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1 BACKGROUND

The Horn of Africa Groundwater for Resilience (HoA-GW4R) program was initiated with the aim of increasing sustainable access and management of groundwater in the Horn of Africa as a key contribution to strengthen the climate resilience of people living in the most vulnerable borderlands. Three countries: the Federal Democratic Republic of Ethiopia, the Republic of Kenya and the Federal Republic of Somalia together with the Intergovernmental Authority on Development (IGAD) started the program as Phase-1 project (P174867) with the financial support from the World Bank.
The Ethiopia-HoA-GW4R project, which has an approved budget of USD 210 Million, has been planned to be implemented in three main components: 1) Groundwater potential assessment and infrastructure development for inclusive community, 2) Strengthening groundwater institutions and information, and 3) Project management, knowledge, and operational support. This Terms of Reference (ToR) is prepared seeking consultancy service from potential consulting firms to implement parts of activities falling under Component 1, which targeted to introduce the concept of Managed Aquifer Recharge (MAR) in Dire Dawa City Administration.

Dire Dawa City Administration is a place located in the Eastern n part of Ethiopia and bordered by Oromia and Somali Regional States. It is characterized by hot semi-arid climate where rainfall is highly variable from year to year and ranges from around 1000 mm in the Southern part to about 500 to 600 in the lowland of the Northern side. The land scape ranges from very steep, high mountains in the Northern side to flat plains towards the northern part. The western & central part of the Administration occupies an area of 708 km2, where 532 km2 is escarpment and 175 km2 is occupied by depressions. These parts of City Administration (figure-1) are home for more than 90% of the Administration population. The Administration has no perennial surface water runoff, and is entirely dependent on the use of groundwater.
Groundwater is the major supply of freshwater that covers the demand of household and industrial sectors in the study area. It is an essential resource for domestic uses especially for drinking water and food security for the population of Dire Dawa and the surrounding areas. In the past years unprecedented growth in groundwater utilization has been observed, which leads to enormous withdrawal of groundwater for various uses in different sectors. Decline in water table has already been manifested in the existing wells. Intermittent and intense rainfall events over the watershed lead to short-term water availability (ephemeral rivers), which have big flash flow, disappears within short period of time (in few hours and rarely in a day after the rains), and flows to the north and wasted by evaporation at the fan areas out of the Administration.
On the other hand, the short lived but torrential rainfall happening in the City Administration is a big life threatening phenomenon calling for the attention of both water resource engineers and decision makers. These challenges are further aggravated by the ever growing demand of fresh water from the rapidly increasing population  , speedy urbanization, fast industrialization, impact of climate change and unplanned land use reforms. As a result, the livelihoods of the people of Dire Dawa city Administration and its surroundings are highly vulnerable to both natural and anthropogenic disasters, which need timely interventions. 
The Ministry of Water & Energy of the Federal Democratic Republic of Ethiopia has become aware of these challenges and plans to address them with the financing support it obtained from the World Bank. The overarching plan is to carry out a design and construction of the best mechanism of increasing the groundwater potential of the City Administration by a concept known as Managed Aquifer Recharge (MAR) and attempts to reduce the risk of flooding by devising a mechanism to retard the speed of the splash flood through construction of series of cascaded medium and small scale dams in the escarpment area (recharge area) and inducing the seepage of surface water from reservoir bodies to natural fractures leading to the nearby aquifer system. The project has also the task to put methods and system of monitoring quantity and quality change of the groundwater resource both due to the existing abstraction impact and future planned reclamation project intervention by drilling monitoring wells. 
To realize this project, different river catchments with potential dam sites shall be selected in the vicinities of the City Administration and detail reconnaissance study shall be carried out to evaluate the feasibility of this conceptual understanding. It is also planned to drill monitoring wells at proper sites to monitor the changes in water level and quality both prior and after the construction of these dams.
2 OBJECTIVES

2.1 GENERAL OBJECTIVES

The overall objective of this project is to study and design a Managed Aquifer Recharging mechanism using cascaded surface water ponding dams in selected areas within Dire Dawa City Administration. The project has two main benefits. It primarily serves to minimize the impact of flooding during the rainy season and secondly it increases groundwater availability by directing the stored water in the cascaded dams to the nearby aquifer system through natural fractures.
2.2 SPECIFIC OBJECTIVES:
· Identify all possible medium and small scale dam sites in rivers catchments of the City Administration     

· Carry out hydrological and sediment analysis, reservoirs routing, engineering geological assessment of dams and reservoir sites
· Design the cascaded dams with their appurtenance structures with no foundation treatment for seepage and reservoirs that can be filled with sediments
· Estimate seepage of water to the ground through the selected rivers catchments.
· Conduct geotechnical investigation as geo-structural mapping, soil test analysis   
· Evaluate analytically the flow dynamics applying Modflow and/or GSflow software packages and also analyze the impact of the artificial recharging mechanism on the well fields in terms of water quantity and quality; compare changes against the naturally recharging system.

· Carry out Socio economic and environmental impact assessment studies.

· Design at least 2-medium and 6-small sized series of proto type dams
· Supervise construction of 1 medium and two small-sized pilot dams.  

· Study and design effective monitoring systems; Identify locations of at least 4 monitoring wells

· Supervise drilling and construction of monitoring wells

· Select appropriate monitoring devices and supervise their installations.  

3 SCOPE OF SERVICES

The scope of the service is limited to the areas within Dire Dawa City Administration. Major activities are related to feasibility study for Managed Aquifer Recharge (MAR) including environmental and social impact assessment and design of groundwater recharging system, design of groundwater quality and water level monitoring system, supervision of construction of the different types of dams, supervision of drilling and construction of drilling and construction of these wells; selection of appropriate monitoring devices and supervision of their installations.
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Figure 1 :   DIRE DAWA ADMINISTRATION AND ITS LANDFORMS
4 METHODOLOGY

Once the consulting company has been contractually engaged, it will continue implementation of the project through four general Phases under feasibility study. These are: 1) Inception Phase, 2) Dam and monitoring wells design Phase, 3) Pilot Dam and monitoring wells construction Phase and 4) Knowledge sharing as a Capacity building Phase. There are III data analyses and report preparation stages. The first after Inception phase, the second after dam and monitoring wells design phase and the third after construction phase. Details of the reporting stages and expectations are shown in Table-2 below. Progress and status of the work shall be reported every two weeks to the Project Management and Coordination Unit (PMCU).

The main Phases are:

4.1 Inception Phase:
The Inception phase includes preliminary collection and review of reports, maps and data; preliminarily conceptualizing hydrogeological setup and multi-disciplinary analysis of the study area; preliminary site visit; preparation of draft Inception report; conducting validation workshop and submission of final inception report.
Collection and review of previous studies, maps and data

The consultant shall collect, review and analyze all available data, previous study reports, various thematic maps on the area, adjacent areas and analogous areas. All climatic data relevant to the study shall be collected from Meteorological stations located within and in the vicinity of the project area. Moreover, the consultant shall collect different types of maps such as: Topographical maps at a scale of 1:50,000 and 1:250,000 from Ethiopian Meteorological Institute (EMI); Geomorphology, Soils and Land Cover maps with varied scales from Ministry of Agriculture; satellite imageries of different resolutions from all available sources and socio-economic data from Central Statistics Agency (CSA).  

Finally, the consultant shall prepare check lists for all disciplines, organize meeting, discuss the methodology and expected result with the client and pertinent stakeholders.

Overlay analysis

Due to large coverage of the area, an overlay analysis is very important to identify specific target locations for aquifer recharging sites (dam & ponds with accessory canals) and monitoring points. An overlay analysis is used also to determine recharge zones where recharge is very effective, environmentally vulnerable areas for land degradation where siltation is hazardous for future dams using weighted overlay analysis aggregate input layers under the GIS environment.

The general steps involve:

· Preparation of physical thematic layers required for multi criteria overlay analysis of the study area.

· Determining the significant layers

· Reclassifying or transforming the data within a layer

· Weighting the input layers

· Adding or combining the layers

· Analyzing the result and delineation of the groundwater potential zones.     

Overlay analysis should continue in the next designing phase as the volume of collected and generated data increases. 
Preliminarily conceptualize hydrogeological setup and multi-disciplinary analysis of the study area

Develop preliminary conceptual models (Hydrogeological cross-sections) of the area for a better understanding of the regional groundwater system based on existing information. Preliminary Study on the Drainage Basin Characteristics and stream network; catchment area’s shape and orientation; slope; permeability and land cover. Preliminarily delineate at office level all possible dam and pond sites. Regarding socio economic and environmental impact analysis, preliminary evaluation of the study area and practice from similar and analogous projects shall be referred and possible study outcome shall be visualized.     
Preliminary site visit (Reconnaissance level fieldwork)

A preliminary site visit should be organized in the study area, where all the team members will participate and detail work program will be done at least for two weeks in order to be familiarized with the study area and for preliminary verification of what was interpreted at the office level and from Satellite imagery interpretation. 
Self-introduction and preliminary consultations with Regional stakeholders, Woreda Administrative Councils should be made.
Inception report Preparation and workshop
Subsequently, all gathered hydrological, hydrogeological, geological and geomorphological, geophysical, land use/land cover status information and data shall be reviewed and preliminary analysis will be carried out together with the outcome of the field visit. The main outputs of the Inception stage shall include but not limited to the following:

· Review and analyses of previous studies and data

· Preliminary determination of the extent of potential aquifers and its geometric configuration
· Delineate rivers catchments of the escarpments; preliminarily identify location of possible dam sites estimate dams length, dams’ heights reservoir volumes and geological formation of dam and reservoirs sites, sediment transport. Evaluate each dam sites by the foundation condition, dams’ length, dam height and reservoir capacity and prioritize them. 
· Possible conceptual groundwater models of the study area.

· Data gaps, revised methodology and volume of work for the next stage (Survey and Investigation stage).

· Specification and bill of quantities for the drilling and pumping/packer testing of monitoring wells where there is sufficient information.

· Revised work program for the subsequent stages and phases of investigations.
· Present findings of the draft inception phase at a validation workshop-1 

· Prepare and submit the final Inception report based on the outcome of Work shop-1
· Report on the identification of existing constraints (including economic, social, environmental and others) and proposed solutions taking the client’s interest in to consideration and provide comments to facilitate the implementation of the next activities of the project. Report on delegation of the client and assigning of counter parts.
The workshop shall be held in one of the capital cities of Regions or Addis Ababa as appropriate in at least 3 star hotels and the cost of the workshop for an average of 60 participants (Venue, refreshment and lunch and daily subsistence allowance as required) shall be covered by the PMCU.  
4.2 Dam and monitoring wells Design Phase: 

4.2.1 Geological and geomorphological Investigation

The consultant should carry out field geological traverses and interpretation of aerial photo and satellite imageries in order to determine:

· Lithological composition and its aerial distribution at a scale of 1:100,000 for the whole area and 1:50,000 scales for prospective dam sites.

· Performing detail structural mapping and analysis of basic geological and structural information for the hydrogeological/seepage and water level analysis study and dam and reservoirs sites.

· Make traverses in the study area and define geological structures (faults, lineaments, folds, dykes and etc.) which are important and related with the groundwater occurrences, distribution and storage there by verify the findings at the office level with the visual observation in the field. 

· Analyze the vertical and lateral extent of faults and fractures using cross-sections and geological models aided by borehole lithological logs as input
· Major geomorphologic elements shall be mapped and their inter relationship with geological formation and structures shall be outlined.

At the initial stage of the assignment as undertaken at office level by collecting and reviewing of geological maps, relevant data and analysis and Landsat/SPOT imagery interpretation for updated geological and geomorphological maps shall be prepared at a scale of 1:250,000. 

This is followed by field geological and structural mapping to check the accuracy of the details of compiled map in the office and gather new information to enrich the preliminary geological and structural maps prepared. All pertinent geological data such as lithologic units, delineation of geological contacts, geological structures (linear features, fractures and faults) and geomorphological elements should be mapped. Appropriate GIS software such as ERDAS ArcGIS, ArcView; Global mapper etc. shall be applied for imagery interpretation and map preparation.
4.2.2 Hydrogeological and Water quality Investigation

The consultant shall carry out the hydrogeological field survey for deducing Inter relationship of surface and groundwater resources. Water point inventory, designing of monitoring system, water quality survey and seepage assessment (which is further discussed below in detail) shall be major tasks of hydrogeology.

i. Water point inventory

The Consultant shall conduct the following hydrogeological surveys within the study area. The main objective of the survey is to verify findings revealed at the office works, which include reviewing of previous studies and interpretation of aerial photo and imageries.

Water point inventories constitute the following component of works:

· Geo-referencing of all water points (Boreholes, dug wells, springs ) using GPS

· Measuring of depth to groundwater of water points at places where it is possible to insert sensor such as deep meters.

· In-situ measuring of pH, Electrical Conductivity and Temperature of all operational water points (especially the deep boreholes).

· Collecting water samples for detailed physico-chemical analysis from boreholes, dug wells and springs.

· Describing geological, geomorphologic and hydrogeological conditions of each water points and other parameters.
· Collecting well completion reports to gather information such as well characteristics (aquifer thickness, well yield, aquifer type, hydraulic conductivity, etc), pumping test data, water quality data
The water point’s inventory shall be carried out using a questionnaire developed by the consultant during data collection and review of previous study (office work) so as to organize the water points from archive and field survey for data management. In this process the GW4R-MIS system shall be adopted in consultation with the client.
 The Ministry of water and Energy will establish the system.
ii.  Water quality survey

Water samples shall also be collected systematically from surface water bodies (rivers, ponds, reservoirs), springs and existing wells in the study area. The water sampling points shall be chosen on the basis of the study results from the perspective of regional hydrogeological, geological structure and tectonics study of the area. The water samples collected shall be analyzed for chemical determinations. The main parameters and factors to be measured, analyzed and determined are:

· Field measurement of electrical conductivity (EC), pH and water sampling from different water sources (bore holes, hand dug wells, springs, rivers and streams).

· Physico-chemical analysis of water samples shall be analyzed according to “Standard Methods for the examination of water and Wastewater” published by WPCF/AWWA/APHA 16th edition.
· Characterize the chemical composition of the aquifers and adjacent area to establish their relationships,

· The interaction of surface water with groundwater systems.

· Preparation of groundwater quality maps (EC, TDS, SAR…)

· Water quality analysis of rivers flows during rainy seasons (at least two samples for each river for two flood times) – totally 4 samples 

iii. Study and design effective monitoring system and wells including their location 

The Consultant shall design effective groundwater level and quality monitoring system and supervise drilling of 4 monitoring wells with the following objectives.

· Provision of background information in groundwater levels and quality 

· Detection of water levels and quality trends both before (including historical data if any) and after the construction of the dam.  

· Identification and assessment of water level decline, increase source, water 
quality change and causes of water quality changes. 

· Provision of base line data for establishment of water quality standards 
and effluent limitation. 

· Provision of base line data for formulation of regulatory control and 
management actions necessary to protect over exploitation and 
deterioration of quality. 

· Designing monitoring well, i.e. determining depth, diameter and casing type as well as method of construction. 

Seepage Assessment 
Leakage from the dams and reservoirs will be an artificial recharge to the well fields of the sedimentary aquifers. To evaluate the amount of additional recharge due to seepage, the following tasks shall be carried out: 

· Estimation of the natural recharge of the escarpment by SWAT WatBal and GSflow software. Evaluate the seepage of water  analytically or applying Mod flow and/or GSflow software as artificial recharge impacts the well fields (water quantity and water quality) and increases the efficiency of recharge when compared with natural recharge

· Re-estimation of recharge after the construction of dams 

· Evaluate enhancement of recharge due to leakage (artificial recharge) 

4.2.3 Hydrological and sediment analysis (Continuous throughout Investigation Phase)   

The hydrological analysis is required to support the design of cascaded micro dams to address if there is sufficient inflow, peak design flows that need to be passed safely by the structure, design flows for diversion or ancillary structures and quantity of sediment transported to the reservoirs.

The main tasks are: 

· Review of data availability and reliability.
· Rainfall Analysis (Rainfall Frequency Analysis & Catchment Rainfall) 

· Inflow estimation based on rainfall –runoff models given that there is no flow data. HEC-HMS and other software packages can be applied for this estimation.
· Assessment of the catchment’s erosion and possible changes in the catchments land use.

· Evaluation of the sediment regime and total sediment transport (suspended load plus bed load) of the river/streams in the project area. Sampling of river sediments along the river channel from the proposed dam site upstream at least at three places to carry out sieve analysis 

· Study of the proposed reservoirs trapping efficiency.
· Flow Frequency and peak flow analysis 

· Reservoir Simulation 

· Water quality analysis of rivers flows during rainy seasons (at least two samples for each river for two flood times) – totally 4 samples 

4.2.4 Geotechnical investigation

It is preliminarily intended to build two (2) medium and six (6) small scale prioritized dams. The average size for small scale dam shall be 15 m height, 40 m width with 80 m axis length. While for Medium scale dams average size shall be height 50 m, 100 m width with 200 m axis length.     

The following tasks will be conducted.

· GEOLOGICAL STUDY AND MAPPING: The geologic setting of the project area (at dam site) will be studied in detail and mapped at medium scales of 1:10,000. 

· GEOPHYSICAL SURVEY:   Geophysical survey shall be planned for dam site, spillway, and (intake structure and bottom outlet- optional) by means of 2D resistivity imaging and seismic refraction methods. 

· SEISMOLOGY STUDY: The project area has to involve proper evaluation of the regional seismic tectonic and structural setting to obtain representative parameter for design and to understand the dynamicity of geologic structures. 

· GEOTECHNICAL CORE DRILLING: 20 to 40 m deep, cored boreholes have to be planned for the investigation at dam site, spillway, (intake structure-optional), and quarry locations. 

· INSITU TESTING: The investigation must be planned to involve in-situ tests in borehole such as Standard Penetration Test, packer permeability test and Falling/constant head permeability tests.

· PEIZOMETER INSTALLATION: Piezometers may be necessary to be installed in selected boreholes for groundwater level monitoring.

· TEST PIT EXCAVATION: Test pits have to be planned at dam seat, reservoir area, and clay borrows areas with depth in the range of 2m to 5m.

· COSTRUCTION MATERIAL ASSESSMENT: Suitable and sufficient natural construction material assessment and characterization will be conducted

· SAMPLING: Representative undisturbed/disturbed soil samples, rock core samples, and water samples shall be obtained from field for further study in the laboratory. 

· LABORATORY STUDY: Collected representative soil, rock and water samples shall be analysed in the laboratory for known purpose with proper test type and standard testing method and procedures.

Volume of work for all investigation works and Laboratory Study shall be determined by the consultant based on other works’ volume and expected to be proposed by the Consultant.  
 The cost for laboratory analysis will be covered by the Consultant.
· REPORT PREPARATION:  Detail geological study report, geophysical study report and geotechnical investigation report shall be prepared.
The report shall include the following:
· Review of previous relevant studies

· Identify location of possible dam sites medium and small scale. 

· Estimate dams length, dams heights and reservoir volumes
· Details of geological formation of dam and reservoirs sites. 

· Evaluate each dam sites by the foundation condition, dams length, dam height and reservoir capacity and prioritize them.

· Supervise the testing of soil and rock laboratory samples of foundation and construction material as per international standards for determining various engineering properties, and resistivity test (for rock fracture analysis overburden thickness analysis).

· The log profile shall indicate clearly the material composition of the foundation material, the foundation level, and ground water condition.

· The study shall also indicate the type and quantity, availability, quality and proximity of local construction material, and access road route shall be selected whenever necessary. Location maps drawn into scale shall be used to indicate the location of the locally available construction materials. 

· Suitable sources of sand, aggregate, stone and rock fill will be identified and investigated. If required suitable sites for borrow of earth will be identified and investigated. 

· Assess the construction materials both qualitatively and quantitatively undertaken for borrow areas and quarry sites.

· In addition, all other data considered necessary and relevant for the study shall be carried out.

4.2.5 Engineering Design of Dam and Hydraulic structure 
The objective of the study covered by this part is;-

· Identify location of possible dam site (medium and small scale dams) 

· Make an engineering design of the dams that could store water and water conveying structures to different ponds and ditches for groundwater recharge. 
· Estimate sediment load, dams length, dams heights reservoir volumes and details of geological formation of dam and reservoirs sites
· Evaluate/characterize each dam sites by the foundation condition, dams length, dam height and reservoir capacity and prioritize them 

· Various design approaches of dams (for recharge purpose) different to the usual dams design; these are conceptual and preliminary design stable and safe dams under different  high risk conditions: 

· Visual inspection of dam sites for stability of foundation and abutment 

· Preliminary evaluation of leakage flow (either vertical or horizontal or both directions) 

· Availability of construction materials 

· Selection of appropriate type of dams and apprentices structures and preliminary design 

· Design dam and related structures. 
· Prepare Tender Document 
4.2.6 Environmental impact Analysis

Consideration will be given to two (2) sets of environmental impacts which are 1) those on the dam construction and related to it water resource 2) the derived impacts on the other components of the environment and human health. 
a) Impacts on Water Resources 

· Classification of impacts upon water resources under four major types namely a) impacts on the water cycle, b) impacts on the water availability, c) impacts on water quality, and d) impacts on the aquatic ecosystems;

· Identification of the types of negative impacts Dam construction upon water cycle,  water availability, water availability and aquatic ecosystems and recommendations of mitigation measures;
· Identification of the types of positive impacts of Dam Construction upon water cycle,  water availability and aquatic ecosystems and forwarding of enhancement  measures;
b) Other Environmental  Impacts : The study shall show the followings:
· The types of disturbances that can be created  in the natural environment which  threaten the existence of indigenous species; 

· Identification of impacts on human health;

· Identify losses in natural habitats and biodiversity; 

· Induce development around Dams and related effects; 
· Identify potential water borne diseases.

4.2.7 Social impact Analysis

The following tasks shall be conducted.

· Assessment of the socio economic conditions of the surrounding area (Dam site and reservoir area)   population in terms of income level , poverty, infrastructure, agricultural conditions and others;

· Identification of the likely positive and negative social consequences and actions that can be taken to enhance benefits from positive impacts and to mitigate the negative consequences;

· Suggestion of the standards for mitigating social impacts;

Detailed socio economy assessment shall be conducted for the technically chosen dam sites and reservoir alternative areas. The study should focus at the specific project sites of the dam, spill way, the reservoir; material, access roads, offices & camp sites are located.

 The following are detailed scopes of the activities, but not limited to;

· Desk Review:  If available, the socio-economic conditions of the candidate project sites shall be reviewed from previous studies. 

· Consultations: Consultations will be made with the Regional stakeholders, Woreda Administrative Councils, Kebele level Administration Offices, and Communities. The point of discussions shall focus on obtaining their preferences of project location with their justification.

· Identification of Project Location:  The names of the Kebeles within which the candidate projects are found shall be identified together with the names of their   Woreda, zone, and region.  Their distance to a common reference point as well as available access roads to the project area shall be provided. This information shall be collected mainly from the Woreda officials and serve to describe the candidate options. 

· Land Use of the Project Area:  Existing land use together with estimated quantity and value of crop production in the affected area shall be presented.  

· Social & Public infrastructures and Important Places: Social & public infrastructures as well as Historical, Archeological and religious Places that could be affected shall be identified. 

· Number of Beneficiaries: Estimated number of household heads and population available within the dam vicinity and the reservoir surrounding shall be provided. 

4.2.8 Second Phase Report preparation and workshop

Integrated Data analysis and report and map preparation shall be made followed by the second validation workshop. The report shall include but not limited to the following points:- 

· Investigation output of the above listed studies ;

· Analysis of the hydrogeological condition of the study areas. (Hydro-lithology, tectonic aquifer parameters, groundwater recharge and discharge, groundwater flow etc.).

· Variation of Water quality of the area

· Prioritized dam sites for further additional investigations, dams’ type and sizes. Additional ponds and conveying structures and canals. 

· Designs of aquifer recharge methods and layout.

· Monitoring wells design and their layout on map. 

· Detail Dam design and related structures for three pilot dams (two small and one medium sized).

· Technical Specification, Bill of Quantity (BOQ) and Bid document preparation for Dam Construction

· Technical Specification, BOQ and Bid document preparation for monitoring wells.
· Design of at least 2-medium and 6-small size series of proto type dams.

· Design of monitoring System for groundwater level and quality

· Conclusion of the study result and recommendation for further study if the amount of water stored in the reservoir is sufficient for recharge.
The workshop shall be held in one of the capital cities of Regions or Addis Ababa as appropriate in at least 3 star hotels and the cost of the workshop for an average of 60 participants (Venue, refreshment and lunch and daily subsistence allowance as required) shall be covered by the PMCU.
4.3 Dam design and Pilot Dam construction and monitoring wells drilling Phase
4.3.1 Supervision of Pilot dams construction 

The Consultant shall supervise the overall construction processes of 2 Pilot (one small scale and one medium scale dams). The consultant shall undertake the following tasks during the supervision activity;

· Review of  hydraulic   design  options   for  the  dam/other hydraulic structures 

· Make design modification of dam or other all hydraulic aspects of the project including preparation of relevant additional construction drawings and specifications if required;

· Coordinate and generate comprehensive detailed design review report, by compiling input from all specialties where necessary;

· Review and comment or approve the Contractor's work program and working methodology;

· Verify Contractor’s pre-construction and construction surveying and setting out;

· Provision of technical support/advise to the contractor;

· Revision/adaptation of the drawings on site; 

· Visit the site on a daily basis to observe the progress and quality of the Contractor’s work;

· Assess the adequacy of all inputs by the Contractor;

· Provide timely assistance and direction to the Contractor; 

· Monitor progress against program;

Ensure that the Works are executed as per the technical specification

4.3.2 Supervision of drilling of monitoring wells

The Consultant shall supervise the overall construction processes of 4 (four monitoring wells). The consultant should undertake the following tasks during the drilling and testing supervision activity;

· Contract administration (project duration, activity dependency, critical logistics)

· Supervise the drilling and testing activity from the very beginning up to the end (Drilling, casing installation, well development, pumping test, etc).

· Check and certify payment certificates, manage the cost of the project

· Prepare borehole completion report, including Vertical section drawings of completed borehole together with geologic log, pumping test data, analysis, etc. and then submit to the Client.

4.3.3 Review and finalizing of dam design
The Consultant shall review and finalizing the design of all dams based on the experience of construction of pilot dams and monitoring wells. 

4.3.4 Data Analysis and Final Report Preparation Stage

· Final Design of at least 2-medium and 6-small size series of proto type dams..
· Construction report and as built drawings of Pilot dams. 

· Design of monitoring System for groundwater level and quality
· Monitoring wells completion report 

· Study output of Investigation Stage 

· Analysis of the hydrogeological condition of the study areas. (Hydro-lithology, tectonic aquifer parameters, groundwater recharge and discharge etc.).
· Leakage analysis report including groundwater modelling.
· Variation of Water quality of the area

· Assessment result of artificial recharge using dams in the study area.

· Conclusion and recommendation on the study area for further study if the amount of water stored in the reservoir is sufficient for water supply and/or irrigation (prefeasibility stage).
4.3.5 Third Phase Report Validation workshop
The report validation workshop shall be held in one of the capital cities of Regions or Addis Ababa as appropriate in at least 3 star hotels and the cost of the workshop for an average of 60 participants (Venue, refreshment and lunch and daily subsistence allowance as required) shall be covered by the PMCU.
4.4 Knowledge sharing and Capacity building Phase
Ten (10)-days training/workshop to be held for 20-participants from relevant stakeholders to explain the steps of groundwater study and Managed Aquifer System design and evaluation to ensure that the hydrogeological investigation work can continue in this way in the country. It will also cover basics of groundwater modelling, three-dimensional model setup, and analysis of the simulation results (groundwater recharge and groundwater level current and future scenarios). The consultant will provide all material and software for the training.
The Training/workshop shall be held in one of the capital cities of Regions or Addis Ababa as appropriate in at least 3 star hotels and the cost for an average of 20 participants (Venue, refreshment and lunch and daily subsistence allowance as required
 ETB 1000/per participant) shall be covered by the Consultant.
5 TEAM COMPOSITION AND QUALIFICATION OF KEY EXPERTS

The Consulting Firm should provide a team of experts all of whom shall be qualified and experienced in their respective fields and be eligible for registration with the relevant professional bodies. The following is the minimum qualification and number of personnel:

5.1 Team Composition

Table 1 Proposed Positions of the Consulting Firm’s staff with maximum man-month for the service

	No.
	Proposed Position
	Person
	Person-Month(PM)
	Total Man-month
	Remark

	
	
	
	Office
	Field
	
	

	1
	Project Manager
	1
	11
	4
	15
	 15 Months


	2
	Senior Hydro- Geologist/ Senior Groundwater modeler
	1
	8
	2
	10
	

	3
	Junior Hydro- Geologist
	2
	5
	2
	14
	

	4
	Senior Hydrologist
	1
	5
	2
	7
	

	5
	Senior Geologist
	1
	3
	2
	5
	

	6
	Senior Geophysicist
	1
	2
	4
	6
	

	7
	Senior Dam Engineer/Hydraulics Engineer
	1
	8
	2
	10
	

	8
	Civil/Structural Engineer
	2
	4
	3
	14
	

	9
	Senior Geotechnical engineer
	1
	2
	4
	6
	

	10
	Senior Socio-economist
	1
	2
	1
	3
	

	11
	Senior Environmentalist
	1
	2
	1
	3
	

	12
	CAD expert
	1
	4
	
	4
	

	13
	GIS expert
	1
	4
	1
	5
	

	14
	Surveyor
	2
	2
	4
	12
	

	15
	Procurement Specialist
	1
	5
	1
	6
	


5.2 Qualification Requirements

	No
	Job Title
	#
	Qualification and Education

	Experiences


	1
	Project Manager/ Team Leader 
	1
	MSc Degree in hydrogeology/ water resources engineering or relevant and related fields
	-- At least 15 years general experience in   water sector  of which 3 years  in management

	
	
	
	
	At least 10   years of specific  experiences in  hydrogeology and groundwater   development management of drilling operation and contract administration works

	2
	Senior Hydrogeologist
	1
	MSc Degree hydrogeology or relevant and related fields
	- At least 13 years general experience in   water sector

	
	
	
	
	- At least 10   years of specific experiences in    hydrogeology investigation and groundwater   development and drilling work supervision 

	3
	Senior Geologist
	1
	MSc Degree in geology or relevant and related fields
	 - At least 13 years general experience in   water sector

	
	
	
	
	-  At least 10 years experiences in geological investigation/mapping.

	4
	Senior Geophysicist expert
	1
	MSc Degree in geophysics or relevant and related fields
	-At least 10 years general experiences in geo-physics

	
	
	
	
	- At least 8 years experiences in groundwater geophysics and electrical logging and 
analysis operation  

	5
	Hydraulics/Dam Engineer
	1
	MSc Degree in Hydraulics/Dam Engineering or relevant and related fields
	At least 13 years general experience in design and supervision of the construction of projects like water supply, dams, bridges, pipelines, and drainage systems, has practice in identifying, and analyzing the risks, assess dam work condition and the potential threats, and determine the corresponding technical schemes and countermeasures.

	
	
	
	
	At least 10 years of experience as Hydraulic Design engineer and involved  in the design, development, and management of water systems and water resource projects including the design and  supervision of dam construction, has the practice of analyzing the risks and assess dam work condition

	6
	Senior Civil/Structural Engineer
	1
	MSc Degree in Civil/Structural Engineer or relevant and related fields
	At least 13 years of general experience in civil work study, design, supervision, and structural design of water supply projects

	
	
	
	
	At least 10 years experiences in design and supervision of water supply projects civil structures and large facilities such as dams, pipelines, tanks, reservoirs, pumping stations and treatment plants.

	7
	Senior Hydrologist
	1
	M.Sc. Degree in Hydrology/ water resource engineering/ hydraulics engineering or relevant and related fields
	At least 13 years of general experience in hydrological works in WaSH/WRM/ Irrigation/

	
	
	
	
	At least 10 years of specific experience in hydrological study and water supply works, able to use various hydrological software (HEC-RAS, HEC-HMS, SWAT)

to model surface water interaction with groundwater

	8
	Senior RS & GIS Expert
	1
	MSc Degree in RS & GIS 
	At least 12 years of general experience in GIS and Remote Sensing  WaSH/WRM/Irrigation or construction sectors, experience in various GIS and Image analysis software, use and analysis of various satellite images

	
	
	
	
	At least 10 years of GIS, Remote Sensing or relevant mapping experience in water supply works and resource mapping

	9
	Hydrogeologist-IV for site supervision works
	2
	BSC/Masters/ degree in  geology/ hydrogeology or relevant and related fields
	At least 12/10 years general experiences in geological and water works study and design in WaSH/WRM/ Irrigation or construction sectors, experience in drilling works, pumping test, borehole geophysical logging and interpretation, borehole construction design

	
	
	
	
	At least 10/8 years specific experiences in supervision of drilling and construction of deep-water wells and contract administration works

	10
	Senior Socio-Economist
	1
	MSc Degree in Sociology or relevant and related fields
	At least 10-years of general experiences in socio-economic study and design of Water supply projects of WaSH/WRM/Irrigation or construction sectors

	
	
	
	
	At least 8-years of specific experiences in socio-economic study works in the water sector

	11
	Senior Environmentalist
	1
	MSc Degree in Environmental Engineering or relevant and related fields
	- At least 13 years general experience in   water sector

	
	
	
	
	-At least 8-years of specific experiences in Environmental study works in the water sector

	12
	Senior Surveyor
	2
	BSc/Diploma Diploma in surveying, spatial science, or relevant and related fields 
	- At least 13 years general experience in   water sector

	
	
	
	
	-  At least 10 years specific experiences in surveying and spatial works in water resources works.

	13
	
	
	MSc/MA  in Engineering, law, procurement and logistics, Economics or relevant and related fields
	At least 10 years of General Experience in Procurement in any sector. 

	
	
	
	
	At least 5 years related experience in world Bank Financed Water and sanitation/WRM/Irrigation sub-sector   projects. A high familiarity of World Banks and Governmental procurement guidelines and procedures needed and knowledge of Preparation of Standard Bidding Documents for procurement of goods works and non-consultancy services mandatory.  Strong capability of communication on the subject matter required.




5.3 Organization Setup

5.3.1 Contractual Arrangements

The contractual arrangements for the specified activities are under lump sum contract payment schedule. The Consulting Firm shall show the cost of the proposed service in accordance with these contractual arrangements.

5.3.2 Services and Facilities to be provided by the Consulting Firm

The Project manager acting for the Consulting Firm as Engineer’s Representative will undertake and retain the powers and authorities.

The site office shall be equipped with the basic equipment, latest computers and softwares, materials and engineering and office programs necessary to carry out the assignments (desk top, printer, shelves, tables, chairs and etc...).
 The Consultant shall equip the site office with the above mentioned basic equipment and avails vehicles for it selves.
5.3.3 Liaison with MoWE
For the purposes of this assignment, the MoWE will designate a member of staff from its side to act as Counterpart staff. The MoWE for purposes of this assignment will nominate a member of staff from the Authority 
as Counterpart staff. It will be the Consulting Firm's duty to maintain close contact with the Counterpart staff on all aspects of work. All formal communications related to changes in site, scope of works, substantial volumes, new orders, new drawings, and any similar to these, the work will be directed to the attention of the Counterpart staff prior to the issuing of the instruction to the Contractor.

5.3.4 Logistical Setup and Staffing

Within the technical proposal, the Consulting Firm shall elaborate on the envisaged logistical setup and deployment of appropriate skills for the execution of the assignment. 

The Consulting Firm shall present the project staffing schedule in a manner that clearly shows the stage and duration where each of the proposed team members is planned to be involved in the Project.  An organization reflecting the responsibilities of each staff member and line management setup of the proposed team shall be part of the proposal.

6 REPORTING REQUIRMENTS AND DELIVERABLES

In accordance with the implementation schedule, the Consulting Firm shall submit the following reports at different stages to the Client.

All deliverables shall be accompanied by the corresponding electronic copy.

Table 2 Reporting Types and Submission Time-Frame

	Stages
	Phase and Stage
	Progress

Document/Report
	Document 

Description
	Hard Copies
	Time frame
	Payment schedule

	1
	Phase I
	Inception Report 
	Draft
	5
	M+1.5
	

	
	
	
	Final
	5
	M + 2
	20%

	2
	Phase II Dam and monitoring wells design
	Feasibility Study Report (Including  Hydrogeological investigation and Monitoring wells design Report , Geophysical investigation Completion Report, Hydrological and climatological data analysis Report, Dam site selection Report )

Environmental Impact & Socioeconomic Assessment Study Report 

Draft detail design Study Reports (for dams (detail for 2 dams 3 dams) 
and related structures and monitoring wells Design Reports)
Schedule for Contractor selection for dam and monitoring wells construction
	Draft
	5
	M + 5
	Draft 

	
	
	
	
	
	M+7
	Final 30%

	3
	
	Final detail design Study Reports (for dams (detail for 2 dams 3 dams)and 
related structures and wells Design Reports)
	Final
	5
	
	

	4
	Phase II Dam design and Pilot Dam and monitoring wells Construction 
	Draft Detail design Study Reports (for all dams and related structures, as built drawings and report and wells Accomplishment Reports)
	Draft
	5
	M+13
	30 %

	5
	
	Final Detail design Study Reports (for all dams and related structures as built drawings and report and wells Accomplishment Reports)
	Final
	5
	M+15
	20 %

	
	
	
	
	
	
	


7 PROGRAM OF WORKS

7.1 Consulting Firms Schedule of Assignments

The assignment is expected to be completed within Fifteen [15] months of after signing of the contract agreement.
7.2 Program of Works
The Consulting Firm shall submit a program of works which shall be adopted in consultation with the Client.[image: image2.png]



�Who is going to establish this system? Please make it clear.


�Please make it clear who will cover the laboratory costs.


�Please decide and be specific.


�Please include Procurement Expert for preparation of Tender Documents.


��Please include Procurement Expert for preparation of Tender Documents.





�For positions 5-10, please include general experience requirement like you did for other positions.


�Who is going to equip it? What about Vehicles.


�Which Authority?


�Please include the schedule for contractor selection for dam and monitoring wells construction.


�Is it 2 or 3? Please check the TOR above.


�Is it 2 or 3? Please check the TOR above.







