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The purpose of Technical issue papers is to provide an easy and up-to-date point of reference on technical issues relevant for humanitarian interventions through the consolidation of field experience and current research

They aim at providing information to assist in funding decisions and monitoring of humanitarian projects and not at providing definitive answers

Technical issue papers are developed for internal use only and do not represent an official position of DG ECHO or the European Commission.

*   *   *

This Aquarius technical issue paper has been prepared by the Aquarius group of Watsan Technical Advisors of DG ECHO and has been compiled by: Benoit Collin / Alvaro de Vicente
Last update: 05/03/2008
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Overview of the Issue
Basics on groundwater: 
· Groundwater can be found in most places in the world, but the yield, depth and techniques  used to catch it vary  considerably. 
· 40% of the sweet water of the planet is stored in the form of groundwater while continental surface water represents less than 0.5% of the drinkable water. The rest is present in the form of (melting) ice.
· Groundwater is usually stored in “aquifers”, which consist of geological formations or layers made up of (semi)porous material. They are recharged by the infiltration - percolation of water from the surface (rains, rivers, etc.)
· Groundwater is often of good microbiological quality as it is filtered by  ground layers. Furthermore, groundwater is less exposed to contamination than surface water. 
· Groundwater stored between hard rock fractures is more vulnerable to surface contamination than groundwater stored in permeable layers.
· Dissolved chemicals may be present naturally in high concentration in groundwater due to particle exchanges with geological formations. Ex: arsenic in Bangladesh, fluoride in Horn of Africa, etc… 
· 
· As shown below, most aquifers are not static; ground water is circulating within the aquifers. It exits the aquifers by gravity ( springs, rivers, etc), extraction (pumped) or  evaporation. 
Storage and flow in an unconfined aquifer. 
· Groundwater levels may vary between the beginning of the dry season (when ground water levels are  highest) and the beginning of the rainy season (when they are  lowest). Annual fluctuations may vary significantly, depending on recharge. . 

· The yield of a well/borehole  depends on the local hydrogeological conditions but also on technical characteristics of the well/borehole. Sometimes, low yield of boreholes  is rather a consequence of poor design and/or  construction than the lack of underground water.
· Geophysical survey can significantly increase the success rate of drilling boreholes in geological contexts with hard rocks. 

· Most water prospecting geophysical techniques only give an indication about the possible presence of groundwater. They neither guaranteed its actual presence nor significant quantity. 

Technical aspects regarding the construction of a well and/or a borehole: 
1. Implementation steps for the construction of wells and boreholes: 

1. Geological – hydro-geological survey 
2. Involvement of  local communities

3. Construction of the borehole/well: 
· lining with casing or culverts (including gravel pack) ;
· development – cleaning of the well / borehole ; 
· pumping test ; 
· water quality testing 
· construction of the apron – surface work ; 
· installation of the pumping device. 

4. Communication of well/borehole data to authorities – local institutions ; 
2. New construction / rehabilitation of existing facilities: 

Rehabilitation of existing wells and boreholes should be given the priority over the construction of new ones. The construction of new water points should be duly justified, in particular in arid areas suffering from water scarcity. 

In such circumstances, mitigation activities could be planned: ground water level measurement, actions to strengthen replenishment of aquifers, etc…
3. Selection of the drilling – digging sites: 

The selection of the site should take into consideration technical aspects (seasonal  availability of groundwater), beneficiary access  (distance to human settlements and/or to the water system it is meant to supply) and the possible exposure to natural hazards (floods, landslides,  volcanic eruptions, etc…) and contamination sources (latrines, etc.). 

Experience shows that: 

· Initial surveys increase the success rate of borehole drilling and/or well digging. They should include geological – hydro-geological survey (maps, reports, aerial photos, field survey, data analysis from other water points, etc. They may be completed by a geophysical survey, particularly in areas with aquifers made up with metamorphic rocks (granite, gneiss, etc.)

· The early involvement of local communities regarding the physical location, construction, planned use and maintenance of the water point is essential to encourage beneficiary ownership and proper maintenance. 
· Prior identification of risk factors (flood prone areas, etc) is crucial to reduce the vulnerabillty of wells/boreholes to natural disasters  
4. Wells vs boreholes or boreholes vs wells: 
There are numerous opinions about what is  the best means to exploit groundwater -  a well or a borehole. Each has advantages and disadvantages. The choice needs to be based on a thorough analysis of the local context. 

Experience shows that:

· Wells are usually appropriate where soil layers can be dug easily, aquifers are relatively shallow and ground water recharge is limited.. The diameter of wells compared to that of borehole creates greater reservoir capacity thus increasing water availability at the water point. Wells have openings which can  be used to draw water manually when pumping devices breaks down. Open wells are traditional water points for some communities like pastoralists communities in arid lands. 
· Wells are also less costly than boreholes.

· However, wells may take time to be dug, equipped with proper lining/pumping device, before they are ready to be used. They are also very difficult to construct in hard rock conditions.

· Boreholes are appropriate in any geological context, and can be drilled quite quickly even in hard rocks. 

· Boreholes are appropriates in case of deep aquifers (>100m), and in aquifers with sufficient groundwater recharge. 
· Unless groundwater recharge is sufficient, the narrower diameter of boreholes may be a limiting factor  in terms of yield and storage capacity).
· Boreholes construction require more complex machinery means and more specialized technical supervision. 

A combination of borehole and well may be recommended (for example in case the yield of a borehole is limited  or in case of hard rock condition when a well would be a better option),: 

Example of combined well 
5. The design and implementation: 
The design should allow as little interference as possible between the aquifer and the construction so that the maximum water recharge is obtained from the aquifer. It should also prevent groundwater contamination from surface water runoff. If properly designed and maintained, a well/ borehole can last between 10 to 20 years. 
Experience shows that:
· Existing national standards are often neglected although in principle they should be respected to facilitate  , and  the hand over for the operation and maintenance of such systems to local institutions. 

· A well or a borehole should be complete, i.e. ideally crossing the whole thickness of the aquifer layers to ensure that the variation of the water level during the dry season has the least possible impact on the availability of water at the water point. 
· If it is not feasible to cross the whole section of the aquifer (in the case of a hand-dug well), the depth has take into consideration annual variations of the water level so as to ensure year-round  availability of water in the well.
· The lining (or casing) in front of the water bearing layers should be porous (screens, perforated culverts, filtering concrete rings, etc) to facilitate entry of  the highest possible yield with the lowest possible turbulence. 
· A homogeneous gravel pack should be installed in front of the perforated lining (or casing) in order to increase the porosity and retain the fine particles from entering. 

· In case shallow aquifers are at risk of being polluted,  these should be isolated from the water column so that deeper aquifers do not become contaminated (blind lining & waterproof material to fill the space between the lining and the wall of the well or a borehole). 
· The best period for construction of a well is the end of the dry season when the ground water level is the lowest. Construction of wells outside this period should include de-watering methodss and take into consideration the annual water level variation for their design. 


Example of borehole Equipment

Example of lined well
6. Development, pumping test, yield: 

At the end of the digging or drilling operation, the hole of the well/borehole should be cleaned from mud and particles so that clear water can be obtained at the same time the gravel pack is washed from particles to allow the best flow possible. This part is called “development”. 

Following the completion of the development of the well and  the borehole, a yield test should be performed before the finalisation of the facility (well, borehole) in order to: 
1- en sure that the facility will support the installation of a hand pump at its depth of installation and 
2- know the yield of the facility to be able to plan for possible use (e.g.: installation of a submersible pump or not). 
Experience shows that: 

· Proper pumping tests (step well tests) are very rarely done, whereas they are highly recommended and should be considered as compulsory if the installation of a submersible pump is planned. The results of the pumping test are  essential to determine the characteristics of the submersible pump to be selected. 

· For a well, it is important to know the yield at the depth of installation of the hand pump. This can be achieved by emptying the well up to the depth of the hand pump’s cylinder and measuring the time needed to recover the initial water level. 
7. Water quality control

Measures to assess the quality of water should be implemented to ensure that it is safe and to define possible corrective actions. 
Experience shows that: 

· Analysis should be carried out at least  once after an intervention on a water point and before it is opened to the public. Analysis of the water at household level can be regularly done as a way to monitor the progress of the hygiene promotion activities. 

· National water quality standards can usually be  applied.. Minimum parameters should include: pH, colour turbidity, salinity – conductivity, smell and taste, faecal coliforms. Other parameters such as chloride, fluoride, iron, manganese, nitrates, nitrites sulphate, arsenic, lead, are of interest in the scope of an initial assessment , (even if no negative health effect has been previously reported). 

For health centres, water extracted from wells/boreholes should be disinfected (usually with chlorine). Residual chlorine for drinking water should be between 0,2 and 0,5 mg/l. 
8. Water points:

Surface works of wells and boreholes are designed to eliminate the presence of stagnant water and to direct waste water to a drainage channel or an infiltration pit. Surface works are also meant to  prevent rainwater runoff or waste water from contaminating the aquifer 
Experience shows that: 

· The selection of pumping systems often fails to take national standards or preferences into account,  whereas this is a critical issue for the sustainability of water points (availability of spare parts, , etc.). 
· Waste water is often used to feed  animal troughs, washing area, open wells for pastoralists and livestock, irrigation of  small vegetable gardens, etc.
· Soak away pits and/or drainage channels of wells/boreholes are often poorly maintained by beneficiaries, leading to stagnant water pounds, and vector proliferation
· 
· Slabs design should allow the well to be used even when the pump is out of service. This is achieved  by leaving an inspection hatch (with a lockable lid), The hatch is also required to carry out routine maintenance inside the well.
· Wells should be surrounded by a protective barrier/fence to avoid animals from reaching them.  
Key definitions: 
· Water point: Well or a borehole on which a device to extract water has been installed. 
· Well: Open hole of large diameter which provides access to groundwater. Wells are often hand dug in loose geological formations (sand, etc.). Well depth very according to the context. They are qualified as “shallow” when their depth is low and as “hand dug” when the digging is done manually.
· Borehole: Open hole of small diameter (often drilled) to reach groundwater either in loose geological formations or hard rocks. Depth very according to the natural context. Boreholes can be machine or hand drilled.
· Surface works: Construction of well head, slabs and apron to protect the aquifer from infiltration of surface water. 
· Flow / yield: amount of water flowing out of the well per unit of time. Usually expressed in cubic meter per hours or in litre per hour.

· Recharge: amount of water flowing from the aquifer into the well/borehole
· Static Water level: Water level measured in the well/borehole. Vary between the beginning of the dry season (highest level) and the beginning of the rainy season (lowest level)
· Development action consisting of pumping  water out of a borehole – well until clean water is obtained. 

· Pumping test: Well test and aquifer tests. Abundant literature describes the steps to follow, the equipment to have and the methods for interpretation. Well test will allow determining the maximum sustainable yield one can expect from the water point.

· Lining: protection installed to avoid loose geological formations from collapsing into wells and/or boreholes . It normally consists of  a tube (metallic or PVC) in a borehole which can be plain (casing) or slotted (screen), which is placed in front of the aquifer to allow water infiltration into the well/borehole. In a well, concrete rings (culvert) are installed for the same purpose. They are perforated when placed in front of aquifer layers
· Gravel pack: calibrated gravel placed in the annular space  between  the screens and the side of the borehole to allow a effective infiltration of groundwater into the borehole.
· Grouting: Grouting is an essential operation which protects the borehole from external pollution; even if a slab is cast around the casing, only proper grouting can prevent water filtering down the side of the casing. Grouting can be done with clay or with a mixture of bentonite and cement.
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Recommendations for ECHO funded operations:


1. Appraisal of the proposal:  


To Refer to check the DG ECHO Watsan guidelines summary and the corresponding context for the global appraisal of the proposal. 


Steps already undertaken


Has the partner worked before in the area?


Is the geological / hydro geological survey done? By whom? Is it reliable?


If yes, verify list of locations and data.


If no, verify if it is to be done before the project is implementedstarting the operation.


Is water quality analysis done?  By whom? Is it reliable?


Has a hazard risk analysis been carried out by the partnerIs hazard risk analysis done or foreseen?





Costs


To Aask the basis for the calculation of unit costs (cost per water point): depth, diameter, components and compare with the outputs from initial geological / hydro geological survey.


VTo verify that costs related to all the 7 steps for digging well / drilling boreholes have been estimated (cfr section 7 of the T.I.P.).





Human resources


Geologist – hydro geologist, and if needed geo-phyisician


Drillers - diggers


Masons.





Equipment/ material,


CTo consult regional WASH advisor on the drilling / digging equipment proposed: 


rig, compressor, truck, spare parts and consumable (foam, mud, etc…) for boreholes ; digging material, dewatering pump, tripod, pulley for wells. Geophysical equipment if needed. 


development kit and pumping test kit


Water testing kit.


Casing, screens for boreholes, cement, iron for wells. Gravel pack specifications, etc.


Cement, iron for apron





Time schedule and delay


Verify that all steps are in the time frame. (cfr section 7 of the T.I.P.)


What is the likelihood that ill the geological / hydro geological survey will be done in time?


Does the implementation take into consideration seasonal calendar (annual water level variations)?





Technical capacity of the partner


Are experienced engineers foreseen in the proposal?


Has the assessment been done by somebody technically knowledgeable?


It is recommended to ask partners without extensive experience in the construction of wells and boreholes to include an annex with the technical sketch of the design construction planned


of wells and/or boreholes 





2. Monitoring/ evaluation


See the proposed checklist in the next pages. 





In post emergency situations but also in emergency, most of the activities funded by ECHO in the sub sector of Rehabilitation, Development and Operation of Water Supply and Treatment Systems are dealing with wells, and/or boreholes. The purpose of this Technical Issue Paper is to present specific technical issues to assess at the different stages of a project (: appraisalproposal, monitoring and evaluation) of a project which would include one of the above mentionmentioned water supply systems. This paper does not address issues related to the pumping systems and/or the management of the water point, but provides an overview of specific technical issues to assess. , as Tthe technical quality of the design and construction of wells and boreholes isis  will be the compulsory baseessential to promote their for any perspective of sustainability of the achievements…. 











Appraisal and monitoring of the construction of boreholes and wells.
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Check list for the monitoring a water point in case of the construction of a well:





Monitoring visits will be more relevant during throughout while ththe construction phase works are being done in order to avoid looking only inspecting at surface works. To Asask complementary information to the partner to assess the quality of the work done and not only to assess the condition of the water point… (Ex: monitoring of a health post idoes s not only imply looking at the quality of the building, but it  also includes data analysis).  





In case of non-emergency interventions, evaluations done several years after the conclusion of the project are useful to evaluate the sustainability of the results obtained.





Assessment done


Results of the geological survey for the digging / drilling site selection. 


Involvement of community in the selection of the water point location(s).





Design


Ask for digging / drilling logs. It should include a sketch with depth, geology, water level, water stroke and a representation of the lining (ex: casing and screens). 


In order to Vverify that all the needed steps have been implemented for the construction oif a water point, by ask reviewing theabout:


Results of the pumping test


Sketch with the installation of the pump (depth, water level) 


Result of the water quality test


Integration of DRR measures in the design


Integration of national (and/or Sphere) standards in the design





Construction process:


Does the inner diameter of the well allow deepening operations in case of a decrease in the water level? It should not be below 0.9 m (better 1.2 m). The diameter can be bigger for pastoralists wells (up to 2 meters in Sahelian context)


Are shallow aquifers well isolated? A culvert (plain and not perforated) should be placed in front of these layers. 


The quality of the culvert should at least correspond to the following: 


 homogeneous thickness of 10 cm, 


presence of an edge to allow the culverts to fit on top of each others, 


no cracks visible around, no part without concrete), 


To check that the Drying time for concrete curing of drying (min 2 weeks before putting it into the hole, so that the concrete could at least reach half of its full resistance); 


Perforated culverts should be put in front of the aquifer layers. 


The depth of the wells and the depth of the water level should be checked and compared with the normal and usual water level draw down at the end of the dry season. 


Is the pump installed at a sufficient depth to allow water delivery all over the year, even at the end of the dry season?  


Are sufficient safety measures taken to protect workers working on the project?  





Monitoring of yield measurement:


Is the pumping test method appropriate to the pump installed? 


Are the data well documented and results of the pumping tests communicated to the local – national authorities?


Is the pumping device installed matching the maximum yield of the well?





Monitoring of water points:


Visit a few water points and verify:


People/water point between 250 and 500 (Sphere Standard)


Distance to dwellings < 500m or no unsafe water source closer to the dwellings


Safe distance from potential contamination sources (latrines), particularly for wells.


Cleanliness of the surroundings


The water point(s) provides an uninterrupted supply of water throughout the comes out with enough yield all day long.


Is the There is a drainage and appropriate evacuation of waste water adequate?.


It the water pointis  protected against animals. There are alternative water points for livestock.


Did the partner work also on the quality - management of traditional water points (open well, pound, river, etc..) in the neighbourhood? And not only on the one build through its support?


Is the water point away enough from possible contamination sources?


Is there long line(s) at the water point(s)? 








Questions for the beneficiaries (user feedback):


Has the well worked properly since it was finished? Do they have any complaint?





Does everyone have equal access to the water point?


Who is responsible for the maintenance of the well (water committee, private, administration, etc.)?


Is there a system to cover the expenses of the operation and maintenance (e.g. collection of fees)?  Do beneficiaries accept and recognize thethey obtain any benefit of such systemfrom that?


Has the implementing partner provided training for the management of the system?


Has the partner handed over the system officially? To whom?


Has the partner given a set of tools and spare parts? Are spare parts available in the local market?


Who is responsible for the maintenance of the water point (and how often is it done):





The purpose of the above monitoring tools is to ensure that the well is functioning correctly (technically speaking) and to a lesser extent whether it is well managed. The next step of the monitoring process should look at whether the facilities are utilized correctly by the beneficiaries. 











Check list for the monitoring a water point in case of the construction of a borehole:





Monitoring visits will be more relevant while the construction works are being done to avoid looking only at surface works. To ask complementary information to the partner to assess the quality of the work done and not only to assess the condition of the water point… (Ex: monitoring of a health post is not only looking at the quality of the building, it also includes data analysis).  





In case of non-emergency interventions, evaluations done several years after the conclusion of the project are useful to evaluate the sustainability of the results obtained.





Assessment done


Results of the geological survey for the digging / drilling site selection. 


Involvement of community in water point location.


Design


Ask for digging / drilling logs. It should include a sketch with depth, geology, water level, water stroke and a representation of the lining (ex: casing and screens). 


In order to verify that all the needed steps have been implemented for the construction oif a water point, ask about:


Results of the pumping test


Sketch with the installation of the pump (depth, water level) 


Result of the water quality test


Integration of DRR measures in the design


Integration of national standards in the design





Construction process:


The organisation of the drilling team should be clear, with the following posts to be filled driller – driller assistant – workers – driver / mechanic. 


Are the screens placed in front of the venues of the aquifer layers? 


Is there any decantation chamber left at the bottom part of the pipe column? 


Is the bottom part of the pipe column well sealed?


Are shallow aquifers isolated? A casing pipe (blind pipe and not a screen) should be placed in front of these layers. 


A first yield test has to be performed at the end of the development operation, before the construction of the water point and the installation of the pump. The value to keep as a reference should be roughly 70% of the measured one during this test. 





Monitoring of yield measurement:


Is the pumping test method appropriate to the pump installed? 


Are the data and results of the pumping tests communicated to the local – national authorities?


Is the pumping device installed matching the maximum yield of the borehole?





Monitoring of water points:


Visit a few water points and verify:


People/water point between 250 and 500 (Sphere Standard)


Distance to dwellings < 500m or no unsafe water source closer to the dwellings


Cleanliness of the surroundings


The water comes out with enough yield all day long.


There is a drainage and appropriate evacuation of waste water.


It is protected against animals. There are alternative water points for livestock.


Did the partner work also on the quality - management of traditional water points (open well, pound, river, etc..) in the neighbourhood? And not only on the one build through its support?


Is the water point away enough from possible contamination sources?





Questions for the beneficiaries (user feedback):


Has the borehole worked properly since it was finished? Do they have any complaint?


Who is responsible for the maintenance of the borehole (water committee, private, administration, etc.)?


Is there a system to cover the expenses of the maintenance (e.g. collection of fees) Do they obtain any benefit from that?


Has the implementing partner provided training for the management of the system?


Has the partner handed over the system officially? To whom?


Has the partner given a set of tools and spare parts? Are spare parts available in the local market?


Who is responsible for the maintenance of the water point (and how often is it done):





The purpose of the above monitoring tools is to ensure that the well is functioning correctly (technically speaking) and to a lesser extent whether it is well managed. The next step of the monitoring process should look at whether the facilities are utilized correctly by the beneficiaries. 
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