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BCRWME Knowledge Series
The BCRWME Knowledge Series cover publications 
under the Building Climate Resilience of Watersheds 

Mountain Eco-regions project in Nepal.

BCRWME is the first component of Nepal’s Pilot 
Program for Climate Resilience (PPCR) under the 
National Strategic Program for Climate Resilience 
(SPCR), executed by the Department of Forestry and 
Soil Conservation (DFSC, previously DSCWM).

The Climate Investment Fund (CIF) is the primary 
donor of the project, with the grant being 
administered by the Asian Development Bank (ADB). 
The Nepal Government provides both financial and 
in kind support. A grant for technical assistance is 
provided by the Nordic Development Fund (NDF).

The overall objective of the SPCR is to build long-
term climate resilience through an integrated water 
resource and ecosystem-based approach, and 
to yield lessons on how best to build resilience in 
vulnerable mountain regions. 

The BCRWME pilot is implemented in six districts 
in the Far Western Development Region of Nepal 
between 2014-2020. It provides support to all 
participating communities to develop and protect 
their water sources (springs and streams) and 
construct water storages to help sustain the use 

of limited water during the dry season, to support 
domestic and agricultural uses. The spring or 

surface water sources are expected to become more 
reliable, and; the dry season water yield will either 
remain the same or increase.

In addition the project supports both the 
communities and the government to manage water 
and land in an integrated and inclusive manner 
within watersheds. Implementation of subprojects 
particularly addresses water conservation in 
catchments and shortage issues. 

It being a pilot project it is essential that key 
stakeholders adopt knowledge-based approaches 
for integrated water and land management and 
improved water reliability and accessibility in the 
wake of climate change. 

All participating communities are involved in a 
phased cycle of training and capacity building so 
that the knowledge they develop in integrated and 
inclusive watershed management can be used to 
apply best practice.

Research is conducted throughout the project on 

hydrological impacts of watershed management 
and interventions.

Training, capacity building, research and lessons 
learned are captured in these BCRWME Knowledge 

Series publications to support institutions and 
experts tasked with watershed management 
implementation in scaling up and scaling out 
activities based on best practice knowledge.

The complete series captures six years of work 
involving over thousands community members, 
Government staff at all levels, and technical 
assistance of 100+ (inter)national consultants.
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Glossary
Aquifer: An aquifer is a layer of sand, gravel, soil, or 
rock that is saturated, meaning all pore spaces are 
filled with water, and able to transmit groundwater 
in sufficient quantities for uses such as drinking 
water and irrigation. The top of the water level in an 
aquifer is called the groundwater table.  The level 

below the water table is completely saturated with 
water. The study of water flow in aquifers and the 
characterization of aquifers is called hydrogeology.

Condensation: Condensation is the change of 
water from its gaseous form (water vapor) into 
liquid water. Condensation generally occurs in the 
atmosphere when warm air rises, cools and loses 
its capacity to hold water vapor. As a result, excess 
water vapor condenses to form cloud droplets.

Evaporation: Natural evaporation occurs when 
earth’s surface water changes its state to vapor. 
Solar heating transform water molecules from liquid 
to water vapor into the air. A very small amount 
of water vapor enters the atmosphere through 
sublimation, the process by which water changes 
from a solid (ice or snow) to a gas, bypassing the 
liquid phase.

Evapotranspiration: Combined loss of water to 
air from the soil and plant (evaporation from 
the soil surface and by transpiration from the 
leaves of the plants growing on it). Factors that 

affect the rate of evapotranspiration include the 
amount of solar radiation, atmospheric vapor 
pressure, temperature, wind, and soil moisture. 
Evapotranspiration accounts for most of the water 
lost from the soil during the growth of a crop.

Groundwater storage: Groundwater is water 

occurring beneath the earth’s surface, typically in 
aquifers, that supplies wells and springs, and is a key 
source of drinking water. Most water in the ground 
comes from precipitation that seeps underground, 
into pores between sand, clay and rock formations 
(aquifers). The area where all pores, cracks, and 
spaces between rock particles are saturated with 
water is called ground water storage.

Hydrologic Cycle: The hydrologic cycle (also called 
water cycle) begins with the evaporation of water 
from the surface of the ocean or other body of 
water. As moist air is lifted, it cools and water vapor 
condenses to form clouds. Moisture is transported 
around the globe until it returns to the surface as 
precipitation. Once the water reaches the ground, 
one of three processes may occur; 1) some of the 
water may evaporate back into the atmosphere or 
2) the water may penetrate the surface and become 
groundwater. Groundwater either seeps its way to 
into the oceans, rivers, and streams, or is released 
back into the atmosphere through transpiration, or 
3) the  water that remains on the earth’s surface is 
runoff, which empties into lakes, rivers and streams 
and oceans, where the cycle begins again.

The Hydrologic Cycle
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Hydraulic head: Hydraulic head is the combination 
of both elevation and pressure at any point. 
Hydraulic head of an aquifer can be observed as 
the level to which groundwater will rise in a well. 

Groundwater will always flow from high hydraulic 
head to low hydraulic head.

Infiltration: A process by which surface water on 
the ground enters the soil. The soil infiltration rate 
is a measure of the rate at which soil is able to 
absorb rain or irrigation water. The rate decreases 
as the soil becomes saturated. If the precipitation 
rate exceeds the infiltration rate, runoff or ponding 
will occur unless there is a physical barrier.

Permeability: A measure of how well a material 
can transmit water. Materials such as gravel, 
that transmit water quickly, have high values of 
permeability. Materials such as shale, that transmit 
water poorly, have low values. Permeability is 
primarily determined by the size of the pore spaces 
and their degree of interconnection. 

Precipitation: Precipitation is water that falls from 
clouds in the form of rain, freezing rain, sleet, snow, 
or hail. Most condensed water in clouds does not fall 
as precipitation because the fall speed of the water 
particles is not large enough to overcome upward 
air currents (updraft) which support the clouds. 
For precipitation to occur, tiny water droplets must 
condense  and collide with other water droplets to 

eventually produce droplets  large enough to have a 
fall velocity which exceeds the cloud updraft speed. 
 

Runoff: Water flowing across the land that does not 
infiltrate the soil, but drains into surface or ground 
waters, or when rainfall exceeds the infiltration 
capacity of the land.

Spring: A spring is formed when there is a natural 
outflow of groundwater to the surface. The 
occurrence of springs is closely related to the 
geology of an area. Springs are found mainly in 
mountainous or hilly terrain at low elevations, along 
hillsides or at the bottom of slopes.

Spring Yield: The quantity of water a spring 
produces is known as its yield. 

Stream flow: Stream flow or discharge is the volume 
of water that moves through a specific point in a 
stream during a given period of time. Discharge 
is usually measured in units of cubic feet or cubic 
meters per second (cfs/cms). To determine stream 
discharge, flow velocity is multiplied by the cross-
sectional area of the stream or river.

Subsurface water: Precipitation which infiltrates 
into the subsurface soil generally forms an upper 
unsaturated zone and a lower saturated zone. Water 

in the upper unsaturated zone is used by plants, and 
can evaporate directly to the atmosphere. Below 
the unsaturated zone, the saturated zone is where 
water completely fills the voids between rock and soil 
particles. The top of the saturated zone is called the 
“water table”, or, more formally, the “phreatic surface”.

Transpiration: Transpiration is the evaporation of 
water into the atmosphere from the leaves and 
stems of plants. Plants absorb soil water through 
their roots and this water can originate from deep 
in the soil. Plants pump the water up from the soil 
to deliver nutrients to their leaves. This pumping is 
driven by the evaporation of water through small 
pores called “stomates”, which are found on the 
undersides of leaves. Transpiration accounts for 
approximately 10% of all water evaporation.

Diagram of groundwater formation 
with spring  and artesian wells. 

(Source: The Open University)
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Introduction
Springs are an important water source and can be 
diverted through pipes to settlements on lower hills 
by gravity flow. This technique, generally used for 
domestic and irrigation water supply, is the most 
appropriate supply for rural hill settlements in Nepal.

However, quantity and quality of spring water 
depends on many factors, such as geology, climate 
variability, land use, urbanization etc. Assessment 
of spring water flows is important to selecting the 
best sources for sufficient water supply to serve 
populations, either on its own or in conjunction with 
other sources.

To understand spring formation, understanding the 
concept of groundwater and its role in the hydrologic 
cycle is essential.  Mountains in Nepal are subject 
to very erratic and non-uniform rainfall distribution. 
Groundwater storage and recharge primarily 
depends on precipitation. In recent years more high 
intensity short duration precipitation events appear 
to be occurring, resulting in increased runoff and 
proportionally reduced recharge of groundwater. 
Capturing groundwater is a vital component of the 
water supply chain and an important alternative to 
surface water storage.

Low rainfall, increasing air temperatures and natural 

land use changes will largely reduce the recharge 
of groundwater in mountains.  If recent conditions 
continue the discharge of springs may be reduced or 
even permanently dry up in the future. It therefore 
is crucial to facilitate groundwater recharge as much 
as possible. Groundwater recharge can be increased 

by constructing small dams, terracing, contour 
trenching, sub-surface dams, tree and grass planting, 
and similar measures which will help to maintain the 
groundwater levels in mountains and hills.

Spring water usually has a high natural quality. To 
safeguard springs as safe and sustainable sources, 
applying some basic design principles and vigilance 
in protecting the spring and its watershed area will 
help to improve both the quantity and quality of 
spring water. Construction of intake structures and 
arrangement of distribution systems with appropriate 
thought and care will result in reliable water supply 
systems which the responsible local communities are 
capable of operating and maintaining.

This manual provides basic information on spring 
sources and guidance on key considerations in spring 
water assessment, measurement and management.  
It is intended for water technicians, engineers, 
contractors and community workers. The manual will 
also be useful for stream researchers, students, and 
everyone with a professional or personal interest in 
mountain groundwater.
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1. Spring Assessment

1.1 Spring source Identification

• Local people, especially women, have good 
knowledge of the location of springs and their 
characteristics. Farmers and grazers also have 
some knowledge on spring sources. 

• In the dry season, green vegetation in a dry area 
may be an indication of a nearby spring source.

• Some springs may appear as small ponds where 
people scoop water from.

•  Small streams in mountains or hills can be traced 
back to their sources. 

• While tracing a stream’s upstream point, be aware 
that streams may be buried for quite a length 
before being visible again further upstream. 
Ensure that the true spring source is located to 

reduce any risk of contamination.
• Advanced techniques include isotopic analysis to 

trace the source (see Annex 4)

1.2 Spring type identification

Springs are categorized according to various systems. 
Some common names for some spring types include 

Depression Springs, Contact Springs, Fracture 
Springs, Karst Springs, Artesian Springs. Knowledge 
of the type of spring can assist in understanding 
a spring’s behavior (and vice versa). Refer to the 
Springshed Development & Management Guideline 
of this Knowledge Series or other reliable information 
source for additional information.

Consider the following for spring type identification:

1. While collecting yield information ask locals on 
yield variations and quantity.

2. Measure and observe the yield of the spring over 
the course of one full year, at minimum.  Perform 
measurements during and after the wettest times 
of the year, and during the driest time of the year.

3. Observe and measure the response of the spring 
to significant precipitation events.4.  Gather 
information on the condition of the spring source 
during drought years.

4. Check the geology at and around the source to 
identify fracture flows.
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Spring types can be identified as:

Gravity depression spring: 

Occurs in unconfined aquifers. In some 
areas, ground surface dips below the 
water table and water appears as a 

depression spring.  Gravity depression 
springs usually have a small yield 
and further reduction during the dry 
season. Lowering of the groundwater 
table occurs if soil withdraw activities 
are carried out in a nearby area.

Gravity overflow spring: 
Gravity springs are obtained where 
an impervious layer such as a 
compact soil fault zone interrupts the 
downward flow of the groundwater 
and forces it up to the surface. At 
such an overflow spring, all the 
water may come out from storage 
(Recharge area) generating a regular 
flow regardless the rainfall recharge 
process. Nevertheless, a significant 
fluctuation of the discharge may 
occur and in periods of drought some 
springs may cease to flow completely.

Artesian depression spring: 

While looking identical to gravity 
overflow springs, Artesian  springs 
flow under water formed by an 
over and underlying impervious 
layers.  Artesian spring flows are 
characterized by higher discharge and 
less fluctuation. A  dry period has little 
influence on the flow of an artesian 
spring.

 

Artesian fracture spring: 

As with an artesian depression spring, 
an artesian fracture spring flows under 
pressure  caused by the presence 
of impervious soil layers above and 
below the aquifer. Fracture springs 
exist widely in many countries of 
the world and are extensively used for 
large-scale community water supplies.  
Artesian springs are common in some 
areas, but much less frequent overall.
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1.3. Spring Classification

The flow of water from a spring is termed the yield. 
It is determined by the amount of water which 
percolates into the aquifer, and how much water is 
stored in the aquifer. The yield may vary with the 
season, depending on the type of spring. Variation 
in the yield of a spring during the dry season and the 
rainy season is an important criterion to determine 
whether the spring is a suitable source.

A spring yield is generally measured in liters per 
second (l/s). Yield of springs may vary from a few 
liters per minute to several thousand per minute. 
Yield is studied in terms of flow rate and consistency 
and its information is crucial in the decision-making 
process for the tapping of a spring.

Springs can be classified (table 1) on the basis of 
several characteristics including the following: 
• the discharge of the spring
• the aquifer supplying the spring 
• the water temperature of the spring

Table 1 

Classification system for springs 
according to average discharge 

[ft3/s, cubic feet per second; m3/s, cubic meter per second]

Magnitude Average Flow
1 100 ft3/s or 2.8 m3/s
2 10-100 ft3/s (0.28-2.8 m3/s)
3 1-10 ft3/s (0.028-0.28 m3/s)
4-8 Less than 1 ft3/s (0.028 m3/s)

Source: U.S. Geological Survey Fact Sheet FS-151-95-May 1995

1.4 Spring yield measurement

Spring water flow, also called “spring yield” is 
measured to assess how much water is available 
for supply to a drinking water or irrigation system, 
etc. If the spring is flowing from a single point, the 
measurement is easy. If the source is a pond, water 
collection by bucket bailing is needed. The methods 
are described below:

a. Point source measurement: If the source is distinct 
and flowing from a single point, such as through a 
pipe, the following method can be used:

1. Take a bucket or other container of known of 
capacity of 5 to 15 liters to the source or pipe 
outlet (if the source is in a remote, rugged area a 
small capacity bucket is recommended).

2. Take a mechanical or digital stop watch with you. 
Generally, a digital watch gives accurate timing 
but sometimes it may fail in reading due to battery 
problems. If you are carrying a digital stop watch, 
you should ensure that the battery is reliable. If 
you are a carrying mechanical watch, confirm its 
accuracy with a digital stop watch before the test.

3. Collect water directly from the source. Note 
the duration of collection as follow: Start the 
stopwatch when you begin collecting water in the 
bucket from the spring source and stop the watch 
when the bucket reaches the level of known 
volume.

4. Calculate the yield (Y) by dividing the total volume 
of water collected (V) by time (T). Y= V/T

For example, if 5 liters were collected in 10 

seconds, then:

Spring Yield =  Volume/time =  5L/10s = 0.5L/s
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b. Measurement from intake: If water from the spring is flowing 
from different points to the same location, the following method is 
recommended.

1. Locate the spring source and delineate the flowing area.
2. Dig out the delineated area to make a temporary intake.
3. The depth of intake depends on flow volume. If the volume rate 

of flow is high, dig at least 20 cm in average.
4. Fix a pipe from intake. The pipe should be long enough and 

accessible for measurement.
5. Using one or more buckets or other containers of known volume  

carefully note down the volume collected within a measured 
time.

6. As per the example above, the yield is calculated as yield (Y) by 
dividing the total volume of water collected (V) by time (T).  Y= V/T

For example, if 200 liters were collected in 100 seconds, the yield is 
calculated as: Spring Yield = Volume/time = 200L/100s = 2.0 L/s 

c. Yield measurement from a storage tank: If a spring intake is already 
installed in a community the following steps are recommended.

1. If water is flowing from more than one tap, measure water flow 
from all taps at once.

2. Open all taps freely and wait until the level within the collection 
tank goes down to the level of the outlet pipe.

3. When the outflow rate is stabilized use one or more buckets to 
collect water..

4. As per the instructions above, carefully note down the volume 
of water collected within a measured time.

5. As per the examples above, the yield is calculated as yield (Y) by 
dividing the total volume of water collected (V) by time (T).  Y= V/T

For example, if 50 liters were collected in 200 seconds, the yield is 
calculated as: Spring Yield = Volume/time = 50L/200s = 0.25 L/s

6. If there is overflow, collect the water from the water overflow 
pipes and recalculate the total yield.

d. Yield measurement from a spring pond: Springs also appear as 

small ponds. The yield of such ponds can be estimated through a 
constant pumping test. For this test a water pump  can be used, 
or measurement can be accomplished through bucket bailing. Take 
the following steps:

1.  Measure and note the water level of the pond (A). Insert a ruler 
or stick vertically into the soil below the pond. Carefully mark 
the stick to show the original level of the pond, to determining 
exactly when the pond has returned to its original level after 
pumping or bailing.

2. Using one or more known volume (V) buckets, by pump or 
bailing, remove and measure water from pond until the water 
level has visibly lowered down (B). Carefully note the total 
volume of water removed.

3. Measure and note down the time (T) it takes for the water level 
to restore from B back to the original level A.  



11

Float Method:

1. Measure the overall top width (w) of the water surface. 
Measure depths at several points across the cross section 
of the stream as d1, d2 and the widths between the depth 
measurements w1, w2, w3 as per the illustration.

In the example shown, the areas W1 and W2 are assumed 
to be triangles, and W2 is assumed to be a trapezoid.  
Therefor the  cross sectional area is estimated as:  
A = (2/3 x W1 x d2) +(W2 x (d1+d2)/2) + (2/3 x W3 x d1)

For example, if W1 = 30 cm, W2 = 20 cm, W3 = 20 cm, and 
d1 = 10 cm and d2 =8 cm, then:
A = 2/3 x 30 x 10 + 20 x (8+10)/2 + 2/3 x 20 x 8= 200 + 180 

+ 106.6 = 486.6 cm2

1.5 Small stream measurement

There are numerous ways to measure the flow of streams. The two most common methods of flow 
measurement of surface water are: the velocity-area method; and overflow weir gauging. These are described 
below.  Weir gauging is more accurate, though increasingly difficult to apply as flow rates increase.  However, 
if flow rate is substantial, there is generally less need for highly accurate measurement. 

a. Measuring flow by area-velocity

In order to calculate the flow of rivers, the velocity and cross-sectional area need to be estimated. Spring fed 
streams frequently have discharges too low to utilize the float method.  However, if the cross sectional area 
(A) of the flow is distinct and measurable, area multiplied by velocity will give the flow rate. The following 
steps can be used to get the flow rate:

Therefore, calculate the surface velocity (V) as: V = L/T  
For example: if the float required 20 seconds to travel 5 meters as an average of several readings, then 
V = 5m/20s = 0.25m/s = 25cm/s

Then calculate the Average Velocity: V1 = 0.8 x V
For example: using V = 25 cm/s as calculated above, then V1 = 0.8 x 25 = 20 cm/s
 

Calculate the estimated Flow rate (Q) as: Q = V1 x A. Take care to be sure that all units are compatible.
For example: using the values from the examples above, then
Q = 20 cm/s x  486.6 cm2  = 9732cm3/s = 9.7 (or approx. 10) L/s

2. To estimate the flow velocity, fix two points (A & B) 
along the river banks. Carefully measure its length (L). 
Drop any light floating object in the water at point ‘A’ 
and carefully measure the time that the object takes to 
arrive at point ‘B’ and note this travel time (T). 

Repeat the measurement several times, taking the 
average of several measurements of V for the calculation 
of Q as described below.  Note that as the water on 
the surface of the stream flows somewhat faster than 
the average velocity of the flow a coefficient of 0.8 is 
applied to the velocity of a surface float.
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1. Take a V notch weir of 45 degrees and install the 
weir in the stream in such a way that the face is 
vertical and perpendicular to the flow, and that 
all flow is captured by the V notch opening.

2. The weir should be of appropriate size so that all 
flow passes though the V notch opening.

3. Carefully measure and note down the water level 
head (H) as shown in the illustration to the right.

4. Calculate the flow rate* using the formula below 
where:

     H is the head measured in meters
     571.4 is a coefficient for 45 degree V notch weirs
      The resulting Q is in the units of Liters/second (L/s)
     Q (L/s) = 571.4 H2.5

For example, if the head was measured as 5 cm, then 
this equals 0.05 meters, in which case Q would be 
calculated as:

Q (L/s) = 571.4 x 0.052.5

Q = 0.32 L/s

b. Measurement by Gauging weirs

A more accurate way to estimate surface water flow is by using a gauging weir. These are structures which are 
placed across the stream to raise the water level and control the flow. Weirs can be permanent or movable 
structures which have an opening cut into the crest. Permanent weirs are more likely to be found where 
the stream or river is a source for a large water supply, or where hydrological measurements are regularly 
made. Movable or thin plate weirs can be very useful for programmes where many water supplies from small 
surface water sources are planned. A suitable weir for small flows is a V notch weir of 45 degrees angle. The 
flow can be measured as follows:

*Full table in Annex 1

c. Other Methods of Flow Measurement

There are many other methods used for measuring flow rates, depending on the volume of flow, various flow 
conditions, and required accuracy.  The interested reader can consult the internet or an appropriate text for 
additional information.
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2. Spring Management

Successful management of spring sources requires 
accurate knowledge of available resources, how to 
use these, and, of competing resource demands. 
For spring resources this is particularly difficult since 
sources of water can cross watershed boundaries. 
However, within a watershed boundary some 
measures can be put in place to manage the spring 
source.

2.1 Spring yield monitoring

Monitoring exercises of spring yields should consider:

• The reliability of a spring can be determined by 
comparing the highest and lowest flow of the 
spring. To be considered as a reliable source in 

both wet and dry seasons the ratio between the 
highest and lowest yield should be less than 20.

20 ≤ ( highest yield in dry season)
  yield in dry season

• A feasibility study of a spring source should include 
several measurements over a period of at least 
one year .A longer duration is much preferred 
since some years are dryer than average, others 
wetter. The study is to indicate the variation in 
yield of the spring throughout the year, and the 
maximum, minimum and estimated average flow.

• The minimum and average yields will guide the 
investigator/planner whether a spring source 
is adequate to meet the daily water demand 

of the user population. If the yield is limited, 
the community should be guided to consume 
quality spring water primarily for drinking and 
cooking, and only secondarily for other domestic 
purposes, at least during the low flow periods. A 
participatory study increases people’s sense of 
ownership and the appreciation for proper water 
management.

• In many cases, it may be possible to identify 
and utilize more than one spring source for the 
same water supply system. Ideally, this should be 
done in a phased manner, with the community 
water committee judging in advance when 
augmentation is going to be necessary.

• As the population and/or its productive activities 
increase, daily water demand also increases, 
resulting in potential water shortages in the 
system. Shortages will occur first during dry 
seasons and a few weeks or months into the rainy 
season. They can be prevented or minimized by 
proper planning with/by the community water 
committee.

• Systems which channel high flow into a single 
supply point must be designed and constructed 
carefully. Excessive flow could cause damage to 
the collection and distribution system, or build 
up a back pressure which could cause a spring 
to change its underground flow path, potentially 
causing permanent damage to the catchment.

• Consideration always must be made of the impact 
which the abstraction or diversion of any water 
flow might have on established downstream 
users.

Source: Andrew Tayong (2001). Spring water tapping, Chapter 8.
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2.2 Rapid environmental assessment

Potential environmental impacts on a water source 
include risks of extreme rainfall and landslides, 
soil erosion, debris flow and contamination. Rapid 
environmental assessment steps include:

• Investigation of the flow path of surface run-off 
above the spring, human activities and water 
uses within the watershed area, i.e. habitation, 
farming, grazing, etc., and the type of plants 
growing in the catchment or recharge area.

• 
• If there are settlements/houses in the recharge 

area, people are likely to contaminate the spring 
water through their own waste and farming, 
i.e. cattle holding or agricultural fertilizer or 
chemicals. If the spring water contamination risks 
are too high, then such locations are not suitable.

• 
• Some trees and plants have negative impacts 

on springs. Various types of trees, for instance, 
transpire heavily and can significantly reduce the 
yield of a spring or flow along a watercourse. It 
is important that community members are made 
aware of the impacts and may wish to relocate or 
remove them.

2.3 Spring water quality assurance

Consider   the   following   to   help assuring   the   
quality   of spring water:

• Local farmers should be allowed  to conduct 
agricultural activities in the watershed area only 
under careful restrictions, such as no use of 
artificial fertilizers or harmful chemicals.

 

• One of the key signs of a good spring is that 
the water maintains a constant temperature 
throughout the day. 

• Spring water should be colorless. Variation of 
water temperature during the day and coloration 
of water shortly after rains are indications of a 
poor-quality spring source. The water-bearing 
soil layer may not be deep enough to prevent 
rapid infiltration of surface water through the 
topsoil, increasing the risk of bacteriological or 
chemical contamination.

• If temperature and color changes are present, 
but the community still favors the spring over 
alternative water sources, they must be advised 
to include water treatment as part of the 
water supply system. This treatment may be 
incorporated at a central location, or for small 
communities, household- based water treatment 
may be the most feasible option.

• Laboratory testing and analysis of the water 
quality of any spring is a necessary part of the 
feasibility study even if there are no changes 
in water temperature and color. Testing over 
a reasonable period of time is recommended, 
especially if there are human activities in the 
recharge area of the source.

• The Nepal drinking water quality standard is 
presented in Annex 2.

2.4 Spring water quality sampling

Generally spring water is mineral rich and of good 
quality. Harmful pathogenic contamination is  less 
likely if the infiltration area of the spring is managed 
in an environmentally responsible way. The soil 
formation should be thick enough for natural 
filtration and biological action to remove pathogenic 
organisms before the water enters the aquifer 
feeding the spring.
 

 The soil type largely determines the speed of water 
movement through the voids in the soil. If the soil 
layer is thin, human and livestock activity should be 
minimized in the watershed.

In-situ water parameter testing can be conducted 
using portable equipment and kits to facilitate testing 
in areas which are not within  accessible range of a full 
water analysis laboratory. Field methods generally rely 
on reagents and simple handy portable instruments 
which can be in remote areas. 

Eucalyptus
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Field spring water quality analysis has the following 
three advantages:

1. Samples do not need to be transported and so do 
not have time to deteriorate before testing; more 
accurate results can therefore be obtained.

2. Results are available locally immediately or the 
next day, so action can be taken rapidly.

3. Local people can be more involved and carry out 
some of the tests themselves, which helps to 
reinforce hygiene education messages.

Sampling location and timing

When collecting water samples, it is important to 
ensure that they are taken from locations which are 
representative of the water source, treatment plant, 
storage facilities, distribution network and consumer 
access points. Each locality should be considered 
individually as follow:

• Sampling points should be representative of the 
different sources from which water enters the 
system and is obtained by the public. Where more 
than one source supplies a system, sampling 
points should take into account the number of 
inhabitants supplied by each source.

• Samples should include sources or places in the 
system more likely to be contaminated (such 
as unprotected sources, loops, reservoirs, low- 
pressure zones, and ends of the system).

• Sample points should be spread uniformly 
throughout a piped distribution system, in 
proportion to the number of links or branches, 
taking into account the targeted population 
distribution.

• Samples should be representative of the water 
supply over time. The water source supply 
frequently varies with the season; thus, it is 
important that tests are taken to check that the 
supply provides safe water year-round.

Spring water sampling

1. Wash the water sampling bottle thoroughly with a 
cleaning device 

       2. Shake the bottle 4-5 times and 
   completely empty the bottle

3. Fill up the bottle with water from tap/source
 

4. Note down the Geo coordinate, place/source name, 
sample number and sampling code, and store all 

samples in a cool and shaded place to avoid sunlight 

and photosynthesis activity.
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2.5 Protection of springs

After being filtered through soil and rock, 
groundwater is generally free from microbes and 
often safe to drink. However, spring water risks 
rapidly contamination as soon as it emerges at the 
surface, for example, as soon as it approached the 
surface of the soil. by cContaminationed can be 
caused by other surface water, nearby or by wild or 
domestic animals, or as well as by people who collect 
or use the water from the spring. It is thus extremely 
important to protect the spring source and water 
collection and distribution infrastructure from all 
potential sources of contamination.

Construction of a spring collection/catchment box 
(intake) is a simple and effective measure against 
contamination. It works as follow:
1. Spring water flows directly into a covered box (inlet).
2. Consumers collect water either directly from 

a pipe running from the box or from taps if the 

Spring Collection Box

spring is connected to a distribution network. 
3. The   box   has   a   lid   to   enable   cleaning.   

The lid should be mounted and locked to prevent 
animals or leaves from entering, Make a lid which 
has handles and overlaps down the sides of the 
box and seals tightly to prevent the entry of 
water, dust, or other contaminants.

4. Seal the space behind the box, above the eye of 
the spring, with impermeable material such as 
puddled clay or a concrete plinth.

5. Fence the immediate area around the spring (at 
least with a 50 m radius) with barbed wire or an 
alternative barrier decided by the community. 
In this area no human activities such as farming, 
grazing and hunting are to be allowed. 

6. Protection activities in the fenced area include 
soil conservation, erosion control, drainage work 
and planting of trees, shrubs and grasses.

7. Due to climate variability there is a possibility 
of flow variation in gravity depression springs. 
Consider this factor for a climate inclusive design.

2.6 Recharge of groundwater

Ground water recharge is a process by which excess 
surface water is directed into the ground either by 
spreading it over the surface, using recharge ponds, or 
by altering natural conditions to increase infiltration 
to replenish an aquifer. There are many methods 
which are used, depending on the local topography, 
geology, and land use.  These include:
a. Recharge Pits

Generally, layers of low permeability lie between 
the land surface and water table. In such situations 
groundwater recharge pits could be effective to 
penetrate the less permeable strata in order to access
the dewatered, shallow aquifer. A standard recharge 
pit is 1 to 2 m wide and 2-3 m deep, and filled with 
boulders, gravels and coarse sand. Recharge of Aquifer

16
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 b. Contour Trenches

Contour Trenches are ditches dug along a hillside 

slope. Trenches are dug in such a way that they 
follow a contour. The material taken from the ditch 
can be used to form a bund on the downhill edge of 
the ditch. Those bunds should be planted with native 
grasses to stabilize the soil and for the roots and 
foliage to protect against overflow of any sediments 
from the trench in heavy rainfall events.

c. Excavation Ponds
These ponds are best dug out on a level terrain by 
digging earth, for example on a remaining piece of 
land, edge of a hill or at grazing land where a flat area 
is available.

 

d. Embankment Ponds

These ponds are created by damming a stone 
masonry or earthen dam to hold flowing water in a 
stream or on gently sloping gullies. It is suitable for 
construction in small streams at the foothill area.

e. Recharge ponds

• Site selection: Local people should be consulted 
so that their concerns are addressed and 

cooperation obtained in deciding on the right 
location, type and number of ponds. The site 
needs to consider three factors: runoff collection, 
drainage channels and, safe disposal of excess 
water. The latter requires locating strategic areas 
such as a pass or base of slopes where run-off can 
be collected while discharging overflow from the 
pond safely and economically.

• Depth: The most important dimension of a pond 
is its depth. The recharge pond is best not deeper 

than 1.5 meter and protected with a fence to 
prevent people (especially children) who can’t 
swim fall in the pond and drown during high 
flows. 

Pond size: 
• Small recharge pond: A small pond (1x1x1m 

to max 2x3x1.5m) suitable for a single family 
on privately-owned land. It is mostly used for 
collecting run-off from homestead areas and to 
reducing runoff damage further down. Water 
collected will help recharge the soil moisture. 

• Medium sized pond: Suitable for construction 
near a tap stand or at the saddle overpass of the 
mountain. It is a common type that serves the 
needs of larger communities and the size (10x25 
to 10x30m) fits well within available spaces in the 
mountains. 

• Large pond: suitable for foothills and dead corners 
of grazing areas in the hills (as long as they do not 
reduce the grazing area itself). The average size is 
25x25 meters or more.

Source: DoLIDAR Recharge Ponds Handbook for WASH 

Programme (2013). 

See also Annex 3 for advantages and disadvantages of 

discharge ponds.

Embankment pond Excavation pond

Contour trenches
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3. EXERCISES

Exercise 1

1. How a rapid environmental assessment task could be carried out for water source protection?
2. While interacting with local people, how you will identify the spring source?
3. How you will identify the spring source in the dry season?
4. How you will identify the spring source by tracing a small stream?
5. Discuss in a group necessary initial steps to identify the spring type

Exercise 2

1. Why is measurement of the spring yield important?
2. How to measure a spring source point?
3. How to measure a small pond’s yield?
4. What would you do If spring water is flowing from different points to the same location?

Exercise 3

1. Why is uphill measurement of small streams important?
2. How will you measure small streams using the area velocity method?
3. How will you measure the flow using a V notch weir?
4. What is the salt dilution method and why is it useful in flow measurement of turbulent mountain streams?

Exercise 4

1. How spring source water could be sampled for its quality test?
2. Describe the methods of spring source monitoring for management.
3. What tasks should be carried out for spring water quality assurance?
4. How can spring sources and distribution systems be protected?
5. How ground water could be recharged? Describe some methods.

Exercise 5

Solve the following problems:

1. You have measured point source water flow in a bucket and it took 20 seconds to collect 3 liters. Calculate the yield 
of the point source.

2. A barrel of 150 liters is kept for spring flow measurement. Water collection from a spring is a half barrel in 3 
minutes.  Calculate the 24 hours yields in cu meters.

3. Water from a spring source is collected in a bucket. It took 12 sec to fill up 10 liters bucket. Calculate the 24 hours 
yields in cu meters.

4. A 10  liters bucket is used to measure a small ponds yield. 15 buckets full water were removed from pond. The 
water level went down 15 cm. it took 2 minutes for the water level to regain its original position. Calculate the yield 
of pond in lps. 

5. A cross section of a small stream is shown below. If w1=10 cm, w2=15 cm and w3=7 cm and d1=10 cm and d2 =9 
cm, calculate the area of channel. If the average velocity is 0.05m/s, calculate the flow rate of stream.

6. The water from a small stream is allowed to flow from V opening (V notched weir). If the head gain (H) is 25 cm, 
calculate the flow rate of stream.
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ANNEX 1

Hydraulic head (H) and discharge (Q) of 450 V-Notch Weir

Q(l/s)=571.4 x H(m) 2.5

H, mm H, cm H, m Q, L/s

20 2 0.02 0.03

30 3 0.03 0.08

40 4 0.04 0.18

50 5 0.05 0.31

60 6 0.06 0.50

70 7 0.07 0.74

80 8 0.08 1.03

90 9 0.09 1.38

100 10 0.1 1.80

110 11 0.11 2.29

120 12 0.12 2.85

130 13 0.13 3.48

140 14 0.14 4.19

150 15 0.15 4.97

160 16 0.16 5.85

170 17 0.17 6.80

180 18 0.18 7.85

190 19 0.19 8.99

200 20 0.2 10.22
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ANNEX 2

Nepal’s Drinking Water Quality Standards

Group Parameter Unit Maximum

Concentration Limits

Physical and 

chemicals

Turbidity 

pH

Color

Taste & Odor

Total Dissolved Solids

Electrical Conductivity
Iron

Manganese 

Arsenic 

Cadmium 

Chromium 

Cyanide 

Fluoride 

Lead 

Ammonia 

Chloride 

Sulphate 

Nitrate 

Copper

Total Hardness

Calcium 

Zinc 
Mercury 

Aluminum

Residual Chlorine

NTU 

TCU

mg/l

µc/cm 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l

5 (10)**

6.5-8.5*

5 (15)**

Would not be 

objectionable
1000

1500

0.3 (3)**

0.2

0.05

0.003

0.05

0.07

0.5-1.5*

0.01

1.5

250

250

50

1

500

200

3

0.001

0.2

0.1-0.2*

Micro Germs E-Coli

Total Coli form

MPN/100ml

MPN/100ml

0

95 % in sample

* These standards indicate the maximum and minimum limits.

** Figures in parenthesis are upper range of the standards recommended.

Sources: Environment Statistics of Nepal 2008, Government of Nepal, National Planning Commission Secretariat, 
Central Bureau of Statistics, Kathmandu, Nepal



22

ANNEX 3

Advantages and Disadvantages of Recharge Ponds

Advantages Disadvantages Mitigation Measures
• Recharge ground water.

• Enhance water availability

• Controls instant over flow of runoff 
and reduces floods and erosion.

• Watering animals (ponds have been 

useful in watering animals and 

buffalo wallowing.)
• Watering kitchen garden.

• Helps in maintaining soil moisture.

• Supports in maintaining ecosystems

• May cause risk to small

• children if the pond is deep.

• Mosquito breeding is likely in 

warm and polluted areas.

• Big ponds in the steep 

areas have potential to 
break causing erosion in the 

downstream area.

• Land use restricted to pond 

only

• Risk for children: To

• avoid this risk fences 

can be built around the 

pond.

• Mosquitoes: Regular 

cleaning if scum 

develops.

• Erosion in hills can be 

controlled by making 

the pond small

Advantages and Disadvantages of Embankment Ponds

Advantages Disadvantages

• Reduces flow in the gully and helps
• recharge groundwater faster for longer

• period.

• Plenty of water available in the impoundment 

for irrigation.
• Easy to build as it does require construction or 

excavation on one
•  side only

• They can silt up easily.

• High flood in the gully can create damaging 
floods in the downstream.

• Maintaining dams requires effort.
• High evaporative losses

Advantages and Disadvantages of Contour Trenches

 

Advantages Disadvantages

• Improves soil moisture and helps

• aquifer recharge.

• Improves grazing potential and helps mitigate 
against drought.

• Reduces soil erosion Can assist recharge of 

shallow aquifer Can improve soil fertility by 
adding organic matter.

• Trenches silt up faster and will need

• periodic maintenance.

• Difficult to maintain bunds along the trench 
which when breaks due to animals or by high 

runoff, can cause erosion along the slope.
• Reduction in grazing area when trenches are 

full of water

 Source: DOLIDAR, 2013
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Project Acronyms and Abbreviations

ADB  Asian Development Bank

BCRWME  Building Climate Resilience of Watersheds in Mountain Eco-Regions

CBNRM  Community Based Natural Resource Management

CBO   Community Based Organization
CDC   Community Development Committee
CDG  Community Development Group

CIF   Climate Investment Fund

CO   Community Organizer
CS   Community Supervisor

DEM  Digital Elevation Model
DHM  Department of Hydrology and Meteorology

DFSC:   Department of Forestry and Soil Conservation (formerly DSCWM)
DoS   Department of Survey

DSCO  District Soil Conservation Office
DSCWM  Department of Soil Conservation and Water Management
ICIMOD  International Centre for Integrated Mountain Development
FTT   Field Technician Team

GESI  Gender Equality and Soil Inclusion

GIS   Geographic Information System
GWRDB  Groundwater Resources Development Board

JT   Junior Technician

KIS   Knowledge Information System
KM   Knowledge Management

KS   Knowledge Sharing

KP   Knowledge Product

lpm   Liter per minute

lps   Liter per second

MCCRD  Mainstreaming Climate Change Risk in Development 

MOFE  Ministry of Forest and Environment

MOFSC  Ministry of Forests and Soil Conservation
M&E  Monitoring and Evaluation
NDF  Nordic Development Fund

PET   Potential Evapotranspiration
PMU  Project Management Unit

PPCR  Pilot Program for Climate Resilience

RA   Rapid Appraisal

SCA   Soil Conservation Assistant
SPPR  Sub-Project Project Preparation Report
SRTM  Shuttle Radar Topography Mission
SWMO  Soil and Watershed Management Office (formerly DSCO)
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BCRWME Knowledge Series

User and training manual on

Spring Water Assessment 

& Management

BCRWME KNOWLEDGE SERIES 1

Training Manual

Gender Equality & Social Inclusion

in Community Development

BCRWME KNOWLEDGE SERIES 2

GIS based Watershed Management Planning 

Sociodemographic and Economic 

Assessment and Prioritization

BCRWME KNOWLEDGE SERIES 3

Field guide for

Spring Development 

& Protection

BCRWME KNOWLEDGE SERIES 5

A Seven-Step Approach for

Springshed Development 

& Management 

BCRWME KNOWLEDGE SERIES 6

GIS based Watershed Management Planning 

Sub-Watershed 

Bio-Physical Prioritization 

BCRWME KNOWLEDGE SERIES 7

Training manual on  

Application of GIS in Watershed 
Management Planning 

BCRWME KNOWLEDGE SERIES 8

Guideline for

Watershed Planning 

& Management 

BCRWME KNOWLEDGE SERIES 9

Building Climate Resilience of Watersheds in Mountain Eco-Regions

Lessons Learned from 

Project Design & Implementation

BCRWME KNOWLEDGE SERIES12

© Government of Nepal

Ministry of Forest and Environment

Department of Forests and Soil Conservation
Building Climate Resilience of Watersheds in Mountain Eco-regions (BCRWME) Project 

Integrating GIS to   

Mapping Ground Water 
Recharge Potential

BCRWME KNOWLEDGE SERIES 4
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