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كــما عهدتموهــا تعــاود هيدروليــكا الظهــور في نســختها الجديــدة مــا يؤهلهــا لتلعــب 
ــة  ــوث الهيدروليكي ــز البح ــطة مرك ــل لأنش ــيط الناق ــة والوس ــة الإعلامي دور الواجه
والآلــة الإعلاميــة التــى ينــاط بهــا نــشر و عكــس مشــاريع و رؤيــة المركــز و أهدافــه 
للمجتمــع الخارجــي. مــع تباشــير المناســبات الدينيةأعادهــا اللــه عــى الأمــة الاســلامية 
بالخــير و اليمــن والــبركات ســائلين اللــه أن ينفــع بنــا العبــاد و يوفقنــا في مســعانا. 

ــة في نســختها هــذه إنتهجــت سياســة  الســادة القــراء نلفــت إنتباهكــم الى أن المجل
تحريريــة جديــدة حيــث تحولــت الى إصــدارة علميــة نصــف ســنوية مــن أجــل تغطية 
أشــمل و تنــاول أوســع للمواضيــع و الأنشــطة البحثيــة و أيضــاً مــن أجــل فتــح الفــرص 
ــردود  ــة الم ــوى و فاعلي ــاءة المحت ــاة كف ــع مراع ــدد م ــة في الع ــاركات الخارجي للمش

العلمــي.
تزامنــت هــذه الاصــدارة مــع القــرار رقــم 144 الصــادر مــن الأمانــة العامــة لمجلــس 
الــوزراء والخــاص بإجــازة الهيــكل التنظيمــي والوظيفــي للمركــز وهــذا يعتــبر انجــاز 
ــا  ــس موضوعاته ــوى و تلام ــة المحت ــدارة غني ــذه الاص ــدون ه ــز. تج ــخ المرك في تاري
ــل  ــة في جع ــام للدول ــه الع ــة التوج ــا و خدم ــوض به ــة والنه ــاه و التنمي ــا المي قضاي
التنميــة والتطويــر عــى رأس أولويــات المؤسســات العلميــة و البحثيــة . ناقشــت هــذه 
الاصــدارة في بعــض مشــاركاتها مواضيــع مشــاريع حصــاد الميــاه في الســودان والفــرص 
غــر المســتغلة منهــا، و مشــاريع الــري الفيــضي في الســودان و الأبعــاد الإجتماعيــة لهــا 
و المشــاركة الفاعلــة، كا تناولــت حقائــق وأبعــاد مــشروع قنــاة جونقــلي و الحشــائش 
المائيــة، إضافــة إلى المتابعــات للمشــاريع الجاريــة بالمركــز ، أمــا مــن جانــب الدراســات 
ــة الطمــي لموســم 2017 م- 2018 م وبرنامــج حــصر  ــر النهــائي لمراقب تناولــت التقري
ــذا الموســم، و  ــرة له ــة بواســطة القمــر الصناعــي لمــشروع الجزي المســاحات المزروع
نفــرد مســاحة للحديــث عــن المركــز كأحــد صروح التميــز في مجــال البحــث العلمــي 
وفي هــذه الاصــدارة نســلط الضــوء عــى أنشــطة المركــز مــن خــلال حــوار توضيحــي 
مــع المديــر العــام للمركــز ليكشــف لنــا أبــرز ملامــح الإنجــاز ومــدي مســاهمة المركــز 

في عمليــة التنميــة المســتدامة.
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يمثــل المركــز  رأس الرمــح في مجــال بحوث الميــاه من خلال توفــيره  للدعم 
العلمــي وإجــراء البحــوث التطبيقيــة مــن اجــل تطويــر المــوارد المائيــة و 
اســتخداماتها بالســودان. تــم  أنشــاء مركــز البحــوث الهايدروليكيــة ،  في 
ــا  ــين تكنولوجي ــرار وتوط ــم الق ــاضي لدع ــرن الم ــبعينيات الق ــط  س أواس
المــوارد المائيــة بالســودان. وكان ذلــك بدعــم ســخي مــن برنامــج الأمــم 
المتحــدة الأنمــائي (UNDP). وفي نهايــة عقــد الثمانينيــات أصبــح المركــز 
( وكان يســمى محطــة البحــوث الهايدروليكيــة في ذلــك الوقــت) مؤهــلآ 
ــوارد  ــة في مجــالات الهايدرولوجــي  والم ــاً لإجــراء البحــوث التطبيقي تمام
المائيــة و هندســة الــري ، وقــد ســاهم المركــز بصــورة مبــاشرة في حلحلــة 
كثــير مــن المشــاكل الفنيــة التــي أعترضــت تطــور هندســة الــري فى 
ــي  ــكادر البحث ــير في ال ــص الكب ــن النق ــز م ــا المرك ــن عان ــودان. ولك الس
ــل إلي إدارات  ــرة أو النق ــب الهج ــعينات بس ــد التس ــلال عق ــل خ المؤه
أخــري داخــل  وخــارج الــوزارة، مــما أثــر عــلى القيــام بــدوره الريــادي في 
مجــالات بحــوث الميــاه. ولكــن ظهــر المركــز قويــاً في الســنين الآخــيرة مــن 

خــلال أبحاثــه المتعــددة ومشــاركاته الكبــيرة داخــل و خــارج الــوزارة.

ــن  ــث ع ــز للحدي ــام المرك ــر ع ــاس مدي ــاسر عب ــكا  حــاورت البروفســير /  ي ــة هايدرولي مجل
ــبر الســنين الأخــيرة. ــز وتطــوره ع المرك

1. الســيد المديــر العــام  مــن وجهــة نظــرك – مــا هــو الانجــاز الغــير مســبوق الــذى حققــه المركــز في الســنين الاخــيرة 
- و مــا هــى أهميتــه فيــما يتعلــق بالدراســات البحثيــة او للســودان بصــورة عامــة؟ 

كــما تعلمــون يعمــل المركــز في مجــال البحــوث التطبقية 
وبالــذات  demand–driven research أى يعمــل عــلي 
الأجابــة عــلي الأســئلة التــي تطــرح بواســطة أدارات 
الــوزارة عــن طريــق البحــوث و الدراســات الفنيــة. 
الانجــاز الكبــير فى الفــترة الاخــيرة هــو تاهيــل و تقويــة 
المركــز ليلعــب دوره المحــورى فى دعــم الــوزارة مــن 
خــلال البحــوث العلميــة. و فعــلا ســاهم المركــز بصــورة 
مبــاشرة  فى دعــم اتخــاذ القــرار الخــاص بموضــوع ســد 
ــرى  ــزال) يج ــا ي ــز (و م ــرى المرك ــث أج ــة ، حي النهض
دراســات  ذات مســتوى عــالي مــن الجــودة لمعرفــة أثــار 
ــات ،  ــلي الخزان ــواءا ع ــودان س ــلي الس ــة ع ــد النهض س
ــاء  ــد الكهرب ــة ، وتولي ــة الفيضي ــري ، الزراع مشــاريع ال
. وكانــت هــذه الدراســات خــير معــين لدعــم متخــذي 
ــن  ــاوضى م ــودان التف ــف الس ــص موق ــما يخ ــرار في الق

ســد النهضــة. أيضــاً دراســة معايــرة الطلمبــات بمشــاريع 
الــري بالســودان ( الرهــد، الســوكي، حلفــا ، إلــخ )  عــلي 
 (straight forward) الرغــم مــن ســهولة هــذه الدراســة
لكــن كان لهــا أثــر أقتصــادي كبــير ووفــرت ملايــين 
الــدولارات للخزينــة الدولــة – وذلــك بدعــم القــرار  
الصحيــح في عــدم أحــلال الطلمبــات رغــم وصــول 
بعضهــا للعمــر الإفــتراضي فى حــين اثبتــت دراســات 
المركــز بــان كفائتهــا مازالــت عاليــة ( في حــدود 87 %). 
عمــل المركــز أيضــاً أســتخدام صــور الأقــمار الصناعيــة في 
مشــاريع الــري – كان لهــا أثــر مبــاشر في تحســين الأداء 
وزيــادة  الإنتاجيــة بإلأضافــة إلي العديــد مــن البحــوث 
التــي يصعــب حصرهــا هنــافى مجــال تشــغيل الخزانــات 

ــخ . ــات ، ال ــع الطلمب ــار مواق ــماء و اختي و الاط
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2. عــلي حســب التقاريــر التــي تــم الإطــلاع عليهــا هنالــك عــدد (11) مــشروع بحثــى تــم 
إنجــازه خــلال عــام 2017 مــن أصــل  (19) مــشروع  جــاري العمــل بهــا - هــذا يعكــس 
ــة  ــات خارجي ــع جه ــين و خــبراء و شراكات م ــف وراءه باحث ــز ويق ــة المرك ــاءة و فاعلي كف

حدثنــا عــن ذلــك؟
هنــاك عــدة عوامــل تضافــرت فى ان 
ــة و النشــاط  يكــون المركــز بهــذه الحيوي
الميــاه  قطــاع  فى  بفاعليــة  المســاهمة  و 
خارجهــا  و  الــوزارة  داخــل   – بالســودان 
تتلخــص فى: اولا: يجــد المركــز الدعــم الكبــير مــن 
ــب  ــادى فحس ــم الم ــس الدع ــوزارة – لي ــادة ال قي
و انمــا الايمــان العميــق بــدور المركــز المحــورى فى 
تنميــة و تطويــر قطــاع الميــاه بالــوزارة و فى الســودان 
بصــورة عامــة. و تمثــل ذلــك فى تنشــيط مجلــس 
و  المائيــة  المــوارد  وزيــر  الســيد  برئاســة  البحــوث 
ــة  ــنويا فى نهاي ــع س ــذى يجتم ــاء و ال ــرى و الكهرب ال
كل عــام لتقييــم الاداء البحثــى خــلال العــام و توجيــه 
ــرة  ــك ثم ــه. و كان ذل ــذى يلي ــام ال ــلال الع ــل خ العم
ــزت  ــى اجي ــز البحــوث الت ــل و دعــم مرك ــة تاهي وثيق
فى بدايــات عــام 2013. ثانيــا: عمــل المركــز عــلى توفــير 
مــوارد ماليــة مــن مصــادر مختلفــة داخليــا و خارجيــا 
ــة يتــم تمويلهــا  – حيــث يجــرى المركــز مشــاريع بحثي
مــن جهــات خارجيــة مثــل: معهــد اليونســكو بهولنــدا 
، المعهــد العالمــي للميــاه بــسري لانــكا ، مبــادرة حــوض 
النيــل ....الــخ. و يتــم انجــاز هــذه البحــوث بمســتوي 

عــالي مــن الجديــة مــما يمكــن مــن جــذب المزيــد مــن 
ــع  ــم دف ــة يت ــوارد المالي ــذه الم ــذا. ه ــوث  و هك البح
60 % للعاملــين و 40 % تــورد لميزانيــة المركــز  - مــما 
ــي و شراء  ــكادر البحث ــلي ال ــة ع ــن المحافظ ــا م مكنن
بعــض وســائل العمــل الهامــة مثــل  برامــج الكمبيوتــر 
ــاً: الاهتــمام بتجويــد  ، أجهــزة قيــاس ، ....الــخ . ثالث
و تقويــة الجانــب المؤســسي و تمثــل ذلــك في عــدة 
محــاور: اهمهــا زيــادة عــدد الباحثــين بالمركــز – حيــث 
تضاعــف العــدد الى مــا يفــوق ال 40 باحثــا مقارنــة ب 
ــل  ــنواصل العم ــنوات وس ــل 6 س ــث قب 15 او 16 باح
لنصــل إلي 80 باحثــا بحلــول عــام 2020. و تــم العمــل 
ــط الاداء  ــل لضب ــح العم ــيط لوائ ــل و تنش ــلى تفعي ع
ــات. و  ــة الترقي ــيط لجن ــك تنش ــالى و الادارى وكذل الم
ــت  ــد تم ــب – فق ــذا الجان ــارة فى ه ــار الس ــن الاخب م
اجــازة هيــكل مركــز البحــوث الهايدروليكيــة بواســطة 

مــا  مجلس الوزراء فى ابريل من هذا العام - 
ــاشرةً  ــع مب ــة كادارة تتب أعطــي المركــز الصفــة القانوني
إلي الســيد/ وزيــر المــوارد المائيــة والــري والكهربــاء. و 
يعمــل المركــز الان فى تســكين العاملــين و ســد العجــز و 

ــة. ــوادر الفائض ــكلة الك ــل مش ح
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ــيرة ماهــي الوســائل المســاعدة  ــة كب ــز أحــدث نقل ــادل الخــبرات في  المرك ــب وتب 3. التدري
ــا ؟ ــات واجهتكــم و ماهــي خطتكــم لمواجهته ــك عقب ــك، و هــل هنال عــلى ذل

ــى  ــكادر البحث ــب ال ــيرا بتدري ــم كث ــز نهت نحــن فى المرك
ــم  ــة.و يت ــورة المطلوب ــل بالص ــاز العم ــه فى انج لاهميت
 short) ذلــك عــبر عــدة طــرق منهــا التدريــب القصــير
course training) او التدريــب الطويــل (ماجســتير 
ــين الاعــمار  ــوراه) و مــن خــلال نقــل الخــبرات ب و دكت
مســاعد  يبــدأ  فمثــلا  الباحثــين.  وســط  المختلفــة 
الباحــث الجديــد بالتدريــب الــدوار للتعــرف عــلى 
ادارات الــوزارة المختلفــة و مدتــه شــهران يتعــرف فيهــا 
الباحــث عــلى تشــغيل الخزانــات ، المــوارد المائيــة ، 
تصميــم و تنفيــذ مشروعــات الــرى ، الــخ. بعدهــا يتــم 
ــة  ــة الانجليزي ــام فى اللغ ــدة ع ــة لم ــد دورة تدريبي عق
ــا  ــث ، و ايض ــاعد الباح ــة لمس ــدرات الغوي ــة الق لتنمي
 GIS & :يتــم عقــد كورســات قصــيرة متخصصــة مثــلا فى
 RS ، River Basin Simulation  ، Hydrodynamic

ــما نعمــل  ــخ.... ك modeling  ، ال
عــلى دعــم الباحثــين فى الحصــول عــلى 

منــح خارجيــة لدراســة الماجســتير و الدكتــوراه.
و لكــن تواجهنــا العديــد مــن العقبــات فى انجــاز 

خطــط التدريــب بالصــورة المرجــوه اهمهــا ضعــف 
الامكانيــات فى توفــير البيئــة المثاليــة للتدريــب. وفى هذا 
الخصــوص يعمــل المركــز في خطــة طموحــة لبنــاء مركــز 
تدريــب قطــاع الميــاه بــواد مــدنى و بالفعــل تــم تجهيــز 
ــق  ــم التصدي ــم و كراســة العطــاءات و أيضــاً ت التصمي
مــن قبــل الســيد/ الوزيــر و نحــن في إنتظــار التنفيــذ. 
ــا اتصــال  ــزا بتكنلوجي ــب مجه ــز التدري و ســيكون مرك
حديثــة لاســتقبال المحــاضرات عــبر الانترنــت مــن خــارج 
ــط و  ــين فق ــس للباحث ــدة لي ــتعم الفائ ــودان. و س الس

انمــا لــكل مهنــدسى قطــاع الميــاه بالــوزارة.

4. مــا هــو الــسر في إهتمامكــم البالــغ بقضيــة التدريــب والتطويــر والتحديــث والمواكبــة، خصوصــاً و أن العــالم يســير 
في تطــور لا يحتمــل التوقــف عنــد محطــة واحــدة بــل يجــب المواكبــة؟ 

تتطــور الامــم بالتعليــم و البحــوث و ليــس بالمــوارد 
ــل  ــخ و العم ــترول .... ال ــاء ، ب ــن أرض ، م ــة م الطبيعي
البحثــى بالــذات لا يمكــن تأديته إلا بواســطة كادر مقتدر 
ــه المقــدرة أولاً في تشــخيص المشــاكل و  مــن الباحثــين ل
مــن ثــم تنفيــذ طــرق الحــل المثــلي.  ولذلــك نحــن نهتــم 
بتدريــب كل الفئــات مــن العــمال والقياســين و الباحثين. 
و حقيقــة نحــن في الســودان مظلومــن مقارنــةً بالــدول 

التــي حولنــا مــن ناحيــة فــرص التدريــب. لذلــك نســعى 
بــكل الســبل فى مســاعدة الباحثــين فى ايجــاد فــرص 
ــذات  ــك و بال ــن ذل ــا امك ــا م ــات علي ــب و دراس تدري
ــالات  ــور فى مج ــة التط ــودان لمتابع ــارج الس ــرص خ الف
علــوم الميــاه. كذلــك نســعى فى تنفيــذ بحــوث مشــتركة 
مــع جهــات خارجيــة مــما يوفــر الفرصــة المناســبة 

ــين. ــاه العالمي ــكاك بخــبراء المي ــا للإحت لباحثين
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5. مثلــت بيئــة العمــل الــسر الأكــبر في نجاحــات المركــز  فالزائــر للمركــز يلاحــظ بيئــة عملية 
ــه و  ــم علي ــم هــذه وكيــف حافظت ــدول المتطــورة فكيــف حققت ونظــام مؤســسي أشــبه بال

ماهــي خطتكــم  مســتقبلاً ؟ 
الــسر في نجــاح العمــل هــو إتبــاع 
الأســلوب العمــلي في إدارة المركز ويتمثل 
المهــام  توزيــع  و  الكاملــة  الشــفافية  في 
ــلا ادارة  ــع كل حســب تخصصــه. فمث للجمي
ــم  ــم بواســطة رئيــس التي ــى المحــدد تت المــشروع البحث
(project leader) الــذى يكــون مســؤولا مــن الناحيــة 
الفنيــة والادايــة و الماليــة عــن العمــل بالمــشروع. ليــس 

ــم هــو الاكــبر عمــرا و  ــس التي بالــضرورة ان يكــون رئي
لكــن الاقــدر عــلى انجــاز المهمــة و يحتــوى التيــم عــلى 
باحثــين فى درجــات عليــا يوفــرون الاســناد العلمــى 
 .(project advisor) ــم ــارين فى التي ــوب كمستش المطل
ثانيــا نهتــم بموضــوع الصيانــة الوقائيــة فى كل شــئ بــدا 
مــن المكيفــات ، الحدائــق ، العربــات الى اجهــزة القياس.

6. برايكــم ماهــي أهــم المعوقــات و المشــاكل التــى تواجــه البحــث العلمــي في الســودان بصفــة عامــة وفي مجــال 
الميــاه بصفــة أخــص؟

مشــاكل البحــث العلمــي كبــيرة في الســودان أهمهــا 
قصــور فهــم بعــض المســئولين عــن دور و فائــدة البحــث 
ــدنى  ــة هــو ت ــة. المشــكلة الثاني العلمــي فى تطــور الدول
مســتوى التعليــم فى الســودان بصــورة عامــة و بالــذات 

العــالى ، مــما يحتــم ان نبــذل مجهــودات  التعليــم 
اضافيــة مــع الخريجــين الجــدد لــكى يســاهموا فى العمــل 
البحثــى. المشــكلة الثالثــة اننــا نفقــد كثــيرا مــن الباحثــين 
ــات و محفــزات العمــل  ــين بســبب ضعــف المرتب المؤهل

بالمركــز.

ــز  ــح خطــة المرك ــرز ملام ــن:  أب ــا ع ــام حدثن 7.وفي الخت
ــة؟  ــاور التالي ــق المح ــة وف ــوام القادم للأع

وفــق اســتراتيجية المركز 2015-2020 ســوف يعمل المركز 
 (centre of excellence) عــلى ان يكــون مركــز للتفــوق
فى مجــالات البحــوث و تنميــة القــدرات و الاستشــارات 
ــب  ــودان فحس ــس فى الس ــاه – لي ــال المي ــة فى مج الفني

ــى عــلى  ــى تنبن ــل. و الت و انمــا عــلى نطــاق حــوض الني
خلــق الــكادر البحثــى المؤهــل و الاهتــمام ببيئــة العمــل 
و التوســع فى المشــاريع البحثيــة و كذلــك تخصصــات 
ــة و  ــة و الاقتصادي ــب القانوني ــمل الجوان ــين لتش الباحث
الاجتماعيــة. كــما يعمــل المركــز عــلى تقويــة الــشراكات 

ــا. مــع الجهــات ذات الصلــة داخليــا و خارجي

7



82018

1

4
11 6 5 1

2
9

2

3
2018 2017

4

5

ADCP
current meter
RPM

2017

Cropwat

Farbrother Tables
3



9 2018

    (ADCP)   :1

(RPM)    2 

      3 



102018

  : 1

3 9.9 6.5

3 8.6

9.9
%5

Qm
%100 66 Qd

4

6 5 2 1
 .11 7

2
5-2

10
5

2 1
3

100%

5.338 3.613
4.792



11 2018

 111,514 4

    (5) 

 (6) 



122018

 Farbotherm, CROPWAT, 5
236 212 2017 and Factor 30 methods

 % 40 24 294
CROPWAT 7

 (2) 

3
2017 12 31 2017 12 01

  (7) 



13 2018

3  1 4
8 2

3

0.06 0.006
3 07.1

4
30 10

1
3

3.7

 (8) 

    (9) 

4



142018

1.29 1.02

4

3 1
40% 25

27%

 3 0.006 0.004
 3 0.06

 3 0.17

30 12

5

6



15 2018

ICPAC

GHACOF 49
2018 14 13 2018

above Normal to Normal

 below Normal to
Normal

 Normal to
above Normal

1
2

2018

2018

(
2018



162018

20

10 2
100 20

1982

Andrews 1945



201817

60

FLOATING WEED -1

 WETER

Vossia cuspidate
 SUBMERGENT -2

WEED

Portamento species
 EMERGENT -3

W E E D

 Typha
species

BANK WEED -4

 Phragmites
cynodont dactylon Australis

ALGAE -5

.CLADOPHORA



182018

   :   - 

:    -

 CONTACT)     -
(HERBICIDES

 SYSTEMIC)    -
(HERBICIDES

      -
 CONTACT PARTIALLY SYSTEMIC)

   (HERBICIDES

GRASS CRAP



201819

1995



202018

 

1
2
3

o
o
o
o
o
o

o

o

o
o

o
o
o
o
o

:    /1

14 12

:     /2



201821

:    /3
 

       /5
:  

1

2

:      /6

�

�

�

:



222018

DVD-CDROM-
VDC

1
2

3

1

2



23 2018

Scanner
PDF

 Book
Software

Book reader

1

2

3

1

2

3

4



242018

-1

-2

-3

-4

-5



201825

70%

 50%

-1

-2

-3

-4

-5



262018

2050

Berm 1
10 8

    –   



27 2018

2

3

2

5
       



282018

     

  -     



29 2018

CFA

2015 21

CFA
11

CFA

CFA

2010



302018

 6 43

10 6

5

40

1959

1959 1929



31 2018

10 6

5

14



322018

IPad

SMS



33 2018



342018



35 2018



362018

 Spate
Irrigation

50%

(
 Land

plant

 91 52

rhizomes Tubers

160



201837

554 174
18

22.1

  
 89
 Sugarcane 70% L

Gossypium hirsutum L
.% 34

Dormancy

Control

Solarization 1
Crop rotation 2

 Fertilizers 3
 Tillage 4

 .50%

45
165



382018

44

23

19

10
4



39 2018

1993
68

50 62
68

 :

1924
 100 400

50

92 42

-36.20
15.25-15.10 36.25

5.5



402018



41 2018



422018

ICE
Institution of Civil Engineering

FIDIC
_Federation International des ingenieurs

 Conseils

Heavy construction projects
Industrial projects

 Building

construction projects
1-1



43 2018

1

22-1

     1



442018

2-2



45 2018

3

1-3

2-3

3 3 



462018

2011

1938

1946 1945

1959

 12.5 7-

 50 28

7 4



201847

43

4
22 125

92 1978
14.7

43.5
18

15.8

1976

1967

51 1983

50%

1985

4.7

16

1983

1985

175
74

 6000

        



482018



1

2

info@hrc-sudan.sd
2018 30



Hydraulica

50 July 2018

The Dinder rise to the west of Lake Tana 

Sudan border joining the Blue Nile below 
Sennar at the village El Rabwa. The Dinder 
River basin has a complex hydrology, 
with varying climate, topography, soil, 
vegetation cover and geology as well as 
human activities.  The Dinder catchment 
area is about 37.600 km2 and its effective 
catchment in Ethiopia is some 14,000 km2 

The River is the main source of water for 
the rich mayas ecosystem of the Dinder 

welands used to be inundated each year 

to dry up as the spill drains or evaporates 

to recharge groundwater. Complicating 
the mayas hydrology is also the presence 
of man-made channelization of feeders 

Plate 1: The Dinder River inside the DNP.
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Plate 3: small bools on the sandy bed of the river which consume by the wild animal in the river 
reach inside the DNP or used for other purposes such as clothes washing.

The river also supplies water to the small-

local communities on both side of the river 

outside the DNP which provide drinking 
water storage for both domestic and 
nomadic livestock during the dry period. 
During the dry season the river bed left 

with small bools which consume by the 
wild animal in the river reach inside the 
DNP or used for other purposes such as 
clothes washing and bricks making. Local 
people also used to dig small water ponds 

on the sandy river bed for drinking water 
during the dry season.
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DNP forms an important ecological zone 

is the presence of the mayas wetlands, 
which are one of the three major ecosystems 
in the park. The water system of the park 
consists of both the Dinder River in the 
middle of the park and the Rahad River on 
the Northern border of the park and their 

on both sides along the Dinder River. The 
mayas are formed by meanders and oxbow 
cut on both sides of the rivers. According 
to DNP authority, there are more than 
40 mayas and pools that are part of the 
rivers Dinder and Rahad systems. Mayas 
are the main source of food and water for 

during the dry season which extend from 

Plate 4: small water ponds (Jammam) with depth of few 
centimetres on the sandy river bed for drinking water during the 

dry season.

During recent years, the Dinder 

mayas ecosystem functions and 
services. Therefore, understanding 
the climate variability and its 
hydrological impacts is crucial for 
water resources development, as 
well as for sustainable ecosystem 
conservations within the Dinder 
basin.
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Mayas during the beginning of the dry season in December
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The residents of Magano Mountain village 
were known to exist at the southwestern 
boundaries of the park before the 
establishment of the DNP. Their history 

boundaries were extended in 1983, the 
Magano village community was affected 
by the new extension and become inside 
the park. Consequently all community 
activities are being practiced inside the 

The Magano community depend mainly 
on rain-fed agricultural crops and domestic 
livestock goats. Water is a major issue 
for the Magano community. It decides 
their settlement and movement. They 
accordingly move in the dry season, 
mainly due to the scarcity of water in the 
wet season settlements, to a place close to 
the Dinder River, in south-east of the park, 
where the river retain with some permanent 
pools. They return to their village at the 
beginning of the rainy season in June.  
Ten villages on the eastern boundary which 
lies on the west bank of the Rahad River 
were affected by the park extension and 
become inside the park. Another group 
of villages in Kadallo area in the western 
boundary were also became inside the 
park. In addition, some 36 villages are 
also located near the DNP boundaries 
as reported by The Higher Council for 
Environment and Natural Resources 

There are many non-wood products that 
are utilized by the communities around and 

are young leaves of the dome palm. These 
are used for making mats, baskets, honey 
pots and handicrafts. Production of honey 
in also one of the major activates for the 
communities within and around the park.

The history of human settlement in the 
Dinder area dates as far back as the pre-

at the southwestern boundaries of the 
park area since 1912. Due to the park›s 
boundaries extension in 1983, some of these 
villages were become inside the park and 
their activities were regulated by the Park 

in the early 1960s through immigration 
from western Sudan and West African 
countries. Additional internal immigration 
happened due to severe droughts, famine, 
and civil war of the 1980s. 

The population composition in the Diner 
area shows a multiplicity of tribes who are 
mainly farmers and pastoralists. Nomadic 
pastoralists have also been attracted by 
the area where they continued to settle 
during the dry seasons to utilize the 
available water and grazing resources. 

human populations into the area include 
the expansion of mechanized rain-fed 
agriculture in 1970s which created a good 
market for paid labour, thereby attracting 
increasing numbers of workers who 
settled seasonally or permanently in the 
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surrounding area of the DNP. 
Protected areas safeguard biological 
and cultural diversity, help to improve 
the livelihoods of local peoples, provide 
the homelands for many indigenous 

Nevertheless, as population increases, 
protected areas will be negatively impacted, 
as the increased population requires 
increased natural resources demands. 
Habitat destruction in and around the 

land cover changes and alteration in 

that result in wildlife migrations. This 
threatens biodiversity and sustainable 
land use management. To overcome these 
problems and to ensure present and future 

the management of water resource and 
ecosystems must become participatory 
across local, national and international 
levels. To ensure sustainability, planning 
and management should take into account 
the ecological, socio-cultural, economic, 
and institutional concerns of stakeholders 
across the park boundaries. Moreover, 
integrated management is essential in 
protecting the park as well as improving 
the livelihood conditions of the inhabitants 
of the Dinder area. 
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is being undertaken by the institute in three phases over the period 
2015 - 2017. 
The research work aims to evaluate the performance of the existing 

to introduce a newly irrigation scheduling instead of the current 
practice.

2016

were carried out in the selected Mesga during the period from 
June 2015 to January 2016, i.e. through the full growing season. 

The major physical and chemical properties 
of the soil in Mesga 1 were also determined, 
which found to be Silty clay soil. The total 
irrigation water diverted to Mesga 1 during 

The soil moisture measurements, covered 65 
points in Mesga 1, were taken at three layers 

60-30 ,30- and 6090-
were taken within certain intervals, before 

end of the season, i.e. until soil moisture 
matches pre-season condition. 
The second Phase of the research work 
constitutes a desk study using WinSRFR 
model to examine different scenarios of 
irrigation scheduling on the Mesga level. 

a set of interventions were proposed to be 
2018  season.

2018  more 
or less follows the same procedure of that 

entering a selected pilot farm, soil moisture 
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measurements all through the growing season, 
etc. The only difference is the construction 
works of the adopted interventions on farm 
level. 

parts horizontally. Flood water is supplied to 

water access and from downstream the weir. 
The next half gets water from the newly 

Flow measurements over 11 days were carried 
out to quantify the irrigation water diverted 

Mm3, is presented by the following graph.
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In Mesga 14E, Kassala Block, 40 
representative sample locations have been 
chosen in year 2017. Each sampling point 
has been separately sampled into three depths 
that are: 060-30 ,30- and 6090- cm at certain 

Figure below shows the improvement in soil 
moisture distribution in year 2017 versus the 
status in year 2015 because of the adopted 
interventions.

Concerning duration of irrigation 
application and soil moisture distribution, 
some points are to be highlighted:
1. The total number of irrigation days

terms of irrigation water. Hence, probable 
expansion in planned irrigated area in 
GAS can take place or growing of second 
cropping can be realized.
2. The applied water depth in year 2017 is
714 mm compared to 700 mm in 2015. The 

number of days taking into account that 
total farm area is equally and horizontally 
divided and consequently existence of 
more than one access for irrigation water 

the difference between the water depth of 

and the water depth at harvesting stage, in 
year 2015 was 13.3 cm while that of year 
2017 was 14.9 cm. 

2017 is enhanced and more even than in year 
2015 which showed clear decreasing trend 
towards the farm tail. This is also supported 
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by analytical results that have ensured more uniformity of soil moisture distribution in year 
2017 than in year 2015.
5. Productivity in year 2017 is estimated at 10 sacks per Feddan on average for the two Sorghum
varieties.



Hydraulica

60 July 2018

100

SPSS
Excel

Although  there  are    various institutional 
changes in Gezira Scheme, however the links 
between these changes and poverty among 
farmers is not yet investigated. This study aims 
to identify the contribution of Water Users 
Associations in poverty reduction of   farmers 

that was conducted in Bassatana Irrigation 

100 farmers was randomly selected to collect 
primary data through questionnaire. SPSS 
and Excel software were run to statistically 
analyze the collected data. The results 
showed that WUAs have no positive impact 
on farmers income, and hence the poverty 

status among farmers of BID. Only 5% of the 
farmers depend completely on agriculture for 
their income, while 24% depend on livestock 
and 71% of farmers depend on other sources 
to satisfy their family needs. The contribution 
of WUAs  in provision of seeds at only 33% 

provision of water at 43%. The responsibilities 
of WUAs concentrated in the management 
of irrigation water at the minor canal.  It is 
observed that more than 60%  of the farmers 
have rented part of their land because of high 
farming cost and less revenue. Compared 
with the other institutional periods since the 
establishment of the scheme, farmers believe 
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that their income was increased during 

50% of farmers agree that the social services 

setup should be improved to contribute 
positively on poverty status of farmers.

Gezira scheme is located between longitude 
° 

showed that Gezira Scheme topography is 

South to North and from West to East, thus 

of irrigation water.  In 1911 the scheme was 
initiated as a pilot project with an area of 250 

time it was also decided to construct a dam 
at Sennar on the Blue Nile to enable further 
expansion to the scheme. In 1925 the Scheme 
was begun in large scale after the completion 
of the dam. Later it was expanded by adding 

irrigation network comprises main, major 
and minor canals with a total length of about 
10000 km. Administratively,   the Scheme was 
divided into eighteen administrative groups 
which are in turn were subdivided into 115 

the Gezira New Act of 2005, the scheme was 
divided into 21 irrigation divisions. Abdel 

scheme has a sum of 132,000 farmers.  The 
main crops grown in the Scheme are cotton, 
wheat, sorghum, groundnuts, fodder and 

vegetables. More recently, some new crops 
were introduced into the Gezira production 
system in compliance with concepts of 
freedom of crops choice such as cowpeas, 

Because of Gezira scheme law of 2005 and 
the transferring of some water management 
responsibilities to the Water Users 

decreased trend for some crops e.g. cotton 

of crops which considered as low and would 
not change among the most periods of the 

particularly farmers who are only agriculture 
dependent. With establishment of WUAs in 
Gezira Scheme, the efforts of agriculture, 
canals maintenance and water management 
in general have been fragmented between 
farmers, Gezira Board, Ministry of Water 

clear coordination. This creates problems 

Therefore, poverty status of farmers in 
Gezira Scheme under WUAs policy should 
be examined so that corrective actions can be 
made.

Bassatana irrigation division was selected in 
which 100 farmers were randomly selected 
for interview and discussion.  Bassatana 
irrigation division was selected because of 
easy transportation, and accessible in terms 
of data collection. Also there is available 
information as so many studies conducted in 

place experiencing establishment of WUAs. 
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Tools and techniques are used to achieve the 

description, sampling design and sampling 
technique, data sources and methods for data 
collection and analysis. The study assesses 

of WUAs on water management.  The study 
based on primary data that was collected by 
means of questionnaire from a random sample 
designed to provide statistical information. 
Also recorded data was collected from 
various sources. Available literature on Gezira 
Scheme, water management and WUAs were 
reviewed and summarized. 
The study used various methodologies to 
achieve its objectives and will be based on 
primary data that was collected by means of 
questionnaire from a random sample designed 
to provide statistical information on farmers. 
Also recorded data has been collected and 
available literature on Gezira Scheme, water 
management and WUAs were reviewed, and 
summarized. The formula below was used to 
select a random sample of 100 farmers who 
were interviewed  

    
   n    referred to appropriate number of the 
sample of farmers that has been taken

to Gezira ‘s Citizen that obtained when   the 
total number of farmers of Gezira Scheme   
divided to number of total population of 
Gezira State.  

Also, below male adult equivalent equation, 

E = male adult equivalents
A = number of adult
K = number of children 
a = fractional representation of children in 
adult equivalence child cost ratio

Sorghum area was the biggest in season 
20102011 . Farmers prefer sorghum, because 
of low cultivation cost, easy plantation and 

Figure (1): Main crops area of Gezira scheme (2000 to 2013)
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easy cultivation process compared with other 
crops. Also, sorghum is tolerant to drought 
and it can be maintained by rainfall and 
supplemented by irrigation.    Sorghum is 

prices. 
Groundnut is an oil crop and cultivated 
through a shared cropping system, it highly 

grown by groundnut in the scheme during 

area increased gradually up to 231632 fed in 

Wheat is one of main crops that have been 
cultivated in Gezira scheme during winter 
time. Wheat is considered as the most 
important food crop that make government 
subsidize to cultivate it and encourage farmers 
to contribute in food security as strategic 
factor for any country.
The scheme is originally designed to produce 

impacted by changing policies that discourage 
farmers to grow cotton and hence the area 
was sharply decreased. The Gezira law 

choice to grow their own alternative crops 
and therefore the farmers refused to grow 
cotton but instead they widened in sorghum, 
groundnuts and vegetables cultivation.

cultivated in the Central block in both summer 
and winter seasons, 229.1 fed has cultivated 
by groundnuts and 212.3 fed of sorghum, 
both crops are characterized by low cost of 
cultivation and easy plantation. Sorghum 
and groundnuts are food crops. Cotton was 
cultivated at 107.5 fed, and 80 fed of wheat, 
because both of them have high cultivation 

cost with unclear marketing policy. Most of 
farmers refused cultivating both crops as they 
have choice to cultivate alternative crops. 

by WUAs policies. Vegetables like onion, 
tomato, sweet potato, and squash have been 
intensively cultivated. Onion has cultivated 
in 167.5 fed which considered the biggest 
area of vegetables. Because of its high prices 
in recent years, bigger areas expected to be 
cultivated in the coming seasons. Because 
of high cultivation cost of tomato, only 20 
feds were cultivated. Sweet potato has cheap 
cultivated cost but it has a long season it is 
cultivated just 12.3 fed. Only 4 fe
ds of carrot were cultivated because of high 
cultivation cost. It seems that costs and prices 

farmers are still poor to cultivate larger areas. 
Millet has been cultivated normally in Gezira 
scheme with sorghum.  Farmers in Gezira 
preferred sorghum more than Millet as main 
food for most of people in Gezira. Chickpea 
has been cultivated in Gezira scheme 
during winter season. Some farmers refused 

been replaced by chickpea. Area of chickpea 
has increased in recent years, because of high 
net return. Begun pea was cultivated in 128.3 
fed as it is considered as popular crop, and it 

in Gezira scheme have cultivated horse bean 

potential crop in Gezira and covered about 10 
fed in Basant irrigation division. The results 
indicate that vegetables are generally grown 
in small area and few farmers cultivated them. 
Only 2 feds of Sesame were cultivated, while 
huge areas cultivated in rain fed areas.
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Figure (2): Crops area in Bassatna Irrigation Division per (fed)

Figure (3): Productivity of wheat, Groundnuts and Sorghum during (2000 to 2013)
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Figure (4): Productivity of cotton
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Figure (6): Contribution of agriculture in poverty alleviation

periods in the scheme. These periods are joint 
account system, individual account system, 

individual account but some difference today 

as it would be in the past. Socioeconomic 

services, provision of water and health 
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Table (2): Impact of WUAs

Table (3): Farmers’ efforts to improve their income from agriculture

Table (4) Situations during different periods of Gezira scheme

services. More than 65% of farmers seem that 
their income has been increased during the 
individual account period, less than 20% seen 
that their income has been increased during 
WUAs, while 12% of farmers agreed that 
income increase during joint account, and 
less than 3% during economic liberalization, 
this indicate that the period of IAS is the best 
in terms of income and this is because during 

JAS the income from cotton was distributed 
fairly between farmers, cotton company and 
Gezira board. The majority of farmers believe 
that JAS is the best in term of education, 
health, and water developments. Because 
at the period of JAS, payment of cotton net 
return used for development of infrastructure 
in Gezira. 
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The results show that productivity in Gezira 

main crops during WUAs, and hence WUAs 

poverty alleviation. Farmers still concentrated 
on traditional crops and vegetables. Cash 
crops are grown in small areas by fewer 
farmers. Free crop choice system introduced 
with WUAs is negatively followed and area 
has been increased beyond the system design. 
Farmers depends completely on agriculture 
as sources of income constitutes only 5% of 
the total farmers in Gezira, other remaining 
farmers depends on animals and other jobs 
to satisfy their family needs. The net return 
from some cultivated crops is low and under 
low on negative returns poverty alleviation 
cannot be expected to achieve. Also, it has 
been observed that some farmers rent part 
of their lands instead of cultivated it, WUAs 

agriculture inputs. Farmers living in modern 
houses, uses electricity and gas. Greater part 
of farmers owned animals even before WUAs. 
Theoretically, there are WUAs however their 
roles in water management and agricultural 
process are far from the real responsibilities 
of WUAs worldwide. Comparisons between 
different institutional periods in Gezira 
Scheme, the results show that IAS is the best 

as far as socioeconomic development is 
concerned in Gezira. 

Based on the result and conclusion the 
study suggests necessary improvement in 
water management, agriculture, rules and 
regulations and infrastructure of the Gezira 

scheme to serve the development as follows:
1. Productivity should be targeted in any
development program in Gezira Scheme.
2. The need to improve water management

productivity and hence positive contribution 
on poverty alleviation.

by the political volition for maintenance of 
irrigation networks.
4. Set the necessary arrangement and policies
to bring the agriculture back to its leading 
role in economic development.

increasing the productivity of crops to achieve 

6. Make use of agricultural techniques

mechanization to reduce the cost of labor.
7. Strengthening farmers through education
to play real and effective role in their farms.  
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The Blue Nile River and Atbara River that 
originate from the Ethiopian Plateau are the 
major source of sediment load in the Nile 
River. These two rivers bring considerable 

There was obvious increase in the incoming 

increases in income sediment were noticed 
because of the increasing sedimentation 

problems reservoirs and irrigation canals. 
Hydropower turbines in Roseires experienced 
complete blackout due to blockage of their 
intakes by sedimentation. Other problems 
are the increased frequency of canal banks 
incidences and blockage of hydraulic 
structures due to sediment deposition. The 
Ministry of Irrigation realized that knowing 
the sediment load and its characteristics 
in different river reaches and that entering 
irrigation schemes is very crucial for sediment 
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management. Then the Ministry of Irrigation 
and Water Resources launched a sediment 
monitoring program in Gezira Scheme and 
the Blue Nile system in 1988. The program 
was implemented by the Hydraulics Research 
Station HRS in collaboration with the 
Hydraulic Research Wallingford HRL. This 
collaboration continued for two years, and 
then HRS continued the program by itself. 

The objectives of the sediment monitoring 
program are:

irrigation schemes, particularly Gezira 
scheme, and determine its distribution.

river Nile system and the irrigation schemes.

Nile reservoirs.
Methodology:
The sediment monitoring program started 
with 52 stations stations distributed at the 
head, middle and lower parts of the irrigation 
system in the Gezira. Based on the long-
term experience in sediment monitoring, the 
monitoring stations are now limited to 14 
stations along the Nile and its tributaries and 
in the Gezira Scheme. 
Water samples from the different station 
are collected on daily basis using samplers. 
The samples are kept in plastic bottles with 
labels and transported to HRC laboratory in 
Wad Modani for analysis. About 1,378 water 
samples were collected this season from 
the different stations and analyzed in HRC 
laboratory. 
The tests conducted in the laboratory include 
the determination of sediment concentrations, 
sediment grain size analysis and other 

properties. The methods used in determination 
of sediment concentrations include the classic 
gravimetric method and the turbidity-meter 
measurements. 
Sediment concentration is generally expressed 
in grams per liter for water-sediment mixture 

Concentrations in parts per million by weight 
are obtained by dividing the weight of the dry 
sediment by the weight of the water-sediment 
mixture and multiplied by 106 to express the 

classic method is time consuming and labor 
intensive method, only 10% of the samples 
are analyzed using this method. All collected 
samples are analyzed using the turbidity-meter 
measurements. A correlation is established 
between the turbidity-meter readings and 
the gravimetric method. This correlation is 
then used for converting all turbidity-meter 
readings into sediment concentrations. 

 Locations of sediment monitoring stations
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The results showed strong correlation, 
R2=0.96, between the turbidity-
meter readings and the sediment 

The sediment concentrations as well 
as the sediment loads in the Blue 
Nile this season are lower than those 

This can be attributed to the fact 

than last year. The daily sediment 
concentrations in all the stations along 

the same pattern with peak of the 
sediment concentration in the second 
half of July, the highest sediment 
concentration recorded in downstream 
Senna station as 12,380ppm. The 
sediment concentrations in Hantoub 
station have the same pattern, but 
lower values than those downstream 
Sennar Dam. This may be attributed 
to the sampling location. The total 
sediment in the Blue Nile at Wad Elais 

compared to 171 and 170-million-
ton last year, respectively. Sediment 
concentrations in the two Gezira Main 
Canals at Sennar and downstream K57 
have the same magnitude as the Blue 
Nile downstream Sennar.  The newly 
established stations in the lower canal 
system in Gamousia major and Hamza 
minor have shown higher sediment 
concentrations than upstream stations 
due to the rehabilitation that is taking 
place in the major. The total sediment 
entered Gezira Scheme main canals at 
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Sennar this year was 8.3 M ton 

The daily sediment concentrations 

Main Nile stations have the same 
pattern as those in the Blue Nile. 
However, the damping effect of 

sediment concentrations in Dongola 

Daily sediment concentrations 
downstream Khashm Elgarian Dam 

have the same pattern and order of 

concentrations in these two stations are 

investigation. 

sampling location at Hantoub bridges 
as the sediment concentrations at this 
station are low compared to other 
stations in the Blue Nile.

the sediment data of Dongola station with 
Elhesai downstream Merowe dam.

at Gezira main canal downstream 
K57 as it has the same sediment 
concentrations as Gezira main canal at 
Sennar.

sediment sampling in Gamousia 
major for another season to obtain real 
sediment data.
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the Blue Nile in Sudan some 300 km south of 
Khartoum. The main purpose of Sennar dam 
is to store and divert water for irrigating cotton 
in Gezira Scheme and secure drinking water 
supply during the dry season. The construction 
of the dam was started in 1914, stopped during 
the World War I and completed in 1925.  The 

initial storage capacity of Sennar reservoir 
was 930x106m3. The dam was designed 
with 80 deep sluices and 112 spillways gates 
spreading across the river, capable of passing 

7.5 MW each, were installed in the dam for 
hydropower generation. 
The Blue Nile originates from the Ethiopian 
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brings considerable amount of sediment that 
originates mainly from heavy erosion in the 
upper catchment area in Ethiopia. This high 

design and operation of the reservoir. 

The original operation rule for the dam was 

any impoundment in the reservoir during the 

November after the sediment is passed. This 
operation of the dam was changed after the 
installation of the power turbines in 1962. 
The dam was then operated in accordance 
with new operation rules that aim at reducing 

the water level in the reservoir is kept at the 
minimum operation level. The reservoir is 

Despite of these rules, Sennar dam lost 60% of 
its original storage capacity during the past 85 
years. This reduction in the reservoir storage 
capacity due to sedimentation has reduced 

The objective of this paper is to investigate 

strategy using contemporary knowledge 
in reservoir sediment management and 
evaluate the economic impacts of reservoir 
sedimentation in present reservoir operation.

Various information and datasets from 
different sources were collected, collated and 

sediment concentrations and loads time-series, 
reservoir surveys, operation rules, power 
generation and economic data. Sediment rating 
curves downstream Sennar reservoir were 
developed using sediment monitoring data at 
the station and compared with a number of 
contemporary empirical relations. Economic 
impacts of the present reservoir operation 
were assessed using economic values of 
water in agriculture and power generation. 
The sediment concentrations in the Blue Nile 

with low sediment concentrations in mid-
June and increase gradually until it reaches 
its maximum concentration in the second 
period of July and then decreases again to 
the lowest he beginning of November. The 
transported sediment in the Blue Nile consists 

composed of silt and clay which is transported 
in suspension and accounts for approximately 
85 - 90% of the total sediment load in the 
Blue Nile. Part of the sediment load entering 
the reservoir is trapped and the remaining is 

discharge from reservoirs becomes smaller 

and the backwater effect. To increase the 

velocity is increased by lowering reservoir 

operation is known as sediment sluicing. 

sediments in the reservoirs are remobilized 
and transported downstream. 
The operation rules of Sennar reservoir require 
the water level to be kept minimal at 417.5 
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sediment load. The reservoir is then 

check whether sediment sluicing 
is the best operation option for 

The two indices in the diagram 
are the water index Kw, which 
is the ratio of reservoir capacity 
to mean annual runoff, and the 

the ratio of reservoir capacity to 
mean annual sediment yield. For 
Sennar reservoir, Kw=0.0186 and 
Kt=6.4, which falls in the area of 
sediment sluicing.
The annual volumes of sediment 
passing downstream Sennar 
dam were plotted against the 
respective volume of water 
released during season, for the period 2002 

Vs=0.1048V0.687

Where, Vs is volume sediment, V is the 

Two sediment rating curves viz.  rising and 
falling curves, where developed for the 
sediment monitoring station downstream 

Rising Flood Limb (Mid-June – August 
20th)

Qs = 0.406Q1.442

Falling Flood Limb (August 21st   – Mid 
November)
Qs =0.004Q2.022 

Where:

Sediment concentrations for the different 
dam releases were calculated using the 
above sediment rating curves. The sediment 

calculating sediment-transporting capacity 

Figure (1): Present operation of Sennar reservoir

Figure (2): Basson’s diagram
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were compared with actual sediment 
concentrations released downstream 

CW=847.1[V3 -0.49

pressurized conditions:
CW=64.9[V3 -0.45

w= the falling velocity of the sediment 

2.
The Tsinghua equation for calculating 
sediment-transporting capacity of the deep 

Where:

University method for sediment load 

conditions. 
Four methods were used for calculating 

curves, the empirical equation of Dendy 

resurveys. 

The sediment balance is done by subtracting 

the sediment passing downstream from 
that entering the reservoir. Daily sediment 
loads entering the reservoir at Wad Elais 

the sediment rating curves at Wad Elais, 

sediment loads downstream the dam are 
computed from the daily released water 
and sediment rating curves downstream 

sediment balance is done on annual basis.
The sediment rating curves for Wad Elais 

Rising Flood Limb (Mid-June – August 
20th)
QS = 0.0707Q1.7309

Falling Flood Limb (August 21st   – Mid 
November)
QS =9x10- 4Q2.3361

reservoir survey results for the years 1981, 
1986, 2008 and 2009 is given by:g y

Figure (4): Sediment discharge versus water released
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V = volume remaining after T year of 

impoundment,

The Flow-Duration, Sediment-
Rating Curve method developed by 

combining the short-term sediment-

duration curve for the years 1966 
- 2009 for Eddeim station. The estimated 
long-term average sediment yield for the 
Blue Nile at Eddeim is 146 million tons. 
The lowering of the reservoir water level 

August results in reducing the power 
generation. The daily average power 
generated in Sennar dam for the years 

daily average power generated during the 

175.5, 38.4 and 88.9 MWH, respectively, 
while the daily average power generated 
for the remaining months of the year is 
228.4 MWH. Therefore, the total power 
generation foregone during the three-

water level in the reservoir is 11.71 GWH.

Therefore, selection of sediment sluicing as 
an initial sediment control was successful.  
The plotted annual volumes of sediment 
sluiced downstream Sennar versus the 

showed good agreement with Paul and 

The sediment concentrations downstream 
Sennar reservoir are as high as that calculated 

Tsinghua equation with a reduction factor of 
3 gives much higher sediment concentrations 
than those released in the present operation of 
the reservoir. This indicates that it is possible 
to increase the released sediment from Sennar 

reservoir as calculated from reservoir surveys 
is found to be 5.5%, while that calculated 

Table (1): Average power generated in Sennar dam (2007- 
2013)
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from other methods is about 18.5%. The 
cost of the present operation is the foregone 

to release of high sediment concentrations. 
Annual lost revenue due to power forgone 
during June, July and August is about 1.0 

being during August. If the foregone power 
is substituted by gas-turbine generation 
then the total cost will be 65 million dollars 
annually. Lowering of the reservoir level 
during the rainy season has minor or no effect 
on irrigated crops if rain is good. 
The present operation of Sennar reservoir is 
not sustainable as standalone option since 
part of the incoming sediment is trapped 

combine the present sediment sluicing with 
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