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Appendix A: Introduction to technical aspects of groundwater
development for rural water supply

Groundwater development requires input from many disciplines: economists, sociologists, plan-
ners and administrators as well as specialists to address the technical aspects of resource
evaluation, water supply design and resources management.

Groundwater development is different in nature to many engineering projects. Data are always
incomplete and progress must be cautious and controlled. This Appendix describes the processes
involved in developing a groundwater resource and how knowledge of the behaviour of a
groundwater system can be improved through sensible management. It is intended to provide only
sufficient information for the non-specialist to be able to appreciate the technical input of the
hydrogeologist within the Preparation Project. Good groundwater development measures include:

good, careful management;

good practices for design and management of work;
monitoring and databasing; and

maintenance.

The stages of development

During the early stages of development, groundwater is frequently used in an ad hoc way.
Depending on location and need, holes are dug in the ground, springs are exploited, even
horizontal drains (used for many centuries by the Arabs, Romans and South American Indians) as
well as manually drilled boreholes (as in China and India) may be constructed.

As needs expand, a more detailed investigation or feasibility study of the groundwater system is
required before further development can sensibly take place. Estimates are made of the rate at
which the aquifer system is replenished by rainfall, and further drilling, perhaps controlled
centrally, then proceeds. In due course further development may place the level of extraction close
to the replenishable limit of the aquifer and shallower more vulnerable sources may start to dry up
seasonally. Artificial recharge, perhaps from rivers, may help alleviate the situation, but this
respite may only be temporary. At this stage degradation of the aquifer may progressively occur.
Unless extreme care is taken, over-exploitation, often accompanied by deteriorating water quality
and pollution of the resource, will begin to take place.

A main objective of the Programme is to avoid placing the available water resources in jeopardy
and to avoid degradation of the resource. This will assist the likelihood of developing a sustain-
able rural water supply system. It can be accomplished through careful planning and assessment.

Some hydrogeological concepts

Aquifers are reservoirs, and can act as buffers to variations in rainfall and recharge from rainfall,
so they are capable of maintaining supply through prolonged dry periods. Groundwater moves
through pore spaces or fissures within the saturated part of the aquifer. The aquifer can thus act as
a filter to solid material such as waste, but water is also a solvent and it can take some material into
solution. A hydrogeologist is able to quantify some of these characteristics. A glossary of technical
terms is provided to help in understanding.

Groundwater hydraulics

Groundwater derives from recharge by rainfall percolating vertically downwards under gravity
through the soil zone to reach the water table. In this state the groundwater is unconfined, and once
it has reached the water table it may flow laterally according to the prevailing head difference or
hydraulic gradient on the water table. It may flow down the hydraulic gradient beneath an
impermeable cover, at which point the aquifer becomes confined.

111




What happens at any one point in a groundwater system may affect what happens at other points.
Whether these need to be considered in the ultimate management of the aquifer depend on the
distances and time scales involved. If a distance is fixed, such as that between two village wells,
then it is the time for a significant effect to propagate across that distance which is important.
Conversely if the time scale is fixed, such as the duration of a drought, then the distance that is
affected by pumping a source or group of sources becomes significant.

Groundwater chemistry
Groundwater chemistry is controlled by atmospheric inputs within the rainfall, biological activity
mainly within the soil zone, water-rock interaction and human impacts.

Rain is a source of a number of solutes in small quantities and is also a weak acid. Acidity is
enhanced in the soil zone where microbial activity promotes production of carbon dioxide (CO,).
This acidity in turn drives the weathering and dissolution process at the base of the soil where
water and rock interaction and ion exchange are greatest. The presence of carbonate minerals such
as calcite either as a sandstone cement, fracture infill or as limestone cause hard, carbonate rich
groundwater, whereas silica rich rocks such as granite and silica cemented sandstones cause
relatively soft and sometimes slightly acid groundwater.

The percolating groundwater may take only a few hours to pass down a fissure to the water table
or it may proceed at a rate of up to 1 metre per year in a porous stratum such as alluvium. Once at
the water table it can flow down the hydraulic gradient towards a natural point of discharge (a
spring or baseflow discharge to a river or a stream). Depending on the distances, hydraulic
gradient and transmissivities involved, this may take between a few tens of years to many
thousands of years. The older the groundwater the greater the opportunity for it to reach chemical
stability with the solid rock and generally this also means the more mineralised or more saline it
can become. Older waters may be zoned with increasing depth, and it is not uncommon to find
younger fresher groundwater over older saline (and, therefore, more dense) water.

The presence of oxygen in an unconfined aquifer, or reducing anoxic conditions which may be
generated in an unconfined aquifer, dictate the chemical process that may occur within a given
rock type. Extreme reducing conditions promote the uptake of metals in solution. These are
commonly manifested as ochreous iron-stained deposits derived from the water once it is pumped
up and left in contact with the air. Other metals may also be present, notably manganese, and
sometimes lead and zinc. World Health Organisation suggests maximum desirable potable levels
for various elements in Guidelines for drinking-water quality: Volume 1 Recommendations
(WHO, 1993).

The main factor affecting transport of pollution through aquifers is the flow rate, which depends
on the transmissivity and thickness of the aquifer, and the hydraulic gradient. Other factors to
pollutant transport are adsorption on to the mineral grains and biological activity in the soil zone.
Some organic pollutants also tend to break down through a process known as biodegradation, and
with time change into new, sometimes less harmful products, in terms of water potability.
Pollutant transport also affects dilution according to diffusivity within the aquifer. All these
factors tend to produce an overestimation of groundwater pollution from point sources. Neverthe-
less protection of groundwater sources from contamination, particularly from nearby waste
disposal facilities, is an important design consideration particularly for shallow and vulnerable
unconfined aquifers.
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Hydrogeological glossary

adsorption

aerobic

aquifer

baseflow

biodegradation
bedrock

confined aquifer
crystalline basement

drawdown

electrical resistivity depth

sounding

evapotranspiration

fissures / fractures

8ravel pack

groundwater system

head
hydraulic gradient

igneous

ion exchange
lithology

metamorphic
permeability

piezometric level

porosity
precipitation

recovery

regolith

salinity

sedimentary

storativity

specific capacity

the process by which a thin layer of a substance accumulates on the surface of a solid
substance

in the presence of the atmosphere and free oxygen.

a rock formation which is sufficiently permeable to yield a usable quantity of water to a
borehole, well or spring

the sustained flow of a stream, provided from stored sources (principally groundwater).
The flow is unrelated to a specific rainfall event

microbial breakdown of a compound
the unweathered rock beneath the saprolite, regolith and/or alluvium
an aquifer overlain by less permeable strata in which groundwater is under pressure

non-sedimentary rocks which yield water from the regolith or aquifer weathered surface
and fractures at depth

the difference between the rest water level (or piezometric head) and the water level
caused by pumping a borehole

a geophysical survey technique by which an electrical current is passed through the
ground between electrodes, and measured via another pair of electrodes. Electrode
separation reflects the depth of observation. Interpretation is by mean of analogue

water returned from plants to the atmosphere

the preferential storage and transport of groundwater in fresh bedrock may best occur in
dilated cracks or joints. Water may be fed to the fractures from the granular regolith
above, provided that the saprolite is saturated

rounded granular material (typically 1 to 3mm in diameter) placed in the annulus behind
slotted borehole casing or screen. It acts as a borehole stabiliser and as a means of
promoting water flow into the borehole

qualitative description of the flow of groundwater in an aquifer and how it is affected by
the prevailing geology

the height to which water rises above a set datum (often sea level) in a well or borehole

the prevailing inclination of the water table which provides the driving force to transmit
groundwater through an aquifer

rocks formed by solidification from a molten state; includes intrusive (e.g. granites) and
extrusive rocks (e.g. lavas)

the exchange of ions between different colloids
a term referring to the general characteristics of a sedimentary rock

a rock derived from a pre-existing rock by mineralogical, chemical or structural change
(e.g. pressure, heat), the process being sufficiently complete to form a well-defined new
rock type

the ability of a material (e.g. rock) to allow fluid to pass through it under the pressure of a
hydraulic gradient

the level to which water will rise in a borehole which penetrates groundwater confined in a
fracture or beneath a confining layer such as clay

the ratio of the volume of the voids in a rock to the total volume of the rock
rainfall or snowfall

the process which occurs when a pump is stopped and the water level in the borehole is
allowed to rise back towards its static pre-pumping level. Incomplete recovery at an
elapsed time greater than the total duration of the pumping phase may indicate over
pumping

the weathering product that may be present over crystalline basement rocks. It may have
a clay-rich upper part which inhibits downward percolation of rainwater, and is generally
granular, progressing to blocky with depth. It may be a few metres to a few tens of metres
thick

the concentration of salts and chemicals within water

a rock that has been laid down under the action of water, wind or ice from the detritus of
existing rock material

the volume of water that can be removed under gravity from a saturated rock mass

the yield of a borehole divided by the respective drawdown. For inter-borehole comparison
the pumping elapsed time should always be the same (e.g. 240 minutes)
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specific electrical the unit electrical conductivity of a fluid, which in the case of groundwater reflects the
conductivity salinity of the water

storativity the volume of water that can be released from or taken into storage per unit surface area
of the aquifer for each unit change of head

transmissivity a measure of the ability of an aquifer to transmit groundwater, being the product of
aquifer thickness and aquifer hydraulic conductivity

unconfined aquifer an aquifer in which the saturated zone meets the unsaturated zone at the water table,
the latter maintained at atmospheric pressure
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Appendix B: Implementor or Facilitator? Achieving Community
Management in Nepal?’

Jeremy Ockelford and Vijaya Shrestha

In a paper written for WHO, IRC states that ‘governments have a vital facilitating role to play in
fostering local management and control of community water sources and supplies’ [emphasis
added]. It goes on to emphasise partnership with local communities, and the type of decisions
communities should be making with support of government agencies (IRC International Water &
Sanitation Centre, 1995). But how are government agencies to achieve this? In many places
government departments implement projects and programmes with community participation, but
this can mean many different things.

The transformation from implementor to facilitator is much more difficult. This paper looks at a
case in Nepal where His Majesty’s Government’s Department of Water Supply & Sewerage
(DWSS) is making major efforts to achieve this transformation. The start of the process of
changing this technical department to undertake the social and community components of rural
water supply and sanitation were described by Shrestha and Pyakural (1996).

During the preparation of a major rural water supply and sanitation sector loan project with
DWSS and the Asian Development Bank in early 1996, there was a debate in the water and
sanitation sector about the respective roles of implementor and facilitator. These terms were not
clearly defined but there was an assumption that the DWSS was an implementor, which was a bad
thing, and that other groups, particularly NGOs, were facilitators, which was a good thing.
Implementor and facilitator were seen in black and white terms, with an organisation being either
one or the other. In fact, further discussion revealed that in many cases, NGOs had taken over the
role of implementor instead of facilitating communities to manage the construction, operation and
maintenance of their own water supply systems (Asian Development Bank and Department of
Water Supply and Sewerage 1996).

This view of implementor and facilitator is rather simplistic and limiting. There are many steps in
a project and in any one of these an agency may be an implementor or a facilitator, or part way
between the extremes. To assist the DWSS in its efforts to change its way of working the team of
consultants and staff preparing the project developed a table of the extreme definitions for
implementor and facilitator in each step of the project, together with the changes needed to move
from one to the other. A modified version of this is shown in Table 1 (Asian Development Bank
and Department of Water Supply and Sewerage 1996).

The Table does not define the position of any particular agency, but it can be applied to any
agency, including NGOs. An agency can be located anywhere at or between the extremes, so it
may be a facilitator in some activities and an implementor in others. The DWSS itself was already
a facilitator in several of the steps of a project, and was making progress in other steps.

" Paper reproduced from Ockelford and Shrestha (1998) in Pickford (1998)
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Table 1: Definitions of Facilitator and Implementor

Activity

Implementor

Facilitator

Changes needed

1 | Community Water
Supply and
Sanitation
Awareness
Campaign

Telling people about
water supply and
sanitation

Participatory discussion, with
broad range of people in
communities, about water
supplies, hygiene and
sanitation, drawing out people's
own interests, practices and
concerns.

Explanation of how people will
be involved with and make
decisions in sub-projects.

Staff orientation
Training in PRA
techniques

Clear methodology for
campaign meetings

2 | Request from
community

Request from small
group only

Political requests

Broad based request from many
(majority) members of
community

Orientation to DDC
Council and Assembly

3 |VDC and DDC
Request

Approval

Decisions made without
information,
transparency or
accountability

Formal approval by VDCs

Prioritisation by DDCs in
accordance with published
criteria

Communities informed of
prioritisation

Criteria published

Priority criteria explained
to communities

Transparent decision
making

4 | Pre-feasibility study

Study directed by
overseer with support
of community

Use of PRA techniques

Mass meetings to provide
orientation on project activities
and procedures

Verifications of need for water
and interest of communities

Data gathering by and with
community members

Water source identification

Preliminary layout of system by
community with technical
explanation and advice by
overseer

Training in PRA and
community approaches

Training in facilitation of
meetings

Adequate time for
processes

5 |DDC and DWSS
prioritisation

Decisions made without
information,
transparency or
accountability

Prioritisation by DDC/DWSO in
accordance with published
guidelines and criteria

Communities informed of
prioritisation and decision

Clear simple guidelines
and criteria openly
available

Transparent decision
making

6 | User need survey &
feasibility study —
socio-cultural,
economic, health,
technical

Survey staff carry out
survey asking
community for
information

Technical survey by
technician/overseer
with help from villagers

Mass meetings to discuss
feasibility study and explain
techniques

Use of PRA techniques

Data gathering by community
members

Preliminary layout of system by
community with technical
explanation and advice by
overseer

Training in PRA

Survey methodology
based on PRA

Development of
methods and teaching
materials to explain
technology

Change in attitude of
technical staff to share
and explain engineering
knowledge

Sufficient time for
process to be
conducted at villagers'
pace

7 | Appraisal of
Feasibility Study
Report

Appraisal by agency

Appraisal by agency and
community

Sufficient time

Feasibility report in
Nepali and English
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Activity Implementor Facilitator Changes needed
8 Social = Communities told about | = The following conducted using = Sufficient time
preparation processes and participatory methodologies: = Technicians and overseers
process processes imposed =  WUSC formed with community
= Health workers and teachers development skills
identified = Participatory
’ methodologies for WUSC
= VMW appointed
PP formation, VMW
= Volunteers selected appointment’ volunteer
= O&M systems discussed and selection, etc.
developed, including payment | = |inkage with and support
to VMW and O&M fund to health posts
9 Agreement = Takes place between = Mass meeting to explain details | = Flexibility in terms of
signed WUSC Chair and DE at of agreement Agreement
WUSC - Agency DerVSO, or at Agency's = Provision for modification of
otfice terms of the Agreement
= Agreement signed in the
community at a mass meeting
10 | Preparation of = Done by Agency staff = Design according to standards, |=* Methods for presenting
detailed design, (or consultants) in but with drawings and engineering design
materials office using standard explanation that can be concepts in simple terms
reqlture[[r_]eni, procedures understood by community «  Transparent materials and
cost estimate = Transparent materials costs estimating formats
estimation
= Transparent costs estimation
11 | Presentation of = Not done = Presented, explained and = Additional step
dets_|gni, antd cost discussed «  Change in attitude of
estimates to = Adjustments made by technical staff to share
communities community and explain engineering
= Copy of design, materials knowledge
quantities and cost estimates = Adequate time
given to community
12 |[Training to WUSC | = Not done (Agency = Management training given to = Participatory training
in management manages construction) all members of WUSC on site techniques
of construction
13 |Procurement of |[= Central or regional = Procurement as close as = Decentralised
materials procurement possible to point of use procurement
=  WUSC involved in tender = Procedures to allow
appraisal WUSC to appraise
= Purchase accounts open to tenders
community = Transparent accounting
14 | Construction = By contractor = By community with technical = Abolition of contracting
supervised by Agency guidance and support from system
staff technical facilitator (WST) = Materials and financial
advances to community
for construction materials
= Training in management
of construction WST full-
time on site
15 | Hygiene and = Lecturing style of = Participatory teaching materials |= Participatory training
water use teaching and training methods materials and methods
education

= Limited target group
(WUSC only)

Targeting effective motivators in
village (village health volunteers,
women's groups, youth
volunteers, WUSC, etc.)

Follow-up trainings

Trained trainers

= Adequate time
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Activity Implementor Facilitator Changes needed
16 | Sanitation = |Insisting that people = Latrines built as a result of = Hygiene and water use
(WUSC members) build genuine understanding and education
latrines demand = Latrines not used as only
targets and indicators of
hygiene and sanitation
coverage
17 | Training of VMW = Lecturing style of = Participatory training = Participatory training
teaching materials and methods
18 | Training of WUSC |= Lecturing style of = Participatory training = Participatory training
for management teaching materials and methods
of 0&M
19 | Completion = ‘Hand-over’ of scheme |= Celebration of community's = Reorientation of concept
ceremony to users achievement in constructing of ‘ownership’
their own system
20 | O&M monitoring = By DWSO = Regular visits by MST to ensure |= Application of 1993 0&M
and follow-up = Not done until repair thatf'\(/jVUSC a(;u: VMW are Policy
Support required confident and functioning = Budget allocation and
staff
Abbreviations
Abbreviations:
DDC District Development Committee (appointed by elected District Assembly)
DE District Engineer (employed by DWSO)

DWSS Department of Water Supply & Sewerage
DWSO District Water Supply Office (responsible to DWSS)

MST Maintenance & Sanitation Technician (employed by DWSO)
0&M Operation and maintenance

PRA Participatory rural appraisal

VMW Village Maintenance Worker (responsible to WUSC)

WST Water & Sanitation Technician (employed by DWSO0)

WUSC Water User & Sanitation Committee (elected by community)

Progress

The Fourth Loan Project was agreed between the ADB and the Government of Nepal in November
1996, and work started in January 1997. The project is due for completion by mid-2001, with a
mid-term review scheduled for the end of 1998.

Progress in the transition by the DWSS from implementor to facilitator includes the appointment
of sociologists, the training of technical staff (engineers, overseers and technicians) in PRA
methodologies and social preparation, and development of new procedures with information
sheets in Nepali for distribution in villages. In addition DWSS has issued a directive that
construction cannot be started until the preparation phase is completed. About four months is
allowed for this phase, covered by Activities 8 to 12 in Table 1. DWSS has developed a strong
support and monitoring programme to ensure that the facilitation process is followed. For the first
time a budget allocation for social preparation work is included in the new Ninth Five Year Plan of
His Majesty’s Government of Nepal.
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