﹨︀ را ا﹡︖︀م داده ︋﹢د.

︨︀ز﹝︀ن رود︠︀﹡﹥ ی و﹜︐︀(VRA) در︾﹠︀ 
﹇︣ارداد ارز﹬︀︋﹩ ﹎︤ارش ︝︧︀ب ر︨﹩ 

﹁﹠﹩ ︎︣وژه ی ︋︣﹇︀︋﹩ ١۶٠ ﹝﹍︀وا︑﹩ 
﹋︍﹢﹡﹌ در رود︠︀﹡﹥ ی و﹜︐︀ را ︋﹥ ︫︣﹋️ 

 ️﹋︫︣ ﹟﹬آ﹋︣س»﹋︀﹡︀دا︨︍︣د.ا ︘﹨»
 ︡︝︀ر وا﹧︚ ︡د︖﹞ ︤﹫﹧︖︑ ی ﹤﹠﹬︤﹨ ︡﹬︀︋

﹡﹫︣و﹎︀ه ﹋︍﹢﹡﹌،︫︀﹝﹏ ﹝︐︺︀دل ︨︀زی 
︑︖﹧﹫︤ات ﹡﹫︣و﹎︀ه و ︑﹧﹫﹥ ی ا︨﹠︀د 

﹝﹠︀﹇︭﹥ را ﹡﹫︤ ا﹡︖︀م د﹨︡.︵﹩ ﹝︡ت 
ا﹬﹟ ︎︣وژه و در︚︀ر︚﹢ب ︋︣﹡︀﹝﹥ ی 
﹋︀رآ﹝﹢زی ﹝﹧﹞ ︤﹫﹡ ﹩︨︡﹠﹧﹠︨︡︀ن 

VRA از د﹁︀︑︣ «﹨︘ آ﹋︣س» در آ︋︪︀ر 

﹡﹫︀﹎︀رادر﹋︀﹡︀دا د﹬︡ار ﹝﹩ ﹋﹠﹠︡.

ا﹡︖﹞﹟ ︋﹫﹟ ا﹜﹞﹙﹙﹩ ︋︣ق آ︋﹩(IHA)︑︀ اول 
︨︍︐︀﹝︊︣ ٢٠٠۶ در︠﹢ا︨️ ﹨︀ی ﹡︀﹝︤دی 

در﹬︀︗ ️﹁︀﹬︤ه ︨﹫︀ره ی آ︋﹩ ٢٠٠٧ 
را ﹝﹩ ﹬︢︎︣د﹋﹥ ﹨︣ دو︨︀ل ﹬﹉ ︋︀ر ︋﹥ 

︻﹞﹙﹊︣د︋︀︔︊︀ت ﹝︴﹙﹢ب در ︑︀︨﹫︧︀ت آ︋﹩ 
ا﹨︡ا ﹝﹩ ︫﹢د.

IHA در︨︀ل ٢٠٠۵ ﹝﹫﹑دی
︎︣وژه ﹨︀ی ﹡﹫︣و﹎︀ه ١٨۵ ﹝﹍︀وا︑﹩ 

آرو﹜﹫﹊︤ و ﹡﹫︣و﹎︀ه ١۶ ﹝﹍︀وا︑﹩ ︨﹊﹙️ 
﹋﹬︣﹉ در ﹋︀﹡︀دا را ︋﹥ ︠︀︵︣ ﹝︴﹙﹢︋﹫️ 

ا︗︐﹞︀︻﹩،ز︜﹞ ️︧﹬﹫︴﹩ و﹁﹠﹩ و 
﹡﹫︣و﹎︀ه ۵﹝﹍︀وا︑﹩ ا﹡︡﹨﹫﹬︀﹨﹐﹢︟︡ل در 

﹡︍︀ل را ︋﹥ ︠︀︵︣ ﹝︴﹙﹢︋﹫️ ا︗︐﹞︀︻﹩ 
 ﹟﹬ا﹇︐︭︀دی و ︸︣﹁﹫️ ︨︀زی ︋︣﹡︡ه ی ا

︗﹬︀︤ه ا︻﹑م ﹋︣د.
 ﹟﹬︀ن ︎︣وژه ﹨︀ی ﹡︀﹝︤د ا﹊﹛︀﹞
 ﹩︋︀﹬١︨︍︐︀﹝︊︣︠﹢دارز ︀︑ ︡﹬︀︋ ︤ه﹬︀︗

︠﹢د︫︀ن ︋︣ا︨︀س C ︩︟︋  ا︨︐︀﹡︡ارد 

ارز﹬︀︎ ️﹫﹚︋︀﹇ ﹩︋︀﹬︡اری IHA﹝︣︋﹢ط ︋﹥ 
︑︀︨﹫︧︀ت آ︋﹩ را ︋﹥ ﹬﹢︜︑IHA﹏ د﹨﹠︡ . 

IHAدر︑︀ر︞﹬ ١ ا﹋︐︊︣ ارز﹬︀︋﹩ ﹨︀ را ︋︣ر︨﹩ 

﹝﹩ ﹋﹠︡ و ﹡︀﹝︤د﹨︀ی ﹬︢︎︣﹁︐﹥ ︫︡ه 
︋︣ای ﹝︝︣﹙﹥ ی دو ر﹇︀︋️ ﹬︀︋︡ ﹝﹆︀﹐ت 

︎﹫︪﹠﹧︀دی ︠﹢د را ارا﹬﹥ د﹨﹠︡.
︋︣ای ﹋︧︉ ا︵﹑︻︀ت ︋﹫︪︐︣ ︋︀ 

د﹁︐︣ ﹝︣﹋︤ی IHAدرا﹡﹍﹙︧︐︀ن وا﹇︹ در 
۴JH SM١،﹜﹠︡ن،︋﹢رو آو ︨︀︑﹢ن،︗︀ده 

ی و︨️ ﹝﹫︡ ١٢٣،و︨️ ﹝﹫︡ ﹨︀وس 
-٨٢٨٨١٩١٨   : ﹟﹀﹚︑،︡﹬︣﹫﹍︋ ︀س﹝︑

٢٠(۴۴)،دور﹡﹍︀ر: ٨٧٧٠١٧۴۴-
iha@:﹩﹊﹫﹡٢٠(۴۴)،︎︧️ ا﹜﹊︐︣و
www.:️﹡︣︐﹠﹬ا،hydopower.org

hydropower.org

 

 ︨︀ز﹝︀ن ﹨︀: 
IHA ﹩︋︤ه ی ︨﹫︀ره ی آ﹬︀︗ ا︻﹑م ﹡︀﹝︤دی ︋︣ای

 ا﹝﹢ر﹝︀﹜﹩: 
︑︀﹝﹫﹟ ا︻︐︊︀ر ﹝︀﹜﹩ دو ︎︣وژه 
﹩﹚﹬دو﹝﹠﹫﹊﹟ ︑﹢︨︳ ︋︀﹡﹉ ︋︣ز

 ،BNDES، ﹏﹬ی ﹝﹙﹩ ︋︣ز ﹤︺︨﹢︑ ﹉﹡︀︋
︑︀﹝﹫﹟ ا︻︐︊︀ر ︮︀درا︑﹩ ︋︣ای ︎︣وژه 

﹨︀ی ︋︣﹇︀︋﹩ ﹡﹫︣و﹎︀ه ٩٩﹝﹍︀وا︑﹩ 
︎︀﹜﹢﹝﹫﹠﹢و﹡﹫︣و﹎︀ه ٩١٫٢ ﹝﹍︀وا︑﹩ ﹐س 
︎︀﹜︧︐︀س در ︗﹞﹧﹢ری دو﹝﹫﹠﹫﹊﹟ را 

︑︭﹢﹬︉ ﹋︣د.
ا﹬﹟ ︋︀﹡﹉ ︋︣ای ︑︀﹝﹫﹟ ا︻︐︊︀ر ﹋︀﹐﹨︀ 

 ️﹋︫︣ ︳︨﹢︑ ﹤﹋ ﹏﹬و ︠︡﹝︀ت ︋︣ز
«﹋︀﹡︧︐︣و︑﹢را ﹡﹢ر︋︣︑﹢ اود︋︫︣️»در 

﹡﹫︣و﹎︀ه ︎︀﹜﹢﹝﹫﹠﹢ ︻︣︲﹥ ﹝﹩ ︫﹢د 
٨١٫٣﹝﹫﹙﹫﹢ن د﹐ر در﹡︷︣ ﹎︣﹁︐﹥ ا︨️.

﹋﹏ ︨︣﹝﹬︀﹥ ﹎︢اری ا﹬﹟ ﹡﹫︣و﹎︀ه ٢٢۶٫٣ 
﹝﹫﹙﹫﹢ن د﹐ر ا︨️ و ︫︀﹝﹏ ︨︡ذ︠﹫︣ه 

︨︀زی آب در ︋﹢﹋︀د﹜﹢س ر﹬﹢س در 
︎﹫﹢﹡︡﹎︀ه رود︠︀﹡﹥ ﹨︀ی «﹬︀ک دل ︨﹢ر 

«و»︋﹑﹡﹊﹢» ﹝﹩ ︫﹢د.
ا﹬﹟ ︋︀﹡﹉ ﹨﹞︙﹠﹫﹟ ︋︣ای ︑︀﹝﹫﹟ 

 ﹤﹋ ﹏﹬ا︻︐︊︀ر ﹋︀﹐﹨︀ و ︠︡﹝︀ت ︋︣ز
︑﹢︨︳ ︫︣﹋️ «﹋︀﹡︧︐︣و︑﹢را آ﹡︡راده 
﹎﹢︑﹫︣س»در ﹡﹫︣و﹎︀ه ﹐س ︎︀︨︐︀س 
︻︣︲﹥ ﹝﹩ ︫﹢د ٧١٫٢﹝﹫﹙﹫﹢ن د﹐ر 

در﹡︷︣ ﹎︣﹁︐﹥ ا︨️.﹋﹏ ︨︣﹝﹬︀﹥ ﹎︢اری 
ا﹬﹟ ﹡﹫︣و﹎︀ه ٢٨۶٫٢﹝﹫﹙﹫﹢ن د﹐ر ا︨️ و 
︫︀﹝﹏ ︨︡ی در رود︠︀﹡﹥ ی ﹯︀︋﹢ و︑﹢﹡﹙﹩ 

︋︣ای ﹨︡ا﹬️ آب ︋﹥ رود︠︀﹡﹥ ی ︗︀﹎﹢ا 
﹝﹩ ︫﹢د. 
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Work began April 27 to 
refurbish the 1,774-Mw 
Inga hydroelectric complex 
at a site in the Democratic 
Republic of  Congo (DRC) 
where the Congo River 
drops 100 meters, giving it 
the potential to produce at 
least 50,000 Mw.

Currently, the 350-Mw 
Inga 1 and 1,424-Mw Inga 
2 plants produce a total of  
only 500 Mw due to lack 
of  maintenance. MagEn-
ergy Inc., a unit of  Cana-
dian magnesium producer 
Maglndustries Corp., and 
15 percent partner Indus-
trial Development Corp. 
of  South Africa, plan to re-
store a significant portion.

MagEnergy is providing 

US$12 million for Phase 
1 of  Inga refurbishment, 
the rehabilitation of  one 
178-Mw turbine-generator, 
Unit G23, at Inga 2. That 
unit, in turn, is to provide 
reliable energy during 
Phase 2 of  the program, 
rehabilitation of  four more 
units.

The lead contractor for 
Phase 1 is Franco Tossi of  
Italy, which also participat-
ed in the original develop-
ment of  Inga 30 years ago, 
MagEnergy said.

In Phase 2, MagEnergy 
is to finance rehabilitation 
of  the next four units over 
four years at an estimated 
cost of  US$110 million. 
MagEnergy said tender-

ing and project finance of  
Phase 2 are to be finalized 
by the fourth quarter of  
2006. That on-site work is 
to begin in January 2007.

The next stage of  de-
velopment, an Inga 3 of  up to 
3,500 Mw, is being discussed 
by a joint venture involving the 
governments of  DAC, Angola, 
Namibia, Botswana, and South 
Africa. The five-nation Western 
Corridor Power Project (West-
cor) joint venture planned to 
begin pre-feasibility studies in 
May of  lnga 3.

The International Hydro-
power Association (IHA) is 
taking initial applications until 
September 1, 2006, for the 
2007 Blue Planet Prize. The 
prize is awarded every two 
years to recognize excellence 
in sustainable practices at 
hydro facilities.

In 2005, IHA named 
the 185-mw Arrow Lakes 
and 16-mw Sechelt Creek 
projects in Canada for social, 
environmental, and techni-
cal excellence, and the 5-MW 
Andhikhola Hydel Scheme 
in Nepal for excellence in 
socio-economic benefits and 
capacity building. Owners of  
candidate projects may submit 

to IHA by September 1 a 
self-assessment using the IHA 
Sustainability Assessment, 
Section C - Hydropower 
Facilities. By October 1, IHA 
reviews the assessments and 
invites candidates admitted to 
the second phase of  com-
petition to submit proposal 
papers.

For information, contact 
IHA Central Office, West-
mead House, 123 Westmead 
Road, London Borough of  
Sutton, SMI 4J H United 
Kingdom; (44) 20-82881918; 
Fax: (44) 20-87701744; E-
mail: iha C&hydropower.org; 
Interner: www.hydropower. 
org.

REFURBISHMENT:

Rehab begins at DRC‰s giant Inga project

ORGANIZATIONS:

Applications open for IHAÊs
Blue Planet Prize

CONTRACTS:

Briefly
Verbund Austrian Hydro Power 
AG named VA Tech SAT 
GmbH & Co. of  Austria to 
supply an automation system 
for the 135-Mw Gerlos 2 and 
25-Mw Funsingau hydro-
electric projects in Austria. 
VA Tech is to plan, supply, 
assemble, test, and start up an 
automation system at Gerlos 
2, being built on the Gerlos 
River, and Funsingau, which is 
operating on the Ziller River. 
Work is to include machine 
and switchgear instrumenta-
tion, and mechanical electrical 
protection for both plants, 
plus a turbine governor and 
excitation for Funsingau.

A unit of  Jacobs Engineering 
Group Inc. received a contract 
to provide services during 
construction of  the 100-Mw 
Glendoe hydroelectric project 
on Scot- land’s Loch Ness. 
The contract from Scot-
tish and Southern Energy 
Plc includes design re- view, 
technical support, and site su-
pervision during construction. 
Jacobs previously provided 
feasibility review, scheme 
optimization, engineering 
of  the tender design, and 
specification and assessment 
of  tenders.

The Volta River Authority 
(VRA) of  Ghana awarded a 
contract to Hatch Acres of  
Canada to assess a technical 
audit report for the 160-Mw 
Kpong hydroelectric project 
on the Volta River. Hatch 
Acres also is to prepare cost 
estimates to retrofit four 
Kpong units, including bal-
ance of  plant equipment, 
and prepare documents 
for bidding. As part of  a 
counterpart engineer training 
program, VRA engineers are 
to visit Hatch Acres offices in 
Niagara Falls, Canada, for the 
project’s duration.

FINANCE:

Brazil bank financ- 
 es two Dominican
projects
Brazil’s national development 
bank, BNDES, approved export 
financing for construction of  
the 99-Mw Palomino and 91.2-
MW Las Placetas hydroelectric 
projects in the Dominican 
Republic.

BNDES is to provide 
US$81.3 million to finance 
Brazilian goods and services 
supplied by Construtora Nor-
berto Odebrecht for Palomino, 
whose total investment will be 
US$226.3 million. Palomino is to 
include a water storage dam at 
Boca de Los Rios at the conflu-
ence of  the Yaque Del Sur and 
Blanco rivers.

The bank also is to provide 
US$71.2 million to finance 
Brazilian goods and serv-
ices from Construtora Andrade 
Gutierrez»for Las Placetas, 
whose total investment will be 
US$286.2 million. Las Placetas is 
to include a dam on Bao River, 
with a tunnel to divert water to 
the Jagua River.
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︫︣﹋️ ︨︀︠︐﹞︀ن ︨︀زی «︨﹩ اچ 
﹋︀﹡︙︀﹡﹌ ︎︀︋﹙﹫﹉ «︑﹬︀﹙﹠︡ا︻﹑م ﹋︣د 

︫︀︠﹥ ای ازا﹬﹟ ︫︣﹋️ ︋﹥ ﹡︀م ︫︣﹋️ 
ا﹡︣ژی ︗﹠﹢ب ︫︣ق آ︨﹫︀،︋︣ای ︨︀︠️ 

و ︨︀ز و ﹧︋︣ه ︋︣داری ︎︣وژه ی ︋︣﹇︀︋﹩ 
۶١۵ ﹝﹍︀وا︑﹩ ﹡︀م ﹡﹍﹢م ٢ ︋︀ دو﹜️ 

﹐﹯﹢س ﹇︣اردادی ا﹝︱︀ ﹋︣ده ا︨️.
 ﹟﹬س ا﹝︐﹫︀ز ا﹢﹯﹐︣ارداد﹇ ﹟﹬ا ﹅︊︵

 ﹟﹬︣و﹎︀ه را ︋﹥ ﹝︡ت ٣٢ ︨︀ل ︋﹥ ا﹫﹡

︫︣﹋️ وا﹎︢ار ﹋︣ده ا︨️ ﹋﹥ ︫︀﹝﹏ 
۵︨︀ل ︋︣ای ︨︀︠️ و︨︀ز،دو︨︀ل 

︋︣ای آز﹝﹬︀︩ و ٢۵ ︨︀ل ﹁︣وش ︋︣ق 
︋﹥ ︑﹬︀﹙﹠︡ ﹝﹩ ︫﹢د.

︫︣﹋️ ا﹡︣ژی ︗﹠﹢ب ︫︣ق آ︨﹫︀ 
و ︨︀ز﹝︀ن دو﹜︐﹩ ︑﹢﹜﹫︡ ︋︣ق 

︑﹬︀﹙﹠︡(EGAT)﹡﹫︤ در︝︀ل ﹝︢ا﹋︣ه 
︋︣ای ﹇︣ارداد﹨︀ی ﹁︣وش ︋︣ق و ︑︀﹝﹫﹟ 

ا︻︐︊︀ر ︋﹢ده ا﹡︡.

︎﹫︩ ︋﹫﹠﹩ ﹝﹩ ︫﹢د ا﹬﹟ ︎︣وژه ی 
٨۵٠ ﹝﹫﹙﹫﹢ن د﹐ری در ︨︀ل ١٣٩٢راه 

ا﹡︡ازی ︫﹢د.ا﹬﹟ ﹡﹫︣و﹎︀ه در ︝﹢زه 
ی رود ﹡︀م ﹡﹍﹢م و ︋︀﹐︑︣ از ﹡﹫︣و﹎︀ه 
١۵٠ ﹝﹍︀وا︑﹩ ﹡︀م ﹡﹍﹢م ١ و در ٩٠ 

﹋﹫﹙﹢﹝︐︣ی و﹬﹟ ︑﹫︀ن ﹇︣اردارد.
︫︣﹋️ ︋︣ق را︚︀︋﹢ری ﹡﹫︤ ا︻﹑م ﹋︣ده 

ا︨️ ﹋﹥ ۵٩ ﹝﹫﹙﹫﹢ن د﹐ر درا﹬﹟ ︎︣وژه 
︨︣﹝﹬︀﹥ ﹎︢اری ﹝﹩ ﹋﹠︡.

 ا︗︣ای ︎︣وژه: 
﹇︣ارداد︨︀︠️ ﹡﹫︣و﹎︀ه ۶١۵﹝﹍︀وا︑﹩ ﹡︀م ﹡﹍﹢م ٢ در ﹐﹯﹢س

 ا︗︣ای ︎︣وژه: 
﹟︧﹬ا﹁﹅ ︫︣﹋️ ﹨︀ی ︋︣ق ︫﹫﹙﹩ ︋︣ای ︨︀︠️ ﹡﹫︣و﹎︀ه ٢٣٣۵﹝﹍︀وا︑﹩ آ﹢︑

︫︣﹋️ ﹨︀ی ︋︣ق «ا﹡︨︡︀» و «﹋︀﹜︊﹢ن» 
︫﹫﹙﹩ در ︑︀ر︞﹬ ۶ارد﹧︊﹬︪️ ︋︣ای 

ا︗︣ای ﹧︚︀ر︑︀ ︎﹠︕ ︎︣وژه ی ︋︣﹇︀︋﹩ ︋﹥ 
︸︣﹁﹫️ ﹋﹏ ٢٣٣۵﹝﹍︀وات در﹝﹠︴﹆﹥ 

آ﹬︧﹟ در ︗﹠﹢ب ︫﹫﹙﹩ ︋﹥ ︑﹢ا﹁﹅ 
ر︨﹫︡﹡︡.

را﹁﹬︡﹞ ﹢﹮︑︀﹞ ﹏﹯︀︣︻︀﹝﹏ «ا﹡︨︡︀» ﹝﹩ 
 ️﹋︫︣ ﹟﹬ا ﹩﹠﹫︋ ︩﹫︎ ﹅︊︵ ︡﹬﹢﹎
 ﹟﹬︋︣ر︨﹩ و ﹋︧︉ ﹝︖﹢ز ا ︡﹠﹬︣ا﹁

︎︣وژه ی ٢٫۴﹝﹫﹙﹫︀رد د﹐ری ︑︀ اوا︠︣ 

︨︀ل ٢٠٠٨ ︵﹢ل ﹝﹩ ﹋︪︡.︎﹫︩ ︋﹫﹠﹩ 
﹝﹩ ︫﹢د ﹋﹥ ﹝﹠︀﹇︭﹥ ﹡﹫︤ ﹨﹞︀ن ﹨﹠﹍︀م 

ا﹡︖︀م ︫﹢دو︎︣وژه ﹨︀ ︋﹫﹟ ٢٠١٢ ︑︀ 
٢٠١٨وارد﹝︡ار︫﹢﹡︡.

︫︣﹋️ ا﹡︨︡︀(︫︣﹋️ ﹝﹙﹩ ︋︣ق 
ا﹝︍︨︣︀) دارای ا﹝︐﹫︀ز ︨︀︠️ ﹡﹫︣و﹎︀ه 

۶٨٠﹝﹍︀وا︑﹩ ︋﹫﹊١︣و ﹡﹫︣و﹎︀ه ٣۶٠ 
﹝﹍︀وا︑﹩ ︋﹫﹊︣ ٢ در رود︠︀﹡﹥ ی 

︋﹫﹊︣ و ﹡﹫︣و﹎︀ه۴۵٠ ﹝﹍︀وا︑﹩ ︎︀︨﹊﹢ا 
١ و ﹡﹫︣و﹎︀ه ٩۴٠ ﹝﹍︀وا︑﹩ ︎︀︨﹊﹢ا 

٢دررود︠︀﹡﹥ ی ︎︀︨﹊﹢ا در﹝﹠︴﹆﹥ 
ی XIدر︗﹠﹢ب ︫﹫﹙﹩ ا︨️ ﹋﹥ در﹋﹏ 

︎︣وژه ی آ﹬︧﹟ ﹡︀﹝﹫︡ه ﹝﹩ ︫﹢﹡︡.
ا﹡︨︡︀ ا︻﹑م ﹋︣ده ا︨️ ﹋﹥ ︎﹫︩ 

︋﹫﹠﹩ ﹝﹩ ︫﹢د ︵﹩ دو ︨︀ل آ﹬﹠︡ه 
٣٠﹝﹫﹙﹫﹢ن د﹐ر در ا﹬﹟ ︎︣وژه ﹨︀ 

︨︣﹝﹬︀﹥ ﹎︢اری ﹋﹠︡ ﹋﹥ ۶ ﹝﹫﹙﹫﹢ن د﹐ر 
 ️︧﹬آن ︋﹥ ا﹡︖︀م ︋︣ر︨﹩ ا︔︣ات ز

 ﹩﹬︀﹧﹡ ︣ی﹫﹎ ﹜﹫﹝︭︑ از ﹏︊﹇ ﹩︴﹫︜﹞
﹝︣︋﹢ط ﹝﹩ ︫﹢د.

ا﹡︧︀﹡﹩:  ا︠︊︀ر﹡﹫︣وی   
از  ﹝︀س  ا﹁︐︟︀ری  د﹋︐︣ای 

︫︣﹋️ ا︨﹊﹢م

︑︣ی ﹝︀س،از︫︣﹋️ ︋︣ق ا︨﹊﹢م 
 ︞﹬︀ی ︗﹠﹢︋﹩ در︑︀ر﹆﹬︣﹁ا

٥ارد﹧︊﹬︪️ ︋﹥ ︠︀︵︣ ︑﹑ش ﹨︀ی 
 ︣﹬︢︎︡﹬︡︖︑ اش در ز﹝﹫﹠﹥ ی ا﹡︣ژی

﹬︀︎︡ارو از ︗﹞﹙﹥ ︋︣ق آ︋﹩ ،از 
دا﹡︪﹍︀ه ﹁︣ی ا︨︐﹫️ د﹋︐︣ای 

ا﹁︐︟︀ری در﹬︀﹁️ ﹋︣د.
 ︩︟︋ ︦﹫﹬︣ی ﹝︀س ﹋﹥ ر︑
﹧︋︧︀زی ︑︖︀ری ︑﹢﹜﹫︡ ︋︣ق 

در ا︨﹊﹢م ا︨️ ︻︱﹢ ﹨﹫︀ت 
﹝﹬︡︣ه ی ︫︣﹋️ ا︨﹊﹢م ا﹡︣ژی 

﹝︀﹡︀︑︀﹜﹩،ا︨﹊﹢م او﹎︀﹡︡او ︫︣﹋️ 
︋︣ق آ︋﹩ ﹜﹫﹢ز﹝﹀﹢ا ا︨️ و ︵﹩ 

﹝︡︑﹩ ﹋﹥ ﹝︐︭︡ی ا﹬︧︐﹍︀ه ﹨︀ی 
︋︣ق ︋﹢د ︋︣﹡︡ه ی ﹧︚︀ر ︗﹬︀︤ه ی 

ا︨﹊﹢م ︫︡ه ا︨️.
﹝︀س ﹨﹠﹍︀﹝﹩ ﹋﹥ در︨︀ل 

٢٠٠٣ر﹬﹫︦ ﹡﹫︣و﹎︀ه ︑﹙﹞︊﹥ ای 
ذ︠﹫︣ه ای  ٤٠٠﹝﹍︀وا︑﹩ ︎︀﹜﹞﹫️  

︋﹢د ︋︣﹡︡ه ی ︗﹬︀︤ه ی ︨﹫︀ره ی 
آ︋﹩ ا﹡︖﹞﹟ ︋﹫﹟ ا﹜﹞﹙﹙﹩ ︋︣ق آ︋﹩ 

.︫︡

︫︣﹋️ آ﹝﹬︀﹊﹬︣﹩ ﹎﹑︋﹙﹉ ﹋﹥ در 
︋︀زار﹨︀ی ﹡﹢﹬﹟ ︋︣ق ﹁︺︀﹜﹫️ ﹝﹩ 

﹋﹠︡︑︀︨﹫︧︀ت ︋︣ق ︋︀ ︸︣﹁﹫️ 
﹋﹏ ۴٢١﹝﹍︀وات را ﹋﹥ در ︎︀﹡︀﹝︀ و 
︗﹞﹧﹢ری دو﹝﹠﹫﹊﹟ ﹇︣اردار﹡︡ از 

︫︣﹋️ آ﹝﹬︀﹊﹬︣﹩ ال ︎︀︨﹢ ﹬︣︠︡اری 

﹋︣د.
ا﹬﹟ ﹇︣ارداد ٨٨﹝﹫﹙﹫﹢ن د﹐ری 

︫︀﹝﹏ ﹧︨﹛ ال ︎︀︨﹢ در 
﹡﹫︣و﹎︀ه ︋︣﹇︀︋﹩٣٠٠﹝﹍︀وا︑﹩ 

 ﹩﹊﹬︣﹫︚ ر︑﹢﹡︀دررود︠︀﹡﹥ ی﹢﹁
 ﹜﹨ ︣﹍﹬در︎︀﹡︀﹝︀ ﹝﹩ ︫﹢د.︑︀︨﹫︧︀ت د

︫︀﹝﹏ ﹡﹫︣و﹎︀ه ﹨︀ی ︝︣ار︑﹩ ﹝﹩ ︫﹢د.
﹁﹢ر︑﹢﹡︀ ﹬﹊﹩ از ︨﹥ ︎︣وژه ی درد︨️ 

ا︗︣ای ︋︣ق آ︋﹩ در رود︠︀﹡﹥ ی 
 ﹩﹬︀﹊﹬︣﹞ا︨️ ﹋﹥ ︫︣﹋️ آ ﹩﹊﹬︣﹫︚
«AES»،﹝︀﹜﹉ ﹁﹢ر︑﹢﹡︀ درد︨️ ا︗︣ا 

دارد.

 ا︠︊︀ر ︫︣﹋️ ﹨︀: 
﹬︣︠︡اری ﹧︨︀م ﹡﹫︣و﹎︀ه ٣٠٠﹝﹍︀وا︑﹩ ﹁﹢ر︑﹢﹡︀ در ︎︀﹡︀﹝︀ ︑﹢︨︳ ﹎﹑︋﹙﹉



17  HRW  /  Jully   2006

Thai construction firm CH 
Karnchang Public Co. Ltd. 
announced its subsidiary, 
SouthEast Asia Energy 
Ltd., entered a concession 
agreement with the govern-
ment of  Laos, providing for 
construction and operation 
of  the 615-MW Nam Ngum 
2 hydroelectric project.

Laos granted the devel-
oper concession rights for a 

total of  32 years, including 
five years for construction, 
two years for testing, and 25 
years for cross-border elec-
tricity sales to Thailand.

SouthEast Asia Energy 
and state-run Electricity 
Generating Authority of  
Thailand (EGAT) were 
negotiating power purchase 
and financing agreements.

The US$850 million 

project is expected to be 
commissioned in 2013 in 
Laos’ Nam Ngum River Ba-
sin, above the 150-mw Nam 
Ngum I project, about 90 
kilometers from Vientiane.

Ratchaburi Electricity 
Generating said it would 
invest US$59 million.

PROJECT DEVELOPMENT:

Laos signs concession to develop 615-mw Nam Ngum 2

PROJECT DEVELOPMENT:

Chile utilities agree to develop 2,335-mw Aysen

Chilean utilities Endesa Chile 
and Colbun S.A. agreed April 
26 to develop four or five 
hydroelectric projects totaling 
2,355 Mw in southern Chile’s 
Aysen Region.

Endesa Chief  Executive 
Rafael Mateo said the com-
pany anticipates the study 
and permit process for the 
US$2.4 billion project will be

complete by late 2008. 
Tendering is expected to 
be conducted at that time. 
Projects would be brought 
on line from 2012 to 2018.

Endesa - Empresa 
Nacional de Electricidad S.A. 
- has water rights in Chile’s 
southern Region XI to 
develop the 680-Mw Baker 1 
and 360-Mw Baker 2 projects 

on the Baker River and the 
450-Mw Pascua 1 and 940-
Mw Pascua 2 projects on 
the Pascua River, collectively 
called the Aysen project.

Endesa has said it ex-
pects to spend US$30 million 
in the next two years, includ-
ing US$6 million in environ-
mental impact studies, before 
making a final decision.

PEOPLE NEWS: 

Eskom `s Moss 
wins honorary 
doctorate

Terry Moss, of  South 
Africa utility Eskom, 
received an honorary doc-
torate April 25 from the 
University of  Free State 
for his dedication to sus-
tainable renewable energy, 
including hydropower.

Moss, general manager 
of  Eskom’s Generation 
Business Enhancement, is 
a member of  the boards 
of  Eskom Energy Mana-
tali SA, Eskom Uganda 
Ltd., and Lusemfwa 
Hydro Power Co. During 
his time as power station 
manager, his stations won 
four Eskom awards.

Moss was manager 
in 2003 of  the 400-Mw 
Palmiet pumpedstorage 
project when it won the 
International Hydropower 
Association Blue Planet 
Prize.

U.S. emerging markets 
power company Glo-
beleq completed purchase 
of  power assets totaling 
421 Mw in Panama and 
the Dominican Republic 
from El Paso Corp. of  the 

United States.
The US$88 million 

deal includes El Paso’s 
stake in the 300Mw For-
tuna hydroelectric project 
on Panama’s Chiriqui 
River. Other assets include 

thermal plants. Fortuna is 
one of  three hydropower 
projects being developed 
on the hiriqui River by 
Fortuna’s other owner, 
AES Corp. of  the United 
States.

 COMPANY NEWS:
Globeleq buys stake in PanamaÊs 
300-MW Fortuna
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︋﹥ ﹡︷︣ ︋︧﹫︀ری از ﹡﹧︀د﹨︀ و از︗﹞﹙﹥ ︋︀﹡﹉ ︗﹧︀﹡﹩،آژا﹡︦ 

 ︩﹬ا﹜﹞﹙﹙﹩ ا﹡︣ژی و ا﹡︖﹞﹟ ︋﹫﹟ ا﹜﹞﹙﹙﹩ ︋︣ق آ︋﹩،ا﹁︤ا ﹟﹫︋

︑︀︨﹫︧︀ت   ﹩﹬︣ا﹁︤ا﹝︻ و   ︀﹨  ️﹬︤﹞ ︨︀زی   ﹤﹠﹫﹧︋،﹩﹬︀را﹋

﹎﹫︣ی   ﹜︪︚  ﹉﹝﹋ ﹬︀︎︡ار  ی   ﹤︺︨﹢︑  ﹤︋ ﹝﹢︗﹢د   ﹩︋︀﹇︣︋

 ﹤︋ ﹝﹢︗﹢د   ﹩︋︀﹇︣︋  ︹︋︀﹠﹞ ﹝︀﹜﹊︀ن   ﹅﹬﹢︪︑ ﹋﹠︡.︋︣ای   ﹩﹞

 ﹉﹡︀︋  ﹤﹋ ︋﹢د  ︫︀ن  ︑︀︨﹫︧︀ت  در  ﹝︖︡د  ﹎︢اری   ﹤﹬︀﹞︨︣

︗﹧︀﹡﹩ در︨︀ل ١٣٨٣ ︑︡و︚ ﹟﹬︀ر︚﹢ب ︋︀ز︨︀زی و ار︑﹆︀ء 

︨﹀︀رش  ﹁︣ا﹡︧﹥  ︋︣ق   ️﹋︫︣ آب   ﹩︨︡﹠﹧﹞  ︤﹋︣﹞  ﹤︋ را 

 ︪︣︐﹠﹞  ٢٠٠۴ درد︨︀﹝︊︣   ﹤﹋ ︚︀ر︚﹢ب   ﹟﹬ازا داد.﹨︡ف 

︋︣﹡︀﹝﹥ ای ︋︧﹠︡ه   ﹟﹬︨︀زان در ︑︡و ﹜﹫﹝︭︑ ﹤︋  ﹉﹝﹋︫︡

 ﹟﹫﹠︙﹝﹨ و   ﹩︋︀﹇︣︋ ︑︀︨﹫︧︀ت  ار︑﹆︀ء  و  ︋︀ز︨︀زی  ︋︣ای 

ز﹝︀ن ︋﹠︡ی ﹧︋﹫﹠﹥ ی ا︗︣ای ا﹬﹟ ︋︣﹡︀﹝﹥ ا︨️.

ی  ︋︀ره  در  ﹎﹫︣ی   ﹜﹫﹝︭︑ و   ﹩︪﹞  ︳︠ «︚︀ر︚﹢ب 

︋︣ای  آ︋﹩(R&U)»ا︋︤اری  ﹡﹫︣و﹎︀ه  ︨︡و  ار︑﹆︀ء  و  ︋︀ز︨︀زی 

﹠﹬︀︑،﹩﹬︀︨︀﹫︡،︑︀﹝﹫﹟ ا︻︐︊︀رو︎﹫︀ده   ︫︡﹠﹬︀زی ﹁︣ا آ︨︀ن︨ 

︨︀زی ︎︣وژه ﹨︀ی ︋︀ز︨︀زی و ار︑﹆︀ء ︨︡ و﹡﹫︣و﹎︀ه ︋︣﹇︀︋﹩ 

 ﹤︋  ﹩﹬﹐︀︋(IRR)﹩﹚︠دا ی  ︋︀زده  ﹡︣خ   ﹤﹋︡﹠﹋  ﹩﹞ ﹁︣ا﹨﹛ 

 ﹩﹠﹝﹬ا و  ︨︀زی   ﹤﹠﹫﹧︋،ب﹢︚︀ر︚  ﹟﹬د﹨︡.درا  ﹩﹞ د︨️ 

︨︡ ﹡﹫︤ ︗︤و ︻﹞﹙﹫︀ت ︋︀ز︨︀زی و ار︑﹆︀ء ا︨️.

﹇︀︋﹙﹫️ ︋︀ز︨︀زی ﹡﹫︣و﹎︀ه ﹨︀ی ︋︣﹇︀︋﹩ در︗﹧︀ن
 ﹤﹋ در︗﹧︀ن  ا﹜﹊︐︣و﹝﹊︀﹡﹫﹊﹩  ︑︖﹧﹫︤ات  ﹨︀ی  ︨﹀︀رش 

ر︨﹫︡ه   ️︊︔  ﹤︋  (HEA)﹩︋︀﹇︣︋ ︑︖﹧﹫︤ات  ا﹡︖﹞﹟   ︳︨﹢︑

﹨︀ی  ﹡﹫︣و﹎︀ه  ︋︀ز︨︀زی   ️﹫﹚︋︀﹇  ﹤﹋ د﹨︡   ﹩﹞ ﹡︪︀ن  ا︨️ 

ا︨️(ر︗﹢ع  ︋﹢ده  ر︫︡   ﹤︋ رو   ﹤︐︫︢﹎ ︨︀ل  درده   ﹩︋︀﹇︣︋

 ﹉﹬︤د﹡  ﹤﹋ وارو︎︀   ﹩﹛︀﹝︫ ١).آ﹝﹬︣﹊︀ی   ﹏﹊︫  ﹤︋ ︫﹢د 

﹨﹞︙﹠︀ن  درا︠︐﹫︀ردار﹡︡  را  ︋︀زار   ﹜﹧︨︡︮٧٠در﹤︋

ز﹝﹫﹠﹥   ﹟﹬درا را   ﹜﹧︨  ﹟﹬︣︐︪﹫︋ آ﹬﹠︡ه  ی  درد﹨﹥ 

︀ن از د﹨﹥ ی ١٩۵٠   ︫﹩︋︀﹇︣ دار﹡︡ز﹬︣ا︋﹫︪︐︣﹡﹫︣و﹎︀ه ﹨︀ی︋ 

︑︀ د﹨﹥ ی ١٩٨٠ ︨︀︠︐﹥ ︫︡ه ا﹡︡.︵︊﹅ ︋︣آورد﹨﹬︤﹠﹥ ای 

 ︣﹨ ازای   ﹤︋ ا﹜﹊︐︣و﹝﹊︀﹡﹫﹊﹩  ︑︖﹧﹫︤ات  ︋︣ای  ١٠٠د﹐ر 

HEAا﹡︖︀م ︫︡ه ا︨️ ︋︣ای ︋︀ز︨︀زی  ﹋﹫﹙﹢وات ﹋﹥ ︑﹢︨︳ 

در﹡︷︣   ٢٠٠۴ ︨︀ل  ︋︣ای   ﹤﹋ ١٠٠٠٠﹝﹍︀وات  وار︑﹆︀ء 

﹎︣﹁︐﹥ ︫︡ ١﹝﹫﹙﹫︀ردد﹐ر︨︣﹝﹬︀﹥ ﹎︢اری ﹐زم ا︨️.

︲︣ورت ︚︀ر︚﹢ب
دراز﹝︡ت  آ︋﹩  ﹨︀ی  ﹡﹫︣و﹎︀ه  و   ︀﹨︨︡ در  ﹎︢اری   ﹤﹬︀﹞︨︣

ا︨️. ︋︧﹫︀ر﹋﹛   ︤﹫﹡ ︋︣داری  ﹧︋︣ه  ﹨︀ی   ﹤﹠﹬︤﹨ و  ا︨️ 

 ﹏︧﹡  ﹟﹬︡﹠︚  ﹤︋ ︑﹢ا﹡﹠︡   ﹩﹞ ︑︀︨﹫︧︀ت   ﹟﹬ا در︲﹞﹟ 

 ︹﹬︨︣  ﹟﹬آ︾︀ز ﹎︢اری   ﹤﹬︀﹞︨︣  ﹤﹋  ﹟﹫﹝﹨.︡﹠﹡︀︨︣︋ ﹧︋︣ه 

︑﹢ا﹡﹠︡   ﹩﹞  ︹︋︀﹠﹞  ﹟﹬︨︀ل)ا  ٢٠  ︀︑ ده  ﹝︓︀ل  (︋︣ای   ︫︡︀︋

 ️︧﹬ا﹇︐︭︀دی،ز ی  ﹧︋︣ه  ١٠٠︨︀ل  از   ︩﹫︋ ﹝︡ت   ﹤︋

و   ︀﹨︨︡  ﹟﹬︀︋︣ا﹠︋.︡﹠﹡︀︨︣︋ و﹝︀﹜﹩  ﹝︜﹫︴﹩،ا︗︐﹞︀︻﹩ 

ی   ﹤︺︨﹢︑ ︋︣ای  ﹋﹙﹫︡ی   ﹩﹬︀﹨ا︋︤ار آ︋﹩  ﹨︀ی  ﹡﹫︣و﹎︀ه 

﹬︀︎︡ار ﹨︧︐﹠︡ و ﹡﹆︩ ﹝﹧﹞﹩ در ︫︊﹊﹥ ﹨︀ی آب و ا﹡︣ژی 

.︡﹠﹠﹋ ﹩﹞ ︀﹀﹬ا

︝︡ا﹋︓︣  ︋︣ای  ا︨️   ﹩︪︫﹢﹋ وار︑﹆︀ء  ︋︀ز︨︀زی 

ی  ا︨︐﹀︀ده  ﹝﹢︗﹢دو︋﹥  ﹨︀ی   ﹩﹬دارا از  ︋︣داری  ﹧︋︣ه 

 ﹟﹬از﹝﹠︀︋︹ آب ﹋﹞﹉ ﹝﹢︔︣ی ﹝﹩ ﹋﹠︡.ا﹝︀ در︻﹞︣ا ﹬︀︎︡ار 

︑︀︨﹫︧︀ت ︑︺︡ادی رو﹬︡اد﹨︀ و ﹁︺︀﹜﹫️ ﹨︀ی د﹬﹍︣ی ﹨﹛ 

︗﹬︀﹍︀ه  و   ﹩﹍﹡﹢﹍︚  ﹤﹋ ﹧︋︐︣ا︨️   ﹟﹬د﹨︡︋﹠︀︋︣ا  ﹩﹞ رخ 

و  ︑︀︨﹫︧︀ت   ︣﹝︻ ی   ﹤︠︣︚  ﹏﹋ در  وار︑﹆︀ء  ︋︀ز︨︀زی 

 ︬︟︪﹞ داری   ﹤﹍﹡ و  و︨︀ز   ️︠︀︨ ︻﹞﹙﹫︀ت  در﹋﹠︀ر 

︫﹢د.

﹡﹍﹥ داری ﹝﹠︀︨︉ وروزا﹡﹥ در︑︱﹞﹫﹟ ︻﹞﹙﹊︣د روان 

 ﹤﹠﹧﹋  ︡﹠﹬︣آ﹁ دارد.ا﹝︀   ️﹬ر﹢︜﹞ ︑︖﹧﹫︤ات  و   ︀﹨ ︨︀زه 

︫︡ن ︋﹥ ﹋﹙﹩ از ﹝﹫︀ن ﹡﹞﹩ رودو︋︣ای ︗﹙﹢﹎﹫︣ی از ﹋︀﹨︩ 

داری   ﹤﹍﹡ و  ︋︣داری  ﹧︋︣ه  ﹨︀ی   ﹤﹠﹬︤﹨  ︩﹬ا﹁︤ا و  درآ﹝︡ 

دردوره ﹨﹬︀﹩ ﹡﹫︤ ︋︀ز︨︀زی ﹐زم ﹝﹩ ︫﹢د(︫﹊﹏٢).

 ︡﹬︡︗ ﹨︀ی  ︎︣وژه  و  داری   ﹤﹍﹡  ︀︋ وار︑﹆︀ء  ︋︀ز︨︀زی 

در︫﹊︀ف  دارد﹋﹥  و︗﹢د   ︣︴︠  ﹟﹬دار﹡︡وا ز﹬︀دی  ︑﹀︀وت 

﹝﹢︗﹢د  ﹨︀ی   ﹤﹠﹬︤﹎  ﹩︋︀﹬︣ار﹎﹫︣﹡︡ودرارز﹇ دو   ﹟﹬ا  ﹟﹫︋

︋︣ای ﹬﹢﹎ ︞︨︀︎﹩ ︋﹥ ﹡﹫︀ز﹨︀ی ﹁︤ا﹬﹠︡ه ی آب و ا﹡︣ژی ︋﹥ 

︵﹢ر﹝﹠︀︨︉ ﹝﹢رد ︑﹢︗﹥ ﹇︣ار﹡﹍﹫︣﹡︡.︋﹥ ﹨﹞﹫﹟ د﹐﹬﹏ ︋﹢د 

︋︣ای ﹋﹞﹉  ︋︀﹡﹉ ︗﹧︀﹡﹩ ر﹨﹫︀﹁︐﹩ ︠︀ص(︚︀ر︚﹢ب)   ﹤﹋

︋﹥ ︑︭﹞﹫﹛ ﹎﹫︣ان در ︑﹢︗﹫﹥ ا︗︣ای ︎︣وژه ﹨︀ی ︋︀ز︨︀زی 

وار︑﹆︀ء ︑︡و﹬﹟ ﹋︣د.

︚︀ر︚﹢ب ︑︭﹞﹫﹛ ﹎﹫︣ی ︋︣ای 
︋︀ز︨︀زی و ار︑﹆︀ء ︑︀︨﹫︧︀ت آ︋﹩

﹡﹢﹬︧﹠︡ه:﹜﹢ر﹡️ ︋﹙️ و ژان ﹝﹫︪﹏ دور﹡﹩
 ﹟﹬︋︣ای ا ﹩︋﹢︚︀ر︚ ار︑﹆︀ آن ﹨︀ ﹝﹩ ا﹁︐﹠︡.﹨﹛ ا﹋﹠﹢ن (︀﹬)︣و﹎︀ه ﹨︀ی ︋︣﹇︀︋﹩ ﹋﹥ ︎︀ ︋﹥ ︨﹟ ﹝﹩ ﹎︢ار﹡︡ ﹝︀﹜﹊︀ن ﹡﹫︤ ︋﹥ ﹁︣﹋︣ ︋︀ز︨︀زی و﹫﹡
 ﹟﹬ا︻︐︊︀ر و ︎﹫︀ده ︨︀زی ︎︣وژه ﹨︀ی ︋︀ز︨︀زی ︋﹥ ﹝︀﹜﹊︀ن ﹋﹞﹉ ﹝﹩ ﹋﹠︡.︋﹥ ﹋︀ر﹎﹫︣ی ا ﹟﹫﹞︀︑،︡﹫﹬︀︑،﹩﹬︀︨︀﹠︫ ︀ر ﹝﹢︗﹢د ا︨️ ﹋﹥ در﹋

︚︀ر︚﹢ب در︑﹢︗﹫﹥ ︻﹞﹙﹫︀ت ︋︀ز︨︀زی و ار︑﹆︀ ︋﹥ ﹝︀﹜﹊︀ن ﹋﹞﹉ ﹝﹩ ﹋﹠︡.

︋︀ز︨︀زی

﹜﹢ر﹡️ ︋﹙️ ﹝﹬︡︣ ﹝﹠︴﹆﹥ ی ︠︀ور﹝﹫︀﹡﹥ 
ا﹇﹫︀﹡﹢︨﹫﹥ ی ﹝︣﹋︤ ﹝﹧﹠︨︡﹩ آب ︫︣﹋️ 
︋︣ق ﹁︣ا﹡︧﹥ ﹋﹥ ︵﹩ ︑︡و﹬﹟ ا︚ ﹟﹬︀ر︚﹢ب 

،﹝﹧﹠︡س ︋︣ق آ︋﹩ ︋﹢ده ا︨️.ژان ﹝﹫︪﹏ 
دور﹡﹩ ،﹇﹯︀﹛ ﹝﹆︀م ا﹬﹟ ﹝︣﹋︤ور﹬﹫︦ ﹎︣وه 

︑︡و︚ ﹟﹬︀ر︚﹢ب ︑︭﹞﹫﹛ ﹎﹫︣ی
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Many institutions - includ-
ing the World Bank, 
International Energy 
Agency, and Interna-

tional Hydropower Association - see 
improving the performance, optimizing 
the benefits, and extending the lifetime 
of  existing hydroelectric facilities as a 
significant contribution toward sustain-
able development. To encourage owners 
of  existing hydro resources to reinvest 
in their facilities, in 2004 tile World Bank 
commissioned Electricite de France’s 
Hydro Engineering Centre (EDF-CIH) 
to set up a rehabilitation and uprating 
framework. This framework, released in 
December 2004, is intended to help de-
cision makers establish an adequate pro-
gram for rehabilitation and uprating of  
a hydro facility, as well as the optimum 
timing for its implementation.
The «Framework for Policy and Deci-
sion-making on Dam and Hydro
Plant Rehabilitation and Uprating 
(R&U)» provides a tool for facilitating 
the process of  identifying, approving, 
finding, and implementing dam and 

hydroelectric plant rehab and uprating 
projects that will provide a high inter-
nal rate of  return (IRR). For the pur-
poses of  the framework, rehabilitation 
and uprating includes darn safety and 
optimization.

Hydro rehab potential world-
wide

Orders for electromechanical equip-
ment registered worldwide by the Hy-
dro Equipment Association (HEA) 
show that hydro plant rehab potential 
has been growing for the past ten years. 
(See Figure 1.) North America and Eu-
rope, which represent nearly 70 percent 
of  the market share, will remain major 
contributors over the next decade be-
cause most of  their hydropower plants 
were built from the 1 950s through 1 
980s. Using HEA’s cost estimate of  
US$100 per kilowatt for electrome-
chanical equipment, the 10,000 MW of  
rehab and uprating scheduled for 2004 
represented a US$1 billion investment.

Why a framework is needed

Dams and hydro plants are long-term 
investments with very low operating
costs. In addition, these facilities can 
benefit several generations. Once the 
initial investment is repaid (say after ten 
to 20 years), these resources can deliver 

financial, economic, environmental, 
and social benefits for more than 100 
years. Thus, dams and hydro plants are 
key tools for sustainable development 
and play a major role in the water and 
energy nexus.
Rehabilitation and uprating, as an en-
deavor to get the most out of  exist-
ing assets, can efficiently contribute to 
the sustainable use of  water resources. 
However, a number of  other events 
and activities occur during the life of  a 
facility, making it worthwhile to better 
specify and position rehabilitation and 
uprating in the overall cycle, along with 
construction and maintenance.
Proper maintenance is central to ensur-
ing the smooth performance of  struc-
tures and equipment on a day-today 
basis. But it cannot fully eliminate the 
aging process, which makes rehabilita-
tion necessary at some point to avoid 
both reduced revenue and increased 
operation and maintenance costs. (See 
Figure 2 on page 16.)
Rehabilitation and uprating have major 
differences with regard to maintenance 
and new projects. There is a risk that 
rehabilitation and uprating may fall 
in the gap between maintenance and 
new projects and may not be properly 
considered in the assessment of  the 
options available for meeting growing 
water and energy needs. These reasons 
have led the World Bank to develop a 
specific approach a framework - to help 
decision makers justify implementation 
of  rehabilitation and uprating projects.

Framework for Deciding to
Rehabilitate and Uprate Hydro Facilities

By Laurent Bellet and Jean-Michel Devernay
A, hydro plaws ago, owners are considering the: options of  rehabiliting and /or uprating .A_frame-
work- designed to aid owners in identifying , appiroving, funding and implementing rehab projects 
- is now available. Using the framework  can help owners justify rehab and uprate work. A case 
study from Turkey  illustrates application  of   this  framework.

R E F  U  R B I  S  H  M E N T

Laurent Bellet, area manager for 
East Asia/Pacific at Electricite de 
FranceÊs Hydro Engineering Centre, 
worked as a hydropower engineer 
during development of the frame-
work. Jean-Michel Devernay, deputy 
managing director of the centre, led 
the framework development team.
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︑︚ ︛﹬︪︣︀ر︚﹢ب

︋︣ای  ﹋︀ر︋︣دی  و   ︬︟︪﹞ ر﹨﹫︀﹁︐﹩  ︚︀ر︚﹢ب   ﹟﹬درا
︑︭﹞﹫﹛ ﹎﹫︣ی در︋︀ره ی ︎︣وژه ﹨︀ی ︋︀ز︨︀زی وار︑﹆︀ء ا︨️ 
 ︡﹠﹞ ️﹬﹢﹛او ︎︣وژه ﹨︀ی  از   ﹩︊︟︐﹠﹞ ︿﹬︣︺︑ ازآن  و ﹨︡ف 
 ﹏︝ا︨️ ﹋﹥ ︋﹥ آ︨︀﹡﹩ ﹇︀︋﹏ ︑︀﹝﹫﹟ ا︻︐︊︀رو ا︗︣ا ︋︀︫﹠︡.﹝︣ا
 ﹤︋ ا﹬﹟ ﹁︣آ﹬﹠︡ ︻︊︀ر︑﹠︡از(ر︗﹢ع ︫﹢د  ﹎︀﹡﹥ ی ا︮﹙﹩   ︩︫

:(٣ ﹏﹊︫
١)ا﹡︖︀م ارز﹬︀︎ ﹩︋︀﹬﹥ در︋︀ره ی ︨︡﹨︀ و ﹡﹫︣و﹎︀ه ﹨︀ی 
︨︀زی   ﹤﹠﹫﹧︋ و  ار︑﹆︀ء  ﹨︀ی   ﹤﹠﹬︤﹎  ﹩﹬︀︨︀﹠︫  ﹏﹞︀︫، آ︋﹩ 

︻﹞﹙﹊︣د
 ﹟﹫﹞︀︑ از﹜︜︀ظ  ︫︡ه   ﹩﹬︀︨︀﹠︫ ﹡﹫︀ز﹨︀ی  ٢)︋︀ز︋﹫﹠﹩ 
ی  و︑﹢︨︺﹥   ﹩︴﹫︜﹞  ️︧﹬ز  ️︸︀﹀︝،  ﹩﹠﹝﹬︋︣ق،ا و  آب 

ا︗︐﹞︀︻﹩
٣)︫﹠﹬︀︨︀﹩ ︎︣وژه ﹨︀ی ︋︀﹜﹆﹢ه ی ︋︀ز︨︀زی وار︑﹆︀ء︋︀ 

ا︨︐﹀︀ده از ا︵﹑︻︀ت ﹎︣دآوری ︫︡ه در ﹝︣ا︝﹏ ١و٢
 ﹏﹫﹚︜︑ ا︨︐﹀︀ده از ︀ ︀﹜﹆﹢ه︋  ︣وژه ﹨︀ی︋  ۴)︾︣︋︀ل ﹋︣دن︎ 
﹋﹫﹀﹩ ︚﹠︡﹝︺﹫︀ری ود︨️ ︚﹫﹟ ﹋︣دن ︫﹞︀ری ﹝︺﹆﹢ل از 

︎︣وژه ﹨︀.
از  ا︨︐﹀︀ده   ︀︋  ﹩︋︀︟︐﹡ا ﹨︀ی  ︎︣وژه  ︋﹠︡ی  ۵)ر︑︊﹥ 
ر﹨﹫︀﹁️ ﹋﹞﹩ ︚﹠︡﹝︺﹫︀ری ︫︀﹝﹏ ︑︜﹙﹫﹏ ا﹇︐︭︀دی ︻﹞﹆﹩ 
 ️︧﹬︣دا︗︐﹞︀︻﹩ و ز﹊﹚﹝︻،︣ه︵︀︟﹞ و ﹨﹞︙﹠﹫﹟ ︑︺﹫﹫﹟ ︑︣از

﹝︜﹫︴﹩،ا﹝﹊︀ن ︑︀﹝﹫﹟ ا︻︐︊︀ر و ز﹝︀ن ﹐زم ︋︣ای ا︗︣ا
ی  ر︑︊﹥  دارای  ﹨︀ی  ︎︣وژه  ︋︣ای  ا︗︣ا  ︵︣ح   ﹤﹫﹧︑(۶
 ﹩﹠﹫︋  ︩﹫︎  ﹩﹛︀﹞ ﹬︀︎﹥،︑︣︑﹫︊︀ت  ︋﹠︡ی  ز﹝︀ن   ﹏﹞︀︫،﹐︀︋
 ︳﹬︫︣ا و   ﹩︑︀﹞︡﹆﹞ ︑︖︀ری  ︫︡ه،را﹨︊︣د︑︡ار﹋︀ت،︵︣ح 

﹝︣︗︹ ︋︣ای ︋︣ر︨﹩ ا﹝﹊︀ن ︨﹠︖﹩.
﹥ ﹡﹫︀ز﹨︀ و در﹡︷︣﹎︣﹁︐﹟ ﹝﹑︝︷︀ت  ︀﹝︀ن ﹝﹠︡︋  ر︗﹢ع︨ 
﹝︀﹜﹩ از ﹨﹞︀ن آ︾︀ز ﹋︀ر،﹝﹢﹜﹀﹥ ﹨︀ی ﹋﹙﹫︡ی ا︚ ﹟﹬︀ر︚﹢ب 
ا﹁︤ا﹬﹠︡.در︲﹞﹟   ﹩﹞  ﹩﹬︀﹧﹡ ی   ﹤︖﹫︐﹡ ﹨︧︐﹠︡و︋︣﹇﹢ت 
 ﹤﹠﹬︤﹎ ﹩︋︀﹬ارز  ︡﹠﹬︣ا﹁ ا﹬﹟ ر﹨﹫︀﹁️ ﹋︀رآ﹝︨︡︀زی  از  ﹨︡ف 
وا﹇︹  ︑︺︡ادی   ﹤︋  ︀﹨ ا﹡︐︟︀ب  ﹝︜︡ود︨︀زی   ﹅﹬︣︵ از   ︀﹨

﹡﹍︣ا﹡﹥ ا︨️.
︎﹠︡ا︫️.  ﹁︣ا﹎﹫︣  ﹡﹬︀︊︡ د︨︐﹢ری  را  ا﹬﹟ ر﹨﹫︀﹁️  ا﹝︀ 
 ︿﹬︣︺︑︀︋،︫︡︀︋﹝﹢رد﹡︷︣﹨﹞︧︀ز ️﹫︺﹇﹢﹞ ︀ ︋︡﹬︀ ︋﹩︋﹢︚︀ر︚︣﹨
ا﹨︡اف ا︮﹙﹩ آ︾︀ز ︫﹢دودرآن ︋︣︠﹩ ︎︣وژه ﹨︀ی آ﹝︀ده ی 

.︡﹠︫︀ ا︗︣ااز﹇﹙﹛ ﹡﹫﹀︐︀ده︋ 

︑﹢︮﹫﹥ ﹨︀ی ﹋﹙﹫︡ی در ︋︀ره ی ︋︀ز︨︀زی وار︑﹆︀ء

در  ︫︡ه  داده  ︫︣ح  ﹎﹫︣ی   ﹜﹫﹝︭︑ ︋︣ر﹨﹫︀﹁️  ا﹁︤ون 
︋︣ای  ﹡﹢﹬︧﹠︡﹎︀ن  ﹋﹙﹫︡ی  ﹨︀ی   ﹤﹫︮﹢︑ از  ︋︀﹐،︫﹞︀ری 

︑︭﹞﹫﹛ ﹎﹫︣﹡︡﹎︀ن و ﹝︖︀﹝︹ ︑︀﹝﹫﹟ 
ا︻︐︊︀ر︻︊︀ر︑﹠︡ از:

﹧︋︣ه  ﹬︀︋︨︡﹢ا︋﹅  ﹝︀﹜﹊︀ن    •
ا﹡︡ازه   ﹤︋ را  داری   ﹤﹍﹡ و  ︋︣داری 
 ︀︑︡﹠﹠﹋ داری   ﹤﹍﹡ و   ️︊︔  ﹩﹁︀﹋ ی 
︫︀ن  ︑︀︨﹫︧︀ت  ی   ﹤﹬︀︎  ﹩︋︀﹬ارز

﹢د.  ︫﹏﹫﹧︧︑
﹎﹫︣ی   ﹜﹫﹝︭︑  ︡﹠﹬در﹁︣ا   •
﹨︀ی   ️﹫﹛﹢﹮︧﹞ د﹇﹫﹅   ﹉﹫﹊﹀︑
 ﹟﹫﹝︱︑ ︋︣ای  ︋︣دار  ﹧︋︣ه  و   ﹉﹛︀﹞

﹎︢اراز ﹡﹍﹥ داری ﹝︡اوم ︋﹥ ︋︀ز︨︀زی وار︑﹆︀ء ︲︣ورت دارد.
 ﹤﹠﹫﹧︋ ︚﹢ن  ای  ︨︀زه   ︣﹫︾ ا﹇︡ا﹝︀ت  ﹨︀ی   ️﹬︤﹞از   •

︨︀زی ﹝﹬︣﹬︡️ آب ﹬︀︋︡︋﹥ ︵﹢ر﹋︀﹝﹏ ﹧︋︣ه ︋︣داری ﹋︣د.
 ︡﹬︀︋ ︣ه ﹁︣︮️ ﹨︀ی ا︗︣ای ︋︀ز︨︀زی وار︑﹆︀ء را︐︧﹎  •
 ﹩﹬︀﹨ ︣داری ﹇︣ارداد(﹝︓﹏ دوره ︫﹠﹬︀︨︀﹩ ﹋︣د و ﹝﹢رد﹧︋︣ه︋ 
﹋﹥ ا︔︣ و﹨﹬︤﹠﹥ ی از﹝︡ار︠︀رج ︋﹢دن ﹡﹫︣و﹎︀ه ︝︡ا﹇﹏ ا︨️)

﹁﹠﹢ن  ی  ز﹝﹫﹠﹥  در  ﹋﹠﹠︡﹎︀ن   ﹤︲︣︻  ﹩﹠﹁ دا﹡︩  از    •
 ﹩︭︭︟︑ ا︨︐﹀︀ده ﹋︣دا﹝︀ ا︨︐﹆﹑ل ﹩︋﹢︠ ﹤︋ ︡﹬︀︋ ︨︀زی﹢﹡

﹡﹫︤﹝﹢﹜﹀﹥ ای ﹋﹙﹫︡ی از ﹁︣ا﹬﹠︡ ︑︭﹞﹫﹛ ﹎﹫︣ی ا︨️
•  ︑︣︑﹫︊︀ت ا︋︐﹊︀ری و ا﹡︺︴︀ف ﹬︢︎︣ ︑︡ار﹋︀ت و ﹨﹞︧︀ز 

︋︀ ﹁︣ا﹬﹠︡ ︑︭﹞﹫﹛ ﹎﹫︣ی را ﹬﹢︪︑ ︡﹬︀︋﹅ ﹋︣د.
•  ︋︣ای ︑︱﹞﹫﹟ ﹬︀︎︡اری ﹝﹬︤️ ﹨︀ی ︋︀ز︨︀زی وار︑﹆︀ء 
در︨︐﹩  و   ︡﹬︡︗ ی   ﹤﹞︀﹡︣︋  ︡﹬︀︋

︋︣ای ﹡﹍﹥ داری ︑︡و﹬﹟ ﹋︣د.
 ﹜﹫﹝︭︑  ﹤﹋  ﹩﹞︀﹍﹠﹨   •
 ﹤﹞︀﹡︣︋  ﹩︋︀﹬در﹋︀رارز ﹎﹫︣﹡︡﹎︀ن 
 ︡﹬︡︗ ︑︀︨﹫︧︀ت   ️︠︀︨ ی 
ار︑﹆︀ء  ی   ﹤﹠﹬︤﹎  ﹤︋  ︡﹬︀︋︡﹠︐︧﹨
دا︫︐﹥   ﹤︗﹢︑ ﹝﹢︗﹢د  ︑︀︨﹫︧︀ت 

.︡﹠︫︀︋
 ﹤︋ ر︨﹫︡﹎﹩  ﹨︀ی   ️︮︣﹁   •
 ️︧﹬﹝﹢︗﹢د ا︗︐﹞︀︻﹩ و ز ︳﹬︫︣ا
﹝﹢رد︑﹢︗﹥   ︡﹬︀︋ وار︑﹆︀ء  ︋︀ز︨︀زی  ی  ︎︣وژه  در   ﹩︴﹫︜﹞
 ﹟﹫︋ ︀﹨ ️﹫﹛﹢﹮︧﹞ و ︀﹨ ﹤﹠﹬︤﹨،︀﹬︤ا﹞ ︉︨︀﹠﹞ ﹜﹫︧﹆︑︡و﹠︫︀︋

﹧︨﹛ داران ﹝﹢رد﹨︡ف ︋︀︫︡.
•  ﹝﹆︣رات ﹋︀﹁﹩ ﹬︀︋︡ و︗﹢د دا︫︐﹥ ︋︀︫︡

︨﹀︀رش ︋︣ای ︋︀ز︨︀زی وار︑﹆︀ء ﹡﹫︣و﹎︀ه آ︋﹩ ︋﹥ ﹎﹢﹡﹥ ای ︚︪﹛ ﹎﹫︣ رو ︋﹥ ر︫︡ ا︨️ و ︝︡ود ٧٠در︮︡ آن ︋﹥ ارو︎︀ و آ﹝﹬︣﹊︀ی ︫﹞︀﹜﹩ 
﹝︣︋﹢ط ﹝﹩ ︫﹢د.

 ﹁︣ا﹬﹠︡ ︑︭﹞﹫﹛ ﹎﹫︣ی و ا︗︣ای ︎︣وژه
﹟﹬︀ی ︋︀ز︨︀زی و ار︑﹆︀ ،︋﹥ ﹋﹞﹉ ا﹨ 
﹅﹆︜︑ ب ﹋︀را﹝︡︑︣ ﹝﹩ ︫﹢د و﹢︚︀ر︚ 
﹩︋︀︟︐﹡︀ی ︎︣وژه ﹨︀ی ا﹨ ️﹬︤﹞ ﹏﹞︀﹋ 

. ︑︱﹞﹫﹟ ﹝﹩ ︫﹢د
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Explanation of the framework
The framework proposes a specific, practical 
decision-making approach to rehab and uprat-
ing projects, with the objective of  establishing 
a selection of  prioritized projects that can be 
readily funded and implemented.
The process includes six main steps (see Fig-
ure 3 on page 16):
1) Conduct a baseline assessment of  dams 
and hydro plants, including identification of  
options for uprating and performance opti-
mization;
2) Review identified needs regarding water 
and power supply, safety, environmental pres-
ervation, and social development;
3) Identify potential rehabilitation and uprat-
ing projects, using information gleaned from 
steps I and 2;
4) Screen potential projects using a qualitative 
multi-criteria analysis, then select a reasonable 
number of  projects to consider;
5) Rank the selected projects, usin» a quan-
titative multi-criteria approach involving an 
in-depth economic analysis, as well as deter-
minin’; risk exposure level, social and environ-
mental performance, likelihood of  financin(,, 
and time needed for implementation; and
6) Prepare an implementation plan for the top-
ranked projects, including a basic schedule, an-
ticipated financing arrangement, procurement 
strategy, preliminary business plan, and terms 
of  reference for a feasibility study.
The systematic reference to needs and the ear-
ly introduction of  financing considerations are 
key components of  the framework and should 
enhance the robustness of  the final result. In 
addition, the approach aims to streamline the 
options assessment process by limiting the se-
lection to a realistic number of  options.
However, this approach is not a universal rec-
ipe. The ti-,imework must be customized to 
each context, starting with a definition of  the 
main objectives and taking into account that 
some projects may be ready for implementa-
tion.

Key recommendations for re-
hab and uprating
In addition to the decisionmaking approach 
described above, the authors have developed 
some key reconunen-dations to decision mak-
ers and the financing Community:

• Owners should establish and main-
tain adequate operation and maintenance 
records to facilitate the 
baseline assessment of  
their facilities;

• A clear allocation 
of  responsibility between 
owner and operator in the 
decision-niakin,; process 
is essential to ensure the 
switch from continuing 
maintenance to rehab and 
uprating;

• Benefits from non-
structural measures, Such as water manage-
ment optimization, should be fully exploited;

• Windows of  opportunity for rehab 
and uprating implementation should be iden-
tified and exploited (e.g., periods during which 
the effect and cost of  shutdown is at a mini-
mum);

• While the supplier’s know-how in mod-

ernization techniques must be put to good 
use, independent expertise must remain a key 
ingredient of  the decision-making process;

• Innovative and flexible procurement 
arrangements, consistent with the stages of  
the decision-making process, should be en-
couraged; A sound new maintenance program 
should be established to ensure the sustain-

ability of  the benefits from 
rehabilitation and uprating;

• The option of  
uprating existing facili-
ties should be considered 
when decision makers are 
assessing a program for the 
development of  new facili-
ties;

• Opportunities to 
address existing environ-
mental and social condi-

tions should be considered in the rehab and 
uprating project, aiming at a proper sharing 
of  benefits, costs, and responsibilities between 
the stakeholders;

•  Adequate regulation should be

Orders for hydro plant rehabilitation and uprating are growing significantly, 
with Europe and North America representing nearly 70 percent of the total.

This framework makes
the decision-making

process and 
implementation

of rehabilitation and
uprating projects more
effective and ensures 
the projects selected 

deliver their full 
benefits.



 HRW      22  

︋︀ز︨︀زی  ﹨︀ی  ︎︣وژه   ︉︨︀﹠﹞ ا︗︣ای  و   ︿﹬︣︺︑  ﹤﹋
وار︑﹆︀ء ︑︱﹞﹫﹟ ︫﹢د.

و﹬︥ه   ﹤︋  ﹤︊﹡︀︗︡﹠︚ا︻︐︊︀ر  ﹟﹫﹞︀︑ ﹡﹧︀د﹨︀ی   •

︋︀ز︨︀زی  ا︻︐︊︀ر   ﹟﹫﹞︀︑ در 
﹨︀ی  ︎︣وژه  وار︑﹆︀ء 
 ﹜﹫﹆︐︧﹞ درآ﹝︡   ︡﹇︀﹁
 ﹩﹠﹝﹬ا ﹨︀ی   ﹤﹞︀﹡︣︋  ﹏︓﹞

︨︡،﹡﹆︪﹩ ﹋﹙﹫︡ی دار﹡︡.
آ﹎︀﹨﹩ ︑︭﹞﹫﹛   ︡﹬︀︋  •
﹨︀ی  ﹎﹫︣﹡︡﹎︀ن(︫︣﹋️ 
و   ︀﹨  ﹤﹡︀︠ ︋︣ق،وزارت 
 ﹟﹫﹞︀︑  ﹟﹫﹠︙﹝﹨ و  ︾﹫︣ه) 
 ️︊︧﹡ را   ﹩﹛︀﹞ ﹋﹠﹠︡﹎︀ن 
︋﹥ ﹝﹬︤️ ﹨︀ی ︋﹩ ﹨﹞︐︀ی 
︋︀ز︨︀زی  ﹨︀ی  ︎︣وژه 

وار︑﹆︀ء ا﹁︤ا﹬︩ د﹨﹠︡.

︑﹞︣﹋︤ ︋︣ ︑︀﹝﹫﹟ ا︻︐︊︀ر

IRR دارای  وار︑﹆︀ء  ︋︀ز︨︀زی  ﹨︀ی  ︎︣وژه  ﹝︺﹞﹢ل  ︵﹢ر   ﹤︋
︗︀﹜︊﹩ ﹨︧︐﹠︡ ﹋﹥ ا︾﹙︉ ︋︀﹐ی ٢٠ در︮︡ ا︨️ ا﹝︀ ︑︀﹝﹫﹟ 
︣وژه ﹨︀ ﹨﹞︙﹠︀ن ︚︀﹜︩ آ﹝﹫︤ ا︨️ ز﹬︣ا ︗﹬︣︀ن   ︎﹟﹬ا︻︐︊︀ر ا

 ﹏︓﹞ ︀﹨ ﹤﹠﹬︤﹎ ︣﹬︀︨ ︨︀ل ﹨︀﹋﹛ ︑︣ از ﹟﹫︐︧︟﹡ در ﹩﹍﹠﹬︡﹆﹡
﹡﹫︣و﹎︀ه ﹨︀ی ︝︣ار︑﹩،ا︨️.︋﹠︀︋︣ا﹬﹟ در﹡︷︣ ﹎︣﹁︐﹟ ﹝﹫︤ان 
 ﹩﹊﹬،﹩﹛︀﹞ ︀ل ︗︢ا︋﹫️ ︎︣وژه ︋︣ای ︑︀﹝﹫﹟ ﹋﹠﹠︡﹎︀ن﹝︐︝ا
﹋︣دن  ︾︣︋︀ل  ی   ﹤﹚︝︣﹞ در  ︋﹫︀د   ﹤﹋ ا︨️   ﹩﹬︀﹨ز﹝︺﹫︀ر ا 

(﹝︝︣﹙﹥ ی ۴)﹝﹢رد ︑﹢︗﹥ ︋︀︫︡.
ی  ︎︣وژه   ﹟︐﹁︀﹬ ﹬︀︎︀ن  از   ︣︑  ︩﹫︎  ﹩﹚﹫︠ درآ﹝︡  ︗﹬︣︀ن 
︋︀ز︨︀زی وار︑﹆︀ء آ︾︀ز ﹝﹩ ︫﹢د(︜﹞ ﹤︋ ﹩﹠︺﹬︰ راه ا﹁︐︀دن 
﹜︤و﹝︀   ︤﹫﹡ دراز﹝︡ت  ︋︀ز︨︀زی   ﹟﹬︀︋︣ا﹠︋.(️︧︟﹡  ︡︝وا
ز﹬︀ن ︋︀ر ﹡﹫︧️.دروا﹇︹،ر﹨﹫︀﹁️ ﹋︀ر ﹝︝︣﹙﹥ ای ︋︀︻︒ ﹝﹩ 
 ︩﹨︀﹋  ﹤﹠﹬︤﹨ در﹡︐﹫︖﹥  و   ﹩﹛︀﹞ ا︻︐︊︀رات   ﹤︋ ﹡﹫︀ز   ︀︑ ︫﹢د 
ا︋︐﹊︀ری   ﹩︑︀︊﹫︑︣︑ ︨︣اغ   ﹤︋  ︡﹬︀︋  ︀﹨ ︎︣وژه  ︝︀︮.︡︋︀﹬︊︀ن 
ای   ﹤﹚︝︣﹞ ا︻︐︊︀ر   ﹟﹫﹞︀︑ ︋︣ای   ️﹫﹚︋︀﹇  ﹟﹬ا از  ︋︣و﹡︡︑︀ 
︎︣وژه ﹨︀ی ︋︀ز︨︀زی وار︑﹆︀ء ا︨︐﹀︀ده ﹋﹠﹠︡.درآ︾︀ز ︎︣وژه 
 ﹩﹡︀︊﹫︐︪︎ د﹬﹍︣ی  ﹨︣ز﹝︀ن  از   ︩﹫︋ وار︑﹆︀ء  ︋︀ز︨︀زی  ی 
﹡﹧︀د﹨︀ی ︑︀﹝﹫﹟ ا︻︐︊︀ر︚﹠︡︗︀﹡︊﹥ ﹝﹢رد﹡﹫︀زا︨️ ا﹝︀و﹇︐﹩ 
ا﹬︖︀د︫﹢د(︋︣ای   ﹩﹍﹠﹬︡﹆﹡، از︎︣وژه  ︋︣داری  ﹧︋︀︋︣ه    ﹤﹋
︨︣اغ   ﹤︋ ︑﹢ان   ﹩﹞  (︡︝وا  ︡﹠︚ ا﹁︐︀دن  راه  از   ︦︎ ﹝︓︀ل 
از   ﹩﹊﹬ ︡﹡ا﹢︑  ﹩﹞︤﹫﹡ ا︻︐︊︀ر ︭︠﹢︮﹩ ر﹁️.دو﹜️   ﹟﹫﹞︀︑
︑﹧︧﹫﹏ ﹋﹠﹠︡﹎︀ن ﹝﹬︀﹞︨︣ ﹜﹧﹥ ﹎︢اری ︭︠﹢︮﹩ ︋︀︫︡،︋﹥ 
و﹬︥ه در ﹨﹠﹍︀﹝﹩ ﹋﹥ ︫︣﹋️ ﹨︀ی ︋︣ق د︚︀ر ﹋﹞︊﹢د ﹝﹠︀︋︹ 

﹝︀﹜﹩ ︫︡ه ︋︀︫﹠︡.

︋︣ر︨﹩ ﹝﹢ردی ︑︣﹋﹫﹥

در︑︣﹋﹫﹥  ︗﹧︀ن  آ︋﹩  ︋︣ق   ️﹫﹚︋︀﹇  ﹏﹋ در︮︡   ﹉﹬ ︝︡ود 
︨︀ز﹝︀ن  ︨﹀︀رش   ﹤︋  ﹤﹋ ︋︣ر︨﹩   ﹉﹬  ︕﹬︀︐﹡.دارد و︗﹢د 
︑﹢﹜﹫︡ ︋︣ق ︑︣﹋﹫﹥(EUAS)و ﹬︀︨︣ ︨︀ز﹝︀ن ﹨︀ی ︑︣﹋﹫﹥ ا﹡︖︀م 
︫︡ه ا︨️ ﹡︪︀ن ﹎︣ آن ا︨️ ﹋﹥ از﹜︜︀ظ ﹁﹠﹩ و ا﹇︐︭︀دی 
ا﹝﹊︀ن ︑﹢﹜﹫︡ ٣۵٠٠٠﹝﹍︀وات ︋︣ق آ︋﹩ درا﹬﹟ ﹋︪﹢ر و︗﹢د 
دارد﹋﹥ ٣۴٠٠﹝﹍︀وات آن در ﹇︀﹜︉ ︎︣وژه ﹨﹬︀﹩ در د︨️ 

︨︀︠️ ا︨️.
 ﹩︋︀﹇︣︋ ١٠٠﹡﹫︣و﹎︀ه  از   ︩﹫︋ ︋︣دار  ﹧︋︣ه  و   ﹉﹛︀﹞EUAS

 ﹤﹋ ا︨️  ﹝﹍︀وات   ١١۶٠٠  ﹏﹋ ی   ﹤︋﹢︭﹠﹞  ️﹫﹁︣︸  ﹤︋
 ﹩︠︣︋ ا︨️.﹇︡﹝️  در︑︣﹋﹫﹥  ︑﹢﹜﹫︡︋︣ق  ︨﹢م   ﹉﹬ ︝︡ود 
︋﹥ ︨︀ل ١٩٠٢ ﹝﹩ ر︨︡و︸︣﹁﹫️ ︫︀ن   ︀﹨ ﹡﹫︣و﹎︀ه   ﹟﹬ا از 
آ︑︀︑﹢رک)﹝︐︽﹫︣ا︨️. ٢۴٠٠﹝﹍︀وات(﹡﹫︣و﹎︀ه   ︀︑٢  ﹟﹫︋
 ﹟﹬درا ︋︀ز︨︀زی  ی   ﹤﹞︀﹡︣︋  ﹤﹡﹢﹎  ︘﹫﹨٢٠٠۴ ︑︀︨︀ل 
ر﹨﹫︀﹁️  EUASا︗︣ای  ا︨️.︨︍︦،  ﹋︪﹢رو︗﹢د﹡︡ا︫︐﹥ 
دارای  ی  ︎︣وژه   ﹩︖﹠︨ ا﹝﹊︀ن  ︋︣ر︨﹩  و  ︚︀ر︚﹢ب 
EDF-CIH︨︍︣د﹋﹥ ︋﹫﹟ ژو﹬﹫﹥ ٢٠٠۴ و  ︋︀﹐︑﹬︣﹟ ر︑︊﹥ را ︋﹥ 

﹝︀رس ٢٠٠۵ا﹡︖︀م ﹎︣﹁️.

و  ار︑﹆︀ء  ا﹡︖︀م   ︀︋ ︑﹢ا﹡﹠︡   ﹩﹞ ﹋﹠︡و﹝︀﹜﹊︀ن   ﹩﹞ ا﹁️  در﹎︢رز﹝︀ن   ﹩︋︀﹇︣︋ ︑︀︨﹫︧︀ت  ٢:︻﹞﹙﹊︣د   ﹏﹊︫
.︡﹠﹠﹋ ️﹬﹢﹆︑ ︣د ︑︀︨﹫︧︀ت را﹊﹚﹝︻،︿﹚︐︟﹞ ︋︀ز︨︀زی ﹨︀ی

︫﹊﹏ ٣:︚︀ر︚﹢ب ︫︩ ﹝︝︣﹙﹥ ای ︵︣ا︝﹩ ︫︡ه ︋︣ای ﹋﹞﹉ ︋﹥ ﹝︀﹜﹊︀ن ︎︣وژه ﹨︀ی ︋︣ق آ︋﹩ در ︫﹠﹬︀︨︀﹩ و 
ارز﹬︀︋﹩ ︎︣وژه ﹨︀ی ︋︀﹜﹆﹢ه ی ︋︀ز︨︀زی وار︑﹆︀ء
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put in place, ensuring that rehabilitation and 
uprating projects can be properly developed 
and implemented;
• Multilateral financing institutions have a key 
role to play, notably in providing funding for 

the rehab and uprat-
ing costs for projects 
that do not yield 
direct financial rev-
enues, such as dam 
safety prograins; and

• There is a need 
to raise awareness 
about the unique 
benefits of  reha-
bilitation and uprat-
ing projects among 
the decision makers 
(utilities, ministries, 
etc.) as well as finan-
ciers.

Focusing on 
financing

Rehab and uprating projects typically enjoy an 
attractive IRR, frequently above 20 percent. 
However, securing funds for the project may 
remain a challenge because the cash flow dur-

ing the first few years is lower than that pro-
vided by other options, such as
thermal plants. Therefore, the likelihood for a 
project to be attractive to financers is one of  
the criteria applied at the screening stage (step 
4).
The stream of  revenue starts well before the 
rehabilitation or uprating project is completed 
(e.g., as soon as the first unit is commissioned). 
Accordingly, a rehab with a long overall du-
ration is not necessarily penalizing. A staged 
work approach may actually reduce financing 
requirements, and hence costs. Project owners 
must seek innovative arrangements to take ad-
vantage of  this potential for staged financing 
of  rehab and uprating projects. Support from 
multilateral funding agencies can be most 
needed at the beginning of  a rehab or uprat-
ing project, with private financing taking over 
when operation of  the project (i.e., after com-
missioning  of  some of  the units) begins to 
provide additional cash. Governments can be 
important facilitators of  private investments, 
especially when utilities are short of  corporate 
funds.

Case study in Turkey

Turkey has about 1 percent of  the world’s to-
tal hydroelectric potential. Results of  a study 
commissioned by the utility Turkish Electric-
ity Production Authority (EUAS) and other 
Turkish authorities show that Turkey’s techni-
cally and economically feasible hydro potential 
is 35,000 MW; projects totaling 3,400 MW of  
this capacity are under construction.

EUAS owns and operates more than 100 
hydropower plants with a total installed capac-
ity of  11,600 MW, providing nearly a third of  
the generation in Turkey. Some of  these plants 
were commissioned as early as 1902, and their 
sizes vary from 2,400 MW (Atatiirk) to 2 MW. 
No rehabilitation program had been undertak-
en as of  2004. Consequently, EUAS entrusted 
EDF-CIN with the task of  implementing the 
framework and performing a feasibility study 
of  the best ranked project. This task was car-
ried out between July 2004 and March 2005.

Over time, the performance of hydroelectric facilities di-
minishes. By undertaking various rehab and uprating ac-
tivities, owners can increase facility performance.

This six-step framework is designed to help hydro project owners identify and 
assess the potential of rehabilitation and uprating projects.
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آ︋﹩  ︋︣ق   ︬︭︟︐﹞ ︋︣ای  ︚︀ر︚﹢ب  ر﹨﹫︀﹁️  آن  ︋︣ای 
﹝﹧﹠︨︡︀ن   ︳︨﹢︑  ﹩︋︀﹬︋︀︫︡ارز  ︣﹬︢︎ ا﹡︖︀م  و   ﹜﹧﹁  ﹏︋︀﹇
EDFا﹡︖︀م ︫︡ ﹋﹥ در ︑︡و﹬﹟ ر﹨﹫︀﹁️ ︚︀ر︚﹢ب د︠︀﹜︐﹩ 

﹡︡ا︫︐﹠︡.
 ﹤﹋  ﹟﹬ا  ﹩︋︀﹬ارز از  ︋﹢د  ︻︊︀رت  ﹝﹢ردی  ︋︣ر︨﹩   ﹟﹬ا
 ﹤﹫﹋︣︑ ︳﹬ان در ︫︣ا﹢︑ ﹩﹞ ﹤﹡﹢﹍︚ ب را﹢︚︀ر︚ ️﹁︀﹫﹨ر
و︗﹢د   ﹩﹬︀﹨︡﹞︀﹫︎  ﹤︚ ﹎﹫︣ی   ﹜﹫﹝︭︑ ﹋︣د،از﹜︜︀ظ  ا︗︣ا 
و  ︋︀ز︨︀زی  ︠︀ص  ﹨︀ی  ︎︣وژه  ا︗︣ای   ﹤︋  ﹤﹡﹢﹍︚داردو
 ︀﹨ ﹡﹫︀ز︨﹠︖﹩  ︎︣دازش  از  ︫﹢د.︎︦   ﹩﹞  ︣︖﹠﹞ ار︑﹆︀ء 
﹨︀ی  ︝﹢زه   ︀︋ ︎︣وژه  ︑︀︨﹫︧︀ت،︎﹠︕  ی   ﹤﹬︀︎  ﹩︋︀﹬وارز
از︑︀︨﹫︧︀ت   ﹩﹊﹬ ︋︀ز︨︀زی  از   ﹤﹋︫︡  ︿﹬︣︺︑  ︿﹚︐︟﹞
در︋︣﹝﹩  را   ﹤﹊︊︫  ﹏﹋ ︋︣ای   ﹩﹊﹝﹋ ︠︡﹝︀ت  ﹧︋﹊︣د   ︀︑

﹎︣﹁️.ا﹬﹟ ︎︣وژه ﹨︀ ︻︊︀ر︑﹠︡ از :
•  ︋︀ز︨︀زی ﹡﹫︣و﹎︀ه ١٣۵٠ ﹝﹍︀وا︑﹩ ﹋︊︀ن

﹨︀ی  ﹡﹫︣و﹎︀ه  ︑﹞︀م   ﹩﹚﹋ ︋︣داری  ﹧︋︣ه  ﹧︋︧︀زی    •
آ︋﹩ دره ی ﹁︣ات

︀﹬︋︀ز︨︀زی ﹡﹫︣و﹎︀ه ﹨︀ی ︋︤رگ آ︋﹩ دره ی ︨︀﹋︀ر  •
•  ︑﹆﹢﹬️ ︋︀زده ی ︑﹢ر︋﹫﹟ ︚﹠︡﹡﹫︣و﹎︀ه ︋︤رگ آ︋﹩

 ︩﹡︀︠︣︚،و﹜︐︀ژ (ا︻﹞︀ل   ﹩﹊﹝﹋ ︠︡﹝︀ت  ﹧︋﹊︣د   •
︚﹠︡﹡﹫︣و﹎︀ه  در  ︠︀﹝﹢ش)  ا﹡︡ازی  راه  و   ﹩﹊﹝﹋

﹩︋︀﹇︣︋ ︋︤رگ(«را﹨︊︣دی») 
 ﹤﹚︝︣﹞)ب﹢︚︀ر︚ ️﹁︀﹫﹨ی ر︑︊﹥ ︋﹠︡ی ر ﹤﹚︝︣﹞در
 ﹟﹬︣︐﹧︋ ﹋︊︀ن  ی  ︎︣وژه  ︋︀ز︨︀زی   ﹤﹋  ︫︡  ︬︟︪﹞(۵ ی 
 ﹟﹬ا︨️.ا  ﹤﹫﹋︣︑ در  ار︑﹆︀ء  و  ︋︀ز︨︀زی  ی  ︎︣وژه 

 ︡︝︀روا﹧︚:️︨ا ︫︡ه   ﹤︐︠︀︨ دو﹝︣﹋﹙﹥  در  ﹡﹫︣و﹎︀ه 
︫︡(﹋︊︀ن  ا﹡︡ازی  راه   ١٩٧۴ در︨︀ل  ١۵٧٫۵﹝﹍︀وا︑﹩ 

١)و﹧︚︀روا︝︡ ١٨٠﹝﹍︀وا︑﹩ در︨︀ل ١٩٨۵(﹋︊︀ن ٢).
︋︣ر︨﹩  ︎︣وژه  ی  ︝﹢زه   ︣︑  ﹩﹚﹫︭﹀︑  ︿﹬︣︺︑ ︋︣ای 
 ﹏﹞︀︫  ﹤﹋ ا︗︣درآ﹝︡   ﹤︋ ﹋︊︀ن  ︋︀ز︨︀زی   ﹩︖﹠︨ ا﹝﹊︀ن 
 ﹟﹬ا.︫︡  ﹩﹞  ﹤︵﹢︋︣﹞ ﹨︀ی   ﹤﹠﹬︤﹨ و  ︨﹢د﹨︀   ﹩︋︀﹬ارز

︎︣وژه ︫︀﹝﹏ ﹋︀ر﹨︀ی ز﹬︣ ﹝﹩ ︫﹢د:
از   ﹟︐︨︀﹋ ﹝﹠︷﹢ر   ﹤︋  ︀﹨ ﹋﹠﹠︡ه   ︹﹬ز﹢︑ ︋︀ز︨︀زی    •

️︪﹡
 ︘﹫︎  ﹜﹫︨  ︀︋  ١ ﹋︊︀ن  ا︨︐︀︑﹢ر   ︘﹫︎  ﹜﹫︨  ︰﹬﹢︺︑   •

︡︝ان وا﹢︑ ︩﹬ر ا﹁︤ا﹢︷﹠﹞ ﹤︋F ﹨︀ی ︗﹬︡︡ رده ی 
﹝﹠︷﹢ر   ﹤︋  ٢ ﹋︊︀ن  در  ا︨︐︀︑﹢ر  ا︑︭︀ل   ︰﹬﹢︺︑   •

ا︝﹫︀ی ﹋︀را﹬﹩ و ﹝︟︪︭︀ت ا︮﹙﹩ آن
•  ︋︀ز︨︀زی ︨︀﹝︀﹡﹥ ﹨︀ی ︑﹠︷﹫﹛ و﹜︐︀ژ و ︋︧︀﹝︡

︡︝︋︀ز︨︀زی ︨︀﹝︀﹡﹥ ی ﹋﹠︐︣ل وا  •
•  ︋︀ز︨︀زی رو︑﹢ر﹨︀

•  راه ا﹡︡ازی ︨︀﹝︀﹡﹥ ی ﹋﹠︐︣ل ︑﹞︀م ︠﹢د﹋︀ر
در﹡︐﹫︖﹥ ی ا﹡︖︀م ا﹬﹟ ارز﹬︀︋﹩ ︋﹢د ﹋﹥ د﹁︐︣﹋﹏ ︻﹞﹙﹫︀ت 
 ﹜﹫﹝︭︑DSi  ﹩﹠︺﹬ ︎︣وژه   ﹉﹛︀﹞ در︫︣﹋️  ﹋︪﹢ر  آ︋﹩ 
از  ﹇︣ارا︨️  ︋︊︣د.﹋︀ر﹨︀   ︩﹫︎  ﹤︋ را  ︋︀ز︨︀زی   ️﹁︣﹎
.︨︡︣︋ ﹬︀︎︀ن   ﹤︋  ٢٠١١ ︫﹢دودر︨︀ل  آ︾︀ز   ٢٠٠۶ ︨︀ل 
︑︡ار﹋︀ت  ︨︀زی  آ﹝︀ده  ︋︣ای  ﹝︪︀ور  ا﹡︐︟︀ب   ︡﹠﹬︣آ﹁
﹇︣ارا︨️  و  ا︨️  ︫︡ن   ﹩﹬︀﹧﹡ در︝︀ل   ﹩︨︡﹠﹧﹞وا﹝﹢ر
︫﹢د. ا﹡︖︀م   ٢٠٠۶ ︨︀ل  در﹬︀︎︀ن  ا︮﹙﹩  ﹨︀ی   ﹤︭﹇︀﹠﹞

︑︀﹝﹫﹟ ا︻︐︊︀ر ﹋︀ر ﹡﹫︤ ︋﹥ ︻﹧︡ه ی ﹝︀﹜﹉ ︎︣وژه ا︨️.

ازا﹬﹟ ا︗︣ا ︚﹥ ﹝﹩ ︑﹢ان آ﹝﹢︠️؟

ار︑﹆︀ء  و  ︋︀ز︨︀زی  ︚︀ر︚﹢ب  آ﹝﹫︤   ️﹫﹆﹁﹢﹞ ا︗︣ای 
در︑︣﹋﹫﹥ ﹡︪︀ن ﹝﹩ د﹨︡﹋﹥ ا﹬﹟ ر﹨﹫︀﹁️ ﹝﹩ ︑﹢ا﹡︡ ا︋︤اری 
.︫︡︀︋ ﹎﹫︣﹡︡﹎︀ن   ﹜﹫﹝︭︑ درد︨️  ﹋︀ر︋︣دی  و  ﹇﹢ی 
در﹝︜︡وده  را  ︚︀ر︚﹢ب  ر﹨﹫︀﹁️  ︑﹢ا﹡︧︐﹠︡  ﹝﹧﹠︨︡︀ن 

︑︣﹋﹫﹥ ا︗︣ا﹋﹠﹠︡. ی ز﹝︀﹡﹩ ﹝﹢رد ﹡︷︣ و﹝﹢﹇︺﹫️ 
﹎﹫︣ی   ﹜﹫﹝︭︑  ︡﹠﹬︣ا﹁ ی  ،︋︀زده  ︚︀ر︚﹢ب   ﹟﹬ا
 ﹩﹞  ︩﹬ا﹁︤ا را  ار︑﹆︀ء  و  ︋︀ز︨︀زی  ﹨︀ی  ︎︣وژه  وا︗︣ای 
﹨︀ی  ︎︣وژه   ﹏﹞︀﹋  ️﹬︤﹞  ﹤﹋  ︡﹠﹋  ﹩﹞ و︑︱﹞﹫﹟  د﹨︡ 
ا﹡︐︝  ﹩︋︀︟︀︮﹏ ︫﹢دودر﹋﹏ ︨︡﹨︀ و ︋︣ق آ︋﹩ ︋﹥ ︑﹢︨︺﹥ 

ی ﹬︀︎︡ار ﹋﹞﹉ ﹋﹠︡.

ی  ا﹇﹫︀﹡﹢︨﹫﹥  ︠︀ور﹝﹫︀﹡﹥  ی   ﹤﹆︴﹠﹞  ︣﹬︡﹞  ️﹚︋ ﹜﹢ر﹡️ 
 ﹟﹬︡و︑  ﹩︵  ﹤﹋ ﹁︣ا﹡︧﹥  ︋︣ق   ️﹋︫︣ آب   ﹩︨︡﹠﹧﹞  ︤﹋︣﹞
 ﹏︪﹫﹞ ا︨️.ژان  ︋﹢ده  آ︋﹩  ︋︣ق  ،﹝﹧﹠︡س  ︚︀ر︚﹢ب   ﹟﹬ا
دور﹡﹩ ،﹇﹯︀﹛ ﹝﹆︀م ا﹬﹟ ﹝︣﹋︤ور﹬﹫︦ ﹎︣وه ︑︡و︚ ﹟﹬︀ر︚﹢ب 

﹎﹫︣ی.  ﹜﹫﹝︭︑
︑﹊﹠﹢﹐ک  دو﹐ک،︨︀وی  ٧٣٣٧٣،﹜﹢︋﹢رژه  ﹡︪︀﹡﹩:﹁︣ا﹡︧﹥ 

EDF  ﹩︋︀﹇︣︋  ﹩︨︡﹠﹧﹞ ︤﹋︣﹞
-٧٩۶٠۶٠٠٢ و    ️﹚︋ ︋︣ای   (٣٣)۴-٧٩۶٠۶١٨۴    :  ﹟﹀﹚︑
Laurent.:﹩﹊﹫﹡ا﹜﹊︐︣و دور﹡﹩،︎︧️  ︋︣ای   (٣٣)۴

jean-michel.devernay@edf.fr  ︀﹬bellet@edf.fr

︨︍︀س ﹎︤اری

︎﹫︪︊︣د   ︣︵︀︠ ﹤︋  ﹩﹡︀﹧︗ ﹉﹡︀︋از  ﹤﹛︀﹆﹞  ﹟﹬ا ﹡﹢﹬︧﹠︡﹎︀ن 
 ︳︠ ︋︣ای  ︋︀ارزش  ا︋︤اری  ︨︀زی  و﹁︣ا﹨﹛  ︎︣وژه   ﹟﹬ا
 ﹜﹫﹝︭︑ و  آ︋﹩   ﹨︀ی  ﹡﹫︣و﹎︀ه  ار︑﹆︀  و  ︋︀ز︨︀زی   ﹩︪﹞
 ︹﹞︀︖﹞ و  ﹎﹫︣﹡︡﹎︀ن   ﹜﹫﹝︭︑ ︋︣ای   ﹤﹋ اش  در︋︀ره  ﹎﹫︣ی 

︋︣ق آ︋﹩ ﹇︀︋﹏ ا︨︐﹀︀ده ا︨️ ︨︍︀س ﹎︤ار ا︨️.

در  ﹋︊︀ن  ﹝﹍︀وا︑﹩   ١٣۵٠ ی  ﹁︣ا﹡︧﹥،︎︣وژه  ︋︣ق   ️﹋︫︣  ︳︨﹢︑ ︫︡ه   ﹟﹬︡و︑ ︚︀ر︚﹢ب  از  ا︨︐﹀︀ده  ی  ︫﹊﹏۴:در﹡︐﹫︖﹥ 
رود︠︀﹡﹥ ی ﹁︣ات در ︑︣﹋﹫﹥ ︋﹥ ︻﹠﹢ان ﹬︣︐﹧︋﹟ ︎︣وژه ی ︋︀ز︨︀زی و ار︑﹆︀ء ا﹬﹟ ﹋︪﹢را﹡︐︟︀ب ︫︡.
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To ensure that the framework is 
understandable and practicable for a hy-
dro specialist, the assessment was per-
formed by EDF engineers who were not 
involved in developing the framework.

The case study consisted of  assessing 
how the framework could be applied in the 
Turkish context, what could be expected in 
terms of  decision making, and how it could 
lead to implementation of  specific rehab and 
uprating projects. After processing the re-
view of  needs and the baseline assessment 
of  the facilities, five projects were identified 
with different scopes - from rehabilitation of  
one facility to the improvement of  ancillary 
services for the entire grid. The projects are:

• Rehabilitation of  1,350-mw Ke-
ban;

• Improvement of  the overall operation 
of  all of  the hydro plants in the Euphrates 
Valley;

• Rehabilitation of  the major hydro 
plants in the Sakarya Valley;

• Improvement of  turbine efficiency 
on a few major hydro plants; and

• Improvement of  ancillary services 
(voltage start, spinning reserve, and black 
start capabilities) provided by a few major 
(«strategic») hydro plants. The ranking step 
of  the framework (step 5) led to the selection 
of  the Keban rehabilitation as the best rehab 
and uprating project in Turkey. Keban, on 

the Euphrates River, is the third largest hy-
dro plant in Turkey. It was built in two stages: 
four 157.5-mw units commissioned in 1974 
(Keban 1), and four 180-Mw units commis-
sioned in 1985 (Keban 2).

A feasibility study of  the Keban reha-
bilitation was performed to define in more 
detail the scope of  the project, including an 
evaluation of  the associated costs and ben-
efits. This project includes the following 
tasks:

• Rehabilitate the distributors to re-
duce leakage;

• Replace the stator windings at Keban 
1 with new class F windings to increase unit 
power;

• Replace the stator connection at Ke-
ban 2 to restore its original characteristics 
and efficiency;

• Rehabilitate the frequency and volt-
age regulation systems;

• Rehabilitate unit control system;
• Replace the runners; and
• Implement a fully automatic con-

trol system.
As a result of  the assessment, project
owner DSi (Devlet Su Isleri) Gen-

eral Directorate of  State Hydraulic Works 
decided to go forward with the rehab. The 
works are scheduled to start in 2006 and be 
completed in 201 L The process of  selecting 
a consultant to prepare for engineering and 

procurement is being finalized, and the main 
tenders are scheduled to be launched by the 
end of  2006. The project owner is funding 
the work.

What do we learn from this 
implementation?

Successful application in Turkey of  the 
rehab and uprating framework shows it can 
be a practical and powerful tool for decision 
makers. Engineers were able to adapt the 
framework to the time constraints and con-
text of  the country.

This framework makes the decision-
making process and implementation of  re-
hab and uprating projects more effective and 
ensures that the projects selected deliver their 
full benefits within the more general contri-
bution of  dams and hydropower to sustain-
able development. 

Messrs. Bellet and Devernay 
may be reached at EDF - Hydro 
Engineering Centre, Savoie-
Technolac, Le Bourgetdu-Lac, 
France 73373; (33) 4-79606184 
(Bellet) or (33) 4-79606002 (De-
vernay); E-mail: laurent.bellet@
edf.fr or jean-micheLdevernay-
Cedf.fr.
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ا﹡︣ژی  ی   ﹤︲︣︻ ﹨﹠︡و︨︐︀ن،︑﹆︀︲︀از   ️﹫︺﹝︗  ︩﹬︋︀ا﹁︤ا
د︚︀ر  ︨︀ل٢٠٠۵-٢٠٠۴  در  ﹎﹫︣د.﹨﹠︡و︨︐︀ن   ﹩﹞  ﹩︪﹫︎
٧٫٣ ﹋﹞︊﹢د ا﹡︣ژی ︋﹢د ﹋﹥ در︨︀︻︀ت اوج ﹝︭︣ف ︋﹥ ︝︡ود 

١٢ در︮︡ ﹝﹩ ر︨﹫︡.
 ﹟﹬ر ︑︺﹫﹫﹟ ﹝﹫︤ان ا﹢︷﹠﹞ ﹤︋(CEA)︣ق ︨︀ز﹝︀ن ﹝︣﹋︤ی︋ 
﹝︺︱﹏ ﹋﹞﹫︐﹥ ی ︫︀﹡︤د﹨﹞﹫﹟ ︋︣ر︨﹩ آ﹝︀ری ︋︣ق(EPS) را 
︣ای دوره ﹨︀ی  در﹝︀رس ١٩٩٨ ︑︪﹊﹫﹏ داد ︑︀ ﹝﹫︤ان ︑﹆︀︲︀︋ 
.︡﹠﹋  ﹩﹠﹫︋ را︎﹫︩   ٢٠١۶-٢٠١٧ ︨︀ل   ︀︑ ز﹝︀﹡﹩   ︿﹚︐︟﹞
 ﹩﹬﹢﹎  ︞︨︀︎ ٢٠٠٧-٢٠٠۶︋︣ای  ︨︀ل   ︀︑ ︋︣ر︨﹩   ﹟﹬ا  ﹅︊︵
 ﹤︋﹢︭﹠﹞  ️﹫﹁︣︸ ١٧٨٠٠٠﹝﹍︀وات  ︝︡ود  ﹋﹞︊﹢د  اوج   ﹤︋
﹐زم ا︨️.ا﹬﹟ در︝︀﹜﹩ ا︨️ ﹋﹥ ﹋﹏ ︸︣﹁﹫️ ﹝﹠︭﹢︋﹥ ی 
﹢د  ﹨﹠︡و︨︐︀ن ︑︀ ﹁﹢ر﹬﹥ ی ٢٠٠۶ ﹝︺︀دل ١٢٣٩٠٠﹝﹍︀وات︋ 

﹋﹥ ﹡︪︀ن ﹎︣ ︋﹫︩ ۵٠٠٠٠﹝﹍︀وات ﹋﹞︊﹢د ا︨️.
 ﹩﹡﹢﹠﹋ ی   ﹤︋﹢︭﹠﹞  ️﹫﹁︣︸  ﹩﹠﹫︋  ︩﹫︎  ﹟﹬ا  ﹅︊︵
در︮︡   ٢۵٠ ٢٠١٧-︝٢٠١۶︡ود  ︨︀ل   ︀︑  ︡﹬︀︋ ﹨﹠︡و︨︐︀ن 
ا﹋︓︣  از  ︫﹢د.︚﹢ن  ︋︣︵︣ف  ﹋﹞︊﹢د  اوج   ︀︑︡︋︀﹬  ︩﹬ا﹁︤ا
آ︋﹩  ︋︣ق  ی  ز﹝﹫﹠﹥  در  ﹨﹠︡و︨︐︀ن  ی  ︋︀﹜﹆﹢ه  ﹨︀ی   ️﹫﹚︋︀﹇
 ︡﹬︡︗  ﹩︋︀﹇︣︋ ﹨︀ی  ﹡﹫︣و﹎︀ه   ️︠︀︨ ا︨️  ﹡︪︡ه  ا︨︐﹀︀ده 
﹡﹫︀ز﹨︀  ︨︀زی  ︋︣︵︣ف  ︋︣ای  ﹋﹙﹫︡ی  ﹨︀ی   ﹤﹀﹛﹢﹞ از   ﹩﹊﹬

ا︨️.

︑︡و﹬﹟ ︵︣ح ︋︣ق آ︋﹩

 ﹩︎ در  ا﹡︣ژی  ﹋﹞︊﹢د   ︀︋  ﹤﹚︋︀﹆﹞ ︋︣ای  ﹨﹠︡و︨︐︀ن  دو﹜️ 

﹎︢ار  ا︔︣   ︩︟︋  ﹟﹬︣︑  ﹜﹧﹞  ﹤﹋ ا︨️  ︵︣ح   ﹟﹬︡﹠︚ ا︗︣ای 
︋︣ ︟︋︩ ︋︣ق آ︋﹩ «︵︣ح ︋︣ق آ︋﹩ ۵٠٠٠٠﹝﹍︀وا︑﹩» ا︨️.
ا﹬﹟ ︵︣ح در ﹝︀ه ﹝﹥ ٢٠٠٣ ︑﹢︨︳ ﹡︟︧️ وز﹬︣ ﹨﹠︡و︨︐︀ن 
 ︡﹬︀︋ آن  از   ︦︎ و   ٢٠١٧ ︨︀ل   ︀︑ آن   ﹅︊︵ و   ︫︡ ا︻﹑م 
ا﹬︖︀د   ︡﹬︡︗  ﹩︋︀﹇︣︋  ️﹫﹁︣︸ ۵٠٠٠٠﹝﹍︀وات  از   ︩﹫︋

︫﹢د(︗︡ول١).

 ︬︟︪﹞ ز﹝︀﹡﹩ ٢٠١٢︑٢٠٢٢︀﹨﹠﹢ز ︋︀زه ی   ﹩﹊﹫﹊﹀︑ آ﹝︀ر 
﹡︪︡ه ا︨️.

CEA ︋︣ای ﹁︣ا﹨﹛ ︨︀زی ︚﹠﹫﹟ ︸︣﹁﹫︐﹩،︵﹩ ︋︣ر︨﹩ 

ی  ︎︣وژه   ١۶٢ ︋﹢د  ︫︡ه  ا﹡︖︀م  ازآن   ︩﹫︎  ﹤﹋ ︋﹠︡ی  ر︑︊﹥ 
﹠︡ی درا﹋︐︊︣ ٢٠٠١ ﹝﹠︐︪︣  و﹬︥ه ︑︺﹬︣︿ ﹋︣د.︋︣ر︨﹩ ر︑︊﹥︋ 
︫︡ودرآن ٣٩٩︎︣وژه ی ︋︀﹜﹆﹢ه ی ︋︣ق آ︋﹩ ︋︣ا︨︀س ︗︀ذ︋﹥ 
 ﹟﹬︣︑  ﹟﹫﹬︀︎)E︀︑(﹤︊︑ر  ﹟﹬︣︑﹐︀︋)A ﹝﹆﹫︀س  از   ﹩﹬ا︗︣ا ی 
ر︑︊﹥)او﹜﹢﹬️ ︋﹠︡ی ︫︡ه ︋﹢د.︋︣︠﹩ از ︻﹢ا﹝﹏ در﹡︷︣﹎︣﹁︐﹥ 
﹬︢︣ی ﹝︜﹏،︵﹢ل  ︡،د︨︐︣س︎  ﹢د از︋﹙﹠︡ی︨  ︫︡ه ︻︊︀رت︋ 
 ﹩﹬︀﹨ ︒︜︋ ︀︋.️︨د︨️ ا ﹟﹫﹬︀︎ ا﹡︐﹆︀ل آب و ︑﹢︨︺﹥ ی 
CEA︫︣﹋️ ﹨︀ی  ﹡﹫︣و،دو﹜️ ﹨﹠︡و︨︐︀ن،  ︋﹫﹟ وزارت   ﹤﹋
︋︣ق ︟︋︩ ︻﹞﹢﹝﹩ ،︨︀ز﹝︀ن ﹨︀ی دو﹜︐﹩ و ﹬︀︨︣ ︨︀ز﹝︀ن 
 ︫︡ ﹟﹫︚ ️︨د ️︨︣﹧﹁ ﹟﹬از ا ︮﹢رت ﹎︣﹁١۶٢️ ︎︣وژه 
 ︩︟︋ در www.cea.nic.in ︤ارش ر︑︊﹥ ︋﹠︡ی در و︋﹍︀ه﹎)

﹎︤ارش ﹨︀ی و﹬︥ه ی ︋︣ق آ︋﹩ آ﹝︡ه ا︨️).
د﹬︣︋︀ز  از  آ︋﹩  ︋︣ق  ﹨︀ی  ︎︣وژه   ﹟﹬﹢﹊︑ ی  دوره 
 ️﹫︺︴﹇ ︻︡م  واز﹜︜︀ظ  ا︨️  ︋﹢ده   ﹩﹡﹐﹢︵ در﹨﹠︡و︨︐︀ن 
ا︨️.در﹡︐﹫︖﹥  ︋﹢ده  ︎︣﹝︟︀︵︣ه   ﹩﹠﹁  ﹩﹬︀﹫﹁︣ا︽︗ ﹨︀ی 
رو﹡︡و   ﹩﹞ ︠﹢د  ی  ︋﹢د︗﹥  ﹁︣ا︑︣از   ︀﹨ از︎︣وژه  ︫﹞︀ری 
.︪︡﹋  ﹩﹞ ︵﹢ل  د﹬︣︑︣از﹝﹢︻︡در﹡︷︣﹎︣﹁︐﹥  ︫︀ن   ﹏﹫﹝﹊︑
در﹨﹠︡و︨︐︀ن  ︚﹠︡ا﹡﹩   ﹩︮﹢︭︠ ﹨︀ی   ️﹋︫︣ در﹎︫︢︐﹥ 
ا﹡︡ ﹋﹥ ﹬︡﹠︚﹟ د﹜﹫﹏   ﹤︐﹁︣﹡ آ︋﹩  ︋︣ق  ︋﹥ ︨︣اغ ︎︣وژه ﹨︀ی 

﹨︀ی  ︎︣وژه  ︋﹢دن   ︣︋  ﹤﹬︀﹞︨︣و ︋﹢دن  دارد:︎︣﹝︟︀︵︣ه 
︋︣﹇︀︋﹩،﹡︀︑﹢ا﹡﹩ ︋︀ز﹬﹍︣ان ︭︠﹢︮﹩ در ﹋︧︉ ﹇︣ارداد﹨︀ی 
︣ق آ︋﹩ و ﹁﹆︡ان ﹇︀︋﹙﹫️ ﹨︀ی ﹁﹠﹩ و  ︟︩ ﹁︣وش︋   ︋️﹬︀︲ر

.﹩︮﹢︭︠ ︩︟︋ ︡ه در﹬︭︭︀ن ورز︟︐﹞
و  ﹇﹢ی  ﹨︀ی   ️﹬︀﹝︝ ︋︣ای  دو﹜️  ﹨︀ی  ﹇﹢ل  ا﹜︊︐﹥ 
︋﹢د︗﹥  در︚︀ر︚﹢ب  و   ︹﹇﹢﹞  ﹤︋ ا︗︣ای   ️︊︓﹞ ﹨︀ی   ﹤﹡﹢﹝﹡
 ﹤﹠﹬︤﹎ آ︋﹩  ︋︣ق   ︀︑ ا︨️  ︫︡ه   ︉︊︨ ا︠﹫︣  ﹨︀ی  در︎︣وژه 
ای ﹋︀را﹝︡︑︣︋︣ای ﹬﹢﹎ ︞︨︀︎﹩ ︋﹥ ︑﹆︀︲︀ی ﹁︤ا﹬﹠︡ه ی ︋︣ق 
︋︀︫︡.دو﹜️ ︋︣ای ﹬︀﹝︝️ از ︎︣وژه ﹨︀ی ︋︣ق آ︋﹩ ﹎︀م ﹨︀ی 

︋︧﹫︀ری ︋︣دا︫︐﹥ ا︨️ ﹋﹥ ︻︊︀ر︑﹠︡ از:
 ﹤﹠﹬︤﹨ ︩︖﹠︨ ﹏︓﹞ ︀ت ﹝︴﹙﹢ب﹫﹚﹝︻ ︕﹬︣و︑  •
︑﹞︀م ︨︀ز﹝︀ن  ﹋︀رآ﹝︡ ﹝﹠︀﹇︭﹥.︋︣ای  ا︗︣ای  و  ︎︣وژه  ﹨︀ی 
 ﹩﹞﹢﹝︻ ︩︟︋ ︀ی دو﹜︐﹩ ا︗︊︀ری ا︨️ ﹋﹥ ︫︣﹋️ ﹨︀ی﹨
︨︀ز﹝︀ن  درو︋﹍︀ه  را   ﹩︧﹬﹢﹡ ﹬︢︎︣ه  و   ﹤︭﹇︀﹠﹞  ﹏﹞︀﹋ ا︨﹠︀د 
ارا﹬﹥ د﹨﹠︡.﹨︡ف ازا﹬﹟ ا︋︐﹊︀ر ا﹁︤ا﹬︩ ︫﹀︀﹁﹫️ در ︑︺﹫﹫﹟ 
︋︣﹡︡ه ی ﹝﹠︀﹇︭﹥ ا︨️.در︲﹞﹟ ا﹋﹠﹢ن ︋︧﹫︀ری از دو﹜️ 
﹨︀ی ا﹬︀﹜︐﹩ ﹡﹫︤ ا︨﹠︀د ﹋︀﹝﹏ ﹝﹠︀﹇︭﹥ را در و︋﹍︀ه ﹨︀ی ︠﹢د 

.︡﹠﹠﹋ ﹩﹞ ﹤︲︣︻
 ﹟﹬از ︨﹢ی دو﹜️.ا ﹬︀﹝︝️ ︋﹢د︗﹥ ای ﹇﹢ی   •
ا﹋︓︣  ا︻︐︊︀ر   ﹟﹫﹞︀︑ از   ﹩﹝﹧﹞  ︩︟︋ ز﹬︣ا  ا︨️   ﹜﹧﹞  ﹤︐﹊﹡
CEA ︫﹢د.   ﹩﹞ ا﹡︖︀م  دو﹜️   ︳︨﹢︑  ﹩︋︀﹇︣︋ ﹨︀ی  ︎︣وژه 
ووزارت ﹡﹫︣و ︎﹫︪︣﹁️ ︑﹞︀م ︎︣وژه ﹨︀ را ︋﹥ ︮﹢رت ﹝︀﹨︀﹡﹥ 
 ﹩︋︀﹇︣︋ ﹨︀ی  ︎︣وژه   ️﹁︪︣﹫︎ ﹋﹠﹠︡.ا︵﹑︻︀ت   ﹩﹞ ︋︣ر︨﹩ 
︫︣﹋️ ﹨︀ی ︋︣ق ︟︋︩ ︻﹞﹢﹝﹩ ﹝︣﹋︤ی ﹨︣دو﹝︀ه ﹬﹉ ︋︀ر 
در و︋﹍︀ه www.hydropower-net.nic.in  ︋﹥ روز ﹝﹩ ︫﹢د و 

︑﹢︨︳ CEAووزارت ﹡﹫︣و ︋︣ر︨﹩ ﹝﹩ ︫﹢د.
︣ق آ︋﹩.در︵︣ح   ︋︡﹫﹛﹢︑ ︡︝ی وا ﹤﹠﹬︤﹨ ︩﹨︀﹋  •
﹨︀ی ا︝ ﹟﹬﹢زه ﹝︜︀︨︊﹥ ی ︑︺︣﹁﹥ ای ︋︣﹎︪️ ﹡﹆﹬︡﹠﹍﹩ از 
١۶ ︋﹥ ١۴ در︮︡ ﹋︀﹨︩ داده ︫︡ .در︲﹞﹟،︑︪﹢﹬﹅ ﹨︀ی 
 ︀﹬ ۵٠٠﹝﹍︀وات   ️﹫﹁︣︸ دارای  ﹨︀ی  ︎︣وژه  ︋︣ای  و﹬︥ه 
︋﹫︪︐︣ در﹡︷︣ ﹎︣﹁︐﹥ ﹝﹩ ︫﹢د ﹋﹥ ︫︀﹝﹏ ده ︨︀ل «﹝︺︀﹁﹫️» 
︻﹢ارض  از   ️﹫﹁︀︺﹞ و﹨﹞︙﹠﹫﹟  ﹁︡رال  ﹨︀ی  ﹝︀﹜﹫︀ت  از 

﹎﹞︣﹋﹩ ﹋︀﹐﹨︀ی واردا︑﹩ ﹝﹩ ︫﹢د.

︑︜﹢﹐ت ︋︣ق آ︋﹩ در ﹨﹠︡و︨︐︀ن:
︋︣﹡︀﹝﹥ ﹨︀ و ︎﹫︪︣﹁️ ﹨︀

﹡﹢﹬︧﹠︡ه :آ﹡﹊﹢ر وا︫﹫︪︐︀
︀ ︑﹆︀︲︀ی ا﹡︣ژی ﹨﹞﹍︀م  ︐﹢ا﹡︡︋  ︀ل ٢٠٢٢ ا︨️ ︑︀︋  ︀ل ٢٠٠٧ ︑︀︨  ﹥ ︸︣﹁﹫️ ﹋﹏ ٧۵٠٠٠﹝﹍︀وات از︨   ︋﹩︋︀﹇︣︋︡﹬︡︗ ︣و﹎︀ه ﹨︀ی﹫﹡ ️︠︀  ︨﹩ ﹨﹠︡و︨︐︀ن در︎ 
︣ق در﹨﹠︡و︨︐︀ن ،﹁︣︮️ ﹨︀ی   ︋︛︗ان ﹝﹠︊︹ ار﹢﹠︻ ﹤ ︣ق آ︋﹩︋   ︋﹤ ︤رگ دو﹜️ ا︨️.﹝︜﹢ر﹬️ دادن دو﹜️︋  ︫﹢د و ا﹬﹟ ﹨︡ف د︨︐︀ورد ﹬﹊﹩ از ︵︣ح ﹨︀ی︋ 

︚︪﹛ ﹎﹫︣ی ︋︣ای ︨︀ز﹡︡﹎︀ن ﹡﹫︣و﹎︀ه ﹨︀ و ︑︀﹝﹫﹟ ﹋﹠﹠︡﹎︀ن ﹋︀﹐ و ︠︡﹝︀ت ﹁︣ا﹨﹛ ﹝﹩ آورد.

آ︨﹫︀ ز﹬︣ ذره ︋﹫﹟

﹩﹚﹞  ️﹋︫︣  ️﹬︣﹬︡﹞ وا︫﹫︪︐︀،﹝︺︀ون   آ﹡﹊﹢ر 
آ︋﹩ دو﹜︐﹩ ︋︣ق   ️﹋︫︣ ﹟﹬︣︑ آ︋﹩،︋︤رگ   ︋︣ق 

ا︨️ .﹨﹠︡و︨︐︀ن 
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As the population in India 
grows, demand for energy 
exceeds supply. In 20042005, 
the country experienced an 

energy shortage of  7.3 percent and a peak-
ing shortage of  nearly 12 percent.

To determine the extent of  the prob-
lem, the Central Electricity Authority (CEA) 
formed the 16th Electric Power Survey 
(EPS) committee in March 1998 to fore-
cast demand for various time periods, up to 
2016-2017. The study showed that, by 2006-
2007, installed capacity required to meet the 
peaking shortage would be about 178,000 
mw. Total installed capacity in the country 
as of  February 2006 was 123,900 mw - more 
than 50,000 MW short.

The forecast showed that, by 20162017, 
the country’s present installed capacity will 
need to increase by almost 250 percent to 
meet the peak shortage. Because much of  
India’s hydroelectric potential has yet to be 
harnessed, development of  new hydro is a 
key component in efforts to meet require-
ments.

Developing a plan to
focus on hydropower

To deal with the energy shortage, the govern-
ment of  India is undertaking several initia-

tives. The most significant move affecting hy-
dro is establishment of  a»50,000 mw Hydro 
Initiative» plan. This plan, established in May 
2003 by the prime minister of  India, calls for 
development of  new hydro capacity of  more 
than 50,000 mw by 2017 and beyond. (See 
Table 1.)

To provide the capacity, CEA identi-
fied 162 specific projects through a previ-
ously conducted ranking study. The study, 
published in October 2001, prioritized 399 
potential hydro projects in order of  their at-
tractiveness for implementation, on a scale 
of  A (highest ranking) to E(lowest rank-
ing). Some factors considered were height 
of  the dam, site accessibility, length of  the 
water couveyance, and downstream develop-
ment. The list was narrowed to 162 projects, 
based on discussions between the Ministry of  
Power, the government of  India, CEA, cen-
tral public sector utilities, state ,government 
agencies, and other organizations. (To access 
the ranking, report, visit www. cea.nic.in and 
click on Hydro, then Special Reports.) His-
torically, hydropower development in India 
has experienced a long gestation period and 
high risks with regard to geotechnical uncer-
tainties. Consequently, a few projects have 
been over budget and taken longer to com-
plete than expected. Many private developers 
have not pursued hydro projects in India in 
the past because of  several issues, including: 
hydro projects having a high risk profile and 
being capital intensive; the inability of  private 
players to reach satisfactory power purchase 
agreements; and the lack of  technical capa-

bilities and high-quality professionals in the 
private sector.

However, the promise of  ample gov-
ernment support and the positive examples 
of  recent projects being execut-ed on time 
and within budget makes hydro a more viable 
option for meeting increasing power demand. 
The government is taking many steps to sup-
port hydro development, including:

• promoting  good practices, such as 
benchmarking in project costs and adopting  
a competitive bidding process. For all central 
government departments, it is mandatory 
that public sector companies provide com-
plete bid documents, along with an applica-
tion form, on the website of  the organiza-
tion. This initiative was designed to increase 
transparency in awarding work. In addition, 
many state governments now ensure that 
complete bid documents are available on 
their websites.

• Assuring strong  budgetary support 
from the government. This is important be-
cause a major portion of  the funds for most 
hydro project development is raised from 
the government. CEA and the Ministry of  
Power review the progress of  all projects 
on a monthly basis. The progress of  hydro 
projects under execution by central public 
sector utilities is updated bi-monthly on the 
website www.hydropower- net.nic.in and re-
viewed by CEA and the ministry.

• Lowering the unit cost of   hydro gen-
eration. Initiatives in this area include lower-
ing of  the tariff  calculation return of  equity 
to 14 percent from 16 percent. In addition, 
special in- centives for projects with capaci-
ties of  500 MW or more include a ten-year 
«holiday» from federal taxes, as well as waiver 
of  customs duty for imported goods.

Hydroelectric Development in India:
Plans and Progress

By Ankur Vashishtha
India is committed to developing about 75,000 MW of  new hydropower  capacity From 2007 
through 2022.This goal, designed to keep pace with energy demand in the country, is a result of  a 
major government  initiative .The governments  focus on  hydropower as the preferred source of  elec-
tricity in India provides significant  opportunities for developers and product arid service suppliers.

 S P  O T  L  I  G  H T    O  N   A  S  I  A

Ankur Vashishtha is assistant man-
ager with the National Hydroelectric 
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government-owned hydropower util-
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﹥ ︻﹞﹙﹫︀ت ︑︣︠﹫︭﹩  ︐︀ب دادن︋   ︫ •
در ︨︀ز﹝︀ن ﹨︀ی دو﹜︐﹩ ﹝︟︐﹙︿.وزارت 
 ﹤﹚︝︣﹞ ا︗︣ای ︨﹥  ︋︣ای  ای   ﹤﹞︀﹡︣︋ ﹡﹫︣و 
ای ︎︣وژه ﹨︀ی ︋︣﹇︀︋﹩ ︑︡و﹬﹟ ﹋︣ده ا︨️ 
 ﹩﹞︀﹝︑  ︹﹇﹢﹞  ﹤︋ ا﹡︖︀م  ازآن  ﹨︡ف   ﹤﹋
 ﹟﹫ ︻﹞﹙﹫︀ت ︑︣︠﹫︭﹩ و﹋︀﹨︩ ز﹝︀ن ﹋﹏︋ 
ا﹡︡ازی ︎︣وژه ﹨︀ی ︋︣﹇︀︋﹩  ︑︀ راه   ︿﹬︣︺︑
 ﹤﹞︀﹡︣  ︋︡﹠﹬︡ه ا︨️ ﹋﹥ ﹁︣آ ا︨️.︋︣آورد︫ 
ر﹬︤ی از آ︾︀ز ︑︀ ا﹡︖︀م ︻﹞﹙﹫︀ت ︑︣︠﹫︭﹩ 
(︎﹫︩ از آ︾︀ز ︨︀︠️ و︨︀ز ﹁︺︀ل)از ٨٧ 
﹝︀ه ︋﹥ ︝︡ود ٣۶ ﹝︀ه ﹋︀﹨︩ ﹬︀﹁︐﹥ ا︨️.

 ️﹋︫︣  ﹟﹬︣︑ آ︋﹩(NHPC)،︋︤رگ  ︋︣ق   ﹩﹚﹞  ️﹋︫︣
 ︹﹇﹢﹞  ﹤︋  ﹏﹫﹝﹊︑ روی  ﹨﹠︡و︨︐︀ن،ا﹋﹠﹢ن  آ︋﹩  ︋︣ق   ︡﹫﹛﹢︑
و در︚︀ر︚﹢ب ﹨﹬︤﹠﹥ ای ︎﹫︩ ︋﹫﹠﹩ ︫︡ه ︎︣وژه ﹨︀ ︑﹞︣﹋︤ 
﹋︣ده ا︨️.د︨︐︀ورد﹨︀ی ا︠﹫︣ ا﹬﹟ ︫︣﹋️ دو﹜︐﹩ و ︑︡اوم 
﹋︀ر︨︀زی   ︣﹎ ﹡︪︀ن   ️﹋︫︣  ﹟﹬ا و︨︀ز   ️︠︀︨ ﹨︀ی  ︎︣وژه 
ا﹬﹟ ر﹨﹫︀﹁️ ا︨️.﹬︡﹠︚﹟ ︎︣وژه زود︑︣ از ﹝﹢︻︡ ︋﹥ ﹬︀︎︀ن 
 ︣﹬در︗︤ا  ﹌﹡﹢︍﹛︀﹋ ﹝﹍︀وا︑﹩   ۵٫٢۵ ﹡﹫︣و﹎︀ه   ﹤﹋ ا﹡︡  ر︨﹫︡ه 
 ﹢︙﹬ر﹢﹋ ﹝﹍︀وا︑﹩   ۶٠ ﹡﹫﹊﹢︋︀روآ﹡︡ا﹝︀ن(٢٠٠١)،﹡﹫︣و﹎︀ه 
٢در  ︚︀﹝︣ای  ٣٠٠﹝﹍︀وا︑﹩  ﹡﹫︣و﹎︀ه  و  ︋﹢︑︀ن(٢٠٠٢)  در 

﹨﹫﹞︚︀︀ل ︎︣ادش(٢٠٠٣) از ︗﹞﹙﹥ ی آن ﹨︀ ﹨︧︐﹠︡.
د﹬︣﹋︣د  د︚︀ر  ﹨︀ی  ︎︣وژه   ︣﹬︀︨NHPC،﹟﹝︲در
ا︨️.︋︣ای   ﹤︐﹁︣﹎ د︨️   ﹤︋  ︤﹫﹡ را  ︋﹢د︗﹥   ︩﹬ا﹁︤ا  ︀﹬
در  ︨︀﹎︀ر  ا﹬︡﹠﹬︣ا  ١٠٠٠﹝﹍︀وا︑﹩  ﹡﹫︣و﹎︀ه  ی  ﹝︓︀ل،︎︣وژه 
︎︣ادش  ﹝︀د﹨﹫︀   ️﹛︀﹬ا دو﹜️   ︳︨﹢︑ ﹡︀ر﹝︀دا  ی  رود︠︀﹡﹥ 
﹝︺︱﹑ت  و   ︹︋︀﹠﹞  ︩﹨︀﹋  ️﹚︻  ﹤︋ ا︗︣ا︋﹢دا﹝︀  درد︨️ 
NHPC .︫︡︣د﹋︣﹬︀رد︚︧︀ب ﹨︀ د︝ ﹤﹬﹢︧︑ ﹤﹠﹫﹞︋︤رگ در ز
در︨︀ل ٢٠٠٠در︚︀ر︚﹢ب ﹎︣و﹨﹩ ا︫︐︣ا﹋﹩ ︋﹥ ﹡︀م ︫︣﹋️ 
︋﹥ د︨️  را  ﹡︀ر﹝︀دا(NHDC)ا﹬﹟ ︎︣وژه  ︑﹢︨︺﹥ ی ︋︣ق آ︋﹩ 
در  ︎︣وژه  ا﹡︡ازی  ︫︡.راه  ︗︊︣ان  ︎︣وژه  د﹬︣﹋︣د  و   ️﹁︣﹎
ژا﹡﹢﹬﹥ ی ٢٠٠۴ آ︾︀ز ︫︡ و آ﹬︣︠﹟ وا︝︡ در ﹝︀رس ٢٠٠۵ 

.︫︡ ︉︭﹡
 ︡﹬︡︗ آ︋﹩  ︋︣ق  ی  ︎︣وژه   ١٢ ٢٠٠٢﹝﹫﹑دی  ︨︀ل  از 
در ﹨﹠︡و︨︐︀ن راه ا﹡︡ازی ︫︡ه ا︨️ ﹋﹥ ︸︣﹁﹫️ ﹋﹏ آن ﹨︀ 
۵٨٩١ ﹝﹍︀وات ا︨️.١١١︎︣وژه ﹨﹛ درد︨️ ا︗︣ا ا︨️ ﹋﹥ 
︸︣﹁﹫️ ︫︀ن از ﹋﹛ ︑︣ از ١﹝﹍︀وات ︑︀ ٢٠٠٠﹝﹍︀وات ﹝︐︽﹫︣ 

ا︨️.﹡﹞﹢﹡﹥ ﹨︀ی ︚︪﹛ ﹎﹫︣ ا﹬﹟ ︎︣وژه ﹨︀ ︻︊︀ر︑﹠︡ از:
ی  ١دررود︠︀﹡﹥  ︑﹧︣ی  ﹝﹍︀وا︑﹩   ٧۵٠ ﹡﹫︣و﹎︀ه    •
﹧︋︀﹎﹫︣ا︑﹩ در او︑︣ا﹡︙︀ل ﹋﹥ در ︨︀ل ٢٠٠۶ راه ا﹡︡ازی ﹝﹩ 

︫﹢د.
•  ﹡﹫︣و﹎︀ه ۵١٠ ﹝﹍︀وا︑﹩ ︑﹫︧︐︀ ۵در رود︠︀﹡﹥ ی ︑﹫︧︐︀ 

در ︨﹩ ﹋﹫﹛ ﹋﹥ در︨︀ل ٢٠٠٧ راه ا﹡︡ازی ﹝﹩ ︫﹢د.
ی  ٢دررود︠︀﹡﹥  ︎︀را︋︀︑﹩  ٨٠٠﹝﹍︀وا︑﹩  ﹡﹫︣و﹎︀ه    •
︣ادش ﹋﹥ در︨︀ل ٢٠٠٩ راه ا﹡︡ازی  ︎︀را︋︀︑﹩ در ﹨﹫﹞︚︀︀ل︎ 

﹝﹩ ︫﹢د.
در   ﹩﹚﹀︨ ︨﹢︋︀﹡︧﹢ری  ٢٠٠٠﹝﹍︀وا︑﹩  ﹡﹫︣و﹎︀ه    •
︨︀ل  در   ﹤﹋ ︎︣ادش  آرو﹡︚︀︀ل  در  ︋︣ا﹝︀︎﹢︑︣ا  ی  رود︠︀﹡﹥ 

٢٠١٠ راه ا﹡︡ازی ﹝﹩ ︫﹢د.
 ﹤﹋  ︡﹠︐︧﹨  ️﹁︪︣﹫︎  ﹤︋ رو  ﹝︐︺︡دی  ﹨︀ی  ︎︣وژه 
و  وا﹡﹍︐﹢  ﹋︀ر︚︀م  ١٠٠٠﹝﹍︀وا︑﹩  ﹨︀ی  ﹡﹫︣و﹎︀ه  از  ︻︊︀ر︑﹠︡ 
۴١٢﹝﹍︀وا︑﹩ را﹝︍﹢ر در رود︠︀﹡﹥ ی ︨︀︑﹙﹢ج در ﹨﹫﹞︚︀︀ل 
︎︣ادش،﹡﹫︣و﹎︀ه ١۵٠٠ ﹝﹍︀وا︑﹩ ︑﹫︍︀ی ﹝﹢خ در رود︠︀﹡﹥ ی 
︋︀راک در ﹝︀﹡﹫︍﹢ر و ﹡﹫︣و﹎︀ه ﹨︀ی ۴۴٠ ﹝﹍︀وا︑﹩ و﹬︪﹠﹢﹎︀د 
︑︀︎﹢وان در رود︠︀﹡﹥ ی  و ١٧١ ﹝﹍︀وا︑﹩ ﹐︑︀   ﹩︑﹢﹋ ︎﹫︍︀ل 

آ﹐﹋﹠︀﹡︡ا در او︑︀را﹡︙︀ل.

︋︀ز﹬﹍︣ان ︋︤رگ ︨︀︠️ ﹡﹫︣و﹎︀ه ﹨︀ی ︋︣﹇︀︋﹩ ︋︤رگ

︟︋︩ ﹨︀ی ︭︠﹢︮﹩ و ︻﹞﹢﹝﹩ ﹨︣دو در ︨︀︠️ ﹡﹫︣و﹎︀ه 
.︡﹠﹠﹋ ﹩﹞ ︀﹀﹬ا ﹩﹝﹧﹞ ︩﹆﹡ ﹩︋︀﹇︣︋ ︡﹬︡︗ ︀ی﹨

﹩﹞﹢﹝︻ ︩︟︋
 ️︜︑ ﹨︀ی   ️﹋︫︣  ﹩﹠︺﹬ در﹨﹠︡و︨︐︀ن   ﹩﹞﹢﹝︻  ︩︟︋
در  ﹝︣﹋︤ی   دو﹜️  و  و    ﹩︐﹛︀﹬ا ﹨︀ی  دو﹜️   ️﹫﹊﹛︀﹞
 ﹤︋  ﹤﹋  ︡﹠﹠﹋  ﹩﹞  ︡﹫﹛﹢︑ را   ︡﹬︡︗ ﹨︀ی   ️﹫﹁︣︸ ا﹋︓︣  وا﹇︹ 
دارای  ﹨︀ی   ️﹛︀﹬ا︨️.ا  ﹤﹡﹢﹎  ﹟﹬ا ﹝︡ت  ﹋﹢︑︀ه  در  و﹬︥ه 
︻︊︀ر︑﹠︡  آ︋﹩  ︋︣ق  از  ︋︣داری  ﹧︋︣ه  ︋︣ای   ️﹫﹚︋︀﹇  ﹟﹬︣︐︪﹫︋
︎︣ادش ︎︣ادش(۵٠٣٢٨﹝﹍︀وات)،﹨﹫﹞︚︀︀ل  ازآرو﹡︚︀︀ل 
و   ﹢﹞︀︗ و  (١٨٨٢٠﹝﹍︀وات)،او︑︀را﹡︙︀ل(١٨١٧۵﹝﹍︀وات) 

﹋︪﹞﹫︣(١۴١۴۶﹝﹍︀وات).
﹧︋︣ه  ︋︣ای   ﹤﹋  ︡﹠︐︧﹨ آن   ﹩︎ در   ︀﹨  ️﹛︀﹬ا  ﹟﹬ا
︋︣داری ازا﹬︡︎ ،️﹫﹚︋︀﹇ ﹟﹬︡آورا﹡﹩ ︎﹫︡ا﹋﹠﹠︡. ︋︣ای ﹝︓︀ل 

ی   ﹤﹬﹢﹡ژا در  ︎︣ادش  ﹨﹫﹞︚︀︀ل   ️﹛︀﹬ا
︎︣وژه   ٢٨  ️︠︀︨ ︋︣ای  ٢٠٠۶﹝﹫﹑دی 
 ﹤︋ ﹝﹍︀وات   ٣٩٩۴  ﹏﹋  ️﹫﹁︣︸  ﹤︋
︋︣داری  ︨︀︠️-﹝︀﹜﹊﹫️-﹧︋︣ه  ︮﹢رت 
 ﹤﹋  ﹩﹬︀﹨ داد،︎︣وژه  ﹁︣ا︠﹢ان  –ا﹡︐﹆︀ل 
٧١۵﹝﹍︀وات   ︀︑۵٫۵  ﹟﹫︋ ︫︀ن   ️﹫﹁︣︸
﹬︡︎︡آوران   ﹟﹫﹠︙﹝﹨  ️﹛︀﹬ا  ﹟﹬ا︨️.ا
︎︣وژه   ︤﹫﹡ ︠﹢د︫︀ن   ︀︑ ﹋︣د  د︻﹢ت  را 
﹨﹬︀﹩ را ︑︺﹬︣︿ ﹋﹠﹠︡.︋︣﹡︡﹎︀ن ﹝﹠︀﹇︭﹥ 
 ️﹁︀﹬در ﹤﹛︀ ︣داری ۴٠︨  ﹧︣ه︋  ﹨︀ ا﹝︐﹫︀ز︋ 
 ️﹛︀﹬ا ﹤ ︣وژه را︋   ︎︡﹬︀ ︦ ازآن︋   ︎﹤﹋︡﹠﹠﹋ ﹩﹞
 ︡﹬︀︋ ︎︣وژه  د﹨﹠︡.﹬︡︎︡آوران   ﹏﹬﹢︜︑ ︎︣ادش  ﹨﹫﹞︚︀︀ل 
︨︀ل  ︑﹢﹜﹫︡ی،در١٨  ︋︣ق  در︮︡   ١٢  ️︧︟﹡ ︨︀ل  در١٢ 
︋︺︡ی ١٨ در︮︡ و درده ︨︀ل آ︠︣ ٣٠ در︮︡ ︋︣ق ︑﹢﹜﹫︡ی 

را ︋﹥ را﹬﹍︀ن ︋﹥ ا︚︀﹝﹫﹨ ️﹛︀﹬︀ل ︎︣ادش ارا﹬﹥ د﹨﹠︡.
﹨︀ی  ︎︣وژه  ا︗︣ای  در   ︤﹫﹡ ﹝︣﹋︤ی  ︚﹠︨︡︀ز﹝︀ن 
︋︣ق   ️﹋︫︣،NHPC:از ︻︊︀ر︑﹠︡   ﹤﹋ دار﹡︡  د︠︀﹜️   ︡﹬︡︗
و﹬︡﹬﹢ت  ︗︀ل  ︨︀︑﹙﹢ج   ️﹋︫︣،(NEEPCO)︫︣ق ︫﹞︀ل 

.(THDC)︣ی﹧︑ ﹩︋و ︫︣﹋️ ︑﹢︨︺﹥ ی ︋︣ق آ(SJVN)︀م﹍﹫﹡
 ﹏﹋  ️﹫﹁︣︸  ﹤︋  ﹩︋︀﹇︣︋ ا﹬︧︐﹍︀ه  ده  NHPCدارای 

ی   ﹤﹚﹝︗ از  ا﹬︡﹠﹬︣ا︨︀﹎︀ر   ﹤﹋  ︡﹠︐︧﹨ ٣٧۵۵﹝﹍︀وات 
︑︀︨︀ل   ﹤﹋ ا︨️  آن  NHPCدر︎﹩  ا︨️.در︲﹞﹟   ︀﹨ آن 
ا﹬︖︀د   ﹤︋﹢︭﹠﹞  ️﹫﹁︣︸ ١٠٠٠٠﹝﹍︀وات  ٢٠١٢﹝﹫﹑دی 
٢٠٠٧-٢٠٠٢و٧٧٠٧﹝﹍︀وات   ﹩︵ ﹝﹍︀وات   ٢۴٨٠  ﹤﹋︡﹠﹋

︵﹩ ٢٠١٢-٢٠٠٧ا﹬︖︀د ︠﹢ا﹨︡ ︫︡.
١١﹡﹫︣و﹎︀ه   ﹟︐︠︀︨ در︝︀ل   ︬︟︪﹞ ︵﹢ر   ﹤︋NHPC

ا︨️.١۴  ۵۶٢٣﹝﹍︀وات   ﹩﹚﹋ ی   ﹤︋﹢︭﹠﹞  ️﹫﹁︣︸  ︀︋ آ︋﹩ 
︎︣وژه ی د﹬﹍︣ ︋︀ ︸︣﹁﹫️ ﹝﹠︭﹢︋﹥ ﹋﹙﹩ ١٠۴١٩﹝﹍︀وات ﹡﹫︤ 
ا︗︣ای   ﹩︎ NHPCدر   .︡﹠︐︧﹨  ️︠︀︨  ︿﹚︐︟﹞  ﹏︝در﹝︣ا
 ﹏﹋ ی   ﹤︋﹢︭﹠﹞  ️﹫﹁︣︸  ﹤︋  ︣﹍﹬د آ︋﹩  ︋︣ق  ی  ︎︣وژه   ٢٣

٢۵٠٠٠﹝﹍︀وات ﹡﹫︤ ﹨︧️.
︫︣ق  ︫﹞︀ل  ی   ﹤﹆︴﹠﹞ در︮︡   ۶٠  ﹤︋  NEEPCO

 ️﹫﹁︣︸ د﹨︡و٧۵۵﹝﹍︀وات   ﹩﹞ ︠︡﹝︀ت  ﹨﹠︡و︨︐︀ن 
︫﹢د:  ﹩﹞  ﹟﹫﹞︀︑ آ︋﹩  ﹡﹫︣و﹎︀ه   ﹤︨ از   ﹤﹋ ا︨️   ﹤︋﹢︭﹠﹞
 ﹌﹡︀﹬دو ی  رود︠︀﹡﹥  در   ﹌﹡︀﹬دو ﹝﹍︀وا︑﹩   ٧۵ ﹡﹫︣و﹎︀ه 
ی  دررود︠︀﹡﹥   ﹩﹚﹫︎﹢﹋ ﹝﹍︀وا︑﹩   ٢٧۵ در﹡︀﹎︀﹜﹠︡،﹡﹫︣و﹎︀ه 
در  را﹡﹍︀﹡︀دی  ﹝﹍︀وا︑﹩   ۴٠۵ ﹡﹫︣و﹎︀ه  و  درآ︨︀م   ﹩﹚﹫︎﹢﹋
 ️﹋︫︣  ﹟﹬︎︣ادش.ا آرو﹡︚︀︀ل  در  د﹬﹊︣و﹡﹌  ی  رود︠︀﹡﹥ 

﹇︭︡ دارد ︵﹩ ١٠ ︑︀ ١٢ ︨︀ل
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• Accelerating  clearances re-
quired from various government 
bodies. The Ministry of  power 
launched a program for three stage 
development of  hydroelectric 
projects, which is designed to en-
sure timely grants of  all clearanc-
es and to reduce the total period 
from inception to commissioning 
of  hydro projects. It is estimated 
that the planning process from 
inception to clearance (before the 
start of  active construction) has 
been reduced to about 36 months from 87 
months.

National Hydroelectric Power Corpora-
tion (NHPC), the largest hydropower gen-
erating company in India, is now focused 
on completing projects on time and within 
cost projections. Recent achievement by the 
government-owned company and the sta-
tus of  its ongoing construction projects in-
dicate the effectiveness of  this approach. 
Several projects have been completed ahead 
of  schedule, including 5.25)-mw Kalpong in 
Andaman and Nicobar Islands (2001); 60-mw 
kurichu in Bhutan (2002); and 300-MW Cha-
mera-II in Himachal Pradesh (2003).

In addition, NHPC has taken on other 
projects that were behind schedule or over 
budget. For example, the 1000mw Indira 
Sagar project on the Narmada River was be-
ing developed by the government of  Mad-
hya Pradesh State but was behind schedule 
due to major resettlement problems and re-
source shortfalls. The project was undertaken 
in 2000 by NHPC through a joint venture, 
called Narmada Hydroelectric

Development Corp. (NHDC), and pro-
gressed ahead of  schedule. Commissioning 
began in January 2004, and the final unit was 
installed by March 2005.

Since 2002, 12 new hydro projects have 
been commissioned in India, with a total ca-
pacity of  5,891.5 mw. In addition, 1 11 are 
under construction, ranging in size from less 
than 1mw to 2,000 mw. Notable examples in-
clude:

• 750-mw Tehri-I on the Bhagirathi 

River in Uttaranchal, to be commissioned  in 
2006;

• 510-mw Teesta-V on the Teesta River 
in Sikkim, to be commissioned in 2007;

• 800-mw Parbati-II on the Parbati Riv-
er in Himachal Pradesh, to be commissioned 
in 2009; and

• 2,000-mW Subansiri Lower on the 
13rahinaputra River in Arunachal Pradesh, to 
be commissioned by 2010.

Numerous other proposed projects are 
moving forward, including 1,000mw Karcham 
Wangtoo and 412-mw Rampur, both on the 
Satluj River in Himachal Pradesh; 1,500-mw 
Tipaimukh on the Barak River in Manipur; 
and 440-mw Vishnugad Pipalkoti and 171-
MW Lata Tapovan, both on the Alaknanda 
River in Uttaranchal.

Major players in
new hydro development

Both the public and private sectors in India 
have important roles to play in development 
of  new hydro.
Public sector

The public sector in India - the states and 
central (national)-government owned organi-
zations realistically will develop most of  the 
new capacity, expecially in the short term. 
States with the largest amount of  exploit-
able hydro potential are: Arunachal Pradesh 
(50,328 mw), Himachal Pradesh (18,820 mw), 
Uttaranchal (18,175 mw), and Jammu and 
Kashmir (14,146 mw).

These states are looking for 
developers of  this potential. For 
example, in January 2006,

Himachal Pradesh State in-
vited proposals to develop 28 
projects totaling 3,994 mw on a 
build-own-operate-transfer ba-
sis. The projects range from 5.5 
to 715 mw. In addition, the state 
government invited developers to 
propose «selfidentified» project 
sites. Winning bidders would be 
granted 40-year concessions, af-

ter which the projects would be transferred 
to Himachal Pradesh State. Project develop-
ers would provide the state, free of  charge, 
with 12 percent of  the electricity generated 
for 12 years, 18 percent for the subsequent 18 
years, and 30 percent for the last ten years.

With regard to central organizations, sev-
eral are involved in new development, inclu-
din,,: NHPC; North Eas-tern Electric Power 
Corporation Ltd. (NEEPCO); Satluj Jal Vi-
dyut Nigam Ltd. (SJVN); and Tehri Hydro 
Devel-opment Corporation (THDC).

NHPC owns ten hydroelectric stations 
with total capacity of  3,755 mw, including 
Indira Sagar. In addition, NHPC is working 
toward having more than 10,000 mw of  in-
stalled capacity by 2012. To reach this goal, 
NHI’C plans to add 2,480 mw during 2002-
2007 and 7,707 mw during 2007-2012.

Specifically, NHPC is constructing 11 
hydro projects with total installed capacity 
of  5,623 MW. Another 14 projects with to-
tal installed capacity of  10,419 MW are un-
der various stages of  development. Finally, 
NHI’C has another 23 hydro projects with 
total installed capacity of  25,000 MW under 
consideration.

NEEPCO serves 60 percent of  the 
northeastern region of  India and has 755 
mw of  installed capacity from three hydro 
plants: 75-MW Doyang on the Doyang River 
in Nagaland; 275-mw Kopili on the Kopili 
River in Assam; and 405-mw Ranganadi on 
the Dikrong River in Arunachal Pradesh. The 
corporation plans to develop 2,370 Mw of  
hydro capacity over the next ten to 12 years-
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 ︣︋ ا﹬﹟ ︻﹑وه  و   ︡﹠﹋ ا﹬︖︀د  آ︋﹩  ︋︣ق  آ﹬﹠︡ه ٢٣٧٠ ︸︣﹁﹫️ 
︋︣ق  ︋︣ای   ﹤﹋ ا︨️   ﹉︚﹢﹋ ︋︧﹫︀ر  و   ﹉︚﹢﹋ ﹨︀ی  ︎︣وژه 

ر︨︀﹡﹩ ︋﹥ د﹨﹊︡ه ﹨︀ی دورد︨️ ﹨︧︐﹠︡.
و  ﹨﹠︡و︨︐︀ن  دو﹜️   ﹟﹫︋ ﹝︪︐︣ک   ﹩︐﹋︫︣  ﹤﹋  SJVN

︣ادش ا︨️ ﹝︀﹜﹉ ﹡﹫︣و﹎︀ه ١۵٠٠﹝﹍︀وا︑﹩  ا︚︀﹝﹫﹨ ️﹛︀﹬︀ل︎ 
﹡︀︑︍︀ ︗﹧︀﹋︣ی دررود︠︀﹡﹥ ی ︨︀︑﹙﹢ج در ﹨﹫﹞︚︀︀ل ︎︣ادش 
ا︨️.  ر︨﹫︡ه  ︋︣داری  ﹧︋︣ه   ﹤︋  ٢٠٠٣ ازا﹋︐︊︣   ﹤﹋ ا︨️ 
 ﹟﹫﹬︀︎ در  را﹝︍﹢ر  ﹡﹫︣و﹎︀ه   ٢٠٠٧ در︨︀ل  SJVN﹇︭︡دارد 

ا︗︣ای  درا︠︐﹫︀ر︋﹍﹫︣دو﹇︣ارداد  را  ︗﹧︀﹋︣ی   ︀︍︑︀﹡ د︨️ 
︻︊︀ر︑﹠︡   ﹤﹋ ا︨️  ﹋︣ده  ا﹝︱︀  را  او︑︀را﹡︙︀ل  در  ︎︣وژه   ﹤︨
٣٣﹝﹍︀وا︑﹩  دو︨︀ری،﹡﹫︣و﹎︀ه  ٣٠٠﹝﹍︀وا︑﹩  ﹡﹫︣و﹎︀ه  از 

دورا﹝﹢ری و ﹡﹫︣و﹎︀ه ٣۵ ﹝﹍︀وا︑﹩ ︗﹧︀︠︀ل ︨︀﹡﹊︀﹡﹩.
 ﹤﹋ ا︨️   ١ ︑﹧︣ی  ی  ︎︣وژه  ا︗︣ای  THDCدر︝︀ل 

 ﹟﹬ا ا︨️.در︲﹞﹟   ️︠︀︨  ﹩﹡︀﹬︀︎  ﹏︝در﹝︣ا ا﹋﹠﹢ن   ﹜﹨
︫︣﹋️ در ︝︀ل ا︗︣ای ︎︣وژه ی ۴٠٠﹝﹍︀وا︑﹩ ﹋﹢︑︩ وار 
 ︩﹫︎  ﹤﹋ ا︨️  او︑︀را﹡︙︀ل  در  ﹧︋︀﹎﹫︣ا︑﹩  ی  دررود︠︀﹡﹥ 
︫﹢د.﹡﹫︣و﹎︀ه  ا﹡︡ازی  راه   ٢٠٠٨ ︨︀ل  در  ︫﹢د   ﹩﹞  ﹩﹠﹫︋
از   ︤﹫﹡  ٢ ︑﹧︣ی  ١٠٠٠﹝﹍︀وا︑﹩  ای   ﹤︊﹝﹚︑ ︨︀زی  ذ︠﹫︣ه 

︎︣وژه ﹨︀ی ا﹬﹟ ︫︣﹋️ ا︨️.

﹩︮﹢︭︠ ︩︟︋
ا﹎︣ ﹨﹠︡و︨︐︀ن ﹝﹩ ︠﹢ا﹨︡ ︑﹆︀︲︀ی ︎﹫︩ ︋﹫﹠﹩ ︫︡ه ︋︣ای 
د﹐ر  ٢٠٠﹝﹫﹙﹫︀رد  آن  ی   ﹤﹠﹬︤﹨  ﹤﹋︡﹠﹋ ︋︣آورده  را  ︋︣ق 
︭﹢︮﹩ ︲︣ورت   ︩︠︟ ︣﹝﹬︀﹥ ﹎︢اری︋  ︡ه ا︨️︨  ︋︣آورد︫ 
در   ﹩︮﹢︭︠  ︩︟︋ ﹎︢اری   ﹤﹬︀﹞︨︣  ﹅﹬﹢︪︑ دارد.︋︣ای 
 ﹏︨﹢︐﹞  ﹩﹡﹢﹎︀﹡﹢﹎ ﹨︀ی   ﹅﹬﹢︪︑  ﹤︋ ،دو﹜️  ︋︣ق  ی   ﹤︺︨﹢︑
︫︡ه ا︨️ ﹋﹥ ︻︊︀ر︑﹠︡ از: ر﹁︹ ﹝︜︡ود﹬︀﹞︨︣ ️﹬﹥ ﹎︢اری 
︠︀ر︗﹩ در ︟︋︩ ︋︣ق،︑︺﹫﹫﹟ ︨︀زو﹋︀ر﹝︐﹀︀وت ︋︣ای ︋﹫﹞﹥ 
ی ︎︣دا︠︐﹩ و ︑︀﹝﹫﹟ ا︻︐︊︀ر ︎︣وژه ﹨︀ی ﹝︧︐﹆﹏ ︋︣ق ﹋﹥ ︋︀ 

ا︮﹑︝︀ت دو﹜️ ︎﹫﹢﹡︡ دار﹡︡.
﹬﹊﹩ از ︫︣﹋️ ﹨︀ی ﹁︺︀ل ︟︋︩ ︭︠﹢︮﹩ در ︑﹢︨︺﹥ 
ی ︋︣ق آ︋﹩ ﹨﹠︡و︨︐︀ن ︫︣﹋️ ︋︣ق آ︋﹩ ︗﹬︀︍︣ا﹋︀ش ا︨️ 
ی  دررود︠︀﹡﹥  و﹬︪﹠﹢︎︣ا﹬︀گ  ۴٠٠﹝﹍︀وا︑﹩  ﹡﹫︣و﹎︀ه   ﹤﹋
آ﹐﹋﹠︀﹡︡ا در او︑︀ر﹡︙︀ل و ﹋︀ر︚︀م وا﹡﹍︐﹢ رادرد︨️ ︨︀︠️ 
دارد.﹬︀︨︣ ︫︣﹋️ ﹨︀ی ﹁︺︀ل ︟︋︩ ︭︠﹢︮﹩ ﹨﹠︡و︨︐︀ن 

︻︊︀ر︑﹠︡ از:
•  ︫︣﹋️ ︋︣ق آ︋﹩ ای دی،︫︣﹋︐﹩ از ﹎︣وه ال ان ︗﹩ 
﹧︋﹫﹙﹢ارا ﹋﹥ ︎︣وژه ی ﹡﹫︣و﹎︀ه ١٩٢﹝﹍︀وا︑﹩ آ﹜﹫﹟ دو﹡﹧︀﹡﹍︀ن 
︣ادش را  در رود︠︀﹡﹥ ﹨︀ی آ﹜﹫﹟ و دو﹡﹧︀﹡﹍︀ن در ﹨﹫﹞︚︀︀ل︎ 

ا︗︣ا ﹝﹩ ﹋﹠︡ ﹋﹥ ﹇︣ار ا︨️ در︨︀ل ٢٠٠٨ ︋﹥ ﹬︀︎︀ن ︋︨︣︡.
در﹝︀رس   ﹤﹋ اس»  «دی  ︨︀ز  و   ️︠︀︨  ️﹋︫︣  •
١٠٠٠﹝﹍︀وا︑﹩  ﹡﹫︣و﹎︀ه   ️︠︀︨ ﹇︣ارداد  ی  ٢٠٠۶︋︣﹡︡ه 
 ﹟﹬︀ل ︎︣ادش ︫︡.ا︚︀﹡در رود︠︀﹡﹥ ی ︨﹫﹢م در آرو ﹌﹠﹫﹡
﹡︟︧︐﹫﹟ ︎︣وژه ی ﹡﹫︣و﹎︀ه ︋︣﹇︀︋﹩ ا﹬﹟ ︫︣﹋️ ︗︀ده ︨︀زی 

ا︨️.
•  ︫︣﹋️ ﹝﹧﹠︨︡﹩ ︎︀︑﹏ ﹋﹥ ︎﹫﹞︀ن ﹋︀ر ﹬︡﹠︚﹟ ︎︣وژه 
ی درد︨️ ا︗︣ا در ﹨﹠︡و︨︐︀ن ا︨️ ﹋﹥ از︗﹞﹙﹥ ی آن ﹨︀ 
﹝﹩ ︑﹢ان از ﹡﹫︣و﹎︀ه ۵٢٠ ﹝﹍︀وا︑﹩ ︎︀ر︋︀︑﹩ ٣در رود︠︀﹡﹥ ی 
﹬︀︨﹠︕ در ﹨﹫﹞︚︀︀ل ︎︣ادش ﹡︀م ︋︣د.︎︀︑﹏ ︋﹥ ︑︀ز﹎﹩ ا︻﹑م 
﹋︣ده ا︨️ ﹋﹥ ﹇︭︡ دارد در ﹝﹠︀﹇︭﹥ ﹨︀ی ︎︣وژه ﹨︀ی ︋︣ق 
آ︋﹩ ١٠٠︑︀ ۵٠٠﹝﹍︀وا︑﹩ ︋﹥ ︮﹢رت ︨︀︠️ –﹧︋︣ه ︋︣داری-

ا﹡︐﹆︀ل ︫︣﹋️ ﹋﹠︡.
•  ︫︣﹋️ ا﹡︣ژی ر﹜﹫︀﹡︦ ﹋﹥ ﹇︣ارداد﹨﹬︀﹩ ︋︣ای ا︗︣ای 
︎︣ادش  واو︑︀را﹡︙︀ل  ︎︣ادش  آرو﹡︚︀︀ل  در   ﹩﹬︀﹨ ︎︣وژه 

ا﹝︱︀ ﹋︣ده ا︨️.

﹁︣︮️ ﹨︀ی ارا﹬﹥ ی ︠︡﹝︀ت و ﹋︀﹐

در  آ︋﹩  ︋︣ق   ︡﹬︡︗ ﹨︀ی  ﹡﹫︣و﹎︀ه   ️︠︀︨ ︫︡ن  ︎︣ر﹡﹌ 

و﹋︀ر   ︉︧﹋ ﹨︀ی   ️︮︣﹁  ︩﹬ا﹁︤ا ﹝︺﹠︀ی   ﹤︋ ﹨﹠︡و︨︐︀ن 
﹝︣︋﹢ط  ︠︡﹝︀ت  و   ︀﹨﹐︀﹋  ﹤﹋ ا︨️   ﹩﹬︀﹨  ️﹋︫︣ ︋︣ای 
﹎︤ار︫﹩  ﹝︓︀ل،︵︊﹅  ﹋﹠﹠︡.︋︣ای   ﹩﹞  ﹤﹬ارا آ︋﹩  ︋︣ق   ﹤︋
 ﹤﹋«٢٠٠۶ ︨︀ل  در  ︗﹧︀ن  آ︋﹩  ︋︣ق   ︿︴︻ «﹡﹆︀ط  ﹡︀م   ﹤︋
از  ا︨️  ︫︡ه   ︪︣︐﹠﹞ آی»   ﹩︨ «اچ  ا﹡︐︪︀رات   ︳︨﹢︑
﹨﹠︡و︨︐︀ن  در   ٢٠٠۵ ی   ﹤﹞ ﹝︀ه   ︀︑  ٢٠٠۴ ︨︀ل   ﹤﹞ ﹝︀ه 
 ٧۵ ر︨﹫︡و  ا﹝︱︀   ﹤︋ آ︋﹩  ︋︣ق  ﹨︀ی  ︎︣وژه  ﹋︀ر  ﹇︣ارداد   ١٨
︮﹢رت  ︠︡﹝︀ت  و   ︀﹨﹐︀﹋ ا﹡﹢اع  ︋︣ای   ﹤︭﹇︀﹠﹞ ﹁︣ا︠﹢ان 
︋︣ق  ︋︀زار  در  ﹝︐︺︡دی  ﹨﹠︡ی  ﹨︀ی  ا︨️.︫︣﹋️   ﹤︐﹁︣﹎
آ︋﹩ ﹁︺︀﹜﹫️ ﹝﹩ ﹋﹠﹠︡ ﹋﹥ ︋︣︠﹩ ازآن ﹨︀ ︻︊︀ر︑﹠︡ از:︫︣﹋️ 
︎︣وژه ﹨︀ی ︋︣ق آ︑﹠︀،︫︣﹋️ ︋︣ق ︨﹠﹍﹫﹟ ﹧︋︀رات،︫︣﹋️ 
 ﹢﹬رس،︫︣﹋️ ︨﹩ ︎﹩ ︑﹉،︫︣﹋️ د﹋︐︣ ﹨﹢︑︀ر﹢﹁ ﹌﹠﹬﹢︋
 ﹩︨ «ای  و︨︀ز   ️︠︀︨ و   ﹩︨︡﹠﹧﹞  ️﹋︫︣،︀﹋︫︣ و 
 ﹩﹞﹢﹝︻ ︻﹞﹙﹫︀ت  ﹨﹠︡و︨︐︀ن،︫︣﹋️  ﹎︀﹝﹢ن  آی»،︫︣﹋️ 
 ️﹋︫︣،﹩︑ ا﹡︡  ال   ️﹋︫︣،﹩︨  ﹩︨ اچ   ️﹋︫︣،﹉﹫﹡︀﹊﹞
ر﹜﹫︀﹡︦،︫︣﹋️  ا﹡︣ژی   ️﹋︫︣،︀﹝︧﹊︑،﹏︑︀︎،︤﹛︀︐﹞ ام  او 
او︑︀ر︎︣ادش   ️﹋︫︣ و  ︨︀﹨︀ی،︨﹢﹝︀  ﹝︪︀ور   ﹩︨︡﹠﹧﹞

ا︨︐﹫﹙︤.
︫︣﹋️ ﹨﹬︀﹩ ﹨﹛ ﹋﹥ ﹝﹆︫︣︀ن در︠︀رج از ﹨﹠︡و︨︐︀ن 
︡﹝︀ت و﹋︀﹐ ﹁︣ا﹨﹛  ︣ق آ︋﹩︠   ︋︡﹬︡︗ ︣وژه ﹨︀ی ︣ای︎  ا︨️︋ 
آ﹜︧︐﹢م  ︋︣ق   ️﹋︫︣،︦﹫﹬﹢︨  «﹩︋  ﹩︋ «ای   ﹤﹋︡﹠﹠﹋  ﹩﹞
ای»﹋︀﹡︀دا،﹝﹫︐︧﹢︋﹫︪﹩   ﹩︗» ا﹡︣ژی  ﹁︣ا﹡︧﹥،︫︣﹋️ 
ژا︎﹟، وی ای ︑﹉ ﹨﹫︡ور ا︑﹬︩︣ و «وو﹬️ ز﹬﹞﹠︦ «آ﹜﹞︀ن 

از ︗﹞﹙﹥ ی آن ﹨︀ ﹨︧︐﹠︡.

︣ق آ︋﹩،︋︤رگ   ︋﹩﹚﹞ ️﹋︣  ︫️﹬︣﹬︡﹞ آ﹡﹊﹢ر وا︫﹫︪︐︀،﹝︺︀ون *
︑﹬︣﹟ ︫︣﹋️ ︋︣ق آ︋﹩ دو﹜︐﹩ ﹨﹠︡و︨︐︀ن ا︨️.

اداری   ︹﹝︐︖﹞،٣٣  ︩︟︋،︀﹡︀﹬١٢١٠٠٣،﹨︀ر ﹡︪︀﹡﹩:﹨﹠︡و︨︐︀ن 
«ان اچ ︎﹩ ︨﹩»،︫︣﹋️ ﹝﹙﹩ ︋︣ق آ︋﹩

vashishtha.:﹩﹊﹫﹡٩٨١٠٢١٣٣۶٩(٩١) ،︎︧️ ا﹜﹊︐︣و   : ﹟﹀﹚︑
 ankur@gmail.com

︨︀︠️ ﹡﹫︣و﹎︀ه ﹨︀ی ︋︣﹇︀︋﹩ در ﹨﹠︡و︨︐︀ن رو ︋﹥ ︫︐︀ب ا︨️ و دو﹜️ ︋︣ای ا﹬︖︀د ︋﹫︩ از ٥٠٠٠٠﹝﹍︀وات ︸︣﹁﹫️ ︋︣ق آ︋﹩ ﹋﹥ ﹇︣ار ا︨️ ︑︀ 
︨︀ل ٢٠١٧ ︋﹥ ﹧︋︣ه ︋︣داری ︋︨︣︡ ﹁︣ا︠﹢ان داده ا︨️.
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apart from small and mini micro projects to 
meet electricity demand in remote villages.

SJVN, a joint venture of  the government 
of  India and Himachal Pradesh State, owns 
the 1,500-Mw Nathpa Jhakri project on the 
Satluj River in Himachal Pradesh, which has 
been operating since October 2003. In 2007,

SJVN is planning to take up Rampur 
downstream from Nathpa Jhakri. The com-
pany also signed an agreement to develop 
three projects in Uttaranchal 300-MW 
Devsari, 33-mw Devra Mori, and 35-mw Jha-
khal Sankani.

THDC is executing Tehri-I, currently in 
the final stages of  development. In addition, 
the company is developing the 400-mw Ko-
teshwar project on the Bhagirathi River in Ut-
taranchal, expected to be commis-sioned by 
2008, as well as 1,000-mw Tehri-II Pumped 
Storage.

Private sector
If  India is to meet its projected electric-

ity needs estimated to cost about US$200 bil-
lion - investment by the private sector will be 
necessary. To encourage private sector invest-
ment in power development, the government 
is offering various incentives, including: no 
ceiling on foreign equity participation in the 
power sector; an alternative payment security 
mechanism;

and financing of  independent power 
projects linked to the state govern- ment re-
forms.

One private sector company active in hy-

dro development in India is Jaiprakash Hydro 
Power Limited, which is devel- oping 400-
mw Vishnuprayag oil the Alaknanda River in 
Uttaranchal and Karcham Wangtoo. Other 
private sector companies working in India 
include:

• AD Hydro Power Ltd., a LNJ Bhilwara 
group company, which will develop the 192-
MW Allain Dunhangan project on the Allain 
and Dunhangan rivers in Himachal pradesh. 
The project is scheduled to be completed in 
2008;

• DS Construction, which won a contract 
in March 2006 to develop 1,000-MW Naying 
on the Siyom River in Arunachal Pradesh. 
This is the first hydro project developed by 
the com- pany, which builds roads and high-
ways;

• Patel Engineering Ltd., which has acted 
as contractor for several projects being devel-
oped in India, including 520-MW Parbati-III 
on the Sainj River in Himachal Pradesh. Patel 
recently announced it plans to bid to develop 
hydro projects of  100 to 500 MW on a build-
operate-transfer basis; and

• Reliance Energy, which has signed 
agreements to execute projects in Arunachal 
Pradesh and Uttaranchal.

Opportunities to provide 
services and products

The emphasis on new hydro development 
in India means Increased business opportu-

nities for companies offering hydro-related 
products and services. For example, between 
May 2004 and May 2005 in India, 18 contracts 
were awarded for hydro work and 75 calls for 
bids for various products and services were 
announced, according to Vantage point: 
Worldwide Hpdro 2006, a report compiled 
by HCI Publications. Numerous Indian com-
panies are active in the hydro market, includ-
ing: Athena Power Projects Pvt. Ltd., 13harat 
Heavy Electricals Ltd., Boving Fouress Ltd., 
Cee Pee Tek, Dr. Hutarew and partner India 
Pvt. Ltd., ECI Engineering and Construction 
Co. Ltd., Gammon India Ltd., General Me-
chanics Works Pvt. Ltd., HCC, L&T Limited, 
OM Metals Ltd., Patel, Texmaco, Reliance 
Energy Ltd., Sahai Consulting, Soma, and 
Uttar Pradesh Steels.
Companies headquartered outside India also 
are providing services and products for new 
hydro projects. These include ABB in Swit-
zerland, Alstom Power in France, GE En-
ergy in Canada, Mitsubishi in Japan, VA Tech 
Hydro in Austria, and Voith Siemens Hydro 
Power Generation in Germany.

Mr. Vashishtha may be reached at 

National Hydroelectric Power Cor-

poration, NHPC Office Complex, 

Sector33, Faridabad, Haryana 

121003 India; (91) 9810213369; 

E-mail: vashishtha. ankur@gmail.

com.

Construction of hydroelectric projects in India is accelerating. The government is calling 
for more than 50,000 mw of new hydro capacity to be added by the end of 2017.
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︋︧﹫︀ری از ﹋︪﹢ر﹨︀ی ︗﹧︀ن، ︟︋︩ ︋︤ر﹎﹩ از ︋︣ق ︠﹢د را 
︋︀ ︋︣ق آ︋﹩ ︑︀﹝﹫﹟ ﹝﹩ ﹋﹠﹠︡.︫﹊﹩ ﹡﹫︧️ ﹋﹥ در﹋︪﹢ر﹨︀ی 
رو︋﹥ ︑﹢︨︺﹥  ︋﹥ ︻﹙️ ا﹁︤ا﹧︫ ︹﹬︨︣ ︩﹬︣﹡︪﹫﹠﹩ و ︑︡اوم 
︨︀ل   ︀﹨ ده   ︀︑ ︋︣ق  ︑﹆︀︲︀︋︣ای   ︩﹬ا﹁︤ا  ،  ️﹫︺﹝︗ ر︫︡ 
ادا﹝﹥ ︠﹢ا﹨︡ دا︫️.︋﹠︀︋︣ا﹬﹟ ︋︺﹫︡ ﹡﹫︧️ ﹋﹥ ︎︣وژه ﹨︀ی 
 ︹︊﹠﹞ ﹨﹞︙﹠︀ن  ا﹡︣ژی  ر﹬︤ان   ﹤﹞︀﹡︣︋  ﹜︪︚ از  آ︋﹩  ︋︣ق 
 ﹟︐﹁︀﹬،︡اوم ︨︀︠️ ︨︡﹨︀ی ︋︤رگ︑︀︋.︫︡︀︋ ﹩︪︟︋ ︡﹬﹢﹡
ا︔︣ات  ︝︡ا﹇﹏  دارای  ﹨︀ی  ﹝﹊︀ن  ا﹡︐︟︀ب  ︋︣ای  را﹨﹩ 

﹝﹠﹀﹩ ز﹬︧️ ﹝︜﹫︴﹩ ﹡﹫︤ا﹨﹞﹫️ ︎﹫︡ا ﹝﹩ ﹋﹠︡.

﹩﹠﹬︤﹎ ︀ن﹊﹞ ﹩︴﹫︜﹞ ️︧﹬ا﹨﹞﹫️ ز

 ﹉﹬  ﹩﹍﹝﹨،  ﹩︴﹫︜﹞  ️︧﹬ز ازد﹬︡﹎︀ه  ︋︤رگ  ﹨︀ی   ︨︡
ز﹬︀دی  ی  ︑︀ا﹡︡ازه   ﹤﹋ ا︨️  ︎︣وژه  ﹡﹫︧︐﹠︡.﹝﹊︀ن  ︨︀ن 
﹝﹫︤ان آ︨﹫︉ ﹨︀ی ز︜﹞ ️︧﹬﹫︴﹩ ﹝︜︐﹞﹏ آن را ﹝︺﹫﹟ 
 ﹤︋  ︡﹠︫︀︋ دا︫️   ﹩︋﹢︠ ﹝﹊︀ن   ﹤﹋  ﹩﹬︀﹨︨︡.︡﹠﹋  ﹩﹞
︠﹢︋﹩ ﹇︀︋﹏ د﹁︀ع ﹨︧︐﹠︡ و آن ﹨﹬︀﹩ ﹋﹥ ﹝﹊︀ن ﹡︀﹝︴﹙﹢︋﹩ 
دا︫︐﹥ ︋︀︫﹠︡ ا︾﹙︉ ﹝︧︀﹜﹥ ︨︀ز ﹝﹩ ︫﹢﹡︡ ︝︐﹩ ا﹎︣ ︑﹞︀م 
 ︫︡︀︋  ﹤︐﹁︣﹎ ︮﹢رت   ﹩︋﹢︠  ﹤︋  ︤﹫﹡  ﹩﹬زدا ︑︡ا︋﹫︣آ︨﹫︉ 
از ا︔︣ات ﹝﹠﹀﹩ ز︜﹞ ️︧﹬﹫︴﹩ ﹋﹥ ︋︣︵︣ف   ﹩﹬︀﹨ ﹤﹡﹢﹝﹡.

﹡︪︡﹡﹩ ﹨︧︐﹠︡ ︻︊︀ر︑﹠︡ از:
 ️︧﹬ز ︑﹠﹢ع   ︣﹬︢︎︀﹡ ︋︀ز﹎︪️  ر﹁︐﹟  ازد︨️    •
د︚︀ر   ﹩︺﹫︊︵ ﹨︀ی  ز﹬︧︐﹍︀ه   ﹤﹋ ،در︮﹢ر︑﹩   ﹩︴﹫︜﹞
در︗︀﹨︀ی   ﹤﹋  ﹩﹬︀﹨ ︫﹢﹡︡،ز﹬︧︐﹍︀ه  ︾︣﹇︀ب   ︀﹬  ﹩﹊︪︠

د﹬﹍︣ و︗﹢د ﹡︡ار﹡︡.

 ︨︡  ️︠︀︨ از   ︩﹫︎  ﹩︐︠︀﹠︫ ︋﹢م  ︑﹢ازن    •
دررود︠︀﹡﹥ از ﹜︜︀ظ ︑︣﹋﹫︉ ﹎﹢﹡﹥ ﹨︀ ﹬︀︖︋︀︗ ︀﹬﹩ ﹝︀﹨﹫︀ن 
را ﹡﹞﹩ ︑﹢ان ︋﹥ ︵﹢ر ﹋︀﹝﹏ ︋︀ ︑︀︨﹫︧︀ت ﹎︢رد﹨﹩ ﹝︀﹨﹫︀ن  

︋︣﹇︣ار﹋︣د.
ا﹝︀﹋﹟   ﹏﹞︀︫)﹩﹍﹠﹨︣﹁ ﹨︀ی   ﹩﹬دارا  ﹩︠︣︋   •
﹝﹆︡س) را ﹡﹞﹩ ︑﹢ان ︚﹠︀ن ﹋﹥ ﹬︀︋︡ ︎﹫︩ از ز﹬︣آب ر﹁︐﹟ 

﹡︖︀ت داد.
در︲﹞﹟ ︋﹥ ︻﹙️ ﹝︜︡ود﹬️ ︋﹢د︗﹥ ای،ز﹝︀ن ︋﹠︡ی 
 ︀﹬/︀ی ﹝︐︺︀رض و﹨ ️﹬﹢﹛و ︨︀ز،او ️︠︀︨ ️︟︨ و ️﹀︨
 ﹤︋ را    ﹩﹬زدا آ︨﹫︉  ︻﹞﹙﹫︀ت  ︑﹢ان   ﹩﹝﹡ ﹝︖﹬︣︀ن   ︿︺︲

︮﹢رت آر﹝︀﹡﹩ ا﹡︖︀م داد.
ا﹇︡ام   ﹟﹬︣︑  ﹜﹧﹞ ﹝︴﹙﹢ب   ﹩﹠﹬︤﹎ ﹝﹊︀ن   ﹟﹬︀︋︣ا﹠︋
︋︣ای ﹋︀︨︐﹟ از ا︔︣ات ز︜﹞ ️︧﹬﹫︴﹩ ﹝﹠﹀﹩ ا︨️ ﹋﹥ ︋﹥ 

︋﹩ ︠︴︣ی ﹡︧︊﹩ ︨︡ ︎﹫︪﹠﹧︀دی ﹋﹞﹉ ﹝﹩ ﹋﹠︡.
 ﹩︴﹫︜﹞ ️︧﹬از ا︔︣ات ﹝﹠﹀﹩ ز ﹩︐︨︣﹧﹁ در︗︡ول ١
︫︡ه   ﹤﹬ارا ︋︤رگ  ذ﹬︀︠︣آ︋﹩  و   ︀﹨︨︡ ا︗︐﹞︀︻﹩  ︑︊︺︀ت  و 
 ﹩﹞ رخ  و︨︀ز   ️︠︀︨ در﹝︡ت   ︳﹆﹁ ا︔︣ات  ا︨️.︋︣︠﹩ 
د﹨﹠︡ا﹝︀ ︋﹥ ︵﹢ر ﹝︺﹞﹢ل ﹝﹬︣︑ ﹜﹧﹟ ا︔︣ات ﹡︀︫﹩ از و︗﹢د 
ا︨️. آن   ️︪︎ ی   ﹤︚︀﹬در و   ︨︡ دراز﹝︡ت  ︻﹞﹙﹊︣د  و 
 ﹩﹚﹫﹝﹊︑ ︻﹞︣ا﹡﹩  ︻﹞﹙﹫︀ت   ﹏︮︀︝  ︤﹫﹡  ﹜﹧﹞ ا︔︣ات   ︣﹬︀︨
و  ا﹡︐﹆︀ل  د︨︐︨︣﹩،︠︴﹢ط  ﹨︀ی  ︗︀ده  ا︝︡اث   ︡﹠﹡︀﹞

︠︀ک ︋︣داری و ︝﹢︲︙﹥ ︨︀زی ا︨️.
 ︡﹫﹛﹢︑ ︋︣ای  ﹝﹢︗﹢د  ﹨︀ی  در︮︡﹝﹊︀ن   ١۵ ︝︡ود 
 ﹟﹬︀ن ﹝﹢رد ا︨︐﹀︀ده ﹇︣ار﹎︣﹁︐﹥ ا﹡︡.︋﹠︀︋︣ا﹧︗︋︣ق آ︋﹩ در
و  ﹝︐﹠﹢ع  ﹨︀ی   ﹤﹠﹬︤﹎  ﹤︺︨﹢︑ رو︋﹥  ﹋︪﹢ر﹨︀ی  از  ︋︧﹫︀ری 

دار﹡︡. درا︠︐﹫︀ر  ︨︨︡︀زی  ﹨︀ی  ﹝﹊︀ن  ︋︣ای  ﹝︐︺︡دی 
︎︣وژه ﹨︀ی ︋︤رگ ︋︣ق آ︋﹩ ︋﹥ ︵﹢ر ﹝︺﹞﹢ل ︋﹥ ︫︊﹊﹥ ﹝﹙﹩ 
ر﹬︤ان   ﹤﹞︀﹡︣︋  ﹟﹬︀︋︣ا﹠︋.︡﹠︐︧﹨ و︮﹏  ︋︣ق  ای   ﹤﹆︴﹠﹞  ︀﹬
دارای  ﹨︀ی  ﹝﹊︀ن   ﹤﹋ دار﹡︡   ️︮︣﹁  ﹩︮﹢︭︠  ︀﹬ دو﹜︐﹩ 
در﹡︷︣   ︀︋ و﹬︥ه   ﹤︋ را   ﹩︴﹫︜﹞  ️︧﹬ز آ︨﹫︉   ﹟﹬︣︑  ﹜﹋
﹎︣﹁︐﹟ ﹝﹫︤ان ︋︣ق ︑﹢﹜﹫︡ی ﹬︤﹞ ︣﹬︀︨ ︀﹬️ ﹨︀ی ا﹇︐︭︀دی 

.︡﹠﹠﹬︤﹎︣︋ ︫︀ن 

﹩︴﹫︜﹞ ️︧﹬︀ی ︋︣آورد ا︔︣ات ز﹨ ︬︠︀︫

︎﹫︪﹠﹧︀دی  ﹝﹊︀ن   ﹩︴﹫︜﹞  ️︧﹬ز ا︔︣ات   ﹟﹫﹝︟︑ ︋︣ای 
︋︣ای ︎︣وژه ی ︋︣ق آ︋﹩ ١۵ ︫︀︬︠ ﹋﹞﹩ ︎﹫︪﹠﹧︀د ﹋︣ده 

.︡﹠︐︧﹨ ﹤︊︨︀︜﹞ ﹏︋︀﹇ ﹩﹡︀︨آ ﹤︋ ﹤﹋ ﹜﹬ا
︵﹢ر   ﹤︋ را    ︬︠︀︫ ده  در  ا︨︐﹀︀ده  ﹝﹢رد  ا︵﹑︻︀ت 
︋︧﹫︀ر  ر﹬︤ی   ﹤﹞︀﹡︣︋ ﹨︀ی  داده  از  ︑﹢ان   ﹩﹞ ﹝︺﹞﹢ل 
 ️︧﹬︀ی ︗︀﹝︹ ز﹨ ﹩︋︀﹬از ارز  ﹏︊﹇ ﹩︐︝ و ︨︡ ﹩︑︀﹞︡﹆﹞
 ︕﹠︎ ﹨︀ی  آورد.داده  د︨️   ﹤︋ ا︗︐﹞︀︻﹩  و   ﹩︴﹫︜﹞
︫︀︬︠ د﹬﹍︣(︫︀︬︠ ﹨︀ی ︨︐︀ره دار)را ﹬︀︋︡ از ︋︣ر︨﹩ 
د︨️   ﹤︋ ﹝︖︡د  ا︨﹊︀ن   ︀﹬  ﹩︴﹫︜﹞  ️︧﹬ز ︠︀ص  ﹨︀ی 

آورد.
 ﹩︋︀﹬ارز  ﹉﹬  ︤﹫﹡  ︀﹨  ︬︠︀︫  ﹟﹬ا ا﹡︐︟︀ب  ︋︣ای 
 ️︧﹬ز ︑︊︺︀ت   ️︧︟﹡.﹜﹬ا داده  ا﹡︖︀م  ای   ﹤﹚︝︣﹞  ︡﹠︚
︋︣داری  ﹧︋︣ه   ﹤︋ ︋︤رگ   ﹩︋︀﹇︣︋  ︨︡  ٢٠ از   ︩﹫︋  ﹩︴﹫︜﹞
︎︣وژه   ︡﹠︚و  ︣﹍﹬د  ﹅︵︀﹠﹞ و   ﹟﹫︑﹐ آ﹝﹬︣﹊︀ی  در  ر︨﹫︡ه 
﹋︣د﹬﹛(︗︡ول   ﹩﹚﹫︭﹀︑ ︋︣ر︨﹩  را  ﹡︪︡ه   ﹏﹫﹝﹊︑ ی 
︠﹢د  ﹝﹫︡ا﹡﹩  ︑︖︀رب  از  ا︨︐﹀︀ده   ︀︋ دوم  ٢).در﹎︀م 
 ﹩︋︀﹬︎︣وژه ﹨︀ را ارز ﹟﹬از ا  ﹩︠︣︋ ﹩︴﹫︜﹞ ️︧﹬ا︔︣ات ز
﹋︣د﹬﹛(﹡﹫︣و﹎︀ه ٣٠ ﹝﹍︀وا︑﹩ ﹬︀︋︀﹡﹢، ﹡﹫︣و﹎︀ه  ٣٠٠﹝﹍︀وا︑﹩ 
﹡﹫︣و﹎︀ه    ،﹢﹬او﹢﹎ ١٠٠٠﹝﹍︀وا︑﹩  ﹡﹫︣و﹎︀ه   ﹁﹢ر︑﹢﹡︀، 
١٢۶٠٠﹝﹍︀وا︑﹩ ﹡﹫︣و﹎︀ه   ﹎﹢ری،  ١٠٣٠٠﹝﹍︀وا︑﹩ 

 ﹏︜﹞ ﹩﹝﹋ ﹩︋︀﹬ه ی ارز﹢﹫︫
︎︣وژه ﹨︀ی ︗﹬︡︡ ︋︣ق آ︋﹩

﹡﹢﹬︧﹠︡﹎︀ن : ︗﹢رج ︨﹩. ﹜︡ک و ︠﹢ان د.﹋﹫﹠︐︣و
دارد.  ﹩︑︀﹫︝ ️﹫﹝﹨ا آ︋﹩  ︋︣ق   ︡﹬︡︗ ︎︣وژه ﹨︀ی در   ﹩﹀﹠﹞ ا︔︣ات  ︋﹥ ︝︡ا﹇﹏ ر︨︀﹡︡ن  ︋︣ای   ︉︨︀﹠﹞  ﹩﹠﹬︤﹎  ﹝﹊︀ن 
﹬︡︎︡آوران ︋︀ ارز﹬︀︋﹩ ١۵ ︫︀︬︠ ﹋﹙﹫︡ی ﹝﹩ ︑﹢ا﹡﹠︡ ﹝﹫︤ان ا︔︣ات ز︜﹞ ️︧﹬﹫︴﹩ ﹝﹠﹀﹩ ﹝﹊︀ن ︎﹫︪﹠﹧︀دی را ︋︣آورد 
 ️︧﹬از ︋︣ر︨﹩ ﹨︀ی ︗︀﹝︹ ز ﹏︊﹇ ﹩﹠︺﹬، ︤ی﹬ر ﹤﹞︀﹡︣︋ ﹟﹬آ︾︀ز ﹏︝در ﹝︣ا ﹩︋︀﹬ارز ﹟﹬در︲﹞﹟ ︋︀ا﹡︖︀م دادن ا.︡﹠﹠﹋

﹝︜﹫︴﹩ و ا︗︐﹞︀︻﹩،﹝﹩ ︑﹢ان از ︮︣ف و﹇️ و ︎﹢ل در ﹝﹊︀ن ﹡︀﹝﹠︀︨︉ ︗﹙﹢﹎﹫︣ی ﹋︣د.

 ا︗︣ای ︎︣وژه
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Worldwide, many countries 
rely on hydropower for a 
substantial portion of  their 
electricity. In developing 

countries, rapid urbanization and continued 
population growth will ensure increased de-
mand for electric power for decades. Thus, 
energy planners are likely to continue see-
ing hydroelectric projects as a promising 
resource. With large dams continuing to be 
developed, it is important to find a way of  
choosing sites that minimize environmental 
effects.

Environmental significance of 
site selection
From an environmental standpoint, all large 
dams are not alike. The site largely determines 
the amount of  possible environmental dam-
age from a proposed project. While dams at 
good sites can be very defensible, those at 
unfavorable sites often will be problematic, 

even if  all available mitigation measures are 
properly implemented.’ Examples of  adverse 
environmental effects that cannot be fully 
mitigated include:

• Irreversible biodiversity loss, if  critical 
natural habitats not occurring elsewhere are 
submerged or left dry;

*The pre-dam ecological balance of  a 
river, in terms of  species composition or fish 
migrations, cannot be fully restored with fish 
passage facilities; and

• Some cultural property (including sa-
cred sites) cannot be adequately salvaged be-
fore reservoir inundation.

Furthermore, ideal mitigation measures 
may not be carried out due to limited budg-
ets, tight construction sched-ules, conflicting 
priorities, and/or weak implementing agen-
cies.

Thus, the single most important en-
vironmental mitigation measure for a new 
hydro project is good site selec-tion, to help 
ensure the proposed dam will be relatively 
benign.

Table 1 lists possible adverse environ-
mental and related social effects of

large dams and reservoirs. While some 
effects occur only during construction, the 
most important effects usually are due to the 
long-term existence and operation of  the 
dam and reservoir. Other significant effects 
can result from complementary civil works, 
such as access roads, transmission lines, and 
quarries and borrow pits.

Worldwide, the proportion of  sites 

available for hydroelectric generation that 
have been developed is roughly 15 percent. 
This means that many developing countries 
have numerous, and varied, choices for hydro 
project sites. Large hydroelectric projects typ-
ically are connected to a national or regional 
power grid. Thus, government or pri-vate sec-
tor planners have the opportunity to identify 
those sites that would be the least damaging 
from an environmental standpoint, especially 
in relation to the amount of  electric power or 
other economic benefits generated.

Indicators for estimating envi-
ronmental effects

We propose the use of  15 quantitative, easy-
to-calculate indicators to estimate the extent 
of  adverse environmental effects for a pro-
posed hydro project site.
Ten of  these indicators use information that 
is normally obtainable from very preliminary 
dam planning data, even before comprehen-
sive environmental or social assessment stud-
ies are carried out. The other five indicators 
(marked by *) involve data that might require 
specific environmental or resettlement stud-
ies to obtain.
To select these indicators, we performed a 
multi-step assessment process. First, we per-
formed a desk and literature review of  the 
environmental consequences of  more than 
20 completed large hydro dams in Latin 
America and other regions (see Table 2 on 
page 34), along with several projects not yet 
completed. Second, we took into account our 
field experience with assessing the environ-
mental effects of  some of  these
projects (30-mw Bayano, 300-mw Fortuna, 
t,000-mw Guavio, 10,300-MW Guri, 12600-
MW Itaipu, 340-Mw Urra 1, and 3,100-mw 

Method for Quantitatively Evaluating Sites for
New Hydroelectric Projects

By George C. Ledec and Juan D. Quintero
Proper site selection  is vital to minimize negative effects associated with the development of  new 
hydroelectric projects. By assesing15 key indicators, developers can estimate the extent of  adverse 
environmental effects for a proposed site. In addition, performing this assessment  during the early 
planning  stages-  before comprehensive  arid social studies are required  can keep a developer from 
spending time  and money on unsuitable location.
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﹡﹫︣و﹎︀ه   و   ١ اورای  ٣۴٠﹝﹍︀وا︑﹩  ﹡﹫︣و﹎︀ه    ،﹢︍﹬︀︐﹬ا
٣١٠٠﹝﹍︀وا︑﹩ ﹬︀︨﹫︣︑︀).︨︣ا﹡︖︀م ﹡﹫︤ ︋︀ ﹨﹞﹊︀ران ﹝︀ن در 

.﹜﹬︣د﹋ ﹩﹠﹁ ︒︜︋ ︋︀ره ﹟﹬درا ﹩﹡︀﹧︗ ﹉﹡︀︋ دا︠﹏ و︠︀رج
︨︡(﹨﹊︐︀ر):︋︤ر﹎﹩   ️︪︎ ی   ﹤︚︀﹬در  ︛︴︨  ️︝︀︧﹞(١
 ︣︐︪﹫ ﹥ ﹝︺﹠︀ی ازد︨️ ر﹁︐﹟︋   ︋︡  ︨️︪  ︎﹤︚︀﹬در ️︝︀︧﹞
﹞︀رز﹬︀دی  ز﹬︧︐﹍︀ه ﹨︀ی ︵︊﹫︺﹩ و ︝﹫︀ت و︝︩، ا﹡︐﹆︀ل︫ 
از ﹝︣د ﹬︀ ﹨︣دوا﹬﹟ ﹝﹢ارد ا︨️.﹝﹆︡ار﹨﹊︐︀رز﹬︣آب ر﹁︐﹥ ︋﹥ 
﹋︣دن  ︋︣﹇︣ار  را︋︴﹥  ︋︣ای  ﹝﹀﹫︡ی  ﹝︺﹫︀ر  ﹨︣﹝﹍︀وات  ازای 
︋﹫﹟ ﹨﹬︤﹠﹥ ﹨︀ی ز︜﹞ ️︧﹬﹫︴﹩ و ﹝﹬︤️ ﹨︀ی ︑﹢﹜﹫︡ ︋︣ق 
داده  ﹡︪︀ن   ٢ در︗︡ول   ﹤﹋  ﹤﹡﹢﹎ ﹨﹞︀ن  ﹝︓︀ل  ا︨️.︋︣ای 
︫︡ه ا︨️ ﹝︝︀︧️ در︚︀﹬﹥ ی ︎︪️ ︨︡ ﹡﹫︣و﹎︀ه ﹬︀︋︀﹡﹢ در 
︎︀﹡︀﹝٣۵٠٠٠︀﹨﹊︐︀را︨️ ﹋﹥ ︋﹥ ﹝︺﹠︀ی ز﹬︣ آب ر﹁︐﹟ ١١۶٧ 

﹨﹊︐︀ر ︋﹥ ازای ﹨︣ ﹝﹍︀وات ا︨️.
﹨﹠﹍︀م   ﹤︋  ︡﹬︀︋ ا﹁︣اد(﹡﹀︣)*:﹬︡︎︡آوران  ﹝︖︡د  ا︨﹊︀ن   (٢
﹝﹊︀ن ﹎︝ ﹤︋︡﹬︀︋ ︨︡ ﹩﹠﹬︤︡ا﹇﹏ ︨︀زی ا︨﹊︀ن ﹝︖︡د ا﹁︣اد 
︣ا︔︣ ا﹬︖︀د در︚︀﹬﹥ و ︻﹞﹙﹫︀ت ︻﹞︣ا﹡﹩ ︑﹊﹞﹫﹙﹩  ︀﹡﹢ار﹨︀︋   ︠︀﹬
︑﹢︗﹥ دا︫︐﹥ ︋︀︫﹠︡.﹬﹉ ﹝︺﹫︀ر ﹝﹀﹫︡ ︋︣ای ﹬︀﹁︐﹟ را︋︴﹥ ی 
آ︋﹩  ︋︣ق  ﹨︀ی   ️﹬︤﹞ و  ﹝︖︡د  ا︨﹊︀ن  ﹨︀ی   ﹤﹠﹬︤﹨  ﹟﹫︋
︑︺︡اد ا﹁︣اد ︗︀︋︖﹬︀﹩ ︋﹥ ازای ﹨︣﹝﹍︀وات ا︨️.︋︣ای ﹝︓︀ل 
﹨﹞︀ن ﹎﹢﹡﹥ ﹋﹥ در︗︡ول ٢ ﹡︪︀ن داده ︫︡ه ا︨️ ︨︀︠️ 
 ︣﹀﹡ ٩ ﹩﹬︀︖︋︀︗ ︳﹆﹁ ﹟﹫︚ ︣و﹎︀ه ٣٣٠٠﹝﹍︀وا︑﹩ ار︑︀ن در﹫﹡

︋﹥ ازای ﹨︣ ﹝﹍︀وات را در︎﹩ دا︫︐﹥ ا︨️.
﹇︣ار   ︣﹫︔︀︑  ️︜︑  ﹜﹧﹞  ﹩︺﹫︊︵ ﹨︀ی  ٣)ز﹬︧︐﹍︀ه 
﹎︣﹁︐﹥(︑︺︡اد و ﹝︝︣︋ ️︝︀︧︧︉ ﹨﹊︐︀ر)*:دا﹡︧︐﹟ ︑︺︡اد 
 ︉︧︝︣︋  ﹜﹧﹞  ﹩︺﹫︊︵ ی  ز﹬︧︐﹍︀ه   ️︝︀︧﹞و  ︀﹨ ﹝﹊︀ن 
﹬︀ ا︝︡اث ︝﹢︲︙﹥ ﹨︀ی ﹋﹞﹊﹩  ︋︣ا︔︣ آب ﹎﹫︣ی  ﹨﹊︐︀ر﹋﹥ 
﹫﹟ ﹝﹩ رو﹡︡ ا﹨﹞﹫️ دارد.﹝﹠︀︵﹅  ︣وژه از︋  ﹬︀︣ ا︗︤ای︎   ︨︀﹬

 ﹤︋ و  ﹝﹢︗﹢د  ی  ︫︡ه   ️︸︀﹀︝
︫︡ه  ︎﹫︪﹠﹧︀د  ر︨﹞﹩  ︵﹢ر 
 ️︸︀﹀︝  ﹅︵︀﹠﹞  ﹟﹫﹠︙﹝﹨ و 
ارزش  دارای   ﹤﹋ ای  ﹡︪︡ه 
 ️︧﹬ز ︔︊︀ت  ︋︣ای  ز﹬︀دی 
﹝︜﹫︴﹩ ﹨︧︐﹠︡ ︗︤و ز﹬︧︐﹍︀ه 
﹨︀ی ︵︊﹫︺﹩ ﹝﹧﹛ ︋﹥ ︫﹞︀ر ﹝﹩ 
︋︣ای   ﹩︋︀﹇︣︋ ﹨︀ی  آ﹬﹠︡.︎︣وژه 
 ﹉﹡︀︋  ﹩︪﹞  ︳︠  ︀︋ ﹨﹞︧︀زی 
︗﹧︀﹡﹩ در ﹝﹢رد ز﹬︧︐﹍︀ه ﹨︀ی 
︵︊﹫︺﹩ ،﹡﹬︀︊︡﹨﹫︘ ﹎﹢﹡﹥ آ︨﹫︉ 
 ﹟﹬درا ﹎﹫︣ی   ﹜︪︚  ︉﹬︣︟︑  ︀﹬

ز﹬︧︐﹍︀ه ﹨︀ ﹬︡︎︡ آور﹡︡.
 ︀﹨ ︎︣وژه   ﹩︠︣︋،︣﹍﹬د از︵︣ف 
﹝﹍︀وا︑﹩   ١٠٧٠ ﹡﹫︣و﹎︀ه  و  در︎︀﹡︀﹝︀  ﹁﹢ر︑﹢﹡︀  ﹡﹫︣و﹎︀ه   ﹏︓﹞)
﹡︀م ︑﹫﹢ن ٢ در﹐﹯﹢س) ︋︀ ︑﹢︗﹫﹥ ﹡﹫︣و﹝﹠︡ی ﹋﹥ دار﹡︡(﹝︓﹏ 
﹜︤وم ﹋﹠︐︣ل ر︨﹢ب ︨︀زی) و ︋︀ ︑﹢︗﹥ ︋﹥ ﹝﹠︀︋︹ ﹝︀﹜﹩ ﹐زم 
 ﹩﹬﹐︀︋ ︤﹬︣︋︀ه ﹨︀ی ︵︊﹫︺﹩  ﹝﹠︀︵﹅ آ﹍︐︧﹬ز ️︸︀﹀︝ ︋︣ای

، ﹁︣︮️ ﹨︀ی ︝﹀︀︸︐﹩ ﹝﹧﹞﹩ ﹁︣ا﹨﹛ ﹝﹩ آور﹡︡.
۴)︑﹠﹢ع ﹝︀﹨﹫︀ن(︑︺︡اد)*:︑︺︡اد د﹇﹫﹅ ﹬︣﹆︑ ︀﹬︊﹩ ﹎﹢﹡﹥ ﹨︀ی 
 ﹏﹞︀︫ ︎︣وژه  ی   ﹤﹆︴﹠﹞ در  ︫︡ه   ﹤︐︠︀﹠︫  ﹩﹞﹢︋ ﹝︀﹨﹫︀ن 
︨︡،﹝﹊︀ن در︚︀﹬﹥ ی ︎︪️ ︨︡ و ﹡︝︀﹫﹥ ی ﹬︀︎﹫﹟ د︨️ 
﹥ ︵﹢ر  ︣رود︠︀﹡﹥ ﹨﹬︀﹩ ا︔︣ ﹝﹩ ﹎︢ار﹡︡ ﹋﹥︋   ︋︀﹨︡ ︎︣وژه.ا﹎︨︣ 
︵︊﹫︺﹩ دارای ︑﹠﹢ع ﹋﹞﹩ ︋︣ای  ﹎﹢﹡﹥ ﹨︀ی ︋﹢﹝﹩ ﹨︧︐﹠︡﹋﹛ 

.︡﹠︐︧﹨ ️﹀﹛︀︟﹞ ﹏︋︀﹇ ﹩︴﹫︜﹞ ️︧﹬︀ظ ز︜﹛ از ︣︑
۵) ︋﹢﹝﹩ ︋﹢دن ﹝︀﹨﹫︀ن(︑︺︡اد)*:︑︺︡اد ﹎﹢﹡﹥ ﹨︀ی ︋﹢﹝﹩ ﹋﹥ 
﹁﹆︳ در ﹡﹬ ﹤﹫︝︀︀ رود︠︀﹡﹥ ی ︎︣وژه و︗﹢د دارد و در﹨﹫︘ 
 ﹤﹋ ا︨️  آن  ﹡︡ار﹡︡.﹝︴﹙﹢ب  و︗﹢د  ︗﹧︀ن   ︣﹍﹬د ﹋︖︀ی 
︀︫︡ ﹋﹥  ز﹬︧︐﹍︀ه آ︋﹩  ﹥ ﹎﹢﹡﹥ ای︋   ︋︡ ︣داری︨  ﹧︣ه︋  ﹝﹊︀ن و︋ 
 ﹩︐︧﹬ع ﹨︀ی ز﹢﹠︑︣﹬︀︨ ︀﹬  ﹩﹞﹢︋ ︋﹆︀ی ﹝︀﹨﹫︀ن  ︋︣ای   ﹜﹧﹞

.︡﹠﹫︊﹡ ﹤﹝︴﹛ ︀﹬ د ﹡︪﹢د﹢︋︀﹡ ︣︴︠ ️︜︑
۶)دارا﹬﹩ ﹨︀ی ﹁︣﹨﹠﹍﹩ ︑︜️ ︑︀︔﹫︣(︑︺︡اد و﹡﹢ع)*:︑︺︡اد 
 ﹩︟﹬︀ر︑،﹩︐︠︀﹠︫ ﹁︣﹨﹠﹍﹩(︋︀︨︐︀ن  ا︫﹫︀ی   ︀﹬  ︀﹨  ﹩﹬دارا
،د﹬ ﹩︐︠︀﹠︫ ﹟﹬︣﹬︀ ﹝︢﹨︊﹩) ︫︀︬︠ ︠﹢︋﹩ ︋︣ای ا﹨﹞﹫️ 
﹬︢︣ی  ﹁︣﹨﹠﹍﹩ ﹝﹠︴﹆﹥ ی ﹝﹢رد ﹡︷︣ ا︨️.︋﹥ ﹝﹫︤ان ﹡︖︀ت︎ 
︑﹞︀م ا﹡﹢اع دارا﹬﹩ ﹨︀ی ﹁︣﹨﹠﹍﹩ ﹡﹫︤ ﹬︀︋︡ ︑﹢︗﹥ دا︫️(︋﹥ 

(︣﹬︢︎︀﹡ ︀ت︖﹡ ︀﹬ ︣﹬︢︎ ︡ی ﹡︖︀ت︝︀︑ ︀﹬ ﹏﹞︀﹋ر﹢︵
٧)﹝︡ت ﹡﹍﹥ داری آب(روز):ا﹬﹟ ﹝︺﹫︀ر ﹝︡ت ز﹝︀﹡﹩ ا︨️ 
ازآن  و  ︫﹢د   ︰﹬﹢︺︑  ︨︡  ️︪︎ آب   ︀︑  ︪︡﹋  ﹩﹞ ︵﹢ل   ﹤﹋
︋︣ای ︎﹫︩ ︋﹫﹠﹩ ﹝︺︱﹑ت ﹋﹫﹀﹫︐﹩ آب ﹝﹩ ︑﹢ان ا︨︐﹀︀ده 

 ︣︑ ﹋﹢︑︀ه   ﹤︚︣﹨ ︻︀دی  ︋︣داری  ﹧︋︣ه   ﹩︵ ز﹝︀ن   ﹟﹬︣د.ا﹋
︨︡(﹝︐︣﹝﹊︺︉)و  آب   ﹜︖︝ از   ﹩︺︋︀︑ و  ا︨️   ︣︐﹧︋  ︫︡︀︋

﹝︐﹢︨︳ ︗﹬︣︀ن رود︠︀﹡﹥(﹝︐︣﹝﹊︺︉ در︔︀﹡﹫﹥)ا︨️.
٨)︗﹬︣︀ن ز﹬︧️ ︑﹢ده(︑﹟ در ﹨﹊︐︀ر):︗﹬︣︀ن ز﹬︧️ ︑﹢ده 
︋﹥ در︮︡ ︎﹢︫︩ ا﹡﹢اع ﹝︟︐﹙︿ ﹎﹫︀﹨︀ن در در︚︀﹬﹥ ی ︨︡ 
︠﹢ب   ︨︡  ️︪︎ آب   ️﹫﹀﹫﹋  ﹤﹋ آن  داردو︋︣ای   ﹩﹍︐︧︋
 ﹏﹍﹠︗)︫︡︀︋ ︝︡ا﹇﹏   ︀﹨  ﹏﹍﹠︗  ﹤︋ آن  ﹡﹀﹢ذ   ︡﹬︀︋  ︫︡︀︋
 ﹤︚︀﹬آب در ﹟︐﹁︀﹬ ده ی ﹁︣وا﹡﹩ ا︨️).راه﹢︑ ️︧﹬دارای ز

ی ︨︡ ︋﹥ ︗﹠﹍﹏ ،︑﹠﹢ع ز﹬︧︐﹩ را ﹡﹫︤ ︋﹥ ︠︴︣ ﹝﹩ ا﹡︡ازد.
︑﹠﹢ع   ︶﹀︝ (﹋﹫﹙﹢﹝︐︣):︋︣ای  رود︠︀﹡﹥  ا︫︽︀ل  ٩)﹝﹫︤ان 
رود︠︀﹡﹥  ﹨︀ی   ﹏﹍﹠︗  ﹏﹞︀︫) ای  و﹋︣ا﹡﹥  آ︋﹩   ﹩︐︧﹬ز
ای)ا︫︽︀ل رود︠︀﹡﹥ (︫︀︠﹥ ی ا︮﹙﹩ و ︫︀︠﹥ ﹨︀ی ﹁︣︻﹩) 
 ︡﹬︀︋ (﹩﹡︀﹬︣︗︣︎ دردوره ﹨︀ی)︨︡ ️︪︎ ی ﹤︚︀﹬در ︳︨﹢︑

︋﹥ ︝︡ا﹇﹏ ︋︨︣︡.
 ﹉︪︠  ️﹛︀︝  ︣︐︪﹫︋  ﹤﹋ رود︠︀﹡﹥  از   ﹩﹛﹢︵  (١٠
 ﹤ دارد(﹋﹫﹙﹢﹝︐︣):در︎︣وژه ی ﹝︴﹙﹢ب ︵﹢﹜﹩ از رود︠︀﹡﹥ ﹋﹥︋ 
︻﹙️ ﹝﹠︜︣ف ︨︀زی آب ،︋﹫︪︐︝︣︀﹜️ ︪︠﹉ دارد(﹋﹛ ︑︣ 
از ۵٠ در︮︡︗﹬︣︀ن رود در ﹁︭﹏ ︪︠﹊﹩) ︝ ﹤︋ ︡﹬︀︋︡ا﹇﹏ 
 ️︧﹬︀ن،ز﹬︤︋︣آ﹬︀︨ رت ز﹡︡﹎﹩ ﹝︀﹨﹫︀ن و﹢︮ ﹟﹬درا.︨︡︣︋
︋﹢م ﹨︀ی ﹋︣ا﹡﹥ ای و آب ﹝︭︣﹁﹩ ا﹡︧︀ن ﹨︀ در ﹬︀︎﹫﹟ د︨️ 

را ﹧︋︐︣ ﹝﹩ ︑﹢ان ︝﹀︶ ﹋︣د.
︑︺︡اد   ﹤︚︣﹨:(︡اد︺︑)️︨د ﹟﹫﹬︀︎  ﹩︻︣﹁ ١١)︫︀︠﹥ ﹨︀ی 
︋︡ون  ﹨︀ی   ﹤︠︀︫ ︭︠﹢ص   ﹤︋) ︋︤رگ   ﹩︻︣﹁ ﹨︀ی   ﹤︠︀︫
︋︀︫︡  ز﹬︧︐﹍︀ه ﹨︀   ︣︐︪﹫︋  ︨︡ ﹏︜﹞ ️︨د ﹟﹫﹬︀︎ ︨︡)در 
︫﹢﹡︡،﹡︷︀م   ﹩﹞  ︣︑︣﹬︢︎ د︨︐︣س   ︣︗︀﹧﹞ ﹝︀﹨﹫︀ن  ︋︣ای 
﹨︀ی  ︋﹢م   ️︧﹬ز ︋︣ای  ︑﹢ان   ﹩﹞  ︣︐﹧︋ را   ﹩︺﹫︊︵ ︗﹬︣︀ن 
﹋︣ا﹡﹥ ای ︝﹀︶ ﹋︣د و﹧︋︐︣ ﹝﹩ ︑﹢ان ﹝﹢اد ﹝︽︢ی و ر︨﹢︋︀ت 

﹐زم ︋︣ای ﹧︋︣ه وری ز﹬︧︐﹩ ﹇﹢ی د﹨︀﹡﹥ ﹨︀ را ﹁︣ا﹨﹛ ﹋︣د.
ا﹡︐﹆︀ل   ︡﹠︚  ︀﹬  ﹉﹬:(١+︀﹬٠)ای  ﹤︲﹢︝  ﹟﹫︋ ١٢)ا﹡︐﹆︀﹐ت 
︋﹫﹟ ︝﹢︲﹥ ی رود︠︀﹡﹥ ﹨︀ ﹋﹥ ︋﹥ ︵﹢ر ︵︊﹫︺﹩ ︋﹥ ﹨﹛ و︮﹏ 
آ﹬︤︋︀ن   ︣﹬︀︨  ︀﹬ ﹝︀﹨﹫︀ن  ﹎︧︐︣ش   ︒︻︀︋ ︑﹢ا﹡︡   ﹩﹞︡﹠︐︧﹫﹡
 ﹩﹨︀﹞ وری  و﹧︋︣ه   ﹩︴﹫︜﹞  ️︧﹬ز و︑﹠﹢ع  ︫﹢د   ﹜︗︀﹧﹞
﹎﹫︣ی را ︋﹥ ︠︴︣ ا﹡︡ازدو ︝︐﹩ ︋︀︻︒ ︫﹫﹢ع ︋﹫﹞︀ری ﹨︀ی 

.(︦﹫︨︀﹫﹞﹢︨﹢︐︧﹫ ا︨︐︟﹢ا﹡﹩(﹝︓﹏︫ 
 ﹩︖﹠  ︨﹩﹛︀﹍︚ ︡د︻)︡ ﹠︡ی در︚︀﹬﹥ ی︨   ︋﹤﹬﹐ ︀ل﹝︐︝١٣)ا
 ﹤﹫︝︀﹡ ﹤﹋ ︡﹨رخ ﹝﹩ د ﹩﹞︀﹍﹠﹨ ︡  ︨﹤︚︀﹬︡ی در﹠ ︋﹤﹬﹐ :(︣ود﹁
︑︣(﹨﹬︀︍﹢﹜﹫﹞﹠﹫﹢ن)   ﹅﹫﹝︻  ﹤﹫︝︀﹡از ︋︀﹐﹬﹩(ا︎﹫﹙﹫﹞﹠﹫﹢ن) 
 ︣︑  ﹅﹫﹝︻ ی   ﹤﹫︝︀﹡.︫︡︀︋ ︫︡ه  ︗︡ا  ︝︣ار︑﹩  ﹜︜︀ظ  از 

︗︡ول ١
ا︔︣ات ﹝﹠﹀﹩ ز﹬︧️ ﹝︜﹫︴﹩ ا︝︐﹞︀﹜﹩ ︎︣وژه ﹨︀ی ︋︣ق آ︋﹩

 
از د︨️ ر﹁︐﹟ ︝﹫︀ت و︝︩ و ز﹬︧︐﹍︀ه ﹨︀ی ︵︊﹫︺﹩  •

﹋﹢چ دادن ا︗︊︀ری ﹝︣دم  •
﹋︀﹨︩ ﹋﹫﹀﹫️ آب  •

د﹎︣﹎﹢﹡﹩ ﹨︀ی آب ︫﹠︀︠︐﹩ در ﹬︀︎﹫﹟ د︨️  •
︋﹫﹞︀ری ﹨︀ی ﹝︣︋﹢ط ︋﹥ آب  •

آ︨﹫︉ د﹬︡ن ﹎﹢﹡﹥ ﹨︀ی ﹝︀﹨﹫︀ن و د﹬﹍︣ آ﹬︤︋︀ن  •
﹎︧︐︣ش ﹎﹫︀﹨︀ن آ︋﹩ ︫﹠︀ور  •

ازد︨️ ر﹁︐﹟ دارا﹬﹩ ﹨︀ی  ﹁︣﹨﹠﹍﹩  •
ا﹡︐︪︀ر﹎︀ز﹨︀ی ﹎﹏ ︠︀﹡﹥ ای  •

(︀﹨ ﹤︙︲﹢︝ ،︀ده،︠︴﹢ط ا﹡︐﹆︀ل︗ ️︠︀︨)﹩﹚﹫﹝﹊︑ ا︔︣ات ︻﹞﹙﹫︀ت  •
ا︔︣ات ︑﹢︨︺﹥ ی ا﹜﹆﹬︀﹩(آ︋﹫︀ری،﹧︫︨︣︀زی،﹎︧︐︣ش ︮﹠︺️   •
 ︒︻︀︋ ︨︡ ﹉﹬ ︀ن آب در﹬︣︗ ﹜﹫︷﹠︑ ﹤﹋ ﹩︑و ︨︨︡︀زی ︋﹫︪︐︣ در︮﹢ر

(︫︡︀︋ ︣﹍﹬ا﹇︐︭︀دی ︑︣ ︫︡ن ︨︀︠️ ︨︡﹨︀ی د
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Yacyreta). Finally, we held technical discus-
sions with colleagues, both within and out-
side the World Bank.
1) Reservoir Surface (hectares): A large res-
ervoir area implies much loss of  natural 
habitats and wildlife, displacement of  many 
people, or both.
Hectares flooded per megawatt is a useful 
measure for relating environmental costs to 
power generation benefits. For example, as 
shown in Table 2, the reservoir area for the 
Bayano project in Panama is 35,000 hectares, 
which resulted in flooding of  1,167 hectares 
per megawatt.
2) Persons Requiring Resettlement (number)*: 
When choosing a darn site, developers should 
seek to minimize the number of  individuals 
or households requiring resettlement because 
of  the reservoir and complementary civil 
works. A useful measure for relating reset-
tlement costs to hydropower benefits is peo-
ple displaced per megawatt For example, as 
shown in Table 2, construction of  the 3,300-
mw Ertan project in China resulted in only 
nine people displaced per megawatt.
3) Critical Natural Habitats Affected (number 
and hectares)*: It is important to know the 
number of  sites and hectares of  critical natu-
ral habitat that would be lost to inundation, 
borrow pits, or other project components. 
Critical natural habitats include existing and 

officially proposed protect-
ed areas, as well as unpro-
tected areas of  high con-
servation value. To comply 
with the World Bank’s Nat-
ural Habitats Policy,’ hydro 
projects should not cause 
any significant loss or deg-
radation of  these habitats.
On the other hand, some 
projects (such as Fortuna 
in Panama and 1,070MW 
Nam Theun 2 in Laos) pro-
vide important conserva-
tion opportunities by giving 
a strong justification (such 
as the need to control sedi-

mentation), along with the financial resourc-
es needed to protect natural habitats in upper 
watershed areas.
4) Fish Diversity (number)*: This is the exact 
or approximate number of  native fish spe-
cies known from the project area, including 
the dams, reservoir site, and downstream 
zone of  project influence. Dams will be less 
environmentally objectionable if  they affect 
rivers with a naturally low diversity of  native 
species.
5) Fish Endemism (number)*: This is the 
number of  native species known only from 
the project area or the river system where 
the project is located, and nowhere else on 
Earth. Ideally, dams should be sited and op-
erated to avoid eliminating or degrading the 
aquatic habitat important to the survival of  
endemic fish or other threatened freshwater 
biodiversity.
6) Cultural Property Affected (number and 
t),e)*: A good indicator of  the cultural signif-
icance of  the area is the number of  cultural 
(archaeological, historical, paleontological, or 
religious) objects or sites. Also note whether 
each type of  cultural property is salvageable 
(totally, partially, or not at all).
7) Water Retention Time (days): This meas-
ure of  the time it takes for a complete ex-
change of  the water in the reservoir is used 

to predict water quality problems. A shorter 
water retention time during normal opera-
tion is pref-erable. Water retention time in 
days is calculated as a function of  reservoir 
volume (cubic meters) and mean river flow 
(cubic meters per second).
8) Biomass flooded (tons per hectare): Bio-
mass flooded is based on the percent cover 
of  different vegetation types in the reservoir 
area. For good reservoir water quality, dams 
should minimize flooding of  forests (which 
have high biomass content). Flooding native 
forests also threatens biodiversity.
9) Length of  River Impounded (kilometers): 
To conserve aquatic and riparian biodiversity 
(including riverine forests), dam sites should 
minimize the length of  river (mainstem plus 
tributaries) impounded by the reservoir 
(measured during high flow periods).
10) Length of  River Left Mostly Dry (kilom-
eters): A good project should minimize the 
length of  river left mostly dry (with less than 
50 percent of  dry season mean flow) due to 
water diversion. This helps maintain fish and 
other aquatic life, riparian ecosystems, and 
human water uses below the dam.
11) Downstream 7ributnries (number): 
The more major tributaries (especially un-
dammed ones) downstream from the dam 
site, the better in terms of  maintaining acces-
sible habitat for migra tory fish, the natural 
flooding regime for riparian ecosystems, and 
the nutrient and sediment inputs needed for 
the high biological productivity of  estuaries.
12) Inter-basin Transfers (0 or+1): One or 
more transfers among river basins with no 
natural connection could spread invasive 
fish or other aquatic species and threateii 
biodiversity, fisheries productivity, and even 
the spread of  vectorborne diseases (such as 
schistosomiasis).
13) Likelihood of  Reservoir Stratification 
(Densimetric Froude Number): Reservoir 
stratification occurs hen the lake’s upper 
zone (epilimnion) is thermally divided from 
the deeper zone (hypolimnion). The latter 
becomes stagnant mid lacking in dissolved 



 HRW      36  

 ️︟︨ ﹨﹢ا   ﹩︋) ︫︡ه   ﹤﹬︤︖︑ ا﹋︧﹫︥ن  از  و  ︫﹢د   ﹩﹞ را﹋︡ 

ا﹋︓︣آ﹬︤︋︀ن  ز﹡︡﹎﹩  ︋︣ای   ﹩﹠︺﹬د﹢︋ ︋︣︠﹢ردار﹡︟﹢ا﹨︡ 

 ﹤︋ ﹤﹋(F)︣ود﹁ ﹩︖﹠︨ ﹩﹛︀﹍︚ ا﹨︡ ︋﹢د.︋︀ ︻︡د﹢︟﹡ ︉︨︀﹠﹞

 ﹤︋  ︩﹬︣ا﹎ ﹝﹫︤ان  ︑﹢ان  ︫﹢د﹝﹩   ﹩﹞  ﹤︊︨︀︜﹞  ︣﹬ز ︮﹢رت 

﹐﹬﹥ ︋﹠︡ی در ︨︡︎︪️ در︚︀﹬﹥ را ︋﹥ ︨︣︻️ ︋︣آورد ﹋︣د:

﹝︺︀د﹜﹥ ی ١:

F = ٣ ٢ ٠ ( L / D ) ( Q / V )

﹋﹥ درآن :

•  L ︵﹢ل در︚︀﹬﹥ ی ︨︡(﹝︐︣)

•  D ﹝﹫︀﹡﹍﹫﹟ ︻﹞﹅ در︝︣︋ ﹤︚︀﹬︧︉ ﹝︐︣(︋﹙﹠︡ی ︨︡ 

﹝﹩ ︑﹢ا﹡︡ را﹨﹠﹞︀ی ︠﹢︋﹩ ︋︀︫︡)

(︉︺﹊﹞︣︐﹞)﹤︚︀﹬در ﹜︖︝V  •

ا﹎︣ F ﹋﹛ ︑︣ از ١ ︋︀︫︡ ﹝﹆︡اری ﹐﹬﹥ ︋﹠︡ی ︎﹫︩ ︋﹫﹠﹩ ﹝﹩ 

︫﹢د﹋﹥ ︫︡ت آن ︋︀ ﹋︀﹨︩ Fا﹁︤ا﹬ ﹩﹞ ︩﹬︀︋︡. ا﹎︣ F  ︋︤رگ 

︑︣ از ١ ︋︀︫︡﹐﹬﹥ ︋﹠︡ی ﹡︀﹝︜︐﹞﹏ ا︨️.

︎︫︣︡ن   ︀︑  ﹤﹋ در︚︀﹬﹥(︨︀ل):﹝︡︑﹩   ︡﹫﹀﹞︣﹝︻  (١۴

﹋︀﹝﹏ ا﹡︊︀ره ی  ﹝︣ده  در︚︀﹬﹥ ︵﹢ل ﹝﹩ ﹋︪︡︋﹥ ︵﹢ری ﹋﹥ 

 ︡﹫﹛﹢︑ و  د﹨︡   ﹩﹞  ︩﹨︀﹋ را  ز﹡︡ه  ی  ا﹡︊︀ره   ︣︐︪﹫︋ ر︨﹢ب 

︋︣ق را ﹝︐﹢﹇︿ ﹝﹩ ﹋﹠︡.

:(︣︐﹞﹢﹚﹫﹋)﹏﹍﹠︗ ﹝﹫︀ن  از  د︨︐︨︣﹩  ی  ︗︀ده   (١۵

﹎︧︐︣ده  ﹩﹬زدا  ﹏﹍﹠︗  ︣︴︠  ﹤﹋  ﹩﹬︀︗
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oxygen (anaerobic), making it unsuitable for 
most aquatic life. A rapid estimate of  strati-
fication tendencies in a reservoir can be ob-
tained with the Densimetric Froude Number 
(F), which can be calculated as:
Equation 1:
F = 320 (L/D) (Q/V) where:
• L is length of  the reservoir (me-
ters);
• U is mean reservoir depth (meters) (for 

which dam height can be a proxy);
• Q is the mean water inflow (cubic 
meters per second); and
• V is reservoir volume (cubic me-
ters).
If  F is less than 1, some stratification is ex-
pected, the severity of  which increases as F 
decreases. When F is greater than 1, stratifi-
cation is unlikely.
14) Useful Reservoir Life (years): This is the 

expected number of  years before a reservoir’s 
dead storage is completely filled, so that fur-
ther sedimentation reduces live storage and 
curtails power generation. Useful reservoir 
life is a good indicator of  the expected sus-
tain-ability of  power generation from a site.
15) -Access Roads through Forest (kilom-
eters); Where the risks of  widespread de-
forestation are high due to increased acces-
sibility, the choice of  site should minimize 
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 ﹩﹠﹬︤﹎ ︀ن﹊﹞ ︫︡︀  ︋︡﹬︡ ﹬︢︣ی︫  ﹥ ︻﹙️ ا﹁︤ا﹬︩ د︨︐︣س︎   ︋
 ︡﹬︡︗ ﹩︨︣︐︨ای ︋︀︫︡﹋﹥ ︵﹢ل ︗︀ده ﹨︀ی د ﹤﹡﹢﹎ ﹤︋ ︡﹬︀︋
و﹬︀ ار︑﹆︀ء﹬︀﹁︐﹥  ﹋﹥ ازدرون ﹬︀ ﹋﹠︀ر ︗﹠﹍﹏ ﹨︀ی ︵︊﹫︺﹩ ﹝﹩ 

﹎︢رد ︋﹥ ︝︡ا﹇﹏ ︋︨︣︡.

ر﹁︐﹥  ز﹬︣آب  ﹨﹊︐︀ر   ﹤︐﹁︀﹬ ﹝︖︡د  ا︨﹊︀ن  ﹝︣دم 
 ﹤︋ ﹤︐﹁︀﹬ازای ﹨︣ ﹝﹍︀وات ا﹁︣اد ا︨﹊︀ن ﹝︖︡د ﹤︋

ازای ﹨︣ ﹝﹍︀وات

* ا﹬﹟ داده ﹨︀ی ︑﹆﹬︣︊﹩ ا﹡︡ و از روی ﹝﹠︀︋︹ ︎︀﹡﹢﹬︦ ١و٢ 
︠﹑︮﹥ ︨︀زی ︫︡ه ا﹡︡.

 ️︧﹬ز ﹨︀ی   ︬︠︀︫ از  ا︨︐﹀︀ده   ︀︋  ︀﹨ ﹝﹊︀ن  ی   ﹤︧﹬︀﹆﹞
﹩︴﹫︜﹞

︋︀﹐ در  ﹋︀ر﹎﹫︣ی ︫︀︬︠ ﹨︀ی   ﹤︋ ︋︣ای  راه  د︨️ ﹋﹛ ︨﹥ 
﹝﹊︀ن ﹎﹧︋ ﹩﹠﹬︤︐︣ ︎︣وژه ﹨︀ از﹜︜︀ظ ز︜﹞ ️︧﹬﹫︴﹩ و︗﹢د 

دارد.
︑﹢ان   ﹩﹞  ︀﹨  ︬︠︀︫  ﹟﹬ا از  ا︨︐﹀︀ده   ︀︋  ﹤﹋ آن   ️︧︟﹡
﹧﹠︪﹫︎ ﹉﹬︀﹊﹬︀د﹨︀را ︾︣︋︀ل ﹋︣د.︋︧﹫︀ری از ︝︀﹝﹫︀ن ﹝︀﹜﹩ 
 ﹩︋︀﹬ارز از   ﹏︊﹇ دار﹡︡  دو︨️  ا︻︐︊︀ر  ﹋﹠﹠︡﹎︀ن   ﹟﹫﹞︀︑  ︀﹬
ا︔︣ات ز︟﹞ (EIA)﹩︴﹫︜﹞ ️︧﹬︐︬ ﹝﹊︀ن ﹨︀،︋﹥ ︮﹢رت 
ای  ︋︀﹜﹆﹢ه  ﹝﹊︀ن   ︀﹬آ  ﹤﹋ ︫﹢د   ︬︟︪﹞  ﹩︑︀﹞︡﹆﹞ و   ︹﹬︨︣
︠﹫︣.︋︣ای   ︀﹬  ️︧﹨ دار   ﹤﹛︀︧﹞  ﹩︴﹫︜﹞  ️︧﹬ز ﹜︜︀ظ  از 
ی   ﹤︪﹆﹡  ︀︋ ︎︣وژه   ﹩﹡︀﹊﹞  ️﹫︺﹇﹢﹞ ی   ﹤︧﹬︀﹆﹞  ︀︋ ﹝︓︀ل 
﹝﹠︀︵﹅ ︝﹀︀︸️ ︫︡ه ﹝﹩ ︑﹢ان در﹬︀﹁️ ﹋﹥ ︋︀ ︎︀ر﹋﹩ ﹝﹙﹩ 
﹨︀ی   ︩﹊﹝︪﹋ ا﹝﹊︀ن  ودر﹡︐﹫︖﹥  و︗﹢ددارد   ﹩︫﹢︍﹝﹨
︝﹆﹢ق ﹬︀ ﹝︟︀﹜﹀️ ︻﹞﹢﹝﹩ و︗﹢د دارد.ا﹎︣ ﹝︡ت ︝﹀︶ آب 
در ︎︪️ ︨︡ ︵﹢﹐﹡﹩ ︋︀︫︡(︋︣ای ﹝︓︀ل ︋﹫︩ از ︫︩ ﹝︀ه 
︋︀︫︡ا﹝﹊︀ن ﹝︺︱﹑ت ﹋﹫﹀﹫︐﹩ ︗︡ی ︋︣ای آب و︗﹢د دارد 
 ︀﹬ ا﹎︣ آب ︝︀﹝﹏ آ﹐﹬﹠︡ه ﹨︀ی ﹧︫︣﹨︀،﹝︤ارع  ︋﹥ ︭︠﹢ص 

﹝︺︀دن ︋︀﹐د︨️ ︋︀︫︡.
︑﹢ان در﹬︀﹁️ ﹋﹥ در ﹎︤ارش   ﹩﹞ ﹟﹫﹠︙﹝﹨ ︬︠︀︫ ﹟﹬︋︀ا
و﹬︥ه   ﹤︗﹢︑ ی   ﹤︐︧﹬︀︫  ︀﹨  ︩︟︋ EIA﹋︡ام  ی  آ﹬﹠︡ه 
از   ﹩﹡﹐﹢︵  ﹩︪︟︋ ﹇︣ار︋︀︫︡  ا﹎︣  ﹝︓︀ل  ﹨︧︐﹠︡.︋︣ای 
رود︠︀﹡﹥ ︪︠﹉ ︋﹞︀﹡︡ا︝︐﹞︀ل ا︔︣ات ﹡︀﹝︴﹙﹢ب ا﹬﹟ ﹋︀ر ︋︣ 
 ﹟﹫﹬︀︎ م ﹨︀ی ﹋︣ا﹡﹥ ای و ﹝︭︣ف﹢︋ ️︧﹬︀ن ،ز﹬︤︋︀ت آ﹫︝
﹢د و ︝︡ا﹇﹏  د︨︐﹩ آب ︑﹢︨︳ ا﹡︧︀ن ﹬︀︋︡ در EIA︋︣ر︨﹩︫ 

︗﹬︣︀ن ﹬︀︨ ︀﹬︣ ا﹇︡ا﹝︀ت آ︨﹫︉ زدا﹬﹩ ︑﹢︮﹫﹥ ︫﹢د.

را  ﹝﹊︀ن   ﹟﹬︡﹠︚ ︑﹢ان   ﹩﹞  ︬︠︀︫  ﹉﹬  ︀︋  ﹤﹋ آن  دوم 
︋﹠︡ی). رده   ︀﹬/و ︋﹠︡ی  ر︑︊﹥   ﹅﹬︣︵ ﹋︣د(از   ﹤︧﹬︀﹆﹞
﹝︝︀︧️ آب در﹬︀︫ ﹤︚︀﹬︡﹇﹢ی ︑﹬︣﹟ ︫︀︬︠ ︋︣ای ︎﹫︩ 
 ︀︋ ز﹬︣ا   ︫︡︀︋  ﹏﹝︐︜﹞  ﹩︴﹫︜﹞  ️︧﹬ز ﹨︀ی  آ︨﹫︉   ﹩﹠﹫︋
دارد.  ️︊︓﹞  ﹩﹍︐︧︊﹝﹨  ︣﹍﹬د ﹨︀ی   ︬︠︀︫ از  ︋︧﹫︀ری 
و︨﹫︹ ︋﹢دن در︚︀﹬﹥ ی ︎︪️ ︨︡ ︋﹥ ﹝︺﹠︀ی از د︨️ ر﹁︐﹟ 
 ﹩﹬︀︖︋︀︗︀﹬/︀ه ﹨︀ی ︵︊﹫︺﹩ ︋﹫︪︐︣و﹍︐︧﹬وز ︩︝︀ت و﹫︝
︋︧﹫︀ری از ﹝︣دم ا︨️.در︚︀﹬﹥ ﹨︀ی ︋︧﹫︀ر ︋︤رگ ︋﹥ ︵﹢ر 
﹥ و︗﹢د ﹝﹩ آ﹬︡(﹋﹥ ا︾﹙︉ د︚︀ر   ︋️︧ ︻﹞﹢م در ز﹝﹫﹟ ﹨︀ی︎ 
︋﹥ ︵﹢ر  آ︋︤ی ﹨︧︐﹠︡)و  ﹎﹫︀﹨︀ن  و  ای  ︋﹫﹞︀ری ﹨︀ی ︝︀ره 
﹝︺﹞﹢ل رود︠︀﹡﹥ ﹨︀ی ︋︤رگ را ا︫︽︀ل ﹝﹩ ﹋﹠﹠︡(و﹝︀﹨﹫︀ن 

و آ﹬︤︋︀ن ︋﹫︪︐︣ی در︠︴︣ ﹇︣ار﹝﹩ ﹎﹫︣﹡︡).
﹝﹀﹫︡ی  ﹝︺﹫︀ر  ﹝﹍︀وات   ﹤︋ آ︋﹍﹫︣ی  ﹨﹊︐︀ر﹨︀ی   ️︊︧﹡
 ﹩︴﹫︜﹞ ️︧﹬︀ی ز﹨ ﹤﹠﹬︤﹨ ﹟﹫︋ ︋︣ای ︨﹠︖︩ را︋︴﹥ ی
 ️︨︣﹧﹁ ︎︣وژه ﹨︀ی در   ﹤﹋ ا﹇︐︭︀دی ا︨️  و ﹝﹬︤️ ﹨︀ی 
︫︡ه در ︗︡ول ٢ ︑︽﹫﹫︣ات آن ︑︀ ﹧︚︀ر ︋︣ا︋︣ ﹨﹛ ﹝﹩ ر︨︡.
﹨︀ی  ﹡﹫︣و﹎︀ه  ︑﹞︀م  ︋︣ای   ︬︠︀︫  ﹟﹬ا  ﹩﹡︀﹧︗  ﹟﹫﹍﹡︀﹫﹞
 ️︨︣﹧﹁ ︳﹆﹁ ﹤﹡)︡﹡︋︤ر﹎﹩ ﹋﹥ ︑︀﹋﹠﹢ن ︨︀︠︐﹥ ︫︡ه ا ﹩︋︀﹇︣︋
︗︡ول ٢)︝︡ود ۶٠ ﹨﹊︐︀ر ︋︣ ﹝﹍︀وات ا︨️.﹋︀﹨︩ دادن 
﹜︜︀ظ  از  آ﹬﹠︡ه  ﹨︀ی  ︎︣وژه  در   ﹟﹫﹍﹡︀﹫﹞  ﹟﹬ا  ︣﹫﹎  ﹜︪︚

ز︜﹞ ️︧﹬﹫︴﹩ ︋︧﹫︀ر ﹝︴﹙﹢ب ا︨️.
ا︨﹊︀ن   ︡﹬︀︋  ﹤﹋ ﹝︣د﹝﹩  ︫﹞︀ر   ︤﹫﹡ ا︗︐﹞︀︻﹩   ︡﹬ازد
 ︡﹬︀︋.️︨︥ه ای ︋︣︠﹢ردارا﹬از ا﹨﹞﹫️ و ﹝︖︡دداده ︫﹢﹡︡ 
 ﹩︴﹫︜﹞ ️︧﹬ای ︋﹫﹟ ا﹨︡اف ز ﹤︜﹛︀︭﹞ ﹩﹠﹬︤﹎ در ﹝﹊︀ن
 ﹤﹆︴﹠﹞ ا﹡︐︟︀ب  آن  ︨﹢ی   ﹉﹬ داد﹋﹥  ا﹡︖︀م  ا︗︐﹞︀︻﹩  و 
 ︣﹫﹎  ﹜︪︚  ︩︝و ︝﹫︀ت  و   ﹩︺﹫︊︵ ﹨︀ی  ز﹬︧︐﹍︀ه   ︀︋ ای 
﹝︖︡د)  ا︨﹊︀ن  ︨︀زی  ا︨️(︝︡ا﹇﹏   ﹜﹋  ﹟﹫﹠﹋︀︨ و﹜﹩ 
﹨︀ی  ز﹬︧︐﹍︀ه   ︀︋  ️﹫︺﹝︗︣︎ ای   ﹤﹆︴﹠﹞ آن   ︣﹍﹬د و︨﹢ی 
︵︊﹫︺﹩ ا﹡︡ک ا︨️(︝︡ا﹇﹏ ︨︀زی ﹡︀︋﹢دی ز﹬︧︐﹍︀ه ﹨︀ی 
︵︊﹫︺﹩).︋︀ ﹋﹢︛︴︨ ﹟︐﹁︣﹎ ﹉︚ در︚︀﹬﹥ ی ︎︪️ ︨︡ ﹝﹩ 
︨︀زی  ︝︡ا﹇﹏  ﹨︣دو  ﹋︣دو︋﹥  ︋︣︵︣ف  را   ﹏︱︺﹞  ﹟﹬ا ︑﹢ان 

.️﹁︀﹬ ️︨ق د﹢﹁
 ﹟﹬︡﹠︚ و ر︑︊﹥ ︋﹠︡ی ︀﹨ ︬︠︀︫ ﹟﹬ا ﹟︐︟﹫﹞راه ︨﹢م درآ
 ︬︠︀︫  ﹤︋  ﹜﹨ ︋﹠︡ی  ر︑︊﹥   ﹟﹬ا︨️.ا آن  ︋︣ا︨︀س  ﹝﹊︀ن 
﹨︀ی ا﹡︐︟︀︋﹩ و وزن آن ﹨︀ در ︑︣﹋﹫︉ ︫︀︬︠ ﹨︀ ︋︧︐﹍﹩ 
دارد.ا﹬﹟ ︫﹫﹢ه ازا︜﹛ ﹟﹬︀ظ ﹇﹢ت ︚︪﹛ ﹎﹫︣ی دارد ﹋﹥ رده 
 ﹩﹞ د︨️   ﹤︋  ︬︟︪﹞ ﹨︀ی  ﹝﹊︀ن  ︋︣ای   ﹩﹧︋︀︪﹞ ︋﹠︡ی 

د﹨︡.﹝﹊︀﹡﹩ ﹋﹥ از ﹜︜︀ظ ز︜﹞ ️︧﹬﹫︴﹩ ︋︣ای ︨︀︠️ ︨︡ 
︗﹬︀﹍︀ه   ︀﹨  ︬︠︀︫  ﹟﹬︋︀︫︡در︋﹫︪︐︣ا «﹝︴﹙﹢ب»  ︋︤ر﹎﹩ 
 ️︝︀︧﹞  ﹩﹊︚﹢﹋ آورد(︫︀﹝﹏   ﹩﹞ د︨️   ﹤︋  ﹩︋﹢﹚︴﹞
﹥ ﹝﹍︀وات  ﹢دن ﹡︧︊️ ﹨﹊︐︀ر︋   ︋﹟﹫﹬︀︎،︡  ︨️︪ در︚︀﹬﹥ ی︎ 
︫︡ه  ا︫︽︀ل  ︵﹢ل   ﹩﹝﹋ و  آب  داری   ﹤﹍﹡ ﹝︡ت   ﹩﹨︀︑﹢﹋،
رود︠︀﹡﹥ ﹨︀ ︑﹢︨︳ در︚︀﹬﹥).در︝︀﹜﹩ ﹋﹥ ﹝﹊︀ن»﹡︀﹝︴﹙﹢ب» 
 ﹩﹞ د︨️   ﹤︋  ﹩︋﹢﹚︴﹞︀﹡ ︗﹬︀﹍︀ه   ︀﹨  ︬︠︀︫  ﹟﹫﹝﹨ از   ︤﹫﹡
 ﹐︀︋،︨︡  ️︪︎ ی   ﹤︚︀﹬در  ️︝︀︧﹞ ︋︤ر﹎﹩  آورد(︫︀﹝﹏ 
 ﹤﹍﹡ ︋﹢دن ﹝︡ت  ︋﹥ ﹝﹍︀وات ،︵﹢﹐﹡﹩  ︋﹢دن ﹡︧︊️ ﹨﹊︐︀ر 
داری آب و ز﹬︀دی ︵﹢ل ا︫︽︀ل ︫︡ه رود︠︀﹡﹥ ﹨︀ ︑﹢︨︳ 
 ️︨︣﹧﹁ ﹨︀ی   ︬︠︀︫  ﹤︋︀︪﹞  ﹩﹬︀﹨  ︬︠︀︫.(﹤︚︀﹬در
︫︡ه در︋︀﹐در ﹋︪﹢ر﹨︚ ﹩﹬︀﹢ن ﹋﹙﹞︊﹫︀ ︋︣ای ﹜︜︀ظ ﹋︣دن 
﹡﹍︣ا﹡﹩ ﹨︀ی ز︜﹞ ️︧﹬﹫︴﹩ در ︵︣ح ﹨︀ی ︑﹢︨︺﹥ ی ︋︣ق 

︋﹥ ﹋︀ر﹎︣﹁︐﹥ ︫︡ه ا﹡︡ .

﹋﹫﹠︐︣و  ︠﹢ان  و  ︨︫︣﹠︀س   ﹩︨︀﹠︫  ️︧﹬ز ﹜︡ک  ︗﹢رج 

و   ﹟﹫︑﹐ آ﹝﹬︣﹊︀ی   ︩︟︋ در   ️︧﹬ز  ︳﹫︜﹞ ار︫︡  ﹋︀ر︫﹠︀س 

 ︒︜︋ ﹝﹢رد   ︬︠︀︫   ١۵ ا︨️.   ﹩﹡︀﹧︗  ﹉﹡︀︋  ︉﹫﹬︀را﹋ در﹬︀ی 

درا﹬﹟ ﹝﹆︀﹜﹥ را ا﹬﹟ دو﹡﹀︣ ︫﹠﹬︀︨︀﹩ ﹋︣ده ا﹡︡.

د︋﹙﹫﹢،  ︨﹩،ان  دی  وا︫﹠﹍︐﹟  ﹝︐︜︡ه٢٠۴٣٣،  ﹡︪︀﹡﹩:ا﹬︀﹐ت 

 ﹉﹡︀︋ ︉﹫﹬︀ی ﹋︀را﹬︀ی ﹐︑﹫﹟ و در﹊﹬︣﹞آ ︩︟︋ ،١٨١٨H ︀︋︀ن﹫︠
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و﹜︤و﹝︀  ا︨️  ﹡﹢﹬︧﹠︡﹎︀ن  آن  از   ﹤﹛︀﹆﹞  ﹟﹬ا ﹨︀ی  د﹬︡﹎︀ه 
﹬︀﹋︪﹢ر﹨︀ی  آن  ی  ﹝﹬︡︣ه  ﹨﹫︀ت  و   ﹩﹡︀﹧︗  ﹉﹡︀︋ د﹬︡﹎︀ه 

ا﹬﹢﹡ ﹟﹬︧﹠︡﹎︀ن ﹡﹫︧️
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the kilometers of  required new or upgraded 
access roads passing through or near natural 
forests.

Using environmental indicators 
to compare sites

There are at least three ways to use the above 
indicators to help choose project sites from 
an environmental standpoint.
First, the indicators can be used to screen 
individual project proposals. Even before a 
site-specific environmental impart assess-
ment (EIA) is carried out, many prospective 
sponsors or financiers would want to assess in 
a quick, preliminary way -whether a potential 
site is likely to be environmentally problem-
atic. For example, comparing the project site 
with a map of  protected areas might show a 
significant overlap with a national park, in-
dicating a potential legal conflict or public 
controversy. A long water retention time (for 
example, exceeding six months) suggests the 
potential for serious water quality problems, 
especially if  the water carries pollutants from 
upstream towns, farms, or mines.
These indicators also can be used to identify 
areas that merit special attention in the future 
EIA report. For example, if  the project were 
to leave dry a long section of  river, the EIA 
report should examine the likely effects on 
aquatic life, riparian ecosystems, and down-
stream human uses, along with the recom-
mended minimum flow or other mitigation 
measures.
Second, a single indicator can be used to 
compare (by rating and/or ranking) multiple 
sites. Reservoir surface area is perhaps the 
single most powerful indicator in predicting 
the degree of  likely environmental damage, 
because this indicator is positively correlated 
with many others. A large reservoir area im-
plies loss of  much natural habitat and wildlife 
and/or displacement of  many people. Very 
large reservoirs typically are in the lowlands 
(often with tropical disease and aquatic weed 
problems) and usually impound larger rivers 

(with more fish and other aquatic species at 
risk).
A useful measure of  environmental costs 
relative to economic benefits is the ratio of  
inundated hectares per megawatt of  electric-
ity; it varies by four orders of  magnitude for 
the projects listed in Table 2. The global av-
erage for all large hydroelectric projects con-
structed to date (not just those in Table 2) 
is about 60 hectares per megawatt. It would 
be environmentally desirable to significantly 
reduce this average for future projects.
From a social standpoint, the number of  
people requiring resettlement is especially 
important. A significant tradeoff  between 
environmental and social ob jectives in site 
selection can emerge with choosing to inun-
date either relatively wild areas with signifi-
cant natural habitats but few people (thereby 
minimizing resettlement needs) or more 
densely settled areas with few or no natural 
habitats but many people (thereby minimiz-
ing natural habitat loss). This dilemma call be 
reduced by favoring projects with a small res-
ervoir surface area, which tends to minimize 
both resettlement needs and natural habitat 
losses.
Third, these indicators can be combined 
to rank multiple proposed new dam sites. 
This ranking will vary somewhat according 
to which indicators are used and how they 
are weighted. However, this methodology 
is remark- ably robust in that specific dam 
sites tend to get broadly similar ratings. An 
environmentally «good» large dam site will 
receive favorable ratings from most of  these 
indicators (including small reservoir surface 
area with low hectares per megawatt ratio, 
short water retention time, and short stretch 
of  river impounded), while a «bad» site will 
receive unfavorable ratings from the same in-
dicators (large flooded area with a high hec-
tares per megawatt ratio, long water retention 
time, and long stretch of  river impounded). 
Indicators similar to those listed above have 
been used in countries such as Colombia to 
incorporate environmental concerns within 

power expansion plans.3
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ا﹡︣ژی  ا︮﹙﹩  ی  ﹋﹠﹠︡ه   ︡﹫﹛﹢︑، ﹨﹫︡رو︑︀︨﹞︀﹡﹫︀   ️﹋︫︣
︑︀︨﹫︧︀ت  ︋︣دار٢٩  ا︨︐︣ا﹜﹫︀،﹧︋︣ه  ︑︀︨﹞︀﹡﹫︀ی  ا︨︐︀ن  در 
︋︣﹇︀︋﹩ ا︨️ ﹋﹥ دارای ︸︣﹁﹫️ ﹋﹏ ٢٣۶۵ ﹝﹍︀وات  و ︑﹢﹜﹫︡ 
 ﹤﹛﹢﹛۶٧.︡﹠︐︧﹨ ️︻︀ ﹫︩ از ١١٠٠٠﹎﹫﹍︀وات︨  ︨︀﹐﹡﹥ ی︋ 
از︗﹞﹙﹥  ﹡︀وه  و  ﹋︀﹡︀ل  و١٧٢﹋﹫﹙﹢﹝︐︣  و︻︀دی  ︎︣﹁︪︀ر  ی 
ا﹡︐﹆︀ل  ︑︀︨﹫︧︀ت   ﹟﹬ا  ﹤︋ را  آب   ﹤﹋  ︡﹠︐︧﹨  ﹩﹬︀﹨  ﹤﹡︀﹞︀︨
 ﹩﹬︀﹬︣︐﹋︀︋ ﹨︀ی  ر︨﹢ب   ︹﹝︖︑ د﹨﹠︡.در﹎︢ر︨︀﹜﹫︀ن   ﹩﹞

و﹝﹢اد﹜︤ج ا﹁️ ︚︪﹛ ﹎﹫︣ ︋︣ق را در︎﹩ دا︫︐﹥ ا︨️.
ی  دا﹝﹠﹥   ﹤︋  ﹤﹋ آن  ︋︣ای  ﹨﹫︡رو︑︀︨﹞︀﹡﹫︀   ️﹋︫︣
︨︀زی  ﹝︡ل   ٢٠٠۴ ︨︀ل   ﹤﹞ ﹝︀ه  در  ︋︊︣د   ﹩︎  ﹏﹊︪﹞  ﹟﹬ا
 ﹤︋ را  ا︮﹙﹩  ︎︣﹁︪︀ر  ی   ﹤﹛﹢﹛ ی   ﹤﹡︀﹞︀︨  ٩ ﹨﹫︡رو﹜﹫﹊﹩ 
﹋︣د   ︬︟︪﹞  ﹏﹫﹚︜︑  ﹟﹬︨︍︣د.ا  ︀﹫﹡︀﹝︨︀︑ دا﹡︪﹍︀ه 
 ﹤﹬︢︽︑ و︻︀دی  ︎︣﹁︪︀ر  ﹨︀ی   ﹤﹛﹢﹛  ︀︋  ﹤﹋  ﹩﹬︀﹨ درا﹬︧︐﹍︀ه 
 ﹩﹞  ︿﹚︑  ️︻︀︨ ﹎﹫﹍︀وات   ۴۶ از   ︩﹫︋  ﹩﹛︀︨︡﹡﹢︫  ﹩﹞
 ﹩﹞  ︤﹫﹡  ︀﹨ ﹡︀وه  و   ︀﹨ ﹋︀﹡︀ل  ︨︀زی  ︎︀ک   ︀︋ ︫﹢دودر︲﹞﹟ 

︑﹢ان ٢١ ﹎﹫﹍︀وات ︨︀︻️ د﹬﹍︣ را﹨﹛ ز﹡︡ه ﹋︣د.
﹨﹫︡رو︑︀︨﹞︀﹡﹫︀ ︋︣ا︨︀س ﹨﹞﹫﹟ ا︵﹑︻︀ت ︋﹢د در︨︀ل 
٢٠٠٣ ︋︣﹡︀﹝﹥ ی ︎︀ک ︨︀زی رو﹋︩ ﹨︀ی دا︠﹙﹩ ﹜﹢﹜﹥ ﹨︀ی 
︫﹢د   ﹩﹞  ﹩﹠﹫︋  ︩﹫︎ ﹋︣د﹋﹥  آ︾︀ز  را  ﹡﹫︣و﹎︀ه   ︡﹠︚ ︎︣﹁︪︀ر 
در︨︀ل ٢٠٠٨ ︋﹥ ﹬︀︎︀ن ︋︨︣︡.︋︣﹡︀﹝﹥ ی د﹬﹍︣ی در﹨﹞﹫﹟ 
ار︑︊︀ط ︋︣ای ︎︀ک ︨︀زی ︚﹠︡ ﹋︀﹡︀ل و ﹡︀وه ﹡﹫︤ و︗﹢د دارد.
﹡︐﹬︀︕ ا﹬﹟ آز﹝﹬︀︩ ﹨︀  ﹝﹩ ︑﹢ا﹡︡ ︫﹢ا﹨︡ی ︋︣ای ︎︪︐﹫︊︀﹡﹩ 
از ︎︣وژه ای و︨﹫︹ ︑︣ ︋︣ای ا︝﹫︀ی ︸︣﹁﹫️ ﹨︀ی ازد︨️ 

ر﹁︐﹥ ︋︀︫︡.

︎︥و﹨︩ در︋︀ره ی ﹝︖︀ری ا﹡︐﹆︀ل آب

︋︣﹡︀﹝﹥ ی ︎︥و﹨︪﹩ ︨︍︣ده ︫︡ه ︋﹥ دا﹡︪﹍︀ه ︑︀︨﹞︀﹡﹫︀ ︋︣ای 
︫﹠﹬︀︨︀﹩ ﹝﹢︲﹢ع و ر﹁︹ ﹝︺︱﹑ت ﹡︀︫﹩ از ﹋︀﹨︩ ︸︣﹁﹫️ 
﹨︀ی  ︋︀﹋︐︣ی  ر︫︡   ︣︵︀︠  ﹤︋ آب  ا﹡︐﹆︀ل  ﹝︖︀ری   ﹏﹝︝
︨︀زی   ﹤﹠﹫﹧︋  ﹩︎ در  ﹨﹫︡رو︑︀︨﹞︀﹡﹫︀  ︋﹢د.︫︣﹋️  دا︠﹙﹩ 
︀﹋︐︣ی ﹨︀  ︀زی ا︔︣ات ر︫︡︋  روال ﹨︀ی ﹡﹍﹥ داری،︝︡ا﹇﹏︨ 
و ا﹁︤ا﹬︩ ︋︀زده ا﹇︐︭︀دی ز﹬︨︣︀︠️ ﹝﹢︗﹢د ︋﹢د.︎︥و﹨︩ 
﹎︣ان ﹨﹫︡رو︑︀︨﹞︀﹡﹫︀ در ︨︀ل ١٩٨٠ ﹋︪︿ ﹋︣د﹡︡﹋﹥ ︎︀ک 
︋︣ا︔︣  ا﹁️ ﹁︪︀ر آب   ︣﹫﹎  ﹜︪︚ ای ﹤﹡﹢﹎  ﹤︋  ︀﹨ ﹤﹛﹢﹛ ︨︀زی 
ا︮︴﹊︀ک و ز︋︣ی د﹬﹢اره را ﹨﹛ در ﹜﹢﹜﹥ ﹨︀ی ﹁﹢﹐دی ﹨﹛ 

در﹜﹢﹜﹥ ﹨︀ی ︚﹢︋﹩ ﹋︀﹨︩ ﹝﹩ د﹨︡.
ارزش ︎︀ک ︨︀زی ﹝︣︑︉  ︋﹫︪︐︣ی در︋︀ره ی  ︋︣ر︨﹩ 
﹋︀﹡︀ل ﹨︀ و ﹡︀وه ﹨︀ در︨︀ل ١٩٩٧-١٩٩۶ ︮﹢رت ﹎︣﹁️ ﹋﹥ 
﹝﹬︤️ ا﹇︐︭︀دی ︚︪﹛ ﹎﹫︣ ا﹬﹟ ﹋︀ررا ﹡︪︀ن داد.ا﹬﹟ ︎︣وژه 
︀ ا︨︐﹀︀ده از ﹡︐﹬︀︕ آز﹝﹬︀︩ ﹨︀ی  ︥و﹨︪﹩ ﹡︪︀ن داد ﹋﹥︋  ی︎ 
 ﹤﹠﹬︤﹨ ︀︋ ︑﹢ان  ار︑﹆︀ ︨︀ل ٢٠٠٢ ﹝﹩  و  ︎︀ک ︨︀زی ١٩٩٨ 
﹥ د︨️ آورد﹋﹥   ︋﹩﹬︣د﹋︀را﹊﹧ ︣ای︋   ︋﹩﹬︀﹨ ️︮︣﹁ ای ا﹡︡ک

﹝﹬︤️ ا﹇︐︭︀دی ﹨﹛ دار﹡︡.

︨︀﹝︀﹡﹥ ی ﹜﹢﹜﹥ ﹨︀ی ︎︣﹁︪︀ر و︻︀دی

 ۴٩ و  ︋︤رگ  ﹁﹢﹐دی  ی   ﹤﹛﹢﹛  ١٨ دارای  ﹨﹫︡رو︑︀︨﹞︀﹡﹫︀ 
﹜﹢﹜﹥ ی ︎︣﹁︪︀ر ا︨️ ﹋﹥ ١١︑︀ ۶٧︨︀ل ︨﹟ دار﹡︡﹋﹥ ︫︀﹝﹏ 
﹜﹢﹜﹥ ﹨︀ی ︎︣﹁︪︀ر ﹁﹢﹜﹑دی دا﹋︐﹫﹏ و ،﹁︀ق ︑︣د،﹜﹢﹜﹥ ﹨︀ی 

 ︀﹬  ﹩﹠︐︋ ︝﹀︀ظ  دارای  ﹁﹢﹐دی  ﹨︀ی   ﹤﹛﹢﹛،﹢﹚﹎︣︐︫ و   ﹩﹠︐︋
﹇︣ار﹎︣﹁︐﹥ ز﹬︣︠︀ک  و ﹜﹢﹜﹥ ﹨︀ی ︚﹢︋﹩ ﹝﹩ ︫﹢د.

︀﹨ ︩﹛︀︚

 ︶﹁︀︜﹞ رو﹋︩  ا︨︐﹢اری  از  ﹁︪︀رز﹬︀د،︠﹢رد﹎﹩(︑︀︋︺﹩ 
︋﹫︣و﹡﹩ ودرو﹡﹩)،و︲︺﹫️ ز﹝﹫﹟ ︫﹠︀︠︐﹩ ︎﹩ و ز﹨﹊︪﹩ 
︎﹩ د︫﹞﹠︀ن ا︮﹙﹩ ﹜﹢﹜﹥ ﹨︀ی ︎︣﹁︪︀ر و ﹜﹢﹜﹥ ﹨︀ی ﹁﹢﹐دی 
ا︮﹙﹩  ﹝﹢︲﹢ع  دا︠﹙﹩  ﹨︀ی  رو﹋︩   ︳﹬︫︣ا ﹨︧︐﹠︡.ا﹜︊︐﹥ 
داده  ﹝﹆︀﹜﹥ ︫︣ح   ﹟﹬درا ﹤﹋ ︋﹢د  ︋︣﹡︀﹝﹥ ی ﹨﹫︡رو︑︀︨﹞︀﹡﹫︀ 
︫︡ه ا︨️.ا﹬﹟ ︫︣﹋️ ︵﹩ ︋︣ر︨﹩ ︗︡ا﹎︀﹡﹥ ای ︋﹥ رو﹋︩ 
﹨︀ی   ﹤﹛﹢﹛ و  ︎︣﹁︪︀ر  ﹨︀ی   ﹤﹛﹢﹛ در  ︋﹫︣و﹡﹩   ﹩︐︸︀﹀︝ ﹨︀ی 

﹁﹢﹐دی ︎︣دا︠️.
 ︀︋  ﹤﹚︋︀﹆﹞  ️︧︟﹡ ی   ﹤﹧︊︗در ی  درون  ﹨︀ی  رو﹋︩ 
 ﹤︋  ﹟﹬﹢﹡  ﹩︐︸︀﹀︝ ﹨︀ی  ﹇︣اردار﹡︡.︻﹞︣رو﹋︩  ︠﹢رد﹎﹩ 
و﹜﹩  ا︨️  ︨︀ل   ٣٠  ︀︑  ٢۵ از  ︫︡ه  و︑︱﹞﹫﹟  ︵﹢ر﹝︺﹞﹢ل 
﹨﹫︡رو︑︀︨﹞︀﹡﹫︀  دا︠﹙﹩   ﹩︐︸︀﹀︝ ﹨︀ی  رو﹋︩  ︻﹞︣ا﹋︓︣ 

︋﹫︩ از ٣٠ ︨︀ل ا︨️.
﹡︪︀ن  ﹨﹫︡رو︑︀︨﹞︀﹡﹫︀  ﹋︀ر﹋﹠︀ن   ︉︑︣﹞ ﹨︀ی  ︋︀زر︨﹩ 
داد﹋﹥ ︋︣ای رو﹋︩ ﹨︀ی ا︻﹞︀﹜﹩ ︋﹫﹟ ١٩٧٠ ︑︀ ١٩٩٠ ﹝﹩ 
﹨︀ی  رو﹋︩    ﹟﹬دا︫️.ا ا﹡︐︷︀ر   ﹤﹛︀︨  ۴٠ ︻﹞︣ی  ︑﹢ان 
در  ︗﹠﹢ب  ی   ﹤﹆︴﹠﹞ در   ﹩﹍﹠︨ ز︾︀ل  ﹇﹫︣ی  ا︎﹢﹋︧﹩ 
در︫﹞︀ل  ︋﹢د.ا﹝︀  ﹋︀رر﹁︐﹥   ﹤︋ ︎︣﹁︪︀ر  و  ︻︀دی  ی   ﹤﹛﹢﹛  ١٧
داو    ︤﹚﹬و رو﹋︩   ️﹋︫︣  ︳︨﹢︑  ﹤﹋  ︀﹨ رو﹋︩   ﹟﹬ا ︾︣ب  و 
ا﹡﹍﹙︧︐︀ن و ﹋﹢︎︣ز ا﹬︀﹐ت ﹝︐︜︡ه(︎﹫︐︧︊﹢رگ) ارا﹬﹥ ︫︡ه 
︋﹢د و در︎﹠︕ ا﹬︧︐﹍︀ه ︑﹢︨︳ ︎﹫﹞︀ن ﹋︀ران ا︻﹞︀ل ︫︡ه ︋﹢د 

﹋︀ر﹋︣د ︚﹠︡ان ︠﹢︋﹩ ﹡︡ا︫️.

︎︀ک ︨︀زی ﹝︖︀ری ا﹡︐﹆︀ل آب:
︑﹆﹢﹬️ ︑﹢﹜﹫︡ ︋︣ق در ﹨﹫︡رو︑︀︨﹞︀﹡﹫︀

﹡﹢﹬︧﹠︡ه : آ﹡︐﹢﹡﹩ ب. دن
در  ︋︣ق   ︡﹫﹛﹢︑  ︀︑  ︫︡  ︉︊︨ آب  ا﹡︐﹆︀ل  ﹝︖︀ری  دردا︠﹏  ﹝﹢اد﹜︤ج  و   ﹩﹬︀﹬︣︐﹋︀︋ ﹨︀ی  ر︨﹢ب  در﹎︢ر︨︀﹜﹫︀ن،︑︖﹞︹ 
٢٩︑︀︨﹫︧︀ت ︋︣﹇︀︋﹩ ︫︣﹋️ ︋︣ق ﹨﹫︡رو︑︀︨﹞︀﹡﹫︀ ا﹁️ ︚︪﹛ ﹎﹫︣ی ﹋﹠︡.ا﹬﹟ ︫︣﹋️ در ﹝﹫︀﹡﹥ ی راه ا︗︣ای ︋︣﹡︀﹝﹥ ی 

آز﹝﹬︀︩ و ︎︀ک ︨︀زی ا︨️ ﹋﹥ ﹝﹩ ︑﹢ا﹡︡ ︑﹢﹜﹫︡ ︋︣ق ا﹬﹟ ︑︀︨﹫︧︀ت را ︨︀﹜﹩ ۶٧﹎﹫﹍︀وات ︨︀︻️ ا﹁︤ا﹬︩ د﹨︡.

︻﹞﹙﹫︀ت ︨︀︠︐﹞︀﹡﹩
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Hydro Tasmania, the prin-
cipal energy producer for 
the province of  Tasma-
nia, Australia, operates 29 

hydroelectric facilities. These plants have 
a total capacity of  2,365 mw and annual 
production of  more than 11,000 gigawatt-
hours (GWH).Among the systems that 
convey water to these facilities are 67 pen-
stocks and pipelines, as well as 172 kilom-
eters of  canals and flumes. Over the years, 
the buildup of  bacterial deposits and slime 
has led to significant electricity losses.
To determine the extent of  the problem, 
in May 2000 Hydro Tasmania commis-
sioned the University of  Tas-mania to 
perform hydraulic modeling of  nine major 
penstock systems. This analysis identified 
energy losses of  more than 46 GWH an-
nually for stations supplied by penstocks 
and pipelines. In addition, investigators de-
ter-mined that a further 21 GWH could be 
gained from cleaning canals and flumes.
Based on this information, in 2003
Hydro Tasmania began a program to clean 
the internal coatings of  the penstocks serv-
ing several plants. The work is expected to 
be completed in 2008. A related program 

being undertaken involves cleaning several 
canals and flumes. The results of  these tri-
als should provide evidence to support a 
wider project to regain lost capacity.

Water conveyance research

The research program undertaken with the 
University of  Tasmania was designed to 
identify the issues and alleviate the prob-
lems resulting from the decreased carrying 
capacity of  water conveyances due to in-
ternal biological growths. Hydro Tasmania 
sought to optimize pipeline maintenance 
procedures, minimize the effects of  bio-
logical growths, and increase the economic 
return from existing infrastructure. Re-
searchers within Hydro Tasmania discov-
ered in 1980 that pipeline cleaning signifi-
cantly reduced both friction headloss and 
equivalent wall roughness for both steel 
and woodstave pipelines.
A further study of  the value of  regular ca-
nal and flume cleaning conducted in 1996-
1997 showed significant economic benefit 
of  this activity.
This research project identified opportuni-
ties (subject to business benefit)
to add performance improvement at incre-
mental cost by applying the results of  the 
1998 cleaning trials and the results of  the 
2002 upgrades.

Pipeline and penstock system

Hydro Tasmania has 18 major steel pipe-
lines and 49 penstocks that range from 11 
to 67 years old. These include notch brit-
tle and ductile steel penstocks, concrete 
pipes and siphons, steel pipes encased 
in concrete or buried underground, and 
woodstave pipelines.

Challentges

The arch enemies of  steel pipelines and 
penstocks are over pressure, corrosion 
(a function of  the external and internal 
protective coating integrity), founda-
tion geology, and foundation drainage. 
However, Hydro Tasmania’s main concern 
with the program described in this article 
was the condition of  the internal coatings. 
The utility addressed external protective 
coatings for steel pipelines and penstocks 
under a separate study.

Internal coatings are the first line of  
defense against corrosion. Typically, mod-
ern protective coatings have a warranty 
life of  25 to 30 years. However, most of  
Hydro Tasmania’s internal protective coat-
ings are more than 30 years old.

Regular inspections by Hydro Tasma-
nia personnel indicate a 40-year expected 
service life for the internal coatings 
applied between 1970 and 1990. These 
coal-tar epoxy coatings account for 17 
pipelines and penstocks in the southern 
region.

However, in the north and west, 
coal-tar enamel coatings supplied by 
Wailes Dove Coatings in the United 
Kingdom and Koppers in Pittsburg, Pa., 
United States, and applied by contractors 
at five stations have not fared so well. 

CleaningWater Conveyances:
Hydro Tasmania Boosts Power Production

By Anthony B. Denne
Over the years, the buildup of  bacterial deposits mid slime on the inside of  water, conveyances 
resulted in significant electricity losses at Hydro Tasmanias 29 hydroelectric facilities. The utility 
is ill the midst of  a testing and cleaning program that should yield all increase of  more tlhan67 
gigawatt-hours of  electricity production each year at existing facilities.

CIVIL  WORKS

Tony Denne is principal asset engineer civil, 
power schemes for Hydro Tasmania. He 
represents the power schemes division on the 
team implementing the testing and cleaning 
program described in this article.
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از   ️﹬︀﹧﹡ در  و  ﹨︀ ︠︣اب ︫︡  ا﹬︧︐﹍︀ه رو﹋︩  دو  در 
 ﹤﹛﹢﹛ ︡︝ ︀د از﹬ز ﹩﹬︡ی ﹡︀︫﹩ از آب زدا︝ ︀︑ ﹤﹋ ︀ر ا﹁︐︀د﹋
﹎﹫︣د.︋﹥   ﹩﹞ ︮﹢رت  ︵﹢ر﹝︣︑︉   ﹤︋  ﹤﹋ ︎︣﹁︪︀را︨️  ی 
︠﹢د  ﹬︢︎︣ی  ︫﹢د،ا﹡︺︴︀ف   ﹩﹞ ا﹋︧﹫︡  ﹜︺︀ب   ︉﹫︑︣︑  ﹟﹬ا
 ﹤﹛﹢﹛ آ︨﹞︀ن   ﹤︋ رو  ︑︀ج  در  و﹬︥ه   ﹤︋ د﹨︡و   ﹩﹞ ازد︨️  را 
 ﹤﹊︊︫ ﹩﹠︺﹬)︀ری ﹝﹩ ︫﹢د﹞ ︑︣ک ︠﹢رد﹎﹩ ︎﹢︨️  د︚︀ر 
ای ︑︣ک ︠﹢رد﹎﹩ ﹨︀ی ر﹬︤).و﹇︐﹩ ﹋﹥ ︑︣ک ︠﹢رد﹎﹩ ﹨︀ی 
︠﹢رد﹎﹩   ﹩︝ا﹢﹡ ﹝︐︣)در﹨﹞︀ن   ﹩﹚﹫﹞ ︎﹫︡ا﹋︣د(٣︑۵︀   ﹅﹝︻
.️︟﹬︣ور﹁  ﹤︐︨﹢︎  ﹤︐︨﹢︎ ︮﹢رت   ﹤︋ ورو﹋︩   ︫︡ ا﹬︖︀د 
︣﹁︪︀ر ﹡﹫︣و﹎︀ه ۵۴ ﹝﹍︀وا︑﹩ ﹜﹞﹢﹡︐﹫﹟  ﹬︡︡ه در ﹜﹢﹜﹥ ی︎   ︎﹟﹬ا
︑︣ک  و  ﹋︀ر﹋︣دن در︝︀ل رخ دادن ا︨️  از ٢۵ ︨︀ل   ︦︎
﹝﹍︀وا︑﹩   ٣١٢٫۶ ﹡﹫︣و﹎︀ه  در  ﹝︀ری   ️︨﹢︎ ﹨︀ی  ︠﹢رد﹎﹩ 

︎﹢︑﹫﹠︀ ︎︦ از ٣۴ ︨︀ل ﹋︀ر﹋︣دن در︝︀ل رخ دادن ا︨️.

︑﹢﹜﹫︡ ز﹬ ️︠﹢︨ ️︧﹬﹊﹩ از ﹝︺︱﹑ت ︋︤رگ رو﹋︩ 
﹨︀ی درو﹡﹩ ا︨️ ﹋﹥  ︋︀﹋︐︣ی ﹨︀ی ﹝﹠﹍﹠︤ و آ﹨﹟ آز ︗﹞﹙﹥ 
ی آن ﹨︀ ﹨︧︐﹠︡و ︲︟︀﹝️ آن ﹝﹩ ︑﹢ا﹡︡ ︋﹥ ۵︑︀ ١٠ ﹝﹫﹙﹩ 
﹝︐︣ و ﹎︀﹨﹩ ︑︀ ︚ ﹟﹫﹝﹨︀︑.︨︡︣︋ ︣︐﹞ ﹩﹚﹫﹞ ۵٠﹠︡ی ︎﹫︩ 
 ﹩﹊﹫﹡︀﹊﹞ ا﹁︤ار﹨︀ی  د︨️  آن  زدودن  ﹨︀ی  روش   ︀﹧﹠︑
﹬︀﹎︢را﹡︡ن «﹜﹢﹜﹥ ︎︀﹋﹟ ﹨︀ی» ︨﹞︊︀ده ز﹡﹩ از ﹜﹢﹜﹥ ﹨︀ ︋﹢د.
در﹨︣دوروش ﹬︀︋︡ ︋﹥ ﹝︡ت دو﹨﹀︐﹥ ︨︀﹝︀﹡﹥ را از﹝︡ار︠︀رج 
و  ﹋︣د  ︎︀ک  را   ︀﹨  ️︠﹢︨ ️︧﹬ز ︮﹢رت د︨︐﹩   ﹤︋ و  ﹋︣د 

زدود.
︎﹫︙﹫︡ه   ﹩︋﹢︚ ︀ی﹨ ﹤﹛﹢﹛ زدودن ز﹬︧️ ︨﹢︠️ در 
︫︡ه  ا︫︊︀ع  ︚﹢ب   ﹤﹋ را  ز﹝︀﹡﹩  ﹝︡ت   ︡﹬︀︋ ز﹬︣ا  ︑︣ا︨️ 
﹡﹫︧️ ︋﹥ ︝︡ا﹇﹏ ر︨︀﹡︡︑︀ ︋﹥ ﹨﹠﹍︀م آب زدا﹬﹩ ا﹡﹆︊︀ض و 
︋︡ون  ز﹬︀دی  ا﹎︣ ﹝︡ت   ﹩︋﹢︚ ︀ی﹨ ﹤﹛﹢﹛.︡﹨︡﹡ ﹡︪︐﹩ رخ 

آب ︋﹞︀﹡﹠︡﹁︣و﹝﹩ ︎︀︫﹠︡. 

﹡︐﹬︀︕ ︋︣ر︨﹩

دراوا︠︣ ︨︀ل ٢٠٠١ ︫︣﹋️ ﹨﹫︡رو ︑︀︨﹞︀﹡﹫︀ ﹝﹬︤️ ﹨︀ی 
﹨︀ی   ﹤﹛﹢﹛ و   ︀﹨  ﹤﹛﹢﹛ از   ️︠﹢︨  ️︧﹬ز زدودن   ﹩︊︧﹡
︎︣﹁︪︀ر را ︋︣ر︨﹩ ﹋︣د.در︗︡ول ١ ا﹡︣ژی ︋﹥ د︨️ آ﹝︡ه از 
︣﹁︪︀ر ا︮﹙﹩  ︀زی دا︠﹙﹩ ﹜﹢﹜﹥ ﹨︀ ︻︀دی و ﹜﹢﹜﹥ ﹨︀ی︎  ︎︀ک︨ 

︎﹫︩ ︋﹫﹠﹩ ︫︡ه ا︨️.
﹜﹢﹜﹥ ﹨︀ی ︎︣﹁︪︀ر ﹡﹫︣و﹎︀ه ︎﹢︑﹫﹠︀،﹡﹫︣و﹎︀ه ۴۶ ﹝﹍︀وا︑﹩ ﹁﹫︪︣ 
﹝﹍︀وات   ۴۶  ﹏﹋ از   ️︻︀︨ ﹎﹫﹍︀وات   ٣٢  ﹟﹫︐﹡﹢﹝﹛ ﹡﹫︣و﹎︀ه  و 
﹋︣دن   ︤﹫﹝︑  ︀︋  ﹩﹠︺﹬.داد ا︠︐︭︀ص  ︠﹢د   ﹤︋ را  ﹧︋︊﹢د   ️︻︀︨
ی  ﹧︋︣ه  در︮︡   ٧٠  ﹤︋ ︑﹢ان   ﹩﹞ ︎︣﹁︪︀ر  ی   ﹤﹛﹢﹛  ﹤︨  ﹟﹫﹝﹨
﹨︀ی-﹨︡﹋﹥  از﹡﹢ع   ︀﹨ ا﹬︧︐﹍︀ه   ﹟﹬ا ﹬︀﹁️.ز﹬︣ا  د︨️  ︋︀﹜﹆﹢ه 
︫﹢د.  ﹩﹞  ﹩﹡︀︊﹫︐︪︎ ﹇︴︣ز﹬︀د  دارای  ︎︣﹁︪︀ر  ی   ﹤﹛﹢﹛  ﹉﹬︀︋
︎﹢︑﹫﹠︀،٣٫٣در︮︡  ︋︣ای   ︡﹫﹛﹢︑ ١٫۵در︮︡  ﹝︺︀دل   ︤﹫﹡ ﹧︋︣ه 

︋︣ای ﹁﹫︪︣ و ١٫۴ در︮︡ ︋︣ای ﹜﹞﹢﹡︐﹫﹟ ا︨️.
 

آز﹝﹬︀︩ و﹬﹙﹞﹢ت

 ٢٠٠٣ ︨︀ل  در   ﹩︐︻︀︨ ١﹎﹫﹍︀وات  ﹧︋︊﹢د   ︡﹫﹬︀︑ ︋︣ای 
.️﹁︣﹎ ︮﹢رت  و﹬﹙﹞﹢ت  ٣٢﹝﹍︀وا︑﹩  ی  ︎︣وژه  در   ﹩︪﹬︀﹞آز
در︚︀ر︚﹢ب ارز﹬︀︋﹩ ︫︣ا﹬︳ ا﹬︧︐﹍︀ه،︋︣﹡︀﹝﹥ ر﹬︤ی ︫︡ ︑︀ ﹜﹢﹜﹥ 
︫﹢د. ٢﹝︐︣از﹝︡ار︠︀رج   ︣︴﹇ دارای  و  ۵٠٠﹝︐︣ی  ︎︣﹁︪︀ر  ی 
︎﹢︫︀﹡︡ه  ﹜︺︀ب  و   ﹌﹠︨ ﹇﹫︣ز︾︀ل   ︀︋ و﹬﹙﹞﹢ت  ︎︣﹁︪︀ر  ی   ﹤﹛﹢﹛
﹨﹫︡رو︑︀︨﹞︀﹡﹫︀  ﹋︀ر﹋﹠︀ن   ︭︣︐︟﹞ و﹝︪︀﹨︡ات  ا︨️  ︫︡ه 
در  دادن  رخ  ︝︀ل  در  ﹝︀ری   ️︨﹢︎ ﹨︀ی  ︑︣ک   ﹤﹋ داد  ﹡︪︀ن 
 ﹟﹬ا ی  ﹝︀﹡︡ه   ﹩﹇︀︋  ︣﹝︻  ️﹫︊︓︑ ا︨️.︋︣ای  رو﹋︩   ︛︴︨
رو﹋︩،﹝﹊︀ن،﹝︀﹨﹫️ و ︋︧︀﹝︡ ﹡﹆︀ط ︠﹢رد﹎﹩ ︋︣ر︨﹩ ︫︡ ︑︀ 

︎︀ک ︨︀زی آز﹝﹬︀︪﹩ ا﹡︖︀م ︫﹢د.
﹡︪︀ن  ﹋﹫﹙﹢﹝︐︣ی    ۴٫٣۴ ی   ﹤﹫﹚︟︑  ﹏﹡﹢︑ ﹨︀ی  ︋︀زر︨﹩ 
در   ﹤﹚︮︀﹁﹑︋  ︣︐﹞  ﹩﹚﹫﹞  ١٠  ️﹞︀︟︲  ﹤︋  ﹩﹬︀﹨ ر︨﹢ب  داد﹋﹥ 
ا︨️.﹝﹠︴﹆﹩   ﹤︐﹁︣﹎  ﹏﹊︫  ﹤︍︑ ﹡﹢ک  ︫﹫︣﹨︀ی  ︋︀﹐د︨️ 
︎︣﹁︪︀ر  ی   ﹤﹛﹢﹛ د︨️   ﹟﹫﹬︀︎ در  ︫﹢د   ﹩﹠﹫︋  ︩﹫︎  ﹤﹋ ︋﹢د 
﹝︜﹆﹆︀ن  ا︨️.︋︣ر︨﹩   ﹤︐﹁︣﹎  ﹏﹊︫  ﹩﹧︋︀︪﹞ ر︨﹢︋︀ت   ︤﹫﹡
 ︳︨﹢︑ ﹤﹬﹐ ﹟﹬دا﹡︪﹍︀ه ︑︀︨﹞︀﹡﹫︀ ﹡︪︀ن داد ﹋﹥ ﹋﹞︀︋﹫︩ ︑﹞︀م ا

︋︀﹋︐︣ی ﹨︀ی آ﹨﹟ و ﹝﹠﹍﹠︤ ا﹬︖︀د ︫︡ه ا︨️.

ا﹡︐︷︀ر   ﹅︋︀︴﹞ داد﹋﹥  ﹧︋︊﹢د   ️︻︀︨ وات   ︀﹍﹫﹎١ را   ︡﹫﹛﹢︑ و﹬﹙﹞﹢ت  ﹝﹍︀وا︑﹩   ٣٢ ﹡﹫︣و﹎︀ه  ︎︣﹁︪︀ردر  ی   ﹤﹛﹢﹛ ︨︀زی  ︎︀ک   ︩﹬︀﹞آز
﹨﹫︡رو︑︀︨﹞︀﹡﹫︀ ︋﹢د.︋﹠︀︋︣ا﹬︀︨ ﹟﹬︣ ﹜﹢﹜﹥ ﹨︀ی ︎︣﹁︪︀ر ﹡﹫︤ در︮︿ ︎︀ک ︨︀زی ﹝﹧︋︀︪﹩ ﹇︣ارداده ︫︡﹡︡.

ا﹬﹟ ﹋︀﹡︀ل ︎︀ک ﹋﹟ ﹋﹥ دارای ︗️ آب ﹝︖﹧︤ ︋﹥ ︋︀زو﹨︀ی ﹎︣دان ﹡︭︉ ︫︡ه در﹬︀﹇ ﹉﹬︉ ا︨️ دراوا﹬﹏ ︨︀ل ٢٠٠۵ در ﹋︀﹡︀ل آب ر︨︀﹡﹩ 
︋﹥ ﹡﹫︣و﹎︀ه ٩٣٫۶ ﹝﹍︀وا︑﹩ ︑︀را﹜﹫﹥ آز﹝﹬︀︩ ︫︡.﹨︣ ︎︀ک ︨︀زی ︋︀︻︒ ﹧︋︊﹢د ︗﹬︣︀ن ︋﹥ ﹝﹫︤ان ﹋﹫﹢﹝﹉ ︫︡.



43  HRW  /  Jully   2006

Two stations have experienced coating 
breakdowns and eventual failures, due in 
part to regular extended dewatering of  
the penstocks. This allowed the enamel 
to oxidize, lose its flexibility, and experi-
ence surface crazing (i.e., a network of  
fine cracks), particularly in the crown of  
the pipe facing the sun. Corrosion then 
occurred in the areas when the cracks 
extended fulldepth (3 to 5 millimeters), 
and the coating peeled away.This is oc-
curring in the penstock at the 54-MW 
Lemonthyne project after 28 years of  
service, and surface crazintr has com-
menced at 312.6-mw Poatina after 34 
years of  service.

A major problem with the internal coatings is 
biofouling, such as with iron and manganese 
bacteria. This can build up to 5 to 10 mil-
limeters thick and occasionally up to 50 mil-
limeters thick! Until recently, the only removal 
methods were hand-held mechanical means 
or the use of  scouring «pigs» forced through 
the pipes. Both methods required two-week 
out-of-service periods to set up equipment, 
manually clean, and dispose of  biofouling.
Removal of  biofouling in woodstave pipe-
lines is complicated by the need to minimize 
the time that the timber is not saturated, 
to avoid shrinkage and consequent leakage 
when rewatering. Woodstave pipelines have 
been known to collapse if  left dewatered too 

long. Hydro Tasmania has four woodstave 
pipelines.

Results of  the study

In late 2001, Hydro Tasmania undertook a 
study into the relative benefits of  removing 
biofouling from pipelines and penstocks. Ta-
ble 1 shows the predicted energy to be gained 
by internal cleaning of  its major pipelines and 
penstocks.

The penstocks serving Poatina, 46mw 
Fisher, and Lemonthyne account for 32 G 
W H of  the total 46 GWH Of improve-
ment .This means that 70 percent of  the 
potential gains can be obtained by cleaning 
only these three penstocks. This is because 
these are high-head stations served by single 
large-diameter penstocks. The gain equates 
to L5 percent of  production for Poatina, 
3.3 percent for Fisher, and 1.4 percent for 
Lemonthyne.

Wilmot trial

A trial was undertaken at the 32-mw Wilmot 
project in 2003 to verify the prediction of  a 
1GWH improvement. The 2-meter-diam-
eter, 500-meterlong penstock was scheduled 
to come out of  service as part of  a station 
condition assessment. Wilmot is a coal-tar 
enamel-lined penstock, and limited observa-
tions by Hydro Tasmania personnel revealed 
crazing occurring at the coating surface. Es-
tablishing the remaining life of  this coating by 
examining the location, nature, and frequency 
of  corrosion spots was used to support the 
case for trial cleaning.

Inspections of  the 4.34-kilometerlong 
headrace tunnel showed deposits of  up to 
10 millimeters thick on the steel transition 
immediately upstream of  the hilltop valve. It 
was reasonable to expect similar deposits on 
the penstock downstream. Examination by 
University of  Tasmania researchers showed 
that iron and manganese bacteria accounted 
for almost all of  this layer.

A cleaning trial of the penstock supplying the 32-mw Wilmot project improved produc-
tion by 1 gigawatt-hour. This improvement met Hydro TasmaniaÊs expectations, so other 
penstocks were scheduled for similar cleaning.

This canal scrubber, which consists of water jets on rotating arms mounted on a frame, 
was tested in early 2005 in the canal that supplies water to the 93.6-mw Tarraleah 
project. Each cleaning improved flow by 3 cumecs.
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 ﹟﹬︡و︑ ای   ﹤﹚︝︣﹞  ﹤︨  ﹩︪﹬︀﹞آز ﹨﹫︡رو︑︀︨﹞︀﹡﹫︀ 
را  ︎︣﹁︪︀ر  ی   ﹤﹛﹢﹛ ﹁︪︀ر   ︡﹬︀︋︡﹬︀︋  ١ ی   ﹤﹚︝︣﹞︣د.در﹋
 ︀︑  ﹟﹫︫︀﹞ ︋︀ر﹨︀ی  از  ای  ﹎︧︐︣ه  در  ︨︀زی  ︎︀ک  از   ﹏︊﹇
١٠٠در︮︡ و ︨︍︦ ︋︀ ︋︣﹎︪️ ︋﹥ ︮﹀︣ ا﹡︡ازه ﹎﹫︣ی ﹋︣د.
 ︤﹫﹝︑ ﹩﹡︀︠︣︚ ی ٢ ﹜﹢﹜﹥ ی ︎︣﹁︪︀ر ︋︀ آب ︎︀ش ﹤﹚︝︣﹞در
︀ک  ︦ از︎  ︣﹁︪︀ر︎  ﹢د.در﹝︝︣﹙﹥ ی ٣ ﹁︪︀ر ﹜﹢﹜﹥ ی︎   ︫﹩﹞
 ﹩﹞ ﹎﹫︣ی  ا﹡︡ازه   ﹩﹚︊﹇ ︋︀ر  ی  ﹎︧︐︣ه  در﹨﹞︀ن  و  ︨︀زی 

︫﹢دو︨︍︦ ا﹁︤ا﹬︩ ﹋︀را︜﹞ ﹩﹬︀︨︊﹥ ﹝﹩ ︫﹢د.
︋︣ای ︋﹥ د︨️ آوردن ﹁︪︀ر ﹜﹢﹜﹥ ی ︎︣﹁︪︀ر ،﹧︚︀ر 
ا﹡︪︺︀ب از ︗﹠︦ ﹁﹢﹐دز﹡﹌ ﹡︤ن ︑﹢︨︳ ︫︣﹋️ آ﹜︧︐﹢م 
﹨︣﹋︡ام   ﹤﹋︫︡  ﹤﹫︊︺︑ ︎︣﹁︪︀ر  ی   ﹤﹛﹢﹛  ﹟﹫﹬︀︎ و   ﹐︀︋ در 
ا﹡︡ازه ﹎﹫︣ی و ︔︊️  ︋﹥ ﹡﹆︴﹥ ی  ﹜﹢﹜﹥ ی ︝﹙﹆﹢ی   ︀︋ ︫︀ن 
﹎︣وه   ︳︨﹢︑  ﹤﹋ ︫﹢د   ﹩﹞ و︮﹏  ا﹜﹊︐︣و﹡﹫﹊﹩  ای   ﹋﹠﹠︡ه 
 ﹉﹬.️︨ا ︫︡ه   ︉︭﹡ ﹨﹫︡رو︑︀︨﹞︀﹡﹫︀  دا︠﹙﹩   ︩﹬︀﹞آز
︀︠️ دا﹡︪﹍︀ه ︑︀︨﹞︀﹡﹫︀ ﹡﹫︤ ︑﹢︨︳ آ﹜︧︐﹢م   ︨﹢︐﹫ ﹜﹢﹜﹥ ی︎ 
﹋﹠﹠︡ه   ️︊︔  ﹤︋ و   ︫︡  ︉︭﹡ ︎︣﹁︪︀ر  ی   ﹤﹛﹢﹛ ی   ﹤﹝﹫﹡︀︑
﹝︐︭﹏ ︫︡.︑﹞︀م ﹝﹊︀ن ﹨︀ ︋﹥ د﹇️ ︋︣ر︨﹩ ︫︡و ︑︀︫︺︀ع  

٣٠٠﹝﹫﹙﹩ ﹝︐︣ی ︑﹞︀م ا﹡︪︺︀ب ﹨︀ ︎︀ک ︨︀زی ︫︡.
︋︣ا︔︣︎︀ک ﹋︣دن ﹜﹢﹜﹥ ی ︎︣﹁︪︀ر ا﹁️ ﹁︪︀ر ﹡︀︫﹩ از ا︮︴﹊︀ک 
 ﹤︋ ︋︣ق   ︣﹍﹬د ٠٫۶﹝﹍︀وات  ﹬︀﹁️.در﹡︐﹫︖﹥   ︩﹨︀﹋  ︣︐﹞  ٠٫٨
د︨️ آ﹝︡﹋﹥ ︝︡ود ٢در︮︡ ︠︣و︗﹩ ﹡︀﹝﹩ ﹝︀︫﹫﹟ ﹁︣ا﹡︧﹫︦ 
١﹎﹫﹍︀وات   ️﹫﹁︣︸  ﹟﹬︋︣داری،ا ﹧︋︣ه  ︻︀دی  ا︨️.در﹁︭﹏ 

︨︀︻️ ︋︣ق ︑﹢﹜﹫︡ ﹝﹩ ﹋﹠︡.

︎︀ک ︨︀زی ﹬︀︨︣ ︎︣وژه ﹨︀

︡ ﹨﹫︡رو︑︀︨﹞︀﹡﹫︀    ︫︡﹫﹬︀︑ ت﹢﹝﹚﹬در و ﹤﹬︣︷﹡ ﹟﹬ا ﹤﹋ ﹟﹬از ا ︦︎
﹢︑﹫﹠︀،﹡﹫︣و﹎︀ه ٩٣٫۶ ﹝﹍︀وا︑﹩  ︀﹋︧︀زی را در ﹡﹫︣و﹎︀ه︎  ︋︣﹡︀﹝﹥ ی︎ 

﹝﹍︀وا︑﹩   ١٣٠٫۵ ﹡﹫︣و﹎︀ه  و  ︑︀را﹜﹫﹥ 
︑﹢﹡﹍︀︑﹫﹠︀ه ﹡﹫︤ ا︗︣ا ﹋︣د.

از   ︩﹫︋  ︀﹠﹫︑﹢︎ درا﹬︧︐﹍︀ه 
 ︡﹫﹛﹢︑ در︨︀ل   ️︻︀︨ ١٣٠٠﹎﹫﹍︀وات 
︫︡.﹋︀ر﹨︀ی ا︮﹙﹩ ︎︀ک ︨︀زی ︻︊︀رت 

︋﹢د از:
︵﹢ل   ﹤︋ ︎︣﹁︪︀ر  ی   ﹤﹛﹢﹛  ﹏﹡﹢︑   •

٠٫٩٧﹋﹫﹙﹢﹝︐︣ و ﹇︴︣ ٣ ﹝︐︣
•  ﹜﹢﹜﹥ ی ︎︣﹁︪︀ر ︨︴︜﹩ ︋﹥ ︵﹢ل 
١٫۵﹋﹫﹙﹢﹝︐︣ و ﹇︴︣ ٣﹝︐︣︑︀ ٢٫۶ ﹝︐︣ و دو 

در﹬︙﹥ ی ︑﹞﹫︤﹋︀ری

•  ﹝︜﹢ر ︻﹞﹢دی ︋﹥ ︵﹢ل ١١٠ ﹝︐︣ و ﹇︴︣ ٢٫۶ ﹝︐︣
•  ﹝﹆︧﹛ و ︫︩ ﹨﹢ا﹋︩ ︋﹥ ︵﹢ل ٧۵﹝︐︣ ﹋﹥ دارای ﹇︴︣ 
٢٫۶ ﹝︐︣ ﹨︧︐﹠︡ا﹝︀ در﹨︣ وا︝︡ ﹇︴︫︣︀ن ︋﹥ ١٫٢ ﹝︐︣ ﹋︀﹨︩ 
در  ︑﹞﹫︤﹋︀ری  ی   ﹤︙﹬در  ﹉﹬  ﹅﹬︣︵ از  ﹬︀︋︡.د︨︐︨︣﹩   ﹩﹞

ا﹬︧︐﹍︀ه ز﹬︣ ز﹝﹫﹠﹩ ا﹡︖︀م ﹝﹩ ︫﹢د.
 ︦﹊﹛︀﹋ د︨︐︨︣﹩،︫︣﹋️   ️﹬︡ود︜﹞  ︣︋  ﹤︊﹚︾ ︋︣ای 
ا︋︐﹊︀ری  رو︫﹩  و﹬﹙︤،ا︨︐︣ا﹜﹫︀،  ،﹡﹫﹢︨︀وت   ️﹡﹢﹞︣﹬︀︎ در 
ا︑︭︀ل و ︗︡ا︨︀زی ︠︳ آب ر︨︀ن ۵٠٠ ﹝︐︣ی و ﹋︀︋﹏  ︋︣ای 
ی   ﹤︙﹬در دو   ﹅﹬︣︵ از  ︚︣︠︀ن  ︎︀ش  آب   ﹤︋  ﹏︭︐﹞︣︋﹐︀︋
 ﹏﹠︨︣︎  ﹤﹋ ﹡︊﹢د  ﹡﹫︀زی   ︉﹫︑︣︑  ﹟﹬ا ﹋︣د.︋﹥  ︑﹞﹫︤﹋︀ری،ا︋︡اع 

وارد ﹜﹢﹜﹥ ی ︎︣﹁︪︀ر︫﹢﹡︡.
︑﹙﹢﹬︤﹬﹢ن  دور︋﹫﹟  از  ا︨︐﹀︀ده   ﹜﹨  ︣﹍﹬د ﹡﹢آوری   ﹉﹬

 ﹩﹞ ﹋﹠︐︣ل  دور  راه  از   ﹤﹋ ای(CCTV)︋﹢د  ﹝︡ار︋︧︐﹥ 
 ︀︑︫︡  ﹩﹞ ︋︣داری  ﹧︋︣ه  و   ﹤﹬ارا  ︦﹊﹛︀﹋ ︫︡و︑﹢︨︳ 
 ﹤︪﹆﹡ و  ︫﹢د   ️︊︔ ︨︀زی  ︎︀ک  از   ︦︎ رو﹋︩   ︳﹬︫︣ا
︑﹧﹫﹥ ︫﹢د.︋︀ا︨︐﹀︀ده   ︣︐︪﹫︋  ﹤︗﹢︑ ی ﹝﹠︀︵﹅ ﹝︜︐︀ج 
CCTV︎︨︣﹠﹙﹩ ﹋﹥ ︋﹥ ︵﹢ر ︨﹠︐﹩ ارز﹬︀︋﹩ ︫︣ا﹬︳ را  از 
ا﹡︖︀م ﹝﹩ داد﹡︡ در ﹝︺︣ض ︠︴︣ ﹋﹛ ︑︣ی ﹇︣اردار﹡︡.
︋︐﹢ان   ︀︑ د﹨︡   ﹩﹞ ا﹝﹊︀ن  ︋︀دی   ︡﹠︋ روزن  از  ا︨︐﹀︀ده 
︑﹞﹫︤﹋︀ری و ︻﹞﹙﹫︀ت CCTV در﹋﹠︀ر ﹨﹛ ︮﹢رت ︋﹍﹫︣د 

︋﹩ آن ﹋﹥ ا﹁︪︀﹡﹥ ی آب ︋︣ ﹋︀ر CCTVا︔︣ ︋﹍︢ارد.
 ٢٠٠۴ ︨︀ل  دراوا︠︣  ︎︣﹁︪︀ر  ی   ﹤﹛﹢﹛ ︎︀﹋︧︀زی 
 ️︟︨ ﹩﹍﹠︨ ︣د ﹋﹥ رو﹋︩ ﹜︺︀︋﹩ ﹇﹫︣ ز︾︀ل﹋ ︬︟︪﹞
︑︣ از آ﹡﹩ ا︨️ ﹋﹥ ︎﹫︩ ︋﹫﹠﹩ ﹝﹩ ︫︡ .در﹡︐﹫︖﹥ ﹁﹆︳ 
٢﹝﹍︀وات ﹧︋︊﹢د ︝︀︮﹏ ︫︡ ﹡﹥ ١٩ ﹝﹍︀وات ︎﹫︩ ︋﹫﹠﹩ 
 ﹩﹚﹫︭﹀︑ ا︵﹑︻︀ت  از  ﹨﹫︡ور︑︀︨﹞︀﹡﹫︀  .ا﹜︊︐﹥  ︫︡ه 
 ︀︑ ﹋︣د  ︠﹢ا﹨︡  ︫︡ه،ا︨︐﹀︀ده  ﹎︣دآوری   ﹤﹋   ︳﹬︫︣ا

︑︺﹢﹬︰ رو﹋︩ ﹝︜︀﹁︶ دا︠﹙﹩ را ︑﹢︗﹫﹥ ﹋﹠︡. 
 ️︻︀︨ ﹎﹫﹍︀وات   ۶٢  ﹩﹛︀︨ ︑︀را﹜﹫﹥  ا﹬︧︐﹍︀ه 
﹋﹥ در︨︀ل ١٩٣۴  آن  ای  رو︑︍﹥  ﹋﹠︡.﹜﹢﹜﹥ ﹨︀ی   ﹩﹞ ︡﹫﹛﹢︑
︨︀︠︐﹥ ︫︡ه ا︨️ ٢١٧٠ ﹝︐︣ ︵﹢ل و ٢٫۶﹝︐︣ ﹇︴︣ دارد.
آ︨︐︣ ر﹡﹌ ا︎﹢﹋︧﹩ ﹇﹫︣ز︾︀ل ︨﹠﹍﹩ در ︨︀ل ١٩٧۴ ا︻﹞︀ل 
﹫﹠﹩ ﹨﹫︡رو︑︀︨﹞︀﹡﹫︀  ﹢︋﹩ دارد.︎﹫︩︋   ︠︳﹬︣ا ︫︡ و ﹨﹠﹢ز︫ 
︝︭﹢ل ︋﹥ ﹧︋︊﹢دی ﹡︤د﹬﹉ ︋﹥ ٢﹎﹫﹍︀وات ︨︀︻️ ︋﹢د.︎︀ک 
 ﹤︋ ﹉﹬دی ﹡︤د﹢︊﹧︋ ︨︀ل ٢٠٠۵ ا﹡︖︀م ︫︡و ﹏﹬︨︀زی در اوا

۴ ﹎﹫﹍︀وات ︨︀︻️ ︋﹥ د︨️ آ﹝︡!
﹜﹢﹜﹥ ی ︎︣﹁︪︀ر ︑﹢﹡﹍︀︑﹫﹠︀ه در ︨︀ل ١٩۵٣ ︨︀︠︐﹥ ︫︡ 
و﹬﹊﹩ از ︎﹠︕ ﹜﹢﹜﹥ ی ︎︣﹁︪︀ری ا︨️ ﹋﹥ ︋﹥ ﹨﹬︣﹉ از ︎﹠︕ 
 ︡﹫﹛﹢︑  ️︻︀︨ ﹎﹫﹍︀وات   ۵٩  ﹩﹛︀︨  ﹤﹋ ٢٧﹝﹍︀وا︑﹩   ﹟﹫︫︀﹞
﹝﹩ ﹋﹠﹠︡ آب ﹝﹩ ر︨︀﹡︡.︵﹢ل ا﹬﹟ ﹜﹢﹜﹥ ی ︎︣﹁︪︀ر ٩٠٠﹝︐︣ 
ا︨️.رو﹋︩   ︣︐﹞١٫٨ آن   ︣︴﹇ و 
ا︎﹢﹋︧﹩ ︾﹫︣ ز︾︀ل ︨﹠﹍﹩ دا︠﹙﹩ در 
آن   ︳﹬︫︣ا.︫︡ ا︻﹞︀ل   ١٩٧١ ︨︀ل 
و   ️︧﹫﹡ ︫︡ه   ﹤︐︠︀﹠︫ ︑︝︀︡ز﹬︀دی 
 ﹤︙﹬در ﹅﹬︣︵ از ﹩﹬︀﹨ ﹩︨︋︀زر ︳﹆﹁
ی ︑﹞﹫︤﹋︀ری ︮﹢رت ﹎︣﹁︐﹥ ا︨️ ﹋﹥ 

﹡︪︀ن داد﹡︡ و︲︺﹫️ ︠﹢︋﹩ دارد.
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Hydro Tasmania devised a threestage 
testing program. Stage 1 consisted of  
measuring pre-clean penstock pressure 
over a range of  machine loads up to 100 
percent and back to zero. Stage 2 involved 
cleaning the penstock using a rotary water 
blaster. Stage 3 consisted of  measuring 
post-clean penstock pressure over the 
same range of  loads, then calculating 
performance improvement.

To obtain penstock pressure, four 
stainless steel tapping points were in-
stalled by Alstom Power at the top and 
bottom of  the penstock, each connected 
by a ring pipe to a single measuring point 
and electronic recorder installed by Hydro 
Tasmania’s in-house testing team. A pitot 
tube array manufactured by the Univer-
sity of  Tasmania was installed by Alstom 
Power about halfway down the penstock 
and connected to a recorder. All locations 
were accurately surveyed and cleaned 
internally about 300 millimeters around 
each of  the tappings.

The penstock cleaning resulted in a 
0.8-meter reduction in head loss due to 
friction. This translated to an extra 0.6

mw of  available power, or about 2 
percent of  the Francis machine’s rated 
output. Over a normal operating season, 
this capacity produces 1 GWH.

Cleaning, at other projects

After validating the theory 
at Wilmot, Hydro Tasmania 
undertook cleaning programs 
at Poatina, 93.6-mw Tarraleah, 
and 130.5-mw Tungatinah.

The Poatina station pro-
duces more than 1,300 GWH 
a year. The headworks consists 
of:

•  0.97-kilometer-long, 
3-meter-diameter penstock 
tunnel;

• 1.5-kilometer-long 

surface penstock with a diameter of  3 
meters to 2.6 meters and two manholes 
for access;

•  110-meter-long by 2.6-meter-diam-
eter vertical shaft; and

• Distributor and six 75-meterlong 
offtakes that are 2.6 meters in diameter 
but reduce to 12 meters in diameter at 
each of  the units, accessed through a sin-
gle manhole in the underground station.

To overcome the limited access, Collex 
in Pyrmont, New South Wales, Australia, 
devised an innovative technique to couple 
and uncouple the 500- meter-long water 
supply line and hoist cable attached to 

the rotary water blaster from the two 
manholes. This eliminated the need for 
personnel to enter the penstock.

A further innovation is the use of  a 
remotely operated closed circuit television 
(CCTV) camera supplied and operated by 
Collex to capture the coating condition 
after cleaning and map areas requiring fur-
ther attention. CCTV use greatly reduces 
the risk to personnel, who traditionally 
have carried out this condition assessment 
work. Use of  an inflatable plug allows 
cleaning and CCTV work to be carried 
out on ad- joining sections without water 
spray affecting the camera work.

The penstock cleaning in late 2004 
revealed a rougher than expected coal- tar 
enamel coating. As a result, only a modest 
2 mw improvement was realized, rather 
than the 19 mw expected. However, Hy-
dro Tasmania will use the detailed condi-
tion information gathered to support the 
case for replacing the internal protective 
coating.

The Tarraleah station produces 62 
GWH each year. Its hilltop pipeline, 
constructed in 1934, is 2,170 meters long 
and 2.6 meters in diameter. The coal tar 
epoxy paint lining was applied in 1974 and 
is still in good condition. Hydro Tasma-
nia expected about a 2 GWH gain. The 
cleaning was carried out in early 2005, and 
an improvement of  almost 4 GWH was 
achieved!

Tungatinah penstock was 
constructed in 1953 and is one 
of  five penstocks supplying 
water to each of  five 27-mw 
machines producing 59 GWH 
annually. The penstock is 900 
meters long and varies in diam-
eter from 2.3 meters to 1.8 me-
ters. The internal coaltar epoxy 
coating was applied in 1971. Its 
condition is largely unknown 
beyond inspections at man-
holes, which show a sound 
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︋︀ ا﹡︖︀م ︎︀ک ︨︀زی ﹋﹥ در اوا﹬﹏ ٢٠٠۵ ︮﹢رت ﹎︣﹁️ 
﹧︋︊﹢دی ﹝︺︀دل ١ ﹎﹫﹍︀وات ︨︀︻️ ︋﹥ د︨️ آ﹝︡.ا︨︐﹀︀ده 

از ﹬︀︑︤﹫﹡CCTV﹫︡ ﹋︣د رو﹋︩ در ﹋﹏ و︲︺﹫️ ︠﹢︋﹩ دارد.

︋︣﹡︀﹝﹥ ر﹬︤ی ﹋︀ر﹨︀ی آ﹬﹠︡ه

 ﹤︋ ︫﹢ا﹨︡  ﹇︡ر  آن  ︫︡ه   ﹏﹫﹝﹊︑ ﹨︀ی  ︎︣وژه   ︕﹬︀︐﹡
 ︀﹨ ﹩︪﹋ ﹤﹛﹢﹛ از ︎︀ک ︨︀زی ﹝︣︑︉   ️﹬︣﹬︡﹞ ﹤﹋د︨️ داد
 ﹩﹡︀︊﹫︐︪︎ ا︨️   ︡﹫﹀﹞  ﹤﹋ در﹝﹢اردی  ︎︣﹁︪︀ر  ﹨︀ی   ﹤﹛﹢﹛ و 

﹋﹠︡و︋︣﹡︀﹝﹥ ی ︎︀ک ︨︀زی در︨︀ل ٢٠٠۶ ︑︡وام دارد.
ا﹬﹟ ︎︀ک ︨︀زی ﹡︪︀ن ﹝﹩ د﹨︡﹋﹥ ﹝﹩ ︑﹢ان ︋﹥ ﹧︋︊﹢د 
 ︦︎ ﹬︀﹁️.﹨﹫︡رو︑︀︨﹞︀﹡﹫︀  د︨️  در︮︡   ٣  ︀︑ ︻﹞﹙﹊︣دی 
 ︩︖﹠︨︀︋  ﹤﹋ ا︨️   ﹤︐﹁︀﹬ ︚﹠︡آز﹝﹬︀︩،ا︵﹞﹫﹠︀ن  از 
︻﹞﹙﹊︣درو︋﹥ ا﹁﹢ل ﹝﹩ ︑﹢ان ︋︧︀﹝︡ ﹐زم ︋︣ای ︎︀ک ︨︀زی 

﹝︖︡د ﹜﹢﹜﹥ ﹋︪﹩ ﹨︀ و ﹜﹢﹜﹥ ی ︎︣﹁︪︀ر را ︑︺﹫﹫﹟ ﹋︣د.
 ︀﹫﹡︀﹝︨︀︑ دا﹡︪﹍︀ه  و  ﹨﹫︡رو︑︀︨﹞︀﹡﹫︀  ﹨﹞﹊︀ری   ︀︋
﹨︀ی  رو﹋︩  ا︮︴﹊︀ک  ﹝﹫︤ان   ︩﹬︀﹞آز ︋︣ای  آ︋﹩   ﹏﹡﹢︑،
﹝︟﹞ ︶﹁︀︜︐﹙︿ و︑︺﹫﹫﹟ ﹝﹫︤ان ز﹬︧️ ︨﹢︠️ آب ﹝﹠︊︹ 
︋︣ای   ﹤﹋  ︡﹠﹋  ﹩﹞  ︬︟︪﹞ ﹋︀ر   ﹟﹬ا  ︕﹬︀︐﹡.︫︡  ﹤︐︠︀︨
 ﹟﹬︣︐﹧︋،︪︀ر﹁︣︎ ﹜﹢﹜﹥ ی  و   ︀﹨ ﹩︪﹋ ﹤﹛﹢﹛ ︋︀ز︨︀زی دا︠﹙﹩ 

رو﹋︩ ﹋︡ام ا︨️.

﹋︀﹡︀ل ﹨︀ و ﹡︀وه ﹨︀

﹨﹫︡رو︑︀︨﹞︀﹡﹫︀ دارای ١٧٢﹋﹫﹙﹢﹝︐︣ ﹋︀﹡︀ل و﹡︀وه ﹡﹫︤ ﹨︧️ 
﹋﹥ ︨﹟ ︫︀ن ︋﹫﹟ ١۶︑٨٨︀︨︀ل ا︨️.

︀﹨ ︩﹛︀︚

︨︀︠︐︀ری  ا﹁﹢ل   ︣︖﹠﹞  ︤﹬ر ﹨︀ی  ︋︐﹟،︠﹢رد﹎﹩  زد﹎﹩   ︞﹬
آ︨︐︣  دارای  ﹨︀ی   ︩︟︋ ︨﹢︠️،︠﹢رد﹎﹩   ️︧﹬ز،﹟︐︋
﹎﹙﹩ و ︨﹠﹍﹩،﹜︽︤ش ز﹝﹫﹟،ر﹬︤ش ︨﹠﹌ و﹋﹠︐︣ل ﹁︱︀ی 

︨︊︤ از ︗﹞﹙﹥ ﹝﹯︀︧﹏ ﹋︀﹡︀ل ﹨︀ و﹡︀وه ﹨︀ ا︨️.
و   ︀﹨ ﹋︀﹡︀ل  از  ︋︧﹫︀ری  ا﹬﹠︡ه  ︨︀ل  ده   ﹩︵ ﹇︣ارا︨️ 
︀ز︨︀زی  ﹢د.︋﹥ ﹨﹠﹍︀م ︑︀﹝﹫﹟ ﹨﹬︤﹠﹥ ی︋  ︀ز︨︀ززی︫  ﹡︀وه ﹨︀︋ 
﹁﹢ق  ﹝﹢︲﹢︻︀ت   ﹤︋ ︎︣دا︠︐﹟  ︻﹞﹙﹊︣د،﹁︣︮️   ️﹬﹢﹆︑ و 

و︗﹢د دارد.(︗︡ول ٢)

﹟﹬︧︀زی در ︑︀را﹜﹫﹥،﹜﹫︀و﹋︀︎

ا︨️   ١ ︫﹞︀ره  ︑︀را﹜﹫﹥  در   ﹩﹝﹬دا  ﹏︱︺﹞  ️︠﹢︨  ️︧﹬ز
و ۶  ︋︀ آ︨︐︣︋︐﹠﹩  ای  ﹋︀﹡︀ل ذوز﹡﹆﹥   ︣︐﹞﹢﹚﹫﹋ ﹋﹥ دارای ١۴ 
﹋︀﹡︀ل ︎︀ک  از   ﹏︧﹡ ﹟﹬︡﹠︚ ﹩︵.️︨ا ﹩﹠︐︋ ﹡︀وه   ︣︐﹞﹢﹚﹫﹋
 ﹟﹋ ︎︀ک  .﹋︀﹡︀ل  ا︨️  ︫︡ه  ا︨︐﹀︀ده   ﹩﹀﹚︐︟﹞ ﹨︀ی   ﹟﹋
 ︩﹬︀﹞وآز  ︡﹫﹛﹢︑  ٢٠٠۵ ︨︀ل   ﹏﹬اوا در   ︦﹊﹛︀﹋ را   ﹩﹡﹢﹠﹋
﹋︣ده ا︨️ ﹋﹥ از ︚﹠︡ آب ︗️ ︋︀ ︋︀زو﹨︀ی ︚︣︠︀ن ︑︪﹊﹫﹏ 
︫︡ه ا︨️ ﹋﹥ روی ﹇︀︋﹩ ﹡︭︉ ︫︡ه ا﹡︡.︋︀ ﹨︣︎︀ک ︨︀زی 
 ﹤︋  ﹤﹋︡﹠﹋  ﹩﹞ ︎﹫︡ا  ﹧︋︊﹢د   ﹉﹞﹢﹫﹋٣ ﹝﹫︤ان   ﹤︋ ︗﹬︣︀ن   ︤﹫﹡
︵﹢ر ﹝﹫︀﹡﹍﹫﹟ ︨︀﹜﹩ ٢١﹎﹫﹍︀وات ︨︀︻️ ﹧︋︣ه ی ا﹡︣ژی ︋﹥ 

د︨️ ﹝﹩ د﹨︡.
︫︡ه   ﹤︐︠︀︨  ١٩۴٣ در︨︀ل  ︑︀را﹜﹫﹥   ٢ ︫﹞︀ره  ﹋︀﹡︀ل 
︣ای ﹋︀ر﹋︣دن دو ﹝︀︫﹫﹟ ﹁︣ا﹨﹛ ﹝﹩ ﹋﹠︡. ا︨️ و آب ﹋︀﹁﹩︋ 
 ﹤﹛﹢﹛ ︩︟︋ن وارو﹡﹥ ی ﹝︖︣ای ا﹡︐﹆︀ل آب ﹡﹫︤ از دو﹢﹀﹫︨
 ︬︟︪﹞  ٢٠٠۴ ا︨️.در︨︀ل  ︫︡ه   ﹏﹫﹊︪︑  ﹩︋﹢︚  ﹩︪﹋
 ️︠﹢︨  ️︧﹬ز د︚︀ر  ︫︡ت   ﹤︋  ︀﹨ ︨﹫﹀﹢ن   ﹟﹬ا  ﹤﹋  ︫︡
 ︦﹊﹛︀﹋ ︚︣︠︀ن  ︎︀ش  آب   ︀︋ ︨︀زی  ︎︀ک  ا﹡︡.ا﹡︖︀م  ︫︡ه 
،︸︣﹁﹫️ را ︋﹥ ا﹡︡ازه ی ١﹋﹫﹢﹝﹉ ا︝﹫︀ ﹋︣د و ﹧︋︣ه ای ︋﹥ 

﹝﹫︤ان ٨﹎﹫﹍︀وات ︨︀︻️ ︋﹥ د︨️ داد.
 ︞﹬ ︋︣ا︔︣  ﹋︀ر  ︨︀ل   ٧٠ از   ︦︎  ︤﹫﹡  ﹟﹬︀و﹫﹛ ی  ﹡︀وه 
زد﹎﹩،ا﹁﹢ل ︋︐﹟ و ا﹬︖︀د ز﹬︧️ ︨﹢︠️ و︲︺﹫️ ︾﹫︣﹇︀︋﹏ 
﹇︊﹢﹜﹩ ︎﹫︡ا ﹋︣ده ︋﹢د.︵﹩ ﹬﹉ ︋︀ز︨︀زی ﹋﹥ در︨︀ل ٢٠٠٠ 
ر﹡﹌  از   ️﹁︣﹎  ﹜﹫﹝︭︑ ر︨﹫︡﹨﹫︡رو︑︀︨﹞︀﹡﹫︀   ︉﹬﹢︭︑  ﹤︋
︨︴﹢ح  در   ﹩︪﹬︀﹞آز ︵﹢ر   ﹤︋  ﹩﹝﹬﹑﹞ ﹋︀ری  ︎︣دا︠️ 
 ﹟﹬ا ︋︣ا︔︣   ﹩﹬︀را﹋  ︩﹬ا﹁︤ا ﹝﹫︤ان   ︀︑︡﹠﹋ ا︨︐﹀︀ده  دا︠﹙﹩ 
از  ﹁︣ا︑︣   ﹩﹬︀را﹋  ︩﹬د.ا﹁︤ا﹢︫  ︬︟︪﹞  ﹤﹠﹬︤﹨  ︩﹬ا﹁︤ا

ا﹡︐︷︀ر ︋﹢د و ﹡︐﹬︀︕ ز﹬︣ را ︋﹥ ︋︀ر آورد:
﹉﹞﹢﹫﹋١٩ ﹟﹬︀ن ﹋︀﹡︀ل ︋﹥ ﹝﹫︤ان آ︾︀ز﹬︣︗ ️︪﹎︋︀ز  •

•  ︋︀ز﹬︀︋﹩ ︠︀﹜︬ ا﹡︣ژی ︋﹥ ﹝﹫︤ان ١٠﹎﹫﹍︀وات ︨︀︻️ 
در ︨︀ل

•  ا﹁︤ا﹬︩ ︸︣﹁﹫️ ﹡︀وه ︋﹥ ﹝﹫︤ان ۵٨ در︮︡ ﹡︧︊️ ︋﹥ 
︵︣ح او﹜﹫﹥

︋︣﹡︀﹝﹥ ر﹬︤ی ﹋︀ر﹨︀ی آ﹬﹠︡ه
︠︣و︗﹩   ️﹬︡و︜﹞  ︒︻︀︋  ﹉﹬ ی  ︫﹞︀ره  ︑︀را﹜﹫﹥   ️﹫﹁︣︸
 ︩︟︋ آ﹬﹠︡ه  ︨︀ل  ده   ﹩︵ و﹇︣ارا︨️  ا︨️  ا﹬︧︐﹍︀ه 
و  ﹋︀﹡︀ل   ﹏﹋ آ﹝﹫︤ی  ︫﹢د.ر﹡﹌  ار︑﹆︀ءداده  ﹡︀وه  از   ﹩﹬︀﹨

را   ﹩﹬︀را﹋  ️﹁︣﹎ ︮﹢رت   ﹟﹬︀و﹫﹛ در   ﹤︚ آن  ﹡︀وه،﹨﹞︀﹡﹠︡ 
آ︨︐︣︋﹠︡ی  د﹨︡.در︲﹞﹟   ﹩﹞ ﹧︋︊﹢د   ️︻︀︨ ۵٩﹎﹫﹍︀وات 
﹡︀وه ی ︑︀را﹜﹫﹥ ︫﹞︀ره ٢ ﹡﹫︤  ﹝︖︡د ور﹡﹌ آ﹝﹫︤ی ﹋︀﹡︀ل و 

۶﹎﹫﹍︀وات ︨︀︻️ د﹧︋ ︣﹍﹬︊﹢د ا﹬︖︀د ﹝﹩ ﹋﹠︡.
 ︫︡  ️︋︀︔  ١ ︫﹞︀ره  ︑︀را﹜﹫﹥   ︉︑︣﹞ ︨︀زی  ︎︀ک   ︀︋
داری   ﹤﹍﹡ ︻﹞﹙﹫︀ت   ﹟﹬︣︑  ﹤﹁︣︮  ﹤︋ ﹝﹆︣ون  ﹋︀ر   ﹟﹬ا  ﹤﹋
 ️︠﹢︨  ️︧﹬ز د︚︀ر   ﹤﹋ ا︨️  آ︋﹩  ا﹡︐﹆︀ل  ﹝︖︀ری  ︋︣ای 
 ﹩﹛︀︻  ﹩︖﹬︀︐﹡  ︤﹫﹡ ︚︣︠︀ن  ︎︀ش  آب  از  ﹨︧︐﹠︡.ا︨︐﹀︀ده 
︋﹥ د︨️ ﹝﹩ د﹨︡و﹡︧﹏ آ﹬﹠︡ه ی ︻﹞﹙﹫︀ت ︎︀ک ︨︀زی ︋﹥ 
ر﹡﹌  از  آ﹬︡.ا︨︐﹀︀ده   ﹩﹞ ︫﹞︀ر   ﹤︋ ︋︀زده   ︩﹬ا﹁︤ا ﹝﹠︷﹢ر 
 ︣﹫﹎  ﹜︪︚ ﹧︋︊﹢د   ︒︻︀︋  ︤﹫﹡ دا︠﹙﹩   ﹜﹬﹑﹞ ︎︣دا︠︐﹊︀ری 

﹋︀را﹬﹩ ﹝﹩ ︫﹢د.
︋﹥ ﹋﹞﹉ ﹡︐﹬︀︕ آز﹝﹬︀︩ رو﹋︩ ﹨︀ی ﹝︟︐﹙︿ ︑﹢﹡﹏ آب 
﹝﹩ ︑﹢ان رو﹋︩ ﹨﹬︀﹩ ا﹡︐︟︀ب ﹋︣د ﹋﹥ دوام و ﹋︀را﹬﹩ ﹋︀﹡︀ل 

﹨︀ و ﹡︀وه ﹨︀ را ا﹁︤ا﹬︩ ﹝﹩ د﹨﹠︡.

 آ﹡︐﹢﹡﹩  دن،﹝﹧﹠︡س ار︫︡ ︑︀︨﹫︧︀ت و ︵︣ح ﹨︀ی ︨︀︠︐﹞︀﹡﹩ 

و ︋︣ق ︫︣﹋️ ﹨﹫︡رو︑︀︨﹞︀﹡﹫︀.﹡﹞﹬︀﹠︡ه ﹇︧﹞️ ︵︣ح ﹨︀ی ︋︣ق 

 ﹟﹬درا  ﹤﹋ ︨︀زی  ︎︀ک  و   ︩﹬︀﹞آز ی   ﹤﹞︀﹡︣︋ ﹝︖︣ی  ﹎︣وه  در 

﹝﹆︀﹜﹥ ︫︣ح داده ︫︡ه ا︨️.

ا﹜﹫︤ا︋️  ٧٠٠۵،︑︀︨﹞︀﹡﹫︀،﹨﹢︋︀رت،︠﹫︀︋︀ن  ﹡︪︀﹡﹩:ا︨︐︣ا﹜﹫︀ 

 ﹩﹡︀︪﹡،۶٢٧١۶٣-٢٢٠(۶١) ﹨﹫︡رو︑︀︨﹞︀﹡﹫︀،︑﹙﹀﹟:   ️﹋︫︣،۴

tony.denne@hydro.com.au :﹩﹊﹫﹡ا﹜﹊︐︣و ️︧︎

﹡︀وه ی ﹜﹫︀و﹬﹟ ︎︦ از ٧٠ ︨︀ل ﹋︀ر﹋︣دن و︲︺﹫️ ︠﹢︋﹩ ﹡︡ا︫️ ︎︦ از ︑﹊﹞﹫﹏ ︋︀ز︨︀زی و ︑﹞﹫︤﹋︀ری در اوا﹬﹏ ︨︀ل ٢٠٠٤ ︑﹢﹜﹫︡ ︋︣ق ﹨﹫︡رو︑︀︨﹞︀﹡﹫︀ ︨︀﹜﹩ ١٠﹎﹫﹍︀وات 
.️﹁︀﹬ ︩﹬ا﹁︤ا ️︻︀︨
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After 70 years of service, the Liawenee flume was in an 
unacceptable state (left). After refurbishment and cleaning

were completed in early 2004 (right), Hydro Tasmania im-
proved electricity production by 10 gigawatt-hours a year.

coating. Cleaning in early 2005 produced a gain 
of  I GWH, and use of  the CCTV confirmed the 
over-all sound condition of  the coating.

Future work planed

The results from the completed projects provided 
enough evidence for management to support 
the regular cleaning of  pipelines and penstocks 
where there isa demonstrated benefit. A program 
of  pipeline and penstock cleaning is ongoing  in 
2006.

The pipeline and penstock cleaning show that 
performance improvements up to 3 percent can 
be achieved. After several trials, Hydro Tasma-
nia is confident that, by measuring deteriorat-
ing performance, the utility can determine the 
frequencies needed for re-cleaning the penstocks 
and pipelines.

Collaboration between Hydro Tasmania and 
the University of  Tasmania resulted in construc-
tion of  a water tunnel to test the friction values of  
different protective coatings and determine bio-
fouling rates of  source waters. The results of  this 
work will determine the best coatings for internal 
refurbishment for pipelines and penstocks.

Canals and flumes

Hydro Tasmania also has 172 kilometers of  canals 
and flumes, ranging in age from 16 to 88 years.

Challenges

Problems associated with canals and flumes 
include freeze-thaw attack on concrete, erosion of  
fines leading to structural degradation of  the con-
crete, biofouling, erosion of  rock- and claylined 

sections, landslips and rockfalls, and vegetation 
control.

Many of  the canals and flumes are scheduled 
for refurbishment in the next ten years. Oppor-
tunities exist to address the above issues while 
underwriting the cost of  the refurbishment by 
enhancing performance. (See Table 2.)

Cleaning at Tarraleah, Liawenee 

Biofouling is a constant problem at Tarraleah 
No.1, which consists of  14 kilometers of  trap-
ezoidal concretelined canal and 6 kilometers 
of  concrete flunle. Several generations of  canal 
scrubbers have been developed. The current 
scrubber, developed by Collex and tested in early 
2005, consists of  water jets on rotating arms 
mounted on a frame. Each cleaning improves 
flow by 3 cumecs, which results in an average an-
nual energy gain of  21 GWH.

Tarraleah No. 2 canal, constructed in 1943, 
provides enough water to run up to two ma-
chines. Two sections of  woodstave pipelines make 
up the inverted siphons of  the water conveyance. 
These siphons were found to be badly biofouled 
in 2004. Cleaning using Collex’s rotary water 
blaster restored capacity by 1 cumec, providing a 
gain of  8 GWH.

After 70 years, Liawenee flume was reduced 
to an unacceptable state by frost attack, concrete 
degradation, and biofouling. During a refurbish-
ment approved in 2000, Hydro Tasmania decided 
to trial a smooth finish paint to internal surfaces 
to determine the performance increase for this 
incremental cost. The performance seen exceeded 
expectations, resulting in:

•  Canal flow restored to original design flow 
of  19 cumecs;

•  Net energy recovered of  10 GWH annu-
ally; and

•  Flume capacity increased 58 percent over 
the original design.

Future work planned

The capacity of  Tarraleah No. l is the constraint 
on station output. Sections of  flume are sched-
uled for upgrades over the next ten years. Painting 
the entire canal and flume, like at Liawenee, would 
improve performance by 59

GWH. In addition, relining and painting the 
Tarraleah No. 2 flume and canal will deliver an 
extra 6 GWH.

Regular scrubbing of  Tarraleah No. 1 proves 
that this is the most cost-effective maintenance 
activity on water conveyances that suffer from 
biofouling. Use of  the rotary water blaster delivers 
superior results and should be considered as the 
next generation of  cleaning to improve efficiency. 
The addition of  internal smooth finish coat-ings 
results in significant performance improvement.

Results from water tunnel testing of  differ-
ent coatings will allow the selection of  coatings 
that provide both durability and performance 
improvement for canals and flumes.

Mr. Denne may be reached at Hydro Tas-
mania, 4 Elizabeth Street, Hobart,
Tasmania 7005 Australia; (61) 
362716220; E-mail: tony.denne@hydro.

com.au.
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﹬︀ددا︫️ ﹨︀ی ﹁﹠︀وری

﹡︭︉ ﹡﹫︣و﹎︀ه ﹝﹢︗﹩ درا︨︐︣ا﹜﹫︀

و﹜️   ﹢﹚﹫﹋۵٠٠  ️﹫﹁︣︸  ︀︋ ﹝﹢ج  ا﹡︣ژی  ﹝︊︡ل  ی  ا﹁︤اره   ﹉﹬
درآب ﹨︀ی ا﹇﹫︀﹡﹢س در ﹡︤د﹬﹊﹩ ︎﹢رت ﹋﹞︊﹑ در ا︨︐︣ا﹜﹫︀ در 
 ﹩﹛︀︨  ﹜﹋ د︨️  ︫﹢د   ﹩﹞  ﹩﹠﹫︋  ︩﹫︎  ﹤﹋ ا︨️   ︉︭﹡ د︨️ 
︋︣ق   ﹟﹫﹞︀︑ ︋︣ای   ﹤﹋  ︡﹠﹋  ︡﹫﹛﹢︑ ︋︣ق   ️︻︀︨ ۵٠٠﹝﹍︀وات 

۵٠٠︠︀﹡﹥ ﹋︀﹁﹩ ا︨️.
︣﹋️ ا﹡︣ژی ︑﹉ ا︨︐︣ا﹜﹫︀، ﹝︧︐﹆︣   ︫︡︝وا ﹟﹬︨︀ز﹡︡﹎︀ن ا
 ︣﹧︫︣در﹆︐︧﹞ «﹩﹠﹋ ﹩  ︎﹩︗» ️﹋︣ در﹧︫︣ ر﹡︡و﹬﹉ ا︨︐︣ا﹜﹫︀ و︫ 
︣ای ﹝︐﹞︣﹋︨︤︀زی ا﹡︣ژی ا﹝﹢اج در  ︎︣ت ا︨︐︣ا﹜﹫︀ ا︨️ ودرآن︋ 
﹢د.︋︀﹐  ﹧﹞﹢ی ا︨︐﹀︀ده ﹝﹩︫  ا︑︀﹇﹉ ﹡﹢︨︀ن آ︋﹩ از د﹬﹢اره ی︨ 
︨︣︣︻︐﹩ را از︑﹢ر︋﹫﹠﹩ ﹝﹩  ﹬︀﹫﹟ ر﹁︐﹟ ا﹝﹢اج ،︗﹬︣︀ن ﹨﹢ای︎  و︎ 
︣ق ︑﹢﹜﹫︡  ﹥ ︝︣﹋️ در ﹝﹩ آورد و︋  ﹎︢را﹡︡﹋﹥ ژ﹡︣ا︑﹢ری ا﹜﹆﹬︀﹩ را︋ 

﹢د.  ︫﹩﹞
︵﹢ل ا﹬﹟ ا﹁︤اره ٣۶ ﹝︐︣،﹧︎﹠︀ی آن ٣۵﹝︐︣ و︋﹙﹠︡ی آن ١٢ 
﹝︐︣ا︨️ و ۴٨۵ ︑﹟ وزن دارد.ا﹬﹟ ا﹁︤اره در ٢٠٠﹝︐︣ی ﹝﹢ج 

.︡ ﹢ا﹨︫︡  ﹢رت ﹋﹞︊﹑ ﹡︭︉︠  ﹠︡ر︎   ︋﹟﹊︫
︀ را﹬︀﹡﹥ ای از دورد︨️ ا﹡︖︀م ﹝﹩   ︋︤﹫﹡ ﹤﹡︀﹞︀  ︨﹟﹬︣ل ا︐﹠﹋
﹢رت ﹎﹫︣د.︵︊﹅ ︑﹢ا﹁﹆﹩   ︮﹤﹠﹫﹧ ﹢رت︋   ︮﹤ ︫﹢د ︑︀ ︑﹢﹜﹫︡ ا﹡︣ژی︋ 
﹋﹥ ︮﹢رت ﹎︣﹁︐﹥ ا︨️ ﹋﹏ ︋︣ق ︑﹢﹜﹫︡ی در ا﹬﹟ ︎︣وژه ︑﹢︨︳ 
 ﹩﹚︋︀﹋ ︫﹢دو︋︀   ﹩﹞ ﹬︣︠︡اری   ﹩﹡︡﹫︨ ا﹡︣ژی  ا﹡︐﹍︣ال   ️﹋︫︣

.︡︋︀﹬ ﹩﹞ ا﹡︐﹆︀ل ﹩﹚︜﹞ ︣ق ︊﹊﹥ ی︋   ︫﹤ ١١﹋﹫﹙﹢و﹜︐﹩︋ 
︣ای ارز﹬︀︗ ﹩︋︀﹬﹍︀ه   ︋٢٠٠۵ ﹟﹯ا﹡︣︗︐﹉ ﹡﹫︤ در ژو ️﹋︫︣
 ︡︝ا﹡︖︀م دادو﹡︐﹫︖﹥ ﹎︣﹁️ ﹋﹥ وا ﹩﹬︀﹨ ︩﹬︀﹞آز ︡︝وا ﹟﹬︀ر ا﹧﹞
 ﹩︑︀︝﹑︮︀زی ﹁﹠︀وری ا  ︨﹤﹠﹫﹧ ︣ای︋  ﹠︡را﹡︐﹆︀ل ﹬︀︋︡و︋   ︋﹤  ︋︡﹬︀︋
 ︡︝وا ﹩﹝﹯دارد︎﹫︩ از ﹡︭︉ دا ︭︡﹇ ️﹋︫︣ ﹟﹬ا﹡︖︀م ︫﹢د.ا

﹢رت ﹝﹢﹇︐﹩ راه ا﹡︡ازی ﹋﹠︡.  ︮﹤ ︚﹠︡︋︀رد﹬﹍︣ ﹨﹛ آن را︋ 
د﹐را︨︐︣ا﹜﹫︀(۵٫٣  ︝︡ود ۶﹝﹫﹙﹫﹢ن   ︡︝وا  ﹟﹬ا ی   ﹤﹠﹬︤﹨

﹝﹫﹙﹫﹢ن د﹐ر آ﹝﹬︣﹊︀) ا︨️.

﹩︐﹬︀زه ﹨︀ی ﹨︡ا  ︨﹉﹝﹋ ﹤ ﹋︀﹨︩ ر︨﹢ب︋ 

ر︨﹢︋﹩ ﹋﹥ وارد ﹬︀︎﹫﹟ د︨️ ︎︣وژه ﹨︀ی ︋︣﹇︀︋﹩ رود︠︀﹡﹥ ای 
﹝﹩ ︫﹢د﹝︺︱﹑ت ︚︪﹛ ﹎﹫︣ی ﹬︡︎︡ ﹝﹩ آورد﹋﹥ ﹋︀﹨︩ ﹁︪︀ر 
︣ق از ︗﹞﹙﹥ ی آن ﹨︀ ا︨️.دا﹡︩ ﹝﹠︡ان  ︣ای ︑﹢﹜﹫︡︋  ﹝﹢رد ﹡﹫︀ز︋ 
دا﹡︪﹍︀ه ﹁﹠﹩ ﹎︣ا︑︤ درا︑﹬︩︣ ︋︣ای ﹝﹧︀ر ا﹬﹟ ﹝︺︱﹏ ︋︀﹜﹆﹢ه ︋﹥ 

︀زه ﹨︀ی ﹨︡ا﹬︐﹩ د︨️ زده ا﹡︡.  ︨️︠︀︨
 ﹤﹋ ︡﹠︐︧﹨ ﹩﹬︀﹨ ﹤﹚﹊︨درا︮﹏ ا ﹩︐﹬︨︀زه ﹨︀ی ﹨︡ا ﹟﹬ا
︫︣ا﹬︣︗ ︳﹬︀ن آب ︻︊﹢ری از ︑﹢ر︋﹫﹟ را از آب ︨︣ر﹬︤︗︡ا﹝﹩ 
﹋﹠﹠︡.﹨︡ف ازا﹬﹟ ﹋︀ر ︗﹙﹢﹎﹫︣ی از ا﹬︖︀د ﹡﹢ا︝﹩ ا﹬︧︐︀ و ﹎︣دا︋﹥ 

.︡﹠︫︀ ﹨︀ی ﹋﹠︡ ا︨️ ﹋﹥ ﹝﹩ ︑﹢ا﹡﹠︡ ﹝︜﹏ ا﹬︖︀د ر︨﹢ب︋ 
︣ای ﹡﹫︣و﹎︀﹨﹩   ︋﹩︐﹬︀زه ﹨︀ی ﹨︡ا  ︨️︠︀ ︣ای︨  ﹝︜﹆﹆︀ن︋ 
︀︠️ ا︨️(﹡﹫︣و﹎︀ه ۵﹝﹍︀وا︑﹩  آ︋﹩ ﹋﹥ در︝︀ل ︝︀︲︣ درد︨️︨ 
 ﹏︨﹢︐﹞ ﹩︪﹬︀﹞روت دررود︠︀﹡﹥ ی ︨︀﹐ک) ︋﹥ ﹝︡ل ﹨︀ی آز
︫︡﹡︡.آز﹝﹬︀︩ ﹨︀ در︨︀ل ٢٠٠٢ آ︾︀ز ︫︡ و در︨︀ل ٢٠٠۴ ︋﹥ 
﹬︀︎︀ن ر︨﹫︡.در﹡︐﹫︖﹥ ﹝︜﹆﹆︀ن ︨︀︠️ ا︨﹊﹙﹥ ای را ︎﹫︪﹠﹧︀د 
﹥ ﹝︟︤ن  ﹋︣د﹡︡ ﹋﹥ ﹡﹫︣و﹎︀ه دووا︝︡ی وا﹇︹ در︨﹞️ ︚︌ را از︨ 
﹝︡ل  ﹨︀ی   ︩﹬︀﹞︡ا﹋﹠︡.آز︗ را︨️  در︨﹞️  ︋﹠︡رود︠︀﹡﹥ 
 ﹤︙﹬در ﹩﹯︤︗ ﹟︐︧ ︨︀زی ﹡︪︀ن داد ﹋﹥ ا﹬﹟ ︵︣ح در﹋﹠︀ر ︵︣ح︋ 
﹨︀ ︋﹥ ﹝﹠︷﹢ر ︛︴︨ ︶﹀︝ آب ︎︪️ ︨︡ در ︑︣از ︋︀﹐،ازا﹬︖︀د 

ر︨﹢ب در ﹝︟︤ن ︻﹆︊﹩ ︗﹙﹢﹎﹫︣ی ﹝﹩ ﹋﹠︡.
︫︣﹋️ ︨︀﹜︤︋﹢رگ ،﹝︀﹜﹉ ا﹬﹟ ︎︣وژه،︨︀زه ی ﹨︡ا﹬︐﹩ را 
 ﹏﹬︧︀ت ﹡︭︉ ﹋︣د و︨︀︠️ و︨︀ز در اوا﹫︨︀︑ ️︠︀ ︋﹥ ﹨﹠﹍︀م︨ 

.︡  ︫﹏﹫﹝﹊︑ ٢٠٠۵
﹝︜﹆﹆︀ن در︨︀ل ٢٠٠٣ از ﹝︡ل ﹨︀ی آز﹝﹬︀︪﹩ در ﹝﹢رد 
︨︀﹜︤اک  ی  دررود︠︀﹡﹥   ️﹬و  ️﹠︨ ﹝﹍︀وا︑﹩   ١۶٫۵ ا﹬︧︐﹍︀ه 
 ︩﹬︀﹞ا︨︐﹀︀ده ﹋︣د﹡︡.آن ﹨︀ دو ︵︣ح را آز ︤﹫﹡ ︩﹬︣︑در آ﹜︌ ا
 ﹟﹫︐︧︟﹡ ار ︗︡ا︨︀ز ﹡﹫︣و﹎︀ه و﹢﹬ل د﹢︵ ︩﹬ا﹁︤ا ﹏﹞︀ ﹋︣د﹡︡﹋﹥︫ 
﹝︟︤ن ︨︣ر﹬︤ در ا﹡︐﹧︀ی ﹝︟︤ن ︻﹆︊﹩ ︋﹢د.در︵︣ح ﹡︟︧️ از 
︗︡ا︨︀ز  ︋﹢د.درد﹬﹢ار  ︫︡ه  ا︨︐﹀︀ده   ﹤︚︍︀ر﹊﹬ د﹬﹢ار︗︡ا︨︀ز 
﹙﹠︡ی   ︋﹤﹋ ︡ ﹬︀﹫﹠﹩ ا︨︐﹀︀ده︫  ﹬︀﹥ در﹡﹫﹞﹥ ی︎   ︎﹉﹬ ︣ح دوم از︵
 ﹩﹞ ︡﹬︡︎ ﹩﹬︀﹨د﹢︊﹧︋ ار را ١٫٧ ﹝︐︣ ﹋︀﹨︩ داد.﹨︣دو ︵︣ح﹢﹬د
︡﹡︡ ﹋﹥ ﹎﹬︤﹠﹥ ی ﹡︟︧️ در ﹋︀﹨︩  آورد﹡︡ا﹝︀ ﹝︜﹆﹆︀ن ﹝︐﹢︗﹥︫ 

﹬︀﹫﹟ د︨️ ﹋︀ر︨︀ز︑︣ ا︨️. ︻﹞﹅ ر︨﹢ب در︎ 
︣وژه ﹨︧️   ︎﹟﹬ا ﹉﹛︀﹞ ﹤﹋ ︩﹬︣︑︣ق آ︋﹩ ور︋﹢﹡︡ ا  ︋️﹋︫︣
﹡﹊︣ده   ︉︭﹡  ️﹬و  ️﹠︨ در  را   ﹩︐﹬︡ا﹨ ی  ︨︀زه   ﹟﹬ا ﹨﹠﹢ز 

ا︨️.

 ︤﹬︣﹋︀︠در ﹅﹫﹆︜︑ روش ﹟﹬︣︐﹧︋، ﹩﹊﹬︣︐﹊﹛ا﹢﹯ه ﹨︀ی ژ﹢﹫︫
︨︡

روش ﹨︀ی ژ﹯﹢ا﹜﹊︐﹬︣︐﹧︋ ﹩﹊﹬︣﹟ روش ︋︣ای ارز﹬︨︣ ﹩︋︀﹬︹ و 
﹥ ︑﹑ش   ︋︡﹬︀ ︀﹋﹬︣︤﹨︀ ا︨️ .در︲﹞﹟︋   ︠️︜  ︮️﹝︝︤ا﹞ ︋︡ون
﹎﹫︣ی   ﹏﹊︫  ﹤︋ ﹝︣︋﹢ط  ﹨︀ی  داده   ﹏﹫﹚︜︑ و  ﹎︣دآوری  ︋︣ای 
﹧︐︣ ﹝﹩ ︑﹢ان ا︔︣ات ︻﹢ا﹝﹏   ︋︉﹫︑︣︑ ﹟﹬︀ف ﹨︀ ادا﹝﹥ داد.︋﹥ ا﹊︫

﹊︀ف ﹨︀ را ︑︺﹫﹫﹟ ﹋︣د. ﹊﹏ ﹎﹫︣ی︫   ︫︣  ︋︿﹚︐︟﹞
ا﹬﹟ دو ﹬︀﹁︐﹥ ی ﹋﹙﹫︡ی ︎︣وژه ی ︎︥و﹨︪﹩ ︨﹥ ︨︀﹜﹥ ای 
︻︡م  و   ︡﹬︫︡ ︗﹬︣︀ن  ﹁︣آ﹬﹠︡﹨︀ی  ی  در︋︀ره   ﹅﹫﹆︜︑» ﹡︀م   ﹤︋
 ١٠ از   ️﹋︫︣  ١١ ︎︣وژه   ﹟﹬د.درا﹢︋(IMPACT)«︀﹨  ️﹫︺︴﹇
﹋︪﹢ر︗﹧︀ن ﹨﹞﹊︀ری ﹋︣د﹡︡ :ا﹡﹍﹙︧︐︀ن،آ﹜﹞﹙﹟ ،︋﹙﹬︥﹉،﹁︣ا﹡︦
ه،ا﹬︐︀﹜﹫︀،ا︨︍︀﹡﹫︀،﹡︣وژ،︎︣︑︽︀ل،︗﹞﹧﹢ری ︚﹉ و ﹝︖︀ر︨︐︀ن.
﹨﹞︀﹨﹠﹍﹩ ︎︣وژه ﹡﹫︤ ︋﹥ ︻﹧︡ه ی ︫︣﹋️ «اچ آر وا﹜﹫﹠﹍﹀﹢رد»از 

﹢د. ا﹬︀﹐ت ﹝︐︜︡ه︋ 
︡﹋﹥ ︻︊︀ر︑﹠︡ از︫﹊﹏  ﹋︀ر﹨︀ی IMPACTدر︎﹠︕ د︨︐﹥ ا﹡︖︀م︫ 
﹎﹫︣ی ︫﹊︀ف ﹨︀،ا﹡︐︪︀ر︗﹬︣︀ن،︝︣﹋️ ر︨﹢︋︀ت،︑︜﹙﹫﹏ ︻︡م 

 ﹟﹬و ︑︡و ︩﹬︀﹞و ﹎︣دآوری داده ﹨︀.آز ﹉﹬︤﹫﹁﹢﹯و ژ ︀﹨ ️﹫︺︴﹇
روش ﹨︀ی ︑︜﹆﹫﹅ ژ﹬︤﹫﹁﹢﹯﹊﹩ و ﹨﹞︙﹠﹫﹟ ︋︣ر︨﹩،﹎︣دآوری 
و︑︜﹙﹫﹏ داده ﹨︀ی ﹝﹫︡ا﹡﹩ ﹝︣︋﹢ط ︋﹥ ︫﹊﹏ ﹎﹫︣ی ︫﹊︀ف ﹨︀ 

﹝︜﹢ر د︨︐﹥ ی « ژ﹬︤﹫﹁﹢﹯﹉ و ﹎︣دآوری داده ﹨︀ « ا︨️.
 ︳﹬︫︣ا،﹩﹊﹬︤﹫﹁﹢﹯ژ ﹨︀ی  ︋︣ر︨﹩  ا﹡︖︀م  ︋︣ای  ﹝︜﹆﹆︀ن 
﹬︀︪﹍︣ی   ︎️︜︑ را ﹉︚ ری﹢﹧﹝︗ در ﹩︪﹬︀﹞آز ﹏︜﹞ دو ︤﹬︣﹋︀︠
 ﹤﹠﹫﹧ ︀﹝﹏ ︑︺﹫﹫﹟ روش ﹨︀ی︋  در ﹝︜﹏ ﹇︣ارداد﹡︡.﹝︝︣﹙﹥ ی ١︫ 
 ﹩﹊﹬ژ﹢﹛﹢﹯رادار ژ،﹩﹊﹬︣︐﹊﹛ا﹢﹯روش ﹨︀ی ژ ﹏︓﹞ ﹩﹊﹬︤﹫﹁﹢﹯ی ژ
﹬︀︎︩ ﹎︣ی ﹨﹛   ️︜︑ د.︎︣ا﹝︐︣﹨︀ی﹢︋ ﹜︣زه ای  و روش ﹨︀ی 
︻︊︀رت ︋﹢د﹡︡ از ︝ ﹩﹛︀﹍︚︖﹞﹩،︨︣︻️ ﹜︣زه ای ،﹝︡ل ﹨︀ی 
 ﹤﹬﹐،︤﹬︣﹋︀︠︀ر︐︠︀︨،﹏︟﹚︟︑،﹩﹡︀︧︪﹋  ️﹫︮︀︠ ای  ﹜︣زه 

.︡ ︐︀﹡︧﹫﹏ ا﹜﹊︐﹬︣﹊﹩ ︵︊﹫︺﹩ در ﹁︱︀ی︨  ︀﹋﹬︣︤ و︎  ︋﹠︡ی︠ 
و   ﹩﹊﹬︤﹫﹁﹢﹯ژ ︎︀را﹝︐︣﹨︀ی  از   ﹩︊︟︐﹠﹞  ٢ ی   ﹤﹚︝︣﹞در
﹇︣ار﹎︣﹁️  ﹬︀︎︪﹍︣ی   ️︜︑ ︨﹢م   ︩﹬︀﹞آز ︋︀ری   ﹩﹊﹫﹠﹊︑﹢﹯ژ
 ﹤﹚︝︣﹞︣ار﹎︣﹁️.در﹇ ﹏﹫﹚︜︑ و ﹤﹬︤︖︑ د︨️ آ﹝︡ه ﹝﹢رد ﹤ ︋︕﹬︀︐﹡و
 ﹩﹊﹬︤﹫﹁﹢﹯︡ل ︨︀زی ︋﹥ ا﹡︡ازه ﹎﹫︣ی ژ﹞ ︕﹬︀︐﹡ ﹩﹍︐︧︋ی ٣ وا
 ﹟﹬︋︣ای ﹋︀ر︋︣ی/ا︗︣ای ا ﹩﹬︀﹨ ﹤﹫︮﹢︑ و ︫︡ ﹟﹫﹫︺︑ ﹏︜﹞در
︡.﹝︜﹆﹆︀ن روش ﹨︀ی ژ﹯﹢ ا﹜﹊︐﹬︣﹊﹩ را ︑﹢︮﹫﹥   ︫﹤﹯روش ﹨︀ ارا
ای  ﹜︣زه  ﹨︀ی  رادرژ﹯﹢﹜﹢ژ﹬﹊﹩،روش  ︝︀ل  ﹋﹠﹠︡ودر︻﹫﹟   ﹩﹞

﹢ا﹡︡ه ا﹡︡. ﹠︖﹩ را ﹝﹠︀︨︉︠  ﹠︖﹩ و ︝︣ارت︨   ︨﹏﹆︔،
﹝︜﹆﹆︀ن ﹨﹞︙﹠﹫﹟ داده ﹨︀ی ﹝︣︋﹢ط ︋﹥ ا﹬︖︀د ︠︣ا︋﹩ ﹨︀ 
﹎︣دآوری  را   ﹉︚ ︗﹞﹧﹢ری  و  ﹝︖︀ر︨︐︀ن  ︨︡در   ︤﹬︣﹋︀︠ در 
﹋︣د﹡︡﹋﹥ ︫︀﹝﹏ داده و ﹝﹊︀ن ︫﹊︀ف ﹨︀،﹝﹠︪︀ء ︨﹫﹑ب ﹨︀ی 
 ️﹚︻، ︨﹫﹑ب،︨︀زو﹋︀ر︠︣ا︋﹩  ،︎︀را﹝︐︣﹨︀ی  ︠︣ا︋﹩   ﹏﹞︀︻
 ️︟﹬︀ک و ر ︀﹋﹬︣︤،﹡﹢ع︠  ︋︣وز︫﹊︀ف،آ︨﹫︉ ﹨︀،︎︀را﹝︐︣﹨︀ی︠ 
 ﹤ ︀ل ﹎︫︢︐﹥︋  ︫﹠︀︨﹩ رود︠︀﹡﹥.︵︊﹅ ︑︟︪﹫︬ آن ﹨︀ در ۵٠︨ 
︗︤ ا﹡︧︡اد ﹡︀︫﹩ از ︗﹬︣︀ن ︞﹬ ﹨︀در︨︀ل ١٩۵۶،آور︑︀︎﹫﹠﹌ در 
 ﹤﹬﹐ ︣اد﹬ا ﹜﹧︨.️︨ده ا﹢ ︣ا︋﹩︋  ۴۶در︮︡ ﹝﹢ارد ︻︀﹝﹏ ا﹬︖︀د︠ 
﹥ ︑︣︑﹫︉ ٢۵و ٩ در︮︡ ︋﹢د.  ︋︤﹫﹡ ︡ ﹨︀ی ز﹬︣︠︀ک و د﹬﹢اره ی︨ 
︣ای ﹎︣دآوری  ﹢د ﹋﹥ ︑﹑ش︋   ︋﹟﹬︀ن ﹡﹫︤ ا﹆﹆︜﹞ ﹟﹬︣ی ا﹫﹎ ﹤︖﹫︐﹡
 ︣︋ ︿﹚︐︟﹞ ﹏﹞ان ا︔︣ات ︻﹢ا﹢︐︋ ︣︐﹧︋ ︀︑︡︋︀﹬ ︡اوم︑ ︡﹬︀︋ ︀﹨ داده

﹊︀ف ﹨︀ را ︑︺﹫﹫﹟ ﹋︣د. ︫﹊﹏ ﹎﹫︣ی︫ 
 ︪︣︐﹠﹞ ٢٠٠۵ ﹤﹬﹢﹡در ژاIMPACT ︎︣وژه ی ﹩﹬︀﹧﹡ ﹩﹠﹁ ︤ارش﹎ •
٢Dproject/٪www.samui.co.uk/impact در﹡︪︀﹡﹩   و   ︫︡

publications.asp درا﹬﹠︐︣﹡️ آ﹝︡ه ا︨️.

﹡︭︉ ا﹁︤اره ی ︑﹬︡︊﹏ ا﹡︣ژی ﹝﹢ج ︋︀︸︣﹁﹫️ ۵٠٠﹋﹫﹙﹢وات در ا﹇﹫︀﹡﹢س در﹡︤د﹬﹊﹩ ︎﹢رت ﹋﹞︊﹑ در ا︨︐︣ا﹜﹫︀ ﹋﹥ ﹝﹩ ︑﹢ا﹡︡ ︋︣ق ︨︀﹐﹡﹥ ی 
۵٠٠︠︀﹡﹥ را ﹁︣ا﹨﹛ ﹋﹠︡.
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Wave energy plant
being installed in Australia

A 500-KW wave energy conversion device is being 
installed in the ocean near Port Kembla, Australia. 
The device is expected to produce at least 500 mega-
watt-hours of  electricity each year, enough to power 
as many as 500 homes.
The unit, developed by Energetech Australia Pty 
Ltd in Randwick, Australia, and JP Kenny Pty Ltd in 
Perth, Australia, uses a parabolic wall to focus wave 
energy onto an oscillating water column chamber. 
The rising and falling motion of  the waves forces a 
high-speed airflow past a turbine, which drives an 
induction generator to produce electrical power.
The device is 36 meters long, 35 meters wide, and 12 
meters high; it weighs 485 tons. It will be positioned 
200 meters from the break-water in Port Kembla 
Harbor.
A remotely situated computer controls the system to 
optimize energy production. Integral Energy in Syd-
ney has agreed to purchase all electricity produced 
by the project, which will be transferred to the local 
power grid by an 11-kilovolt cable.
In June 2005, Enerbetech performed a test of  the 
unit installation to assess overall mooring position. 
As a result of  an engineering review, the company 
decided to bring the unit back into port and make 
modi-fications to optimize the technology. Before 
permanent installation of  the unit, Energetech will 
conduct fur-ther temporary deployments.
The unit cost about A$6 million (US$5.3 million).

Training structures help 
decrease sedimentation

Sediment that passes downstream through run-of-
river hydroelectric projects can cause significant 
problems, including decreasing head available for 
power generation. To manage this potential problem, 
scientists with Graz Technical University in Austria 
developed training structures.
These training structures essentially are piers that 
separate the flow conditions of  the water that runs 
through the turbines from the water flowing over the 
spillway. The goal is to avoid stagnant areas and slow 
vortices where sediment may settle.
Researchers used model tests to develop a train-
ing structure for a hydro project currently under 
construction - 5-mw Rott on the Saalach River. 
Testing began in 2002 and was completed in 2004.
The results led them to recommend construction 
of  a pier to separate the two-unit powerhouse on 
the left and the three bays of  the weir on the right. 
Model tests showed that this design, along with a 
plan to partially close the gates to keep water in the 
reservoir at a higher level, would keep the tailbay free 
from sediment.
Salzburg AG, owner of  the project, installed the 

training structure while the facility was being built. 
Construction was completed in early 2005.
Researchers also used model tests for the existing 
16.5-mw St.Veit station on the Salzach River in the 
Austrian Alps in 2003. They tested two designs that 
involved lengthening the dividing wall between the 
powerhouse and the first spillway bay to the end 
of  the tailbay. The first design was a solid dividing 
wall, and the second was a dividing wall with a step 
halfway down that lowered the height of  the wall by 
1.7 meters. Researchers determined that although 
both options yielded improvements, the first option 
was more effective in reducing the depth of  the 
downstream sedimentation.
Project owner Verbund-Austrian Hydro Power AG 
has not yet installed this training structure at St.Veit.

Geoelectric methods best
to investigate embankments

Geoelectric methods are the best technique for 
rapidly assessing the integrity of  in embankment in a 
non-intrusive manner. In addition, efforts to collect 
and analyze field data related to breach formation 
need to continue. This will enable better determina-
tion of  the effects of  different factors on breach 
formation.
These were two key findings of  a three-year-long 
research project known as Investigation of  Extreme 
Flood Processes and Uncertainty, or IMPACT. The 
project involved  11 main collaborators from ten 
countries: the United Kingdom, Germany, Belgium, 
France, Italy, Spain, Norway,  Portugal, Czech Re-
public, and Hungary. HR Wallingford in the United
I Kingdom coordinated the project. I
Work performed under IMPACT I was separated 
into five packages - breach formation, flood propa-
gation, sediment movement, uncertainty analysis, 
and geophysics and data collection. The «Geophysics 
and
Data Collection» package was designed to focus on 
the testing and development of  geophysical investi-

gation techniques, as well as review, collection, and 
analysis of  field data relating to breach formation.
For the geophysical investigation, researchers moni-
tored in-situin em bankment conditions at two pilot 
sites in the Czech Republic. Phase 1 involved deter-
mination of  optimal geophysical methods, including 
geoelectric methods, geological radar, and seismic 
methods. Parameters monitored were volume 
density, seismic velocity, seismic models of  elasticity, 
porosity, structure of  the embankment, layering of  
the embankment, and natural electric potential in the 
space of  the dam.
Phase 2 involved monitoring of  selected geophysical 
and geotechnical parameters for a third test case and 
analysis of  acquired results.
Phase 3 involved determination of  dependence of  
modeling results on geophysical measurement in-situ 
and recommendations for use/ implementation of  
such methods. Researchers determined that geo-
electric methods are recommended, while geological 
radar, seismic methods, gravimetry, and thermom-
etry are suitable.
Researchers also collected data on embank-
ment dam failures in Hungary and the Czech 
Republic,including the date and location of  the 
breach, origin of  the flood
causing the failure, flood parameters, the failure 
mechanism, the cause of  the breach, damages, 
embankment parameters, soil types, and river 
morphology. They determined that overtopping was 
the failure mechanism in 46 per-cent of  the cases 
over the past 50 years, excluding those related to 
an ice jam flood in 1956. Subsoil failures, were the 
cause for 25 percent, and loss of  dike stability for 9 
percent. Researchers concluded that data collection 
lection efforts need to continue to enable better 
determination of  the effects of  different factors on 
breach formation.
-The IMPACT project final technical report, released 
in January 2005, is available on the Internet at www.
samui.co.uk/impact %2Dprojert/ publications . asp.

A 500-Kw wave energy conversion device being installed in the ocean near Port Kembla, 
Australia, should produce enough electricity to power as many as 500 homes each year.
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در﹝﹢رد ﹡﹫︣و﹎︀ه ٨٠٠﹝﹍︀وا︑﹩ ︑︤و﹬︕ ︋︧︐﹥ و ﹐و﹨︡ ﹋︀︋﹢﹡﹍︀ 
آن  ︑﹢ر︋﹫﹟   ︕﹠︎  ﹤﹋ ﹎︣﹁︐﹠︡،﹡﹫︣و﹎︀﹨﹩  ︑﹞︀س  ︗﹢رج   ︀︋
 ﹤︋  ﹤﹋  ﹩︧﹋ ا︨️.︋﹫﹏  ﹋︀ر︋﹢ده  در︝︀ل  ︨︀ل   ٣۵ ︝︡ود 
﹢د﹝﹩ ﹎﹀️ وا۶︡︝ ﹡﹫︣و﹎︀ه ﹋︀︋﹢﹡﹍︀»︗﹢ش  ︗﹢رج ︑﹙﹀﹟ زده︋ 
 ️︠︀︨  ﹩﹍﹡﹢﹍︚ ﹝﹢رد  در  ︠﹢ا︨️   ﹩﹞ و  ا︨️»  آورده 

︑﹢ر︋﹫﹟ ا︵﹑︻︀︑﹩ ︑﹀︭﹫﹙﹩ ︑︣ از ︨︀ز﹡︡ه ﹋︧︉ ﹋﹠︡.
﹋︀ر﹋︣ده   ︀﹍﹡﹢︋︀﹋ در   ︩﹫︎ ︨︀ل   ︕﹠︎ و   ️︧﹫︋ ︗﹢رج 
︻﹧︡ه   ﹤︋ ا﹜﹞﹙﹙﹩   ﹟﹫︋  ﹩﹊﹡︀︋ را  ︎︣وژه  ا︻︐︊︀ر  ︋﹢د.︑︀﹝﹫﹟ 
﹥ د﹐ر آ﹝﹬︣﹊︀ ﹡︊﹢د.  ︋﹏﹬︡︊︑ ﹏︋︀﹇ ﹩﹚︜﹞ ل﹢ ﹢د ز﹬︣ا︎   ︋﹤︐﹁︣﹎
︗﹢رج ︋﹥ ﹬︀د دا︫️ ﹋﹥ در ا︑︀ق ﹋﹠︐︣ل ﹋︀︋﹢﹡﹍︀ ﹝﹩ ﹡︪︧️ 
 ﹤﹬︀︎ داده ﹨︀ی ︣﹬︀︨ ︣ه ︋︣داری ﹡﹫︣و﹎︀ه و﹧︋ و ازا︵﹑︻︀ت
 ﹤﹬﹢﹧︑ ا︑︀ق ﹋﹠︐︣ل د︨︐﹍︀ه  ︋︣﹝﹩ دا︫️.︋︀ آن  ﹬︀ددا︫️ 
︋﹢د. ︨﹙︧﹫﹢س  ی  در︗﹥   ۴٠ از   ︩﹫︋ آن  د﹝︀ی  دا︫️ 
︨﹢زی  آ︑︩   ︣﹎ ﹡︪︀ن  ︚︣اغ   ﹤︨ ︋﹢د  ︫︡ه   ﹤︗﹢︐﹞ ︗﹢رج 
در ︟︋︩ ﹎︀ور﹡︣﹨︀ ︚︪﹞﹉ ﹝﹩ ز﹡︡.و﹜﹩ ﹝︐︭︡ی ﹋﹠︐︣ل 

︑﹢︗﹧﹩ ︋﹥ آن ﹡﹞﹩ ﹋︣د.︻﹙️ را︎︨︣﹫︡.
︑︀︋︧︐︀ن  در   ︀﹨ ︚︣اغ   ﹟﹬ا«️﹀﹎ ﹋﹠︐︣ل  ﹝︐︭︡ی 

﹨﹞﹫︪﹥ رو︫﹟ ﹝﹩ ︫﹢﹡︡»
 ﹤︋ ﹎︀ور﹡︣﹨︀  ︋︣ر︨﹩  ︋︣ای  ︋﹢د  ﹡︪︡ه   ︹﹡︀﹇  ﹤﹋ ︗﹢رج 
 ﹩﹞ ︣︷﹡ ﹤︋ ︋﹥ راه  ︵︊﹆﹥ ی ︑﹢ر︋﹫﹟ ﹨︀ ر﹁️.﹨﹞﹥ ︚﹫︤ رو 
︣ر︨﹩  ﹢د.︋﹫︪︐︣ ﹋﹥︋   ︋︣︐︪﹫ آ﹝︡ ا﹝︀ ﹎︣﹝︀ از ا︑︀ق ﹋﹠︐︣ل ﹨﹛︋ 
﹨﹢ا   ﹤﹬﹢﹧︑ ﹋︀﹡︀ل  رادرون  ای   ﹤﹠﹧﹋  ﹤﹋ ︫︡ه   ﹤︗﹢︐﹞ ﹋︣د 
در︋︀﹐ی ﹎︀ور﹡︣﹨︀ ︚︍︀﹡︡ه ا﹡︡ ﹋﹥ ︗﹙﹢ی ورود ﹨﹢ای ︠﹠﹉ 
را ﹝﹩ ﹎︣﹁️.︗︣ج ﹝︧﹫︣ ﹋︀﹡︀ل را د﹡︊︀ل ﹋︣د و﹝︐﹢︗﹥ ︫︡ 
ژ﹡︣ا︑﹢ر﹨︀را ﹨﹛   ﹩﹚︜﹞ ︣ل︐﹠﹋ ︋︀︗﹥ ﹨︀ی  ﹋﹥ ﹨﹢ای ︠﹠﹉ 
︑︀﹝﹫﹟ ﹝﹩ ﹋﹠︡ ﹋﹥ ﹝︐﹬︭︡︀ن ﹋﹠︐︣ل ︋﹥ آ︨﹢د﹎﹩ درآن ﹨︀ 

︗︀ ︠﹢ش ﹋︣ده ︋﹢د﹡︡.
ژ﹡︣ا︑﹢ر  وا︝︡﹨︀ی   ︡﹬︀︋  ﹤﹋ ︗﹢رج  ︋︣ای  ﹋︀ر   ︳﹫︜﹞
 ︉︭﹡  ﹩﹛︀︠ ﹝︟︤ن   ︕﹠︎ از  ﹝︟︤ن  دردو  ای  ︫︡روا﹡﹥  پ 
از   ﹩﹡︀︪﹡ ﹨﹢ا  ﹋︀﹡︀ل  در   ﹤﹠﹧﹋ ﹡︊﹢د.︚︍︀﹡︡ن  ﹝︴﹙﹢ب   ︡﹠﹋
︣ر︨﹩ ﹋︣د ﹋﹥ وا︝︡﹨︀ی  ﹢د.︗﹢رج︋  ︨︨︣︣ی ﹎︣﹁︐﹟ ﹋︀ر﹨︀︋ 

︗﹬︡︡ دارای ︑︖﹧﹫︤ات ︝﹀︀︸️ و ﹋﹠︐︣ل ا︲︀﹁﹩ ︋︀︫﹠︡.
 ︀︗ ︗﹬︡︡ازآن  وا︝︡﹨︀ی  ا﹡︡ازی  ازراه   ︦︎ ︗﹢رج 
ر﹁️ و︑︀ ٢۵ ︨︀ل ︋︺︡ ﹋﹥ ︋﹫﹏ ︑﹞︀س ﹎︣﹁️ ︠︊︣ ︚﹠︡ا﹡﹩ 
دو︋︀ره   ﹏﹫︋ و   ️︫︢﹎  ﹤︐﹀﹨  ﹉﹬.️︫︡ا﹡ ﹡﹫︣و﹎︀ه  آن  از 
﹇︴︺︀ت  ﹋﹞︊﹢د   ️﹚︻  ﹤︋  ﹤﹋  ︫︡  ﹤︗﹢︐﹞.️﹁︣﹎ ︑﹞︀س 
 ︩﹫︎ ︋︣داری  ﹧︋︣ه  ﹝︐﹬︭︡︀ن  ︋︣ای  ز﹬︀دی  درد︨︣   ﹩﹋︡﹬
 ﹤︋  ﹏﹬︡︊︑  ﹏︋︀﹇  ﹩﹚︜﹞ ︎﹢ل   ﹜﹨ ﹨﹠﹢ز  ا︨️.︚﹢ن  آ﹝︡ه 
﹬︣︡ ﹇︴︺︀ت ︗﹬︡︡ و︗﹢د ﹡︡ا︫️  ︣ای︠  د﹐ر﹡︊﹢دا︻︐︊︀ری︋ 
 ﹜﹨ ︋﹢دوو﹇︐﹩  د︫﹢ار︫︡ه   ﹜﹨ ﹎︀ور﹡︣  رو︾﹟   ︡﹬︣︠  ﹩︐︝.

﹋﹥ ﹝﹩ ﹬︣︠︡﹡︡»︾﹫︊︩ ﹝﹩ زد».
در﹎︀ور﹡︣  رو︾﹟  ︋﹢د.﹋﹞︊﹢د   ﹩﹠﹫︋  ︩﹫︎  ﹏︋︀﹇  ﹤︖﹫︐﹡
وا﹁️  ︫﹢د  ﹁︺︀ل  ﹋﹠︐︣ل  درا︑︀ق  آ﹐ر﹝﹩   ︀︑  ︫︡  ︒︻︀︋
 ﹟﹬از﹝︡ار︠︀رج ︫﹢د.︋﹠︀︋︣ا ︡︝رو︾﹟ ︋︀︻︒ ︫︡︑︀وا ︣︐︪﹫︋

رو︾﹟  ﹋﹞︊﹢د   ︬﹫︟︪︑ ︫﹠︀ور   ︡﹫﹚﹋  ︘﹫︎  ﹜﹫︨ ﹝︐﹬︭︡︀ن 
ا︲︀﹁﹩   ️︻︨︣  ︡﹫﹚﹋ دو  دارای   ︡︝وا  ﹟﹬︣د﹡︡.ا﹋  ︹︴﹇ را 
﹝︐﹀︀وت  ا﹡︡﹋﹩  ا︲︀﹁﹩  ﹨︀ی   ️︻︨︣ روی   ﹤﹋ ︋﹢د   ﹜﹨
︑﹠︷﹫﹛ ︫︡ه ︋﹢د﹡︡.ا﹁︤اره ای ﹝﹊︀﹡﹫﹊﹩ ﹋﹥ ︋﹥ ﹝︜﹢ر و︮﹏ 
از ﹇︴︹   ﹤︋ از ︝︡︻︀دی ﹝︣︋﹢ط   ︣︑﹐︀︋ ︋﹢ددرا︲︀﹁﹥ ︨︣︻️ 
﹋︣د.ا﹁︤اره  ا︮﹙﹩   ﹤︙﹬در  ﹟︐︧︋  ﹤︋ آ︾︀ز  ︋︀ر﹋︀﹝﹏،  ﹋︣دن 
از﹝︡ار︠︀رج  را  ژ﹡︣ا︑﹢ر   ﹤﹋  ︤﹫﹡  ﹩﹧︋︀︪﹞ ا﹜﹊︐︣و﹡﹫﹊﹩  ی 
︫︡ه   ﹜﹫︷﹠︑  ︣︑﹐︀︋ ،ا﹡︡ک   ﹩︐︻︨︣ ا︲︀﹁﹥  وروی  ﹋︣د   ﹩﹞
﹨︣دو  ﹋︣د.و﹇︐﹩  ا︮﹙﹩  ی   ﹤︙﹬در  ﹟︐︧︋  ﹤︋ ︫︣وع  ︋﹢د 
از﹝︡ار︠︀رج   ︤﹫﹡ را  ا﹬︣اد︎﹫︡ا﹋︣د﹡︡ ﹝︐﹬︭︡︀ن آن ﹨︀   ︡﹫﹚﹋
 ﹤︋ ﹡︡ا︫︐﹠︡.ا﹝︀  درا︠︐﹫︀ر   ﹟﹫︪﹡︀︗ ی   ﹤︺︴﹇ ﹋︣د﹡︡ز﹬︣ا 
︻﹙️ ﹋﹞︊﹢د ︋︣ق در﹋︪﹢ر ﹡︚︀︀ر ︋﹢د﹡︡ ﹋﹥ ﹨﹞︙﹠︀ن ︋﹥ ﹧︋︣ه 

︋︣داری از وا︝︡﹨︀ ادا﹝﹥ د﹨﹠︡.
 ️﹚︻ داد.︋﹥  رخ   ︣﹬︢︎︀﹡ ا︗︐﹠︀ب  ی  وا﹇︺﹥   ️﹬︀﹧﹡در
﹋﹠︐︣ل  از   ︡︝وا ﹋︣دن  در﹎︀ور﹡︣،︠︀﹝﹢ش  رو︾﹟  ﹋﹞︊﹢د 
︝︡ود   ﹤﹋  ︫︡  ︤﹬︣﹎ د︚︀ر︨︣︻️   ︡︝وا.︫︡ ︠︀رج  ﹎︀ور﹡︣ 
درون  آب  ︋﹢د.︗﹬︣︀ن  ︻︀دی   ﹩﹡︀﹞︤﹝﹨  ️︻︨︣ دو︋︣ا︋︣ 
 ︉︺﹊﹞︣︐﹞۶٠٠ ﹩﹊﹬︤د﹡ ﹤ وا︝︡ ۶٠ در︮︡ ا﹁︤ا﹬ ︩﹬︀﹁️ و︋ 
 ﹤︙﹬در︔︀﹡﹫﹥ ر︨﹫︡.﹝︐︀︨﹀︀﹡﹥ د︨︐﹍︀ه ︋︧︐﹟ ا︲︴︣اری در

ا︮﹙﹩ در ا︑︀ق ﹋﹠︐︣ل  ﹡﹫︤ ︠︣اب ︫︡ه ︋﹢د.
ا︮﹙﹩  ︋︀ در﹬︙﹥ ﹨︀ی  ا︨︐﹢ا﹡﹥ ای ﹨﹫︡رو﹜﹫﹊﹩   ︣︋﹐︀︋
︫︡ه  ﹁︨︣﹢ده  درز﹎﹫︣﹨︀  ﹋︣د.در﹎︢ر︨︀﹜﹫︀ن  ﹋︀ر﹝﹩ 
﹝﹢رد  ﹁︣و︋﹙︽︤د.﹋﹙﹫︡ ︝︡ی   ﹤︙﹬در ︀︑ ︋﹢د﹡︡و︨︊︉ ︫︡﹡︡ 
ا︨︐﹀︀ده ︋︣ای ︋︀ز﹡﹍﹥ دا︫︐﹟ در﹬︙﹥ ﹡﹫︤ ︠︣اب ︫︡ه ︋﹢د.
︋︣ا︔︣   ﹤︙﹬در ︫︡ن   ﹤︐︧︋ از  ︗﹙﹢﹎﹫︣ی  ︋︣ای  ﹝︐﹬︭︡︀ن 
 ﹟﹞︀︲ روی  و   ﹤︙﹬در  ︣﹬ز ﹁﹢﹐دی   ﹩﹬︀﹨ ﹜︽︤ش،﹝﹫﹙﹥ 

در﹬︙﹥ در︨︐﹫︼ ︨︡ ﹎︢ا︫︐﹥ ︋﹢د﹡︡.
و﹇︐﹩ ﹋﹥ وا︝︡ د︨︐︟﹢ش ︨︣︻️ ﹎﹬︣︤ ︫︡﹝︐︭︡ی 
و   ︨︡ ︋︀﹐ی   ﹤︋ را  ︠﹢د  ︋︀﹐ر﹁️   ︀﹨  ﹤﹚︎ از  ﹡﹫︣و﹎︀ه  ا︮﹙﹩ 
︨︍︦ وارد ا︑︀ق د︨︐﹍︀ه ︋︀﹐︋︣ ︫︡ ﹋﹥ درد﹋﹙﹩ ︋﹥ ار︑﹀︀ع 
 ﹐︀︋ را   ︀﹨  ﹤︙﹬︣اردا︫️.در﹇  ︨︡ روی  از   ︣︐﹞  ٢٠ ︝︡ود 
︋︣د،﹬︀︎﹫﹟ آ﹝︡ و ﹝﹫﹙﹥ ﹨︀ی ﹁﹢﹐دی را ︋︣دا︫️،دو︋︀ره ︋︀﹐ 

ر﹁️ و در﹬︙﹥ ی ا︮﹙﹩ را ︋︧️.
 ︤﹬︣﹎  ️︻︨︣  ﹤︋ ای  ︎︣وا﹡﹥  وا︝︡﹨︀ی  و﹇︐﹩ 
آ︨﹫︉  ︫︡ت   ﹤︋ و   ️﹁︀﹬  ︩﹬ا﹁︤ا ︑﹢ر︋﹫﹟  ر︨﹫︡﹡︨︡︣︻️ 
 ﹩︪︪﹋ ︑﹢ر︋﹫﹟  از  آب  را﹡︡ن  ︋︣ای   ︌﹝︎ ︑﹑ش   ︀︋.︡﹬د
 ﹤︋ ﹝﹢رد﹡︷︣   ︡︝وا ا﹁︐︀د.در﹡︐﹫︖﹥  راه   ﹤︋ ،رو︑﹢ر︑﹢ر︋﹫﹟ 
﹋︣د.وا︝︡﹨︀ی  ︋︣︠﹢رد   ﹩﹬﹐︀︋ رو﹋︩   ﹤︋ ﹋︣د   ️﹋︣︝  ﹐︀︋
﹋︀︋﹢﹡﹍︀ دارای دورو﹋︩ ︋︀﹐﹬﹩ ︋﹢د﹡︡ ﹬﹉ رو﹋︩ ︋﹫︣و﹡﹩ 
د﹬﹍︣ی  و   ﹩﹬﹢︪﹋ ﹨︀ی   ﹤︙﹬در در︋︀﹐ی  ﹝﹧︀ر  ی   ﹤﹆﹚︝ از 
﹝︜﹢ر.  ︀︑  ﹩﹬﹢︪﹋ ﹨︀ی   ﹤︙﹬در ازدرون  دا︠﹙﹩  رو﹋︩ 
رو﹋︩ درو﹡﹩ از رو︑﹢ر ︲︣︋﹥ ﹝︜﹊﹞﹩ ︠﹢رد ﹋﹥ ︋﹥ ︮﹢رت 
ی  دار﹡︡ه   ﹤﹍﹡ ی  و﹝﹧︣ه   ︘﹫︎ ︑﹊︣ار︫︡︑︀  و︋︣﹎︪︐﹩  ر﹁️ 
 ︣︐﹞  ﹩﹚﹫﹞٣٠٠ ︝︡ود   ﹩﹬﹐︀︋ ︫︡.رو﹋︩  ︠︣اب  رو﹋︩ 

︋︀﹐ر﹁️ و ︚︀﹜﹥ ی ︑﹢ر︋﹫﹟ ︾︣ق آب ︫︡.
︑﹢ر︋﹫﹟  در   ︀︑  ︫︡  ︒︻︀︋ ︑﹢ر︋﹫﹟   ️﹋︣︝،  ﹟﹫﹠︙﹝﹨
﹋︪︪﹩ ︲︣︋﹥ ﹇﹢چ ﹨︀ر﹝﹢﹡﹫﹊﹩ رخ د﹨︡ ﹋﹥ ﹇︀ب ︝﹢ل در 
 ︀︑ در︨️  ﹎︧﹫︟️.﹝﹢︑﹢ر︠︀﹡﹥  از﹨﹛  را   ﹩︪︪﹋ ︑﹢ر︋﹫﹟ 
︡و﹝︐﹬︭︡︀ن ︑﹞︀م وا︝︡﹨︀ را ﹝︐﹢﹇︿  ︣ از آب︫  ز﹬︣ژ﹡︣ا︑﹢ر︎ 

﹋︣د﹡︡.
 ﹤﹫﹚︟︑ و   ﹩︪︪﹋ ︑﹢ر︋﹫﹟  ﹨︀ی   ﹤︙﹬در  ︉︭﹡ از   ︦︎
﹋︣دن آب از وا﹬ ﹤﹋ ︫︡ ︬︟︪﹞︡︝︀︑︀﹇︀ن ﹋︪﹢﹬﹩ ︑﹢ر︋﹫﹟ 
︀ ا︨︐︀︑﹢ر و ︝﹙﹆﹥ ﹎﹙﹢﹎︀﹨﹩ ︑﹞︀س  ︡ه ا︨️.رو︑﹢ر︋  ︠︣اب︫ 
 ︡﹫﹛﹢︑  ︡︝د﹡︡.وا﹢︋  ﹤︐︟﹬︣ور﹁ ︎︣ه ﹨︀  ︑﹞︀م  ︋﹢دو  ︎﹫︡ا﹋︣ده 
 ﹩﹞ ﹬︣︠︡اری  ︗﹬︡︡ی  ژ﹡︣ا︑﹢ر   ︡﹬︀︋ و   ︫︡  ︉﹬︣︟︑ ︋︣ق 
 ﹩︪︪﹋ ︑﹢ر︋﹫﹟  و   ︀﹨ رو﹋︩   ️﹇﹢﹞ ︵﹢ر   ﹤︋ ︫︡.﹋︀ر﹎︣ان 
 ︌﹝︎︀︋ را  ︋︀ ︗﹢︫﹊︀ری ﹝︜﹊﹛ ﹋︣د﹡︡و آب  ﹝﹢︑﹢ر︠︀﹡﹥  را 
︑︟﹙﹫﹥ ﹋︣د﹡︡ و آن را ︑﹞﹫︤﹋︣د﹡︡.︨︍︦ ﹬︀︨︣ وا︝︡﹨︀ از ﹡﹢ 

︋﹥ ﹋︀ر ا﹡︡ا︠︐﹥ ︫︡﹡︡.

آ﹝ـــ﹢︠ـ︐ـ﹥ ﹨ــ︀ی  درس 

 ️︧︟﹡.️﹁︣﹎ ︑﹢ان   ﹩﹞ دودرس  ﹡︀﹎﹢ار   ︡﹞︀︪﹫︎  ﹟﹬ازا
 ﹩﹠﹝﹬ا ﹩︑︀﹫︝ ︤ات ﹋﹠︐︣ل ا︗︤ای﹫﹧︖︑ آن ﹋﹥ آ﹐رم ﹨︀ و
از﹝︡ار︠︀رج  را   ︀﹨ آن   ︡﹬︀︊﹡ ﹝︐﹬︭︡︀ن  ﹨︧︐﹠︡و  ﹡﹫︣و﹎︀ه 

.︡﹠﹠﹋
 ﹤︺︨﹢︑ رو︋﹥  ﹋︪﹢ر﹨︀ی  از  در︋︧﹫︀ری   ﹤﹋ آن  دوم 
 ️︧﹫﹡  ﹟﹬  ︀﹬ ﹬﹢رو﹁︡﹐ر   ﹤︋  ﹏﹬︡︊︑  ﹏︋︀﹇  ﹩﹚︜﹞ ︎﹢ل   ﹤﹋
︨︀ز﹡︡﹎︀ن ﹡﹫︣و﹎︀ه ﹨︀ ا︻︐︊︀ر ︨︀︠️ و ︨︀ز را از ︋︀﹡﹉ ﹨︀ی 
 ︡﹠︚ ﹏﹞︀ ﹫﹟ ا﹜﹞﹙﹙﹩ ︑︀﹝﹫﹟ ﹝﹩ ﹋﹠﹠︡﹋﹥ ﹎︀﹨﹩︫  ︑﹢︨︺﹥ ی︋ 
﹝﹢رد  ︫﹢د.﹝︓﹏   ﹩﹞  ﹜﹨  ﹩﹚︜﹞ ﹝︐﹬︭︡︀ن  آ﹝﹢زش  ︨︀ل 
︀ل ،﹡﹫︣و﹎︀ه  ︦ از ︝︡ود︎﹠︕︨  ﹥ ︵﹢ر ﹝︺﹞﹢ل︎  ﹋︀︋﹢﹡﹍︀.ا﹝︀︋ 
ارز   ﹟﹫﹞︀︑  ﹤﹋ ﹬︀︋︡ ﹝︧︐﹆﹏ ︫﹢﹡︡.از﹨﹞﹫﹟ ﹝﹢﹇︹ ا︨️   ︀﹨
︋︣ای ﹬︣︠︡ ﹇︴︺︀ت د︫﹢ار ﹝﹩ ︫﹢دودر﹝﹢ارد ︋︧﹫︀ری ︾﹫︣ 
﹝﹞﹊﹟ ا︨️.﹡﹫︣و﹎︀ه ︋﹥ ︑︡ر﹬︕ د︚︀ر ا﹁﹢ل ﹝﹩ ︫﹢دو﹎︀﹨﹩ 
ا﹬︣اد ︚︪﹛ ﹎﹫︣ی ﹝︀﹡﹠︡ ﹡﹞﹢﹡﹥ ی ﹋︀︋﹢﹡﹍︀ رخ ﹝﹩ د﹨︡.راه 
 ﹏﹬︡︊︑ ارز ﹤ ﹢ل دا︠﹙﹩ را︋  ︚ ﹏︝﹫︧️؟︑︀ و﹇︐﹩ ﹋﹥ ﹡︐﹢ان︎ 
︋︀﹡﹉ ﹨︀ی ︋﹫﹟   ︳︨﹢︑ ︡﹬︀︋  ︤﹫﹡ ﹋︣د ا︻︐︊︀ر ﹬︣︠︡ ﹇︴︺︀ت 

ا﹜﹞﹙﹙﹩ ︑︀﹝﹫﹟ ︫﹢د.
 ️﹋︫︣ ،﹋︀ر︫﹠︀س،  ل.﹎﹢ردون  ﹡﹢﹬︧﹠︡ه:︗﹫﹞︤    •
،﹡︪︀﹡﹩:﹋︀﹡︀دا،﹋︊﹉  آ︋﹩  ︋︣ق  ﹝︪︀ور  ﹝﹧﹠︨︡︀ن 
﹠️ ︗︀ن ١٠٢،︑﹙﹀﹟:(١)۵١۴- H٩S۴Z١،︎﹢﹡︐﹥ ﹋﹙﹫︣،︋﹙﹢ار︨ 
jim-gordon@sympatico.:﹩﹊﹫﹡۶٩۵-٢٨٨۴،︎︧️ ا﹜﹊︐︣و

ca

درد︨︣﹨︀ی ﹡﹍﹥ داری

﹨︀ی  درس 
﹤︐︠ ﹢﹞ آ
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George received a call concerning Kabonga, an 
-٨٠٠mw, low-head, close-coupled power plant, 
where five Kaplan turbines had been operating 
for about ٣٥ years. The caller, Bill, told George 
that Kabonga Unit ٦ had «blown up.» Bill was 
trying to learn more details from the turbine 
manufacturer.

Twenty-five years earlier, George had 
worked at Kabonga. An international bank had 
provided project financing because the local 
currency was not convertible into U.S. dollars. 
George remembered sitting in the Kabonga 
control rooin, copying power plant operations 
information and other basic data into his 
notebook. Despite air conditioning, the control 
room temperature was well over ٤٠ degrees 
Celsius (C). George noted three blinking lights 
on the control panel, indicating fires in the 
areas of  the governors, but the operator took 
no action. George asked the operator why he 
seemed unconcerned.

«These lights are always on in summer,» the 
operator said.

Not satisfied with the answer, George 
walked down onto the tur-bine floor and 
examined the governors. All seemed in order, 
but the room temperature there was even higher 
than the control room. Fur-ther investigation 
revealed that rags stuffed into the air ventilation 
ducts above the governors had cut off  the air 
supply. George followed the ductwork and 
found that the same duct supplied air to local 
control booths at each generator, where other 
operators sat in relative comfort.

The situation did not bode well for 
George>s work of  adding pro-peller generating 
units in two of  the five empty bays. The rags 
indicated sloppy work. George made a note to 
ensure that the new units were equipped with 
extra controls and protection equipment.

After commissioning the new units, George 
returned home. He thought little about the 
project until Bill>s call came ٢٥ years later. A 
week went by, and Bill called again. He had 
learned that the plant operators had great 
difficulty keeping the equipment operating due 
to lack of  spare parts. Because the local currency 
still was not convertible to U.S. dollars, no funds 
were available to pur-chase new parts. Even 
governor oil was nearly impossible to get, and, 
when available, the oil tended to «disappear.»The 
result was predictable. Low oil in the governor 

caused an alarm in the control room, and 
further oil loss caused a unit trip. So, operators 
 bypassed the low-oil float switch solenoids. The 
unit had two overspeed switches set at slightly 
different overspeeds. A mechanical device 
connected to the shaft initiated head-ate closure 
at an overspeed above the normal unit full-load 
trip shutdown overspeed. A similar electronic 
device, operated off  the generator, was set at 
a slightly higher overspeed. It also initiated 
headgate closure. When both speed switches 
failed, operators bypassed them, because they 
could not get replacement parts. The units had 
to stay in operation because there was a power 
shortage in the country.

 Eventually, the inevitable happened. With 
insufficient oil in the governor, the governor 
lost control upon shutdown initiation. The unit 
went to runaway at almost twice the normal 
synchronous speed. Flow

through the unit increased by ٦٠ percent 
to just under ٦٠٠ cubic meters per second. 
Unfortunately, the emergency headgate closure 
in the control room was also out-of-order.

A hydraulic cylinder hoist operated the 
headgates. Over the years, the seals had worn, 
causing the gate to drift down. The limit switch 
used to keep the gate open also had failed. To 
prevent the gates from drifting closed, operators 
had placed steel beams across the gate checks at 
dam crest level and under the gates.

When the unit went into runaway, the 
plant>s chief  operator had to climb the stairs 
to the deck of  the dam, and then up into the 
hoist house on a tower about ٢٠ meters above 
the deck. He lifted the gates, climbed down to 
remove the steel beams, climbed up again, and 
closed the gate. It took more than ١٥ minutes to 
close the headgate.

Turbine damage was severe. When propeller 
units go to runaway, their speed increases. The 
turbine runner acts as a pump trying to push 
more water out the draft tube. This action 
causes the unit to lift and hit the head cover. 
The Kabonga units had two head covers: an 
outer head cover from the stay ring over the 
wicket gates and an inner head cover from 
inside the wicket gates to the shaft. The inner 
head cover received the full impact from the 
runner, after which the runner bounced and 
rose to hit the head cover again. This bouncing 
motion continued until the bolts holding the 

head cover failed. The head cover rose about ٣٠٠

millimeters, and the turbine pit flooded.
Also, the runner motion caused a harmonic 

waterhammer in the draft tube. It ruptured 
the casing around the draft tube door. The 
powerhouse flooded to tailwater, just below 
generator level. Operators stopped all units.

After installing the draft tube gates and 
dewatering the unit, inspection I revealed that 
the turbine guide bearing had failed. The rotor 
had come in contact with the stator, the runner 
had come in contact with the throat ring, and 
all blades had sheared off. The generating unit 
was destroyed, requiring purchase of  a new 
generator. Workers temporarily welded shut the 
burst draft tube and head covers. They pumped 
water from the flooded powerhouse and cleaned 
it, then restarted the other units.

Lessons Learned

This unfortunate accident teaches two lessons. 
First, alarms and controls are vital parts of  
power plant safety. Operators must not bypass 
them.

Second, in many developing countries, 
where local currency is not convertible 
into Euros, dollars,or yen, power plant 
developers routinely obtain financing for 
construction from international development  
banks. Sometimes, financing also in cludes a few 
years of  training for the

local operators, as was the case at Kabonga. 
But after about five years, the plants usually 
must operate iudependeutly. At this point and 
beyond, obtaining hard currency for spare 
parts becomes a problem. In many , cases, it is 
impossible. The plant grad- ! ually deteriorates. 
Occasionally, such a spectacular failure as that 
at Kabonga occurs. The solution٪ Continue 
international bank financing for the I purchase 
of  spare parts for as long as the currency 
remains unconvertible.
__By James L. Gordon, B.Sc., hydropower 
consultant. Mr: Gordon may be contacted at ١٠٢

Sf. Johns> Boulevard, i Pointe Claire, Quebec 
H٩S ٤Z١ Canada; (I) ٥١٤-٩٥-٢٨٨٤; E-mail: jirn-
gordon@ sympatico.ca.
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︀﹊﹬ا︻﹑م ﹡︀م ﹋﹠︧︨︣﹫﹢م ︋︀ز︨︀زی ﹜﹢دو

︫︣﹋️ وا︨︐︣︋︣﹎︧﹑﹎﹠︤ ﹋︣ا﹁️ ای ︋﹩(وی ︋﹩ 
﹋︣ا﹁️)︑︀﹝﹫﹟ ︑︖﹧﹫︤ات ︑﹢ر︋﹫﹟ –ژ﹡︣ا︑﹢ر ︋︣ای ︋︀ز︨︀زی 

﹡﹫︣و﹎︀ه ︋︣ق آ︋﹩ ٣٫۶﹝﹍︀وا︑﹩ ﹜﹢دو﹬﹊︀ در ﹜﹢دو﹬﹊︀ی 
 ﹩︪﹬︣︑را ︋﹥ ﹋﹠︧︨︣﹫﹢﹝﹩ ﹝︐︪﹊﹏ از ︫︣﹋️ ا ︡﹯﹢︨

﹋︀︨﹙︣ و ︫︣﹋️ آ﹜﹞︀﹡﹩ ﹜﹢﹬︡ د﹬﹠︀﹝﹢ورک ︨︍︣د.
ا﹬﹟ ︫︣﹋️ ﹨︀ ︵︊﹅ ﹇︣اردادی ٢٫٢ ﹝﹫﹙﹫﹢ن د﹐ری 

﹬︀︋︡︑﹢ر︋﹫﹟ ﹋︀︎﹑ن ﹝︜﹢را﹁﹆﹩ و ︫︩ ︎︣ه ای ︋︤ر﹎﹩ 
را ︋﹥ ژ﹡︣ا︑﹢ر︨﹠﹊︣ون ︋﹩ ز︾︀﹜﹩ ︑︖﹧﹫︤ ﹋﹠﹠︡ ﹋﹥ ︋︀ آب 

︠﹠﹉ ﹝﹩ ︫﹢د.
﹨﹫︀ت ﹝﹬︡︣ه ی ︫︣﹋️ وی ︋﹩ ﹋︣ا﹁️ ︑︭﹞﹫﹛ 

﹎︣﹁︐﹥ ا︨️ ︋︣ای ︋︀ز︨︀زی ﹡﹫︣و﹎︀ه ﹜﹢دو﹬﹊︀ ﹋﹥ در︨︀ل 
١٩٠١ ︨︀︠︐﹥ ︫︡ه ا︨️ ٨﹝﹫﹙﹫﹢ن د﹐ر ︨︣﹝﹬︀﹥ ﹎︢اری 

﹋﹠︡.︑︺﹢﹬︰ ﹝︀︫﹫﹟ ﹨︀ی ︨︀︠️ ١٩٣٠ و ١٩۴١ ﹡﹫︤ 
 ﹤﹫﹚︟︑ ﹏﹡﹢︑ ️﹬﹢﹆︑.️︨︋︀ز︨︀زی ا ﹟﹬از ︗﹞﹙﹥ ﹝﹢ارد ا

ی ︨﹠﹍﹩ و ﹡︭︉ ﹜﹢﹜﹥ ی ︎︣﹁︪︀ر ︗﹬︡︡،︨︀﹝︀﹡﹥ ﹨︀ی 
 ︀﹨ ﹤︙﹬︤ات ︋︣﹇﹩ و ︠﹠﹉ ︨︀زی و در﹫﹧︖︑،﹩﹛︣︐﹠﹋

﹡﹫︤︗︤و ا﹬﹟ ︎︣وژه ی ︋︀ز︨︀زی ا︨️.
﹇︣ارا︨️ ︸︣﹁﹫️ ا﹬﹟ ﹡﹫︣و﹎︀ه از ٣ ︋﹥ ٣٫۶ ﹝﹍︀وات 

ا﹁︤ا﹬ ︩﹬︀︋︡و ︑﹢﹜﹫︡ ︨︀﹐﹡﹥ از ١٠٫٣ ︋﹥ ١٣ ﹎﹫﹍︀وات 
.︡︋︀﹬ ︩﹬ا﹁︤ا ️︻︀︨

:﹏﹊︫

 ︩︟︋ ی ارو︎︀ ︋﹥ ﹁︣︮️ ﹨︀ی ﹁︣اوان در ﹤﹬︀د︜︑ا ﹤︗﹢︑
﹉︚﹢﹋ ﹩︋︀﹇︣︋ ︣و﹎︀ه ﹨︀ی﹫﹡

︵︊﹅ ﹎︤ارش «﹡﹫︣و﹎︀ه ﹨︀ی ︋︣﹇︀︋﹩ ﹋﹢︚﹉ و ︎﹫︪︣﹁︐﹥ 
در٢۵﹋︪﹢ر ا︑︜︀د﹬﹥ ی ارو︎︀»در︨︣ا︨︣ارو︎︀ و ︋﹥ و﹬︥ه 

﹋︪﹢ر﹨︀ی ︗﹬︡︡ ︻︱﹢ ا︑︜︀د﹬﹥ ی ارو︎︀ ﹁︣︮️ ﹁︣اوا﹡﹩ 
درز﹝﹫﹠﹥ ی ︨︀︠️ ﹡﹫︣و﹎︀ه ﹨︀ی ︋︣﹇︀︋﹩ ﹋﹢︚﹉ و︗﹢د 

دارد.
︑︜﹢﹐ت ︋︀زار،﹝﹢︲﹢︻︀ت ︨﹫︀︨️ ﹎︤اری 

و و︲︺﹫️ ︮﹠︺️ ﹝︜﹢ر ا﹬﹟ ﹎︤ارش ا︨️ ﹋﹥ در 
︚︀ر︚﹢ب ︎︣وژه ی ﹝︱﹞﹢﹡﹩ ﹡﹫︣و﹎︀ه ﹨︀ی ︋︣﹇︀︋﹩ 

 ﹤﹬︀د︜︑︫︡ه ا︨️ ،︎︣وژه ای ﹋﹥ ︑﹢︨︳ ا ﹤﹫﹧︑ ﹉︚﹢﹋
ی ارو︎︀ و دو﹜️ ︨﹢﹬﹫︦ ︑︀﹝﹫﹟ ا︻︐︊︀ر ︫︡ه ا︨️ و 

 ﹢﹬(﹁︣ا﹡︧﹥)،ا︨︐﹢دADEME:︡﹡ردار﹢︱︝  درآن ده ﹎︣وه
EPFL-،(︡﹯﹢︨)︨︣و،(︩﹬︣︑ا)او ﹩﹋،(︀﹫﹛︀︐﹬ا)﹢﹫︨︣و﹁

SCPTCH،(︦﹫﹬﹢︨)︉﹛ ﹩﹧﹞،(︦﹫﹬﹢︨)LCH(﹁︣ان

︨﹥)،ISET(آ﹜﹞︀ن)،آی ︑﹩ ︎︀ور(ا﹡﹍﹙︧︐︀ن) وا﹡︖﹞﹟ 
 ﹉︚﹢﹋ ﹩︋︀﹇︣︋ ︋︣ق آ︋﹩ ﹜﹫︐﹢ا﹡﹩.ا﹡︖﹞﹟ ﹡﹫︣و﹎︀ه ﹨︀ی

ارو︎︀(ESHA)﹡﹫︤ ︋﹥ ﹨﹞︀﹨﹠﹌ ︨︀زی ا﹡︐︪︀ر ا﹬﹟ ﹎︤ارش 
٢٠ ︮﹀︜﹥ ای ﹋﹞﹉ ﹋︣د.

 ﹤﹬︀د︜︑︋︤رگ ︑︣ ︫︡ن و︨︺️ ا ︡﹬﹢﹎ ﹩﹞ESHA

ی ارو︎︀ ﹁︣︮︐﹩ ︋︣ای ا﹡︐﹆︀ل ︑︖︀رب ︨︀︠️ ﹡﹫︣و﹎︀ه 
﹨︀ی ︋︣﹇︀︋﹩ ﹋﹢︚﹉ ︋﹥ ﹋︪﹢ر﹨︀ی ︗﹬︡︡ ︻︱﹢ ﹁︣ا﹨﹛ 

﹝﹩ آورد.در ﹝︀ه ﹝﹥ ٢٠٠۴ ﹨︪️ ﹋︪﹢ر ارو︎︀ی ︫︣﹇﹩ 
و دو ﹋︪﹢ر ︝﹢زه ی در﹬︀ی ﹝﹬︡︐︣ا﹡﹥ ︋﹥ ا︑︜︀د﹬﹥ ارو︎︀ 

︎﹫﹢︨︐﹠︡﹋﹥ ︻︊︀ر︑﹠︡از:︗﹞﹧﹢ری ︚﹉،﹇︊︣س،ا︨︐﹢﹡﹩
،﹝︖︀ر︨︐︀ن،﹜︐﹢﹡﹩،﹜﹫︐﹢ا﹡﹩،﹝︀﹜️،﹜﹧︧︐︀ن،ا︨﹙﹢ا﹋﹩ 

و ا︨﹙﹢و﹡﹩.﹇︣ارا︨️ ︋﹙︽︀ر︨︐︀ن،رو﹝︀﹡﹩ و ︑︣﹋﹫﹥ ﹡﹫︤ ︋﹥ 
ا﹬﹟ ا︑︜︀د﹬﹥ ︋︍﹫﹢﹡︡﹡︡.︵︊﹅ ا︻﹑م ESHAدرا﹬﹟ ﹋︪﹢ر﹨︀ 
﹡﹫︣و﹎︀ه ﹨︀ی ︋︣﹇︀︋﹩ ﹋﹢︚﹉ دارای ﹇︀︋﹙﹫️ ︋︤ر﹎﹩ ا︨️ 

و ا﹡︣ژی ︑︖﹬︢︎ ︡﹬︡︣ ﹝︧﹙︳ ا︨️.
︵︊﹅ ا﹬﹟ ﹎︤ارش ︝︡ود ۴٫۶ در︮︡ از ﹋﹏ ا﹡︣ژی 

آ︋﹩ ︑﹢﹜﹫︡ی در ﹋︪﹢ر﹨︀ی ︗﹬︡︡ ا︑︜︀د﹬﹥ ی ارو︎︀ 
و﹋︪﹢ر﹨︀ی ﹡︀﹝︤د ورود ︋﹥ ا﹬﹟ ا︑︜︀د﹬﹥ را ﹡﹫︣و﹎︀ه ﹨︀ی 

︋︣﹇︀︋﹩ ﹋﹢︚﹉ ︑︪﹊﹫﹏ ﹝﹩ د﹨︡.︋︀﹇﹫﹞︀﹡︡ه ی ︋︀﹜﹆﹢ه 
و ﹇︀︋﹏ ︑︜﹆﹅ ا﹇︐︭︀دی ا﹬﹟ ﹡﹢ع ا﹡︣ژی در ﹋︪﹢ر﹨︀ی 

︗﹬︡︡ ︻︱﹢︨︀﹜﹩  ٣٠٫٩ ︑︐︣ا وات ︨︀︻️ و در ︨﹥ ﹋︪﹢ر 
﹡︀﹝︤د ︎﹫﹢︨︐﹟ ︨︀﹜﹩  ۵٫۶ ︑︐︣اوات ︨︀︻️ ا︨️.︝︡ود 

٨٠ در︮︡ ا﹬﹟ ﹇︀︋﹙﹫️ ︋﹥ ︑︣﹋﹫﹥ ︑︺﹙﹅ دارد.﹇︧﹞️ 

ا︻︷﹛ ﹇︀︋﹙﹫️ ﹧︋︣ه ︋︣داری از ﹡﹫︣و﹎︀ه ﹨︀ی ︋︣﹇︀︋﹩ 
﹋﹢︚﹉ در ارو︎︀ ︫︀﹝﹏ ﹡﹫︣و﹎︀ه ﹨︀ی ﹐و﹨︡ و ︋︀ز︨︀زی 

ا﹬︧︐﹍︀ه ﹨︀ی ﹝﹢︗﹢د ﹝﹩ ︫﹢د.
*﹡︟︧﹥ ی را﹬﹍︀ن ا﹬﹟ ﹎︤ارش در ︟︋︩ ا﹡︐︪︀رات 

و︋﹍︀ه ﹧︑ ﹏︋︀﹇ www.esha.be﹫﹥ ا︨️.

 ︳︨﹢︑ ﹉﹬︤﹊﹞ ﹩︗﹢﹞ ︋︣رس ︎︣وژه ی ا﹡︣ژی
CFE

﹋﹞﹫︧﹫﹢ن ﹁︡رال ︋︣ق(CFE)در︝︀ل ︋︣ر︨﹩ ︨︀︠️ 
﹡﹫︣و﹎︀ه ﹝﹢︗﹩ ۵﹝﹍︀وا︑﹩ در ﹋︣ا﹡﹥ ی ︋︀︠︀﹋︀﹜﹫﹀︣﹡﹫︀ در 

 ︣﹧︫ در ﹟︗﹢﹬ا︨️ و ﹁﹠︀وری ︑﹢ر︋﹫﹟ ︫︣﹋️ و ﹉﹬︤﹊﹞
ا﹬﹠﹢ر﹡︦ ا︨﹊︀︑﹙﹠︡ را ا﹡︐︟︀ب ﹋︣ده ا︨️.

﹁﹠︀وری ﹜﹫﹞︍️(﹝︊︡ل ا﹡︣ژی در﹬︀﹬﹩ ﹡︭︉ ︫︡ه در 
 ︤﹧︖﹞ ﹩﹡︀︨﹢﹡ از ا﹁︤اره ی آب ﹟︗﹢﹬و ️﹋︫︣ (﹩﹊︪︠

 ﹩﹬︀﹆﹛︫︡ه ︋﹥ ژ﹡︣ا︑﹢ر ا ︕﹬ر︋﹫﹟ ﹡﹢ع و﹜︤ و ︑︤و﹢︑ ﹤︋
︑︪﹊﹫﹏ ︫︡ه ا︨️.

CFE﹨﹠﹢ز ﹝︟︪︬ ﹡﹊︣ده ا︨️ ﹋﹥ ︎︣وژه ی 

 ︀﹬ ︋︣ق و︮﹏ ﹝﹩ ︫﹢د ﹩﹚︜﹞ ﹤﹊︊︫ ﹤︋ ︀︐﹫﹛︀روزا︐﹡︀︨
.︣﹫︠

﹩︋︀﹇︣︋ ﹉︚﹢﹋ ︣و﹎︀ه ﹨︀ی﹫﹡

 ︫︣﹋️ وا︨︐︣︋︣﹎︧﹑﹎﹠︤ ﹋︣ا﹁️ ای ︋﹩ ︑︀﹝﹫﹟ ︑︖﹧﹫︤ات ︑﹢ر︋﹫﹟ –ژ﹡︣ا︑﹢ر ︋︣ای ︋︀ز︨︀زی ﹡﹫︣و﹎︀ه ︋︣ق آ︋﹩ ٣٫۶﹝﹍︀وا︑﹩ ﹜﹢دو﹬﹊︀ در  
︨﹢﹯︡ را ︋﹥ ﹋﹠︧︨︣﹫﹢﹝﹩ ﹝︐︪﹊﹏ از ︫︣﹋️ ا︑﹬︪︣﹩ ﹋︀︨﹙︣ و ︫︣﹋️ آ﹜﹞︀﹡﹩ ﹜﹢﹬︡ د﹬﹠︀﹝﹢ورک ︨︍︣د.
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Small Hydro

Ludvika refurbishment consor-

tium named

Vasterberbslagens Kraft AB (VI3 Kraft) 

named a consortium of  Kossler of  Austria 

and Lloyd Dynamowerke of  Germany to 

supply turbine-gen-erator equipment for 

refurbishtnent of  the 3.6-mw Ludvika hydro-

electric project at Ludvika, Sweden.

A US$2.2 million contract specifies the firms 

are to supply a horizontal-shaft, six-blade 

oversized Kaplan turbine with a water-cooled 

brushless synchronous generator.

VB Kraft’s board made the decision to invest 

US$8 million in refurbishment of  Ludvika, 

which was built in 1901. Work includes 

replacement of  machines built in 1930 and 

1941. Other refurbishment work includes 

reinforcement

of  a masonry headrace tunnel and installa-

tion of  new penstock, controls, electrical and 

cooling

equipment, and gates.

Capacity is to increase to 3.6 mw from 3 MW, 

and annual production is to increase to 13 

gigawatt-hours (GWH) from 10.3 GWH.

European Union sees many small 

hydro opportunities

Plenty of  opportunity remains for small 

hydro development throughout Europe, 

especially in the European Union’s (EU) new 

member countries, according to State of  the 

Art of  Small Hydropower in EU- 25.

The report focuses on market development, 

policy issues, and industry status. It was 

developed through the Thematic Network on 

Small Hydropower, a project funded by the 

European Union (EU) and Swiss govern-

ment. The thematic network comprises ten 

partners: ADEME (France), Studio Frosio 

(Italy), KO (Austria), SERO (Sweden), EP-

FLLCH (Switzerland), MhyLab (Switzerland), 

SCPTCH (France), ISET (Germany), IT 

Power (United Kingdom), and the Lithuanian 

Hydropower Association. The European 

Small Hydropower Association (ESHA) 

helped coordinate preparation of  the 20-page 

publication.

ESHA says enlargement of  the EU provides 

an opportunity to transfer small hydropower 

development experience to new member 

states. Eight Eastern European and two 

Mediterranean countries joined the EU in 

May 2004: Czech Republic, Cyprus, Estonia, 

Hungary, Latvia, Lithuania, Malta, Poland, 

Slovakia, and Slovenia. Bulgaria, Romania, 

and Turkey are expected to join. Small hydro-

power has a huge potential in those countries, 

where it is the dominant renewable energy 

source, ESHA said.

According to the report, small hydropower 

accounts for about 4.6 percent of  total hydro 

generation in new EU member states and 

candidate countries. The remaining eco-

nomically feasible potential amounts to 30.9 

terrawatt-h ours (TWH) per year in the new 

member states and 5.6 TWH per year in the 

three candidate countries. About 80 percent 

of  I this potential is in Turkey, according to 

the report. Much of  the small hydro potential 

throughout Europe involves low-head plants 

and refurbishment of  existing sites.

- For a free copy of  the report, access: www.

esha.b and select «Publications.,.

CFE studies Mexico wave energy 

project

Comision Federal de Electricidad (CFE) is 

studying development of  a 5-mw shoreline 

wave energy project off  the coast of  Baja 

California, Mexico. CFE has chosen turbine 

technology from Wavegen in Inverness, 

Scotland.

Wavegen’s Limpet (Land Installed Marine 

Powered Energy Transformer) technol-

ogy consists of  an oscillating water column 

device equipped with a Wells-type turbine 

coupled to an induction generator.

CFE has not determined if  the Santa 

Rosaliita project will be connected to the lo-

Vasterbergslagens Kraft AB named a consortium of Kossler of Austria and Lloyd 
Dynamowerke of Germany to supply turbine-generator equipment for refurbish-
ment of 3.6-mw Ludvika in Sweden.
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cal electricity grid.

That would require construction of  HO 

kilometers of  transmission line, which might 

cost more than the project will support. 

Another option is to supply electricity to a 

fishing town near the project site. In that case, 

capacity of  the project would be only 200 or 

300 KW. CFE expects to begin construction 

in 2007.

Construction resumes on Domin-

ican Republic plant

The Dominican Republic’s water resources 

authority, Instituto Nacional de Recursos 

Hidraulicos (INDRHI), signed contracts to 

resume construction of  the 4-mw Guaigui 

multipurpose project on the Camu River, 

Business News Americas said.

INDRHI awarded a US$59.5 million con-

tract to a consortium of  Impregilo of  Italy 

and Yarull of  the Dominican Republic to 

finish building the project. Consultant Sweco 

Groner of  Norway received a US$1.3 million 

contract for final design. Consultant Norplan 

AS of  Norway received a US$5.2 million 

contract for project supervision.

Dutch bank ABN AMRO and a group of  

Scandinavian banks will provide financing, 

INDIZI II said.

Construction of  the dam to store water for 

flood control, drinking water, irrigation, and 

hydropower ,-eneration halted in 2005 as a 

result of  disagreements over project costs 

between the government and an engineering- 

procurement construction contractor.

Chile provides funds to study 22 

proposed projects

Corporacion de Fomento de la Produc-

cion, Chile’s development corporation, said 

it would provide funds to private sector 

companies to study the feasibility of  building 

22 hydropower projects. The projects would 

have capacities of  less than 20 mw each.

﹩︋︀﹇︣︋ ﹉︚﹢﹋ ︣و﹎︀ه ﹨︀ی﹫﹡

︋︣ای ا﹬﹟ ﹋︀ر ﹬︀︋︡ ︠︳ ا﹡︐﹆︀﹜﹩ ︋﹥ ︵﹢ل ٨٠﹋﹫﹙﹢﹝︐︣ 
ا︝︡اث ︫﹢د﹋﹥ ﹨﹬︤﹠﹥ اش از ︋﹢د︗﹥ ی ︎︣وژه ﹁︣ا︑︣ 

 ﹩﹨︀﹞︣﹧︫ ﹤︋ ︋︣ق ﹟﹬ی ا ﹤﹬ارا ︣﹍﹬ی د ﹤﹠﹬︤﹎.رود ﹩﹞
﹎﹫︣ی ﹡︤د︜﹞ ﹉﹬﹏ ا﹬﹟ ︎︣وژه ا︨️.درا﹬﹟ ︮﹢رت 

︸︣﹁﹫️ ︎︣وژه ﹁﹆︳ ﹬٢٠٠︀ ٣٠٠﹋﹫﹙﹢و﹜️ ︠﹢ا﹨︡ ︋﹢د.
︎﹫︩ ︋﹫﹠﹩ ﹝﹩ ︫﹢د ﹋﹥ CFEاز ︨︀ل ٢٠٠٧ ︨︀︠️ 

و︨︀ز را آ︾︀ز ﹋﹠︡.

از︨︣﹎﹫︣ی ︨︀︠️ و ︨︀ز در ﹡﹫︣و﹎︀ه ︗﹞﹧﹢ری 
دو﹝﹫﹠﹊﹟

︵︊﹅ ﹎︤ارش ︠︊︣﹎︤اری ا︠︊︀ر ︑︖︀ری 
آ﹝﹬︣﹊︀،︨︀ز﹝︀ن ﹝﹠︀︋︹  آ︋﹩ ︗﹞﹧﹢ری دو﹝﹫﹠﹫﹊﹟ 

﹋﹥ ﹝﹢︨︧﹥ ی ﹝﹙﹩ ﹝﹠︀︋︹ آ︋﹩ (INDRHI)﹡︀م 
دارد﹇︣اردادی ︋︣ای از︨︣﹎﹫︣ی ︨︀︠️ ︎︣وژه ی 

︚﹠︡﹝﹠︷﹢ره ی ۴ ﹝﹍︀وا︑﹩ ﹎﹢ا﹬﹍﹢ی در رود︠︀﹡﹥ ی 
﹋︀﹝﹢ ا﹝︱︀ ﹋︣د.

INDRHI﹇︣ارداد۵٩٫۵﹝﹫﹙﹫﹢ن د﹐ری ︑﹊﹞﹫﹏ 

︨︀︠︐﹞︀ن ا﹬﹟ ︎︣وژه را ︋﹥ ﹋﹠︧︨︣﹫﹢﹝﹩ ﹝︐︪﹊﹏ 
از ︫︣﹋️ ا﹬︀﹫﹛︀︐﹬﹩ ا﹬﹞︍︣︗﹫﹙﹢ و ︫︣﹋️ ﹬︀رول 

︗﹞﹧﹢ری دو﹝﹠﹫﹊﹟ ︨︍︣د.︵︣ا﹬︀﹧﹡ ﹩︝﹩ ﹡﹫︤ در 
﹇︀﹜︉ ﹇︣اردادی ١٫٣ ﹝﹫﹙﹫﹢ن د﹐ری ︋﹥ ︫︣﹋️ 

﹝﹧﹠︨︡︀ن ﹝︪︀ور ︨﹢﹋﹢﹎︣و﹡︣ ﹡︣وژ ︨︍︣ده ︫︡.﹡︷︀رت 
︋︣ ︎︣وزه ﹡﹫︤ در﹇︀﹜︉ ﹇︣اردادی ۵٫٢ ﹝﹫﹙﹫﹢ن د﹐ری ︋﹥ 

︫︣﹋️ ﹡︣وژی ﹡﹢ر︎﹑ن وا﹎︢ار︫︡.
︵︊﹅ ا︻﹑م INDRHI ︋︀﹡﹉ ﹨﹙﹠︡ی «ای ︋﹩ ان آ﹝︣و» و 
 ﹟﹬︀وی ︑︀﹝﹫﹟ ا︻︐︊︀ر ا﹠﹬︡﹡︀﹊︨︣و﹨﹩ از ︋︀﹡﹉ ﹨︀ی ا﹎

︎︣وژه را ا﹡︖︀م ﹝﹩ د﹨﹠︡.
︨︀︠️ ا﹬﹟ ︨︡ ︋︣ای ذ︠﹫︣ه ︨︀زی آب ︋﹥ ﹝﹠︷﹢ر 

﹋﹠︐︣ل ︨﹫﹏،︑︀﹝﹫﹟ آب آ︫︀﹝﹫︡﹡﹩ و آ︋﹫︀ری و ︑﹢﹜﹫︡ 
︋︣ق در ︨︀ل ٢٠٠۵ ﹝︐﹢﹇︿ ︫︡ ز﹬︣ا ︋﹫﹟ دو﹜️ و 

︎﹫﹞︀ن ﹋︀ر ﹝﹧﹠︨︡﹩ ︑︡ار﹋︀ت و ︨︀︠️ ا﹬﹟ ︎︣وژه ︋︣ 
︨︣ ﹨﹬︤﹠﹥ ﹨︀ی ︎︣وژه ا︠︐﹑ف ︎﹫︩ آ﹝︡.

︑︀﹝﹫﹟ ا︻︐︊︀ر ︫﹫﹙﹩ ︋︣ای ︋︣ر︨﹩ ٢٢︎︣وژه ی 
︎﹫︪﹠﹧︀دی

︫︣﹋️ ︑﹢︨︺﹥ ی ︫﹫﹙﹩ ا︻﹑م ﹋︣د ﹋﹥ ︑︀﹝﹫﹟ ا︻︐︊︀ر 
︋︣ر︨﹩ ا﹝﹊︀ن ﹬︢︎︣ی ا︗︣ای ٢٢︎︣وژه ی ︋︣ق آ︋﹩ 

︑﹢︨︳ ︫︣﹋️ ﹨︀ی ︟︋︩ ︭︠﹢︮﹩ را ︑︀﹝﹫﹟ ا︻︐︊︀ر 
﹝﹩ ﹋﹠︡.︸︣﹁﹫️ ﹨︣﹋︡ام ازا﹬﹟ ︎︣وژه ﹨︀ ﹋﹛ ︑︣از 

٢٠﹝﹍︀وات ا︨️.
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