MINISTRY OF WATER & ENVIRONMENT

WATER SUPPLY AND SANITATION
PROGRAMME
PROGRAMME

MANUAL FOR TEST PUMPING
SUPERVISION

January 2019

REPUBLIC OF UGANDA
MINISTRY OF WATER & ENVIRONMENT

In cooperation with

Project ID No. P-UG-E00-012

MANUAL FOR TEST PUMPING
SUPERVISION

January 2019

Manual for test pumping of boreholes

TABLE OF CONTENTS

1.

Background ........................................................................................................................................ 4
1.1

2.

Limitations of test pumping .................................................................................................... 4

What is a pumping test? .................................................................................................................. 6
2.1

Why do we undertake pumping tests?................................................................................. 6

2.2

Main types of pumping test ..................................................................................................... 7

2.3

Preparations for test pumping................................................................................................ 8

2.3.2

Basic monitoring equipment ........................................................................................... 8

2.3.3

Monitoring water levels................................................................................................... 8

2.3.4

Monitoring Pumping Rates.............................................................................................. 9

2.3.5

Other equipment available............................................................................................ 10

2.3.6

Information collection ................................................................................................... 11

2.3.7

Airlift................................................................................................................................. 12

2.3.8

Water hygiene ................................................................................................................. 14

3.

Water-quality monitoring ............................................................................................................. 14

4.

Step tests .......................................................................................................................................... 17
4.1

Introduction ............................................................................................................................. 17

4.4.1

Jacob’s equation .............................................................................................................. 20

4.4.2

Borehole Performance Curves .................................................................................... 21

5.

Constant discharge tests ............................................................................................................... 23

6.

Recovery test................................................................................................................................... 28

7

Final comments ............................................................................................................................... 32

Manual for test pumping of boreholes

LIST OF FIGURES
Figure 1: Borehole drilling
Figure 2: Manual dipping
Figure 3: Bucket and stopwatch

Manual for test pumping of boreholes

1.

BACKGROUND

Owners of water sources through their appointed supervisors need to be able to determine
the ‘success’ and sustainability of a borehole as a source of water. In most cases, the
borehole characteristics that the supervisors are looking for are efficiency and optimal
production yield. Pumping tests are a practical way of obtaining some idea of these
characteristics. Supervisors have a wide range of technical backgrounds and levels of
experience, and not all are trained as hydrogeologists. Therefore, practical guidelines on
pumping tests are required.
These guidelines are aimed at supervisors and technicians working in the field who are
undertaking, or supervising, test pumping of boreholes but are not fully conversant with test
pumping procedures. The guidelines should enable supervisors and technicians to:•

Understand the importance and aims of pumping tests, and know what different
types of tests are available.

•

Understand which borehole or aquifer parameters can be derived from each type of
test.

•

Be able to select the type of test to undertake in a particular situation, depending on
what parameters are needed and what equipment is available.

•

Supervise the contractor, conducting the test.

•

Interpret the results of tests carried out in simple hydrogeological environments.

These guidelines are designed to cover two types of boreholes that commonly need to be
tested, namely: 1. Hand pump boreholes requiring a simple test that takes a few hours and can be done
by any technician using minimal equipment.
2. Production boreholes designed to be fitted with motorized pumps and requiring a
more comprehensive test conducted, or supervised, by an experienced
hydrogeologist with reasonable knowledge of hydrogeology.
1.1

Limitations of test pumping

Groundwater levels and pumping rates measured during pumping tests provide some
indication of the behavior of the groundwater system. These tests undoubtedly provide
valuable information, help us to understand the groundwater system, and inform our
decisions. However, decisions should be based on a wider understanding of the regional
geology, hydrogeology and environment.
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Figure 1: Borehole drilling
In general, ‘borehole’ means a vertical cylindrical hole of relatively small to large diameter
for abstracting water, usually constructed using a drilling rig.
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2.

WHAT IS A PUMPING TEST?

During a pumping test, water is abstracted (removed by pumping or bailing) from a water well
or borehole, thus lowering the water level. The water level in the abstraction borehole and
the pumping rate are monitored over time, along with various other parameters if possible
(such as water levels in observation boreholes). The way in which the water levels respond to
the pumping is then analyzed to derive information about the performance characteristics of
the borehole and the hydraulic properties of the aquifer.
There are many different types of tests from which to choose (step or continuous, short or
long in duration, low or high pumping rates, etc.). The main problem with investigating
groundwater (in contrast to measuring the flow in a river, for example) is that one is effectively
working blindly, because it is impossible to see into the aquifer and directly observe its
behavior. One can infer information about the borehole and aquifer, only, by observing how
the water level changes in response to pumping.
2.1

Why do we undertake pumping tests?

Pumping tests can be undertaken for a wide variety of reasons, including the following: •

To determine the reliable long-term yield (or ‘safe’ yield) of a borehole, and
therefore whether or not the borehole can be regarded as a ‘success,’ and how
many people it will be able to supply.

•

To assess the hydraulic performance of a borehole, usually in terms of its yielddrawdown characteristics. How much drawdown does it take to yield a certain
amount of water?

•

To derive the hydraulic properties of the aquifer. Pumping tests are the only way
to derive in situ aquifer hydraulic properties, such as transmissivity and the
storage coefficient, or to reveal the presence of any hydraulic boundaries.

•

To test the operation of the pumping and monitoring equipment, to make sure
that everything is working safely and efficiently, and if applicable, to confirm that
the contractors have done their job properly.

•

To determine the effects of abstraction on neighboring abstractions (sometimes
referred to as derogation).

•

To determine the environmental impact of the abstraction. All groundwater
abstraction eventually has an impact; it is only a matter of where, when and
whether, or not, the impact is acceptable.

•

To provide information on water quality. Is the water quality suitable for the
intended use? Is it stable in the long term? Are there likely to be any problems
such as drawing-in saline, or polluted water, after extended periods of pumping?
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•

To optimize operational pumping regimes (especially from multiple-borehole
sources), including selecting the most suitable pumping set-up for long-term use,
and estimating probable pumping and/or treatment costs.

•

To help determine the correct depth at which the permanent pump should be
installed in the borehole.

It is important for Clients/Supervisors to define the aims of each test before the test is
carried out, as this will greatly influence the choice of test and the parameters that need to
be monitored.
2.2

Main types of pumping test

There are many different types of pumping test from which to choose. The main types that
are applicable to the situations faced by supervisors and test pumping technicians are as
follows: 2. Step test: Designed to establish the short-term relationship between yield and
drawdown for the borehole being tested, it consists of pumping the borehole in a
series of steps, each at a different discharge rate, usually with the rate increasing with
each step. The final step should approach the estimated maximum yield of the
borehole.
3. Constant Discharge test: This one is carried out by pumping at a constant rate
for a much longer period of time than the step test and is primarily designed to
provide information on the hydraulic characteristics of the aquifer. Information on
the aquifer storage coefficient can be deduced only if data are available from suitable
observation boreholes.
4. Recovery test: Carried out by monitoring the recovery of water levels on
cessation of pumping at the end of a constant-discharge test (and sometimes after a
step test). It provides a useful check on the aquifer characteristics derived from the
other tests but is valid only if a foot-valve is fitted to the rising main; otherwise water
surges back into the borehole.
These tests can be carried out singly or in combination. A full test sequence usually starts
with a step test, the results of which help to determine the pumping rate for the constantdischarge test, with a recovery test completing the sequence. The test design can be
adapted for use in hand pump or production boreholes, the main differences being the
pumping rates, the length of test and the sophistication of the monitoring system. Each type
of test will be described in more detail in subsequent sections.
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2.3

Preparations for test pumping

2.3.1 Introduction
Before commencing any pumping test, there are certain basic preparations that should be
made. These include gathering information about the borehole, or well that is about to be
tested. The outcome of the preparations may influence the choice of test and will certainly
increase the value of the results obtained from the test.
2.3.2 Basic monitoring equipment
The two parameters that must be measured in any pumping test are the water level in the
pumped borehole and the rate at which water is being abstracted/pumped. The basic
equipment necessary for monitoring these two parameters is as a bucket and stopwatch and
a water level monitor or ‘dipper’.
2.3.3 Monitoring water levels
The hand-held water-level monitor, commonly known as a “dipper,” is the most practical,
robust and easily available method of monitoring water levels in boreholes and wells. The
dipper probe is lowered down the borehole, and when it reaches the water surface, an
electrical circuit is completed and a ‘bleep’ is heard. The water level is then read off a
graduated tape, usually to a resolution of the nearest centimeter.

Figure 2: Manual dipping
 The water level is typically recorded in metres below a local measuring datum, such
as the lip of the borehole casing. Manual dipping is widely trusted as a reliable and
relatively trouble-free way of obtaining water-level data, but it is not without its
problems, for instance: -
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 Different people visiting the same site can inadvertently use different local datums
for taking the reading. If they do not record this fact, there may be confusion when
comparing readings in the future.
 The graduated dipper tape can suffer from stretch due to age, temperature or
misuse, introducing a systematic inaccuracy, especially if different dippers are used.
 If the water level is falling or rising quickly, as during the early stages of a pumping
test, it can be difficult to take manual readings fast enough, although this problem
improves with practice.
 It can be difficult to get a ‘clean’ water-level reading from the borehole, especially if
there is water cascading down the side of the borehole, or there is turbulence at the
water surface.
 The dipper can become stuck, entangled or wrapped around the pump, rising main,
electrical cables, or other items down the borehole. This can be avoided by the use
of a dip tube (an open-ended plastic tube installed in the borehole specifically for the
dipper to go down), which also solves the problem of cascading water and turbulence.
The main alternative to manual dipping is to install a pressure transducer in the borehole.
The transducer is placed in a known position down the borehole (below the water level) and
it measures the pressure at that point. This information can be used to deduce the height of
the water above that point, and therefore the water level in the borehole. Transducers are
expensive and are not commonly used in Uganda. Therefore, they are not discussed in this
guide. Other, less commonly used methods for measuring water levels such as float-andcounterweight, pneumatic (bubbler), ‘plopper,’ chalked tape, vibrating-wire piezometer,
acoustic doppler and water whistle, are also not discussed in this guide.
2.3.4 Monitoring Pumping Rates
There are many methods of measuring pumping rates, of which the most common, or the
ones most likely to be of use to technicians and supervisors, are as follows:Bucket and stopwatch: The simplest method of measuring relatively low pumping rates is
to use a bucket and a stop- watch. Arrangements should be made for the discharge from the
pump to flow freely into a bucket of known volume (calibrated bucket), and the time taken
for the bucket to fill is recorded. The flow rate is then calculated by dividing the volume of
the bucket by the time taken to fill it. For this method to be precise, it should take a
minimum time of about 100 seconds to fill the bucket. If necessary, use a larger container of
known volume, such as a 100 litre drum.
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Figure 3: Demonstration of estimating yield using bucket
Flow meters: Where more sophisticated equipment is available, pumping rates can be
measured using flow meters, of which there are various types.
Water meters: Some ‘flow’ meters actually record the cumulative volume of water
passing through the meter, so it is necessary to take readings at known times and to
calculate the flow rate, after confirming what units the meter is using. In order to be
accurate, flow meters should be installed according to the manufacturer’s instructions, with
the correct lengths of straight, level pipe before and after the meter.
Weir tanks: A weir tank is a thin-plate ‘V-notch’ gauging weir within a self-contained tank.
Weir tanks must be installed exactly level, and there must be an accurate method of
measuring the water level inside the tank, plus a conversion table supplied by the tank
manufacturer (to convert the water levels into flow rates).
2.3.5 Other equipment available
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Before choosing the type of test to conduct, the supervisor should establish what equipment
is available, practicable or affordable. In addition to the water-level and flow-monitoring
equipment described above, potential equipment includes the following: Motorized pump: Commonly an electrical submersible pump. Check whether or
not a suitable power supply is available; many submersible pumps require a threephase power supply, so ordinary mains electricity is not always suitable.
 Generator: Necessary if a motorized pump is being used in most parts of Uganda,
or if the local electricity supply is unsuitable or unreliable. Make sure that there is
sufficient fuel available for the planned length of the test.
 Rising main: To carry the water up the borehole from a submersible pump; it can
be made of flexible tubing or lengths of rigid pipe connected together.
 Manually-operated valves: Installed between the rising main and the discharge
pipes, to control the pumping rate if the pump is operated at a fixed speed.
 Discharge pipes: To carry the water far enough away from the borehole so that it
does not recirculate (that is, flow back down into the borehole, or quickly soak into the
ground and affect the groundwater levels close to the borehole being tested). It is
recommended to be at least 100m, downstream.
 Water-quality monitoring equipment: EC/ pH metre to provide a quick check
on the quality of water.
Whatever equipment is used, it should be maintained in good condition and used correctly
(according to the manufacturer’s instructions). It should also be designed so that it can be
operated safely, and if necessary, should be calibrated to give reliable and accurate data.
Equipment should be tested when it is in position, before a pumping test is begun to ensure
that it is all working properly and to determine pump or valve settings that will give
appropriate pumping rates.
2.3.6 Information collection
When planning a pumping test, it is useful to gather together all the information that can be
found about the aquifer and the borehole itself. The results from the pumping test will be
added to the information available to improve understanding of the local groundwater
system. As much as possible, collect information on the following: Borehole construction: How deep is the borehole, and of what diameter? Is it
fully cased, screen or gravel pack been installed? Is it an ‘open-hole’ borehole? Note
that if the total depth of the borehole is unknown, a dipper can be used to measure
this, by taking the battery out (so that it doesn’t bleep continuously) and lowering the
dipper probe until the base of the borehole is felt. Take care not toget the dipper
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tape entangled with the pump or rising main. If there is any risk of this happening,
use a weight on the end of a long piece of cord or thin rope.
 Installed equipment: If a pump is already installed in the borehole, what are its
type and capacity, and at what depth is the pump’s intake? Can the pumping rate be
varied?
 Historical or background water levels: Information about the historical
behavior of the groundwater level is very useful. Does the water level vary much
from wet season to dry season? In the period before the test takes place, is the
water level already falling or rising or is it stable? What is the current water level?
 Local knowledge: Residents often have a surprisingly good understanding of how
the groundwater in the area behaves. For example, how does the water level
respond to rainfall? Can borehole yields be maintained? Is the water safe for drinking,
and does the water quality change over time?
 Monitoring access: When planning a pumping test on an existing borehole, find
out if there is access through the borehole head works for the dipper or temporary
pump. If you have not seen a particular borehole before, you may arrive at the site
with all your equipment ready to conduct the test, only to find that there is a solid
borehole head-plate with no easy access down into the borehole.
There may not be much information available, in which case the planned pumping test will
be the starting point for your understanding of the local groundwater system. It is good
discipline to write down all the data collected so the work does not have to be duplicated in
the future.
2.3.7

Airlift

If the pumping test is being conducted on a new borehole soon after it has been drilled, then
airlifting is a potential source of useful information. Airlifting consists of pumping
compressed air into a borehole through a high-pressure airline, sometimes with the airline
within an ‘educator’ pipe, which acts as a rising main. The compressed air is discharged well
below the water level, and if this is done correctly, it forces water out of the borehole,
acting as a crude pumping method.
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Well development during drilling
Airlifting is routinely carried out as part of the process of drilling and completing a new
borehole, when it is primarily used to clean and ‘develop’ the borehole. In simple terms,
developing a borehole means pumping it hard until all the drill cuttings, mud and suspended
sediment have been removed and the water runs clear. Airlifting is normally carried out
while the drilling rig is still in place over the borehole, but it can be done separately using a
portable air compressor. Although not a substitute for a pumping test, airlifting can
nevertheless provide useful information about the yield of a borehole, and can help decide
what pumping rate should be used for the pumping test. The drilling team should measure
the discharge from the airlifting process. The drilling process also provides the following: Water strikes: The depth at which water was first encountered, and the drilling
depths at which significant inflows of water were encountered, can indicate the
depth and yield of individual fissures and fractures, and help decide the positioning of
casing and screen.
 Rate of drilling: The daily progress with drilling can indicate the hardness of the
rock layers that are being penetrated, giving an idea of the differences between the
layers and the relative chances of obtaining water.
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2.3.8 Water hygiene
The links between water quality and public health are well known, and much has been
written on the importance of good sanitation and hygiene, the protection of groundwater
resources and the improvement of traditional water sources. It is essential that the
principles of good water hygiene not be forgotten during test pumping. Things to look out
for include the following: Make sure that contaminated water cannot enter the borehole during test pumping,
especially when using temporary pumping equipment in an open borehole, and when
there is water spillage or run-off from rainfall during the test.
 Provide adequate sanitation facilities for the field staff and test-pumping crew, and
insist that they follow good hygiene practices, particularly hand-washing. Also, if one
of the workforce has symptoms such as persistent diarrhea or prolonged
unexplained fever, recommend that he or she not work on the test.
 Ensure that all equipment that will come into contact with the groundwater or the
wellhead (pumps, pipes, valves, dippers, samplers, bailers, ropes, tools, etc.) has been
cleaned properly before use, especially if it has previously been incontact with
contaminated water. Don’t forget to flush contaminated water out of pump
chambers, valves and rising mains.
 If mechanical equipment such as mobile generators, air compressors and drilling rigs
is being used, make sure that it is in good condition, with no leaks of hydraulic fluid,
lubricating oil or diesel or other fuels. Make adequate arrangements for the
temporary storage of drums or containers of fuel, oil or other hazardous substances,
and enforce good practices for refueling, so that there is no danger of contaminating
the water supply during the test pumping.
 Make sure that the borehole has been secured when you leave it, so that foreign
objects, animals or dirty water cannot enter. This should be done by capping the
borehole,welding a plate on top of the metallic pedestal and putting a lockable
metallic cage on it.

3.

WATER-QUALITY MONITORING

Although the focus of most pumping tests is on monitoring water levels and pumping rates,
water-quality monitoring can be an important part of the test, and should be considered at
the planning stage. As mentioned above, there is a strong link between water quality and
public health, and even if a certain borehole can sustain a high yield, the water produced by
it may be unsuitable for drinking. Water-quality monitoring during a pumping test can help
answer key questions such as:-
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•

Is the water quality suitable for the intended use (particularly for drinking)?

•

Is the water quality stable in the long term?

•

Does the water quality change with the pumping rate?

•

Is there a pumping rate above which the water quality suddenly deteriorates?

•

Is there a depth in the hole below which the water quality suddenly deteriorates?

•

Is any treatment necessary before the water can be used?

•

Is the groundwater vulnerable to pollution, or to ingress of contaminated surface
water?

When planning a pumping test, therefore, take into account the following practical issues:•

Some parameters, such as electrical conductivity, temperature, pH and turbidity,
must be measured at the well-head, or very soon after the water has come out of
the ground. Readings are usually taken with hand-held probes.

•

Measuring some parameters involves collecting samples in bottles, for subsequent
analysis by a field testing kit or in a laboratory. Make sure that there is a suitable
sampling point included in the discharge arrangements, so that good clean samples
can be obtained, without splashing from the ground, for example.

•

Unless there is a field testing kit available, samples for microbiological analysis need
to be kept cool and must reach a laboratory within a certain time limit. Is this
practicable?

•

Electrical conductivity can be correlated with total dissolved solids, thus providing a
useful field indicator of water quality (especially salinity). Observe how the
conductivity changes during the test, particularly during a step test as the pumping
rate progressively increases.

•

Don’t forget simple clues such as the appearance, smell and colour of the water.
Make notes of these during the test. Do they change?

•

Some boreholes produce sand, which can damage pumping equipment and fill up
storage tanks. If this is suspected, collect a sample of the discharge water in a clear
container. Set it aside, allow the sand to settle, and then measure the depth of sand.
Using the same container, take more samples at intervals, and record how the sand
content changes.

•

With all water-quality sampling, record basic information such as the time and date
of sampling, Borehole Identification Number and the name and location of the
borehole.
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4.

STEP TESTS

4.1

Introduction

The step test (sometimes referred to as the step-drawdown test) is designed to establish the
short-term relationship between the yield and the drawdown for the borehole being tested.
It consists of pumping the borehole in a sequence of different pumping rates, for relatively
short periods. There are many different ways to perform a step test, but the most common
practice is as follows:-

4.2

•

Start with a low pumping rate, and increase the rate with each successive step,
without switching off the pump between steps.

•

Aim for three, four or five steps in total, with the pumping rates roughly spread
equally between the minimum and maximum rates.

•

All steps should be of the same length in time, with somewhere between 60 and 120
minutes per step being common.

•

The pumping rate for the final step should be at or beyond the intended operational
pumping rate when the borehole is fully commissioned. The pump used for the step
test should be capable of pumping at that rate.
Equipment and limitations

The equipment necessary for conducting a step test is as follows:•

A motorized pump complete with power supply, rising main, valves and discharge pipes,
set up in such a way that the discharge rate can be changed to achieve the rates required
for the different steps. Most pumps work at fixed speed, so this is usually achieved by
‘throttling’ the pump using a valve, and progressively opening the valve to achieve
successively greater discharge rates.

•

A stopwatch to measure the time of pumping and recovery.

•

A dipper to measure the water levels.

•

A method of measuring the pumping rate (bucket, Drum and stopwatch, flow gauge, etc.).

•

A notebook, or a standard form, and a pencil, to record the test data.

•

Linear graph paper and ruler to plot the results.

As mentioned above, step tests are primarily designed to provide information about the
borehole performance characteristics (the yield-drawdown relationship). It is possible to use
step-test results to estimate aquifer transmissivity. However, the present guidelines focus on
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borehole performance. Step-test results are not very good for predicting the behavior of a
borehole under long-term pumping, for which a constant discharge test should be used.
Setting pumping rates: It is advisable to spend time, on the day before the step test
itself, experimenting with the valve settings that are necessary to produce the required
pumping rates for each step. Manually operated gate or globe valves are commonly used,
and these are operated by a screw handle. Fully close the valve, then open it to the fully
open position, counting the number of turns of the handle that are made between fully
closed and fully open. Experiment with opening the valve different numbers of turns from
the fully closed position, to achieve the different pumping rates for the steps, and make a
note of the results.
Choosing step length: In practice, the length of each step depends on the number of
steps and the total time available for the test, but 60, 90 or120 minutes are common step
lengths. Ideally, the water level in the borehole will approach equilibrium at the end of each
step, but this cannot always be achieved. Even if the water level has not reached equilibrium
at the end of each step (in other words, if it is still falling slowly), the results from the test will
still be useful. If at the end of the planned time for the first step the water level is still falling
quickly, the decision may be taken to extend the length of the step (and extend the length of
subsequent steps to match).
4.3

Step-test procedure

Assuming that all the equipment is ready and people have been assigned their tasks, the
procedure for conducting a step test is as follows:1.

Choose a suitable local datum (such as the top of the casing) from which all waterlevel readings will be taken, and measure the rest-water level or static water level.
The water level must be at rest before the start of the test, so the test should not be
conducted on a day when the borehole is being drilled or developed, or when the
equipment is being tested.

2.

Open the valve to the setting for the first step (determined by prior experiment, as
described above) and switch the pump on, starting the stopwatch at the same time.
Do not keep changing the valve setting to achieve a particular pumping rate (a round
number in litres per minute, for example). Rather, aim for an approximate rate and
measure the actual rate.

3.

Measure the water level in the borehole every 30 seconds for the first 10 minutes,
then every minute until 30 minutes have elapsed, then every 5 minutes until the end
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of the step (the length of each step having been decided during the test preparations). If
you miss the planned time for a water-level reading, write down the actual time the
reading was taken. Record all the readings on the standard step-test form
4. Measure the pumping rate soon after the start of the step, and then at intervals
during the step (every 15 minutes would be reasonable). If there is a noticeable change
in the rate of increase of drawdown or the pump sounds different, then measure the
pumping rate at those times as well. If the pumping rate changes significantly (say by
more than 10%), then adjust the valve setting to maintain as steady a pumping rate as
possible throughout the step. Be careful not to over-adjust and make the problem
worse.
5. At the end of Step 1, open the valve further, to the setting for Step 2, note the time
(or restart the stopwatch) and repeat the procedures for measuring water levels and
pumping rates (see 3) and 4) above).
6. Repeat the procedure for subsequent steps, progressively increasing the pumping
rate for each step.
7.

At the end of the final step (which will probably be Step 4 or 5), switch the pump off,
note the time (or restart the stopwatch), and measure the water-level recovery at the
same measurement intervals as for measuring the drawdown in each step. Continue
for at least the length of a step, and ideally for much longer, until 95% recovery or
the water level approaches the pre-test level.

Step /variable rate test results graphically demonstrated
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4.4 `Analysis and interpretation
There are many different ways to analyse step-test results, some of them very sophisticated,
but the present guidelines describe simple methods that concentrate on borehole
performance.
4.4.1 Jacob’s equation
The theory of groundwater hydraulics assumes that during pumping from a borehole, the
flow conditions in the aquifer are laminar. If this is the case, then drawdown in the borehole
is directly proportional to the pumping rate. However, turbulent flow may occur in the
aquifer close to the borehole if pumping takes place at a sufficiently high rate, and the final
path of the water from the aquifer, through the gravel pack and screen, into the borehole
and the pump intake itself is nearly always subject to turbulent flow conditions. This results
in ‘well losses,’ meaning that additional drawdown is required to get the water into the
pump. If turbulent flow is present, Jacob suggested that drawdown in a borehole can be
expressed by the following equation (explained at length in Kruseman and de Ridder [1990]):
s = BQ + CQ2

Equation1

where s is the drawdown, Q is the pumping rate, and B and C are constants. If all the terms
in Equation 1 are divided by Q, it becomes:
s/Q = B + CQ

Equation 2

which is the equation of a straight line (if s/Q is plotted against Q on linear graph paper). Note
that the term s/Q is called the specific drawdown, and the inverse (Q/s) is called the specific
capacity. So, for this analysis of the step test results, do the following:1. Calculate the average pumping rate for each of the steps in the test (take all the
measurements of the pumping rate recorded during Step 1 and calculate the average; now
repeat the procedure for the other steps). If there were five steps in the test, you should
end up with five values for the pumping rate (Q1, Q2, Q3, Q4 and Q5).
2. Take the water-level readings from the very end of each Step (in meters below datum)
and convert them into drawdowns, by subtracting the rest-water level. Again, for a
test with five steps, you should end up with five values of drawdown (s1, s2, s3, s4
and s5).
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3.

Calculate the specific drawdowns from the pairs of values (s1/Q1, s2/Q2, etc.). Now
draw a graph of s/Q against Q on linear graph paper (by plotting s1/Q1 against Q1,
s2/Q2 against Q2, etc.). Draw a best-fit line through the points: the intercept of the
line on the y-axis represents the constant B, and the gradient of the line represents
the constant C.

The values for B and C can then be used in Equation 1 above to calculate the expected
drawdown for the other pumping rates or, with a little rearrangement of the equation, the
expected pumping rate for a given drawdown. If the step test is repeated at a later date and
the best-fitline has shifted vertically (different B) but has the same gradient (C), that
represents a change in aquifer conditions.
If B is the same but C has increased, then the borehole performance has deteriorated,
probably due to a factor such as clogging of the screen. When analyzing step-test results, it
is much more practical to concentrate on understanding the borehole performance
characteristics, as will now be described.
4.4.2 Borehole Performance Curves
Borehole performance curves are best plotted on a graph of water level against pumping
rate. Water levels are used (in metres below datum) instead of drawdowns so that seasonal
variations can be plotted on the same graph if the borehole is tested again at a different time
of year. Such graphs are very useful tools for managing boreholes: operational data and
various constraints can be plotted in addition to pumping-test data. The procedure is as
follows:1. Prepare a graph with pumping rates on the x-axis and water levels on an inverted yaxis.
2. Plot the rest-water level (measured just before the start of the step test) against a zero
pumping rate.
Take the water-level reading from the end of each step (in metres below datum) and plot it
against the average pumping rate for each step (Q1, Q2, etc.). Draw a smooth curve through
these points (including the rest-water level). This is the characteristic performance curve for
that borehole; it can be used to predict the drawdown for other pumping rates, and vice
versa.
To use the graph as a management tool, keep it as a source of reference and update it by
plotting operational data (single points on the graph) every time the borehole is visited. This
will build up a picture of the typical behavior of the borehole at different times of year
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(annotate the points with dates). If applicable, plot various constraints on the graph as vertical
or horizontal lines. Vertical lines represent factors that limit the pumping rate, such as:
maximum capacity of the installed pump; permitted maximum pumping rate (if there is an
abstraction licensing regime in the area); capacity of a water-treatment plant; or capacity of a
downstream booster pump. Horizontal lines represent factors that limit the water level in
the borehole, such as; depth of the installed pump intake; base of the solid casing; or total
depth of the borehole.
This graph helps the borehole operator to visualize at a glance factors that can affect
management decisions, such as whether more water could be obtained from the borehole if
the pump intake were to be lowered, or if a bigger pump were to be installed. The shape of
the curve can also reveal a lot of information. An ‘efficient’ borehole will have a flatter curve
because it can sustain a given pumping rate with less drawdown than a less efficient
borehole. Some curves steepen dramatically above a certain pumping rate (behavior
sometimes called ‘drop- off’), indicating that the borehole is approaching its limits and that it
would be wise to operate it at a point before the drop-off occurs. The curve is thus a
convenient tool for deciding the optimal production yield of the borehole.
If the step test is conducted again at a different time of year or after an interval of a few
years, changes in the position or shape of the curve can help to diagnose problems such as
clogging of the screen (which would steepen the curve, because more drawdown would be
required to sustain a given pumping rate), or changes in the behavior of the aquifer (which
would shift the curve vertically).
It is important to remember that step tests involve pumping for relatively short periods, and
the results need to be treated with caution, especially if the water level has not reached
equilibrium (is still falling) at the end of each step. Data from repeated step tests are most
valuable for comparison if the tests are conducted in exactly the same way, with the same
length of step and similar pumping rates. In order to get a good idea of the long-term
performance of a borehole, there is no substitute for a constant discharge test, which is the
subject of the next chapter
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5.

CONSTANT DISCHARGE TESTS

5.1

Introduction

The constant discharge test is the most common type of pumping test performed, and its
concept is very simple: the borehole is pumped at a constant rate for an extended period
(from several hours to several days or even weeks) while the water levels and pumping rates are
monitored. If the most value is to be gained from constant discharge tests, water levels
should be monitored in an observation borehole as well as in the pumping borehole (or
better still, several observation boreholes at different distances from the pumping borehole). As this
is rarely possible in most places in Uganda, the present guidelines concentrate on what to
do with the data obtained from the pumping well alone. Data from constant discharge tests
can be analyzed to derive the transmissivity of the aquifer. The storage coefficient of the
aquifer can be calculated only if data from observation boreholes are available, which is
assumed not to be the case here.
5.2

Equipment and limitations

The equipment necessary for conducting a constant discharge test is as follows:•

A motorized pump complete with power supply, rising main, valves and discharge
pipes. Particular care needs to be taken with the discharge arrangements for
constant discharge tests, especially if the test is going to last for several days. Make
sure that the water will not recirculate back into the borehole or create a nuisance
by accumulating in or flowing to an inconvenient location. Discharging into a natural
flow channel at some distance from the borehole is usually the best option. The
distance is normally not less than 100m from the pumping well.

•

A stopwatch to measure the time of pumping and recovery.

•

A dipper to measure the water levels.

•

A method of measuring the pumping rate (bucket and stopwatch, flow gauge, or weir
tank).

•

A notebook, or a standard form, and a pencil, to record the test data.

•

Semi-log graph paper and a ruler to plot the results.

•

The two main decisions to make with a constant-rate test are the pumping rate and
the length of the test:

•

Pumping rate: Typically, the chosen pumping rate is equal to the intended operational
pumping rate when the borehole is fully commissioned, although some
hydrogeologists prefer to set the test pumping rate 25-50% higher than the intended
operational pumping rate. Information from a step test is very helpful in deciding this
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pumping rate. If the focus of the test is on long-term sustainability, then it would be
better to use the average pumping rate.
Length of test: Ideally, a constant discharge test should be long enough for the water level
to reach or at least approach equilibrium. How long it takes to do this depends on the
hydraulic properties of the aquifer. Again, the step-test results will help in understanding
how the aquifer responds to pumping. For a small borehole, one or two days should be
sufficient, but for a production borehole expected to supply a large population, three or
more days are common. A 72-hour test can provide some information, since testing is very
expensive.
Maintaining a steady pumping rate during a constant discharge test is sometimes a problem,
especially if the chosen pumping rate results in a large drawdown. This is because for
centrifugal pumps (the most commonly used type of pump) there is a relationship between
pumping rate and pumping head; Incidentally, the pump must be set at a depth that is several
metres below the deepest water level expected during the test.
5.3

Constant discharge test procedure

Assuming that all the equipment is ready and people have been assigned their tasks, the
procedure for conducting a constant discharge test is as follows:1. Choose a suitable local datum (such as the top of the casing) from which all waterlevel readings will be taken, and measure the rest-water level. The water level must
be at rest before the start of the test, so the test should not be conducted on a day
when the borehole is being drilled or developed, or when the step test is taking
place. In the latter case, the borehole should recover to not less than 95% recovery.
2. Open the valve to the appropriate setting and switch the pump on, starting the
stopwatch at the same time. Do not keep changing the valve setting to achieve a
particular pumping rate (a round number in litres per minute, for example). Rather, aim
for an approximate rate and measure the actual rate.
3. Measure the water level in the borehole every 30 seconds for the first 10 minutes,
then every minute until 30 minutes have elapsed, then every 5 minutes until 2 hours
have elapsed. After 2 hours, observe how quickly the water level is still falling, and
decide an appropriate frequency for water-level readings until the end of the test. If
the water level is falling very slowly, then a reading every 30 minutes or even every
hour may be sufficient. If the test is to continue for several days, review the
measurement frequency depending on the behavior of the water level. If you miss
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the planned time for a water-level reading, write down the actual time the reading
was taken. Record all the readings on the standard form attached (Annex E).
4. Measure the pumping rate soon after the start of the test, and then at intervals
during the test (every 15 minutes would be reasonable for the first few hours, then decide
a suitable frequency for the remainder of the test). If there is a noticeable change in the
rate of increase of drawdown, or if the pump sounds different, then measure the
pumping rate at those times as well. If the pumping rate changes significantly (say by
more than 10%), then adjust the valve setting to maintain as steady a pumping rate as
possible throughout the test, but be careful not to over-adjust and make the
problem worse.
5. At the end of the test, switch the pump off, note the time (or restart the stopwatch),
and measure the water- level recovery at the same measurement intervals as for
measuring the drawdown. Continue until the water level has recovered to the pretest level, or at least to 95% of that level.
If there is a problem during the test, such as an interruption to the power supply or a pump
failure, then use your judgement, depending on when the problem occurs and how long it is
likely to last. For example, if something goes wrong in the first few minutes, wait for the
water level to recover and start again. If the failure occurs well into the test and can be
solved quickly, just restart the pump and carry on. If it is going to take a long time to solve,
it may be better to allow full recovery of the water level and start again. For long constant
discharge tests, it is especially important to ensure that there is an adequate fuel supply to
last the planned duration of the test.
5.4

Analysis and interpretation

The method of analysis presented here is called the Jacob (sometimes referred to as the
Cooper-Jacob) straight-line method, which is based on a simplification of the Theis Method.
The procedure is as follows:1. Prepare a graph on semi-log graph paper, with water levels on the (linear) y-axis, in
metres below datum, and time on the (logarithmic) x-axis (time since the start of pumping,
in minutes). Note that drawdowns can be plotted on the y-axis instead of water levels, if
preferred – this does not affect the analysis.
2. Plot the water levels against time for the duration of the test. The data should plot
roughly as a straight line. Draw a best-fit line through the data, ignoring the early data
and concentrating on middle to late data.
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3. From this line, measure a parameter known as Δs, which is the difference in water levels
(in metres) over one log cycle.
4. Calculate the average pumping rate for the duration of the test, Q, in m3/day.
5. Insert the values of Q and Δs into the formula below to calculate the transmissivity T.
Make sure that the correct units have been used, in which case the units of T will be
m2/day.
T = 0.183 Q/Δs

A plot of pumping test data

Gradual decrease in drawdown: This occurs because the aquifer is gaining water from
another source, either because the aquifer is leaky, or because the expanding cone of
depression has intercepted a source of recharge, such as surface water. This is an
encouraging sign for the borehole as a sustainable water source, and the transmissivity value
should be measured using the data before the leakage is observed.
Gradual increase in drawdown: This indicates that the aquifer properties away from the
borehole are poorer than those closer to the borehole. This can be because the aquifer is
limited in extent (in other words, the expanding cone of depression has encountered a hydraulic
barrier), or because shallow parts of the aquifer are being dewatered. This is not an
encouraging sign, and indicates that less water is available than appeared at first. If the test
has been continued long enough (for the data to stabilize on a new straight line), calculate the
transmissivity from the late data.
Sudden increase in drawdown: This can result from the dewatering of an important
fracture or the interception of a hydraulic barrier. Such behavior is of serious concern and
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indicates that the borehole may dry up after heavy usage or during the dry season. All is
not lost, however, as the borehole may still be usable, at a lower pumping rate.
During a constant discharge test, it is worth roughly plotting the data in the field as the test
proceeds, in case these deviations are observed. Decisions can then be made about
extending or shortening the planned test length, or trying a different pumping rate.
In practice, the long-term sustainable yield of a borehole depends on many factors, including:
regional hydrogeology (aquifer boundaries, recharge, seasonal variations in water level, etc.); the
way the borehole is operated (intermittent or continuous pumping); the impact on the
environment and whether other sources of water are being affected by the abstraction.
Data from individual pumping tests should be assessed alongside background information
and long-term monitoring to build up a picture of how a borehole behaves.
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6.

RECOVERY TEST

6.1

Introduction

The recovery test is not strictly a pumping test, because it involves monitoring the recovery
of the water level after the pump has been switched off. We have already come across it in
the final stages of the procedures for undertaking step tests and constant discharge tests. It
has been given a chapter to itself because recovery data are not always given the attention
they deserve. Recovery tests are valuable for several reasons:-

6.2

•

They provide a useful check on the aquifer characteristics derived from pumping
tests, for very little extra effort – just extending the monitoring period after the
pump has been switched off.

•

The start of the test is relatively ‘clean.’ In practice, the start of a constant discharge
test, for example, rarely achieves a clean jump from no pumping to the chosen
pumping rate. Switching a pump off is usually much easier than starting a pump, and
the jump from a constant pumping rate to no pumping can be achieved fairly cleanly.

•

Similarly, recovery smoothes out small changes in the pumping rate that occurred
during the pumping phase, and there is no problem with well losses from turbulent
flow. This results in more reliable estimates of aquifer properties when the recovery
data are analyzed.

•

The water levels in the borehole are easier to measure accurately in the absence of
turbulence caused by the pumping (especially in the early stages of the test, when water
levels are changing quickly). Some people find that it is easier to take readings quickly
with a dipper when the water level is rising than when it is falling.

•

Recovery tests represent a good option for testing operational boreholes that have
already been pumping at a constant rate for extended periods. In these cases, the
recovery test can be performed when the pumps are first switched off, followed by a
constant discharge test when the pumps are switched back on again.
Equipment and limitations

The equipment required for a recovery test is very simple (if we ignore the fact that all the
pumping equipment is still in place from the pumping period that immediately preceded the
recovery test):-
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•

A stopwatch to measure the time of recovery.

•

A dipper to measure the water levels.

•

A notebook, or a standard form, and a pencil, to record the test data.

•

Semi-log graph paper and ruler to plot the results.

Ideally, the duration of the recovery test should be as long as is necessary for the water to
return to its original level. In practice, however, the recovery test is often shorter, partly for
reasons of cost (keeping equipment and personnel on the site). It should therefore be up to
95% recovery of maximum drawdown or for a maximum of six hours.
The pump should not be removed from the borehole while the recovery test is taking place,
because the sudden removal of the submerged volume of the pump and rising main will
cause a sudden change in the water level in the borehole. For a similar reason, there must
be a non-return valve (called a foot-valve in this context) at the base of the rising main. In the
absence of a foot-valve, when the pump is switched off, the contents of the rising main will
flow back down into the borehole and cause a sudden change in the water level in the
borehole. Having said that, unless the foot-valve can be opened from the surface, the rising
main will be full of water, and therefore heavy, when it is removed from the borehole. Thus,
it may not always be practicable to carry out a recovery test.
In theory, the recovery curve should be a mirror image of the drawdown curve, as long as it
is measured from the extension to the drawdown curve. Data interpretation introduces the
concept of residual drawdown (s’), the difference between the original water level before
the start of pumping and the water level measured at a time (t’) after the pump was
switched off.
In practice, the water level may not actually recover to the original rest level for a variety of
reasons, such as:
•

The aquifer might be of limited extent with no recharge having taken place, in which
case the recovered rest water level may be lower than the original one (conversely, if
recharge occurs during the test, recovery may occur sooner than expected).

•

Some confined aquifers are not perfectly elastic, so they behave differently on
recovery (they have a different storage coefficient).

•

In unconfined aquifers, air may be trapped in pore spaces on rewetting of the
dewatered portion of the aquifer.
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6.3 Recovery-test procedure
The procedure for undertaking a recovery test is as follows:1. Switch the pump off and start the stopwatch at the same time.
2. Measure the water level in the borehole in the same way as for the start of the
pumping test, that is, every 30 seconds for the first 10 minutes, then every minute
until 30 minutes have elapsed, then every 5 minutes until 2 hours have elapsed. After
2 hours, observe how quickly the water level is still rising, and decide an appropriate
frequency for water-level readings until the end of the test. If the water level is rising
very slowly, then a reading every 30 minutes or even every hour may be sufficient. If
you miss the planned time for a water-level reading, write down the actual time the
reading was taken. Record all the readings on the standard form. Make sure the
same datum is used for measuring water levels as for the pumping phase.
6.4

Analysis and interpretation

Methods of analysis for recovery tests are supposed to be used only if the pumping was at a
constant rate during the pumping phase, with the water level at or approaching equilibrium.
Recovery data following an extended constant discharge test are therefore preferable (as
opposed to after a step test). As before, a simple analytical method will be presented here.
The procedure for analyzing recovery data is as follows:1. Take all the water levels measured during the recovery phase (in metres below datum)
and convert them to residual drawdowns (s’) by subtracting the original rest-water
level measured just before the start of the pumping phase.
2. The time elapsed since the start of the recovery phase (in minutes) is denoted by t’.
For all the residual draw- downs, calculate t, which is the time elapsed since the very
start of the pumping phase of the test (in minutes).
3. For example, if the pumping phase was 600minutes long, for recovery readings taken
at times t’ of 1, 10 and 100 minutes, the respective times t would be 601, 610 and
700 minutes.
4. For all these pairs of times, divide t by t’.
5. Prepare a graph on semi-log graph paper, with residual drawdown s’ on the (linear) yaxis, in metres, and t/t’ on the (logarithmic) x-axis.
6. 5 Plot s’ against t/t’ for the duration of the test, noting that time runs from right to
left on this graph. The data should plot roughly as a straight line. Draw a best-fit line
through the data, ignoring the early data (those on the right-hand side) and
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concentrating on middle to late data. Under normal circumstances, the line should
trend towards t/t’ = 1 when s’ = 0.
7. From this line, measure a parameter known as Δs’, which is the difference in residual
drawdowns (in metres) over one log cycle.
8. Calculate the average pumping rate for the duration of the pumping phase of the
test, Q, in m3/day. This should already have been done during the analysis of the
constant discharge test.
Insert the values of Q and Δs’ into the formula below to calculate the transmissivity, T. Make
sure that the correct units have been used, in which case the units of T will be m2/day.
T = 0.183 Q/Δs’
As in the analysis of data from the constant discharge test, the early data were ignored
because they tend to be affected by the volume of water stored in the borehole itself, and
the points will probably not fall on the straight line. Several types of deviation from the
straight line are commonly observed, as enumerated below:•

Well-storage effects: The water level does not recover as quickly as it should do
in theory, because water is required to fill up the volume of the borehole itself.

•

Leakage from other aquifers: The aquifer being tested is receiving water from
other aquifers or aquifer layers by vertical leakage.

•

Cascading fracture: As the water level recovers, it eventually submerges a
fracture from which water was cascading (when the water level was below the fracture).

•

Dewatered fracture: The rate of recovery is affected by the fact that a fracture
was dewatered during the pumping phase.

•

Very low-yielding: The recovery is very slow, and likely to be dominated by the
need to fill up the volume of the borehole.

Manual for test pumping of boreholes

7

FINAL COMMENTS

7.1

Choice of pumping test

Faced with a particular borehole or well, what type of pumping tests should a
hydrogeologist conduct? The answer depends on all the factors, assumptions, limitations,
equipment constraints, methods of analysis and uncertainties that have been discussed
throughout these guidelines.
7.2

Common mistakes

The most common mistakes made while test pumping include the following:•

Not finding out in advance whether there is access through the borehole headworks
for the monitoring equipment or for a temporary pump.

•

Choosing the wrong-sized pump for the test. Too small, and it may not be capable of
imposing sufficient draw- down. Too big, and the pump may run dry.

•

Not installing the pump deep enough in the borehole, so that the pump runs dry
before the test is finished.

•

Installing the pump too deep in the borehole, so that there is insufficient space
between the pump intake and the base of the borehole.

•

Insufficient fuel available (if a generator is being used), so that the test is interrupted.

•

No spare batteries for the dipper and other monitoring equipment.

•

Not experimenting with pumping rates in advance, so that it takes several attempts
to achieve a steady rate.

•

Discharging water too close to the borehole being tested, so that it recirculates
down the borehole.

•

Water levels being influenced by other abstractions, tides or heavy rainfall during the
test, making test interpretation very difficult.

•

Conducting the test at the wrong time of year (conditions too wet or too dry).

•

Different people using different measuring datums, so that water-level results are not
consistent.

•

Forgetting to bring essential equipment to a remote site, or taking equipment that
has not been tested or is not functioning correctly.

•

Not familiarizing oneself with the equipment in advance (not knowing how to operate it
correctly).

•

No foot-valve installed on the rising main, so that the recovery-test results are
affected.

Manual for test pumping of boreholes

All these mistakes can be avoided with careful planning and preparation, and using a check
list.
7.3

Long-term monitoring

It is very difficult to fully understand a groundwater system or a particular water source just
on the basis of a relatively short test-pumping programme. Even a constant discharge test
lasting several weeks is short in comparison to the operational life of the borehole.
Groundwater is often slow to respond to ‘events’ such as recharge and abstraction, and
long-term data on water levels and pumping rates are essential for gaining a full
understanding of the ‘efficiency’ or optimal production yield of a particular borehole or well.
It is strongly recommended that a long-term monitoring programme be established, based
on the following practical advice:
•

Keep good records, with each borehole clearly identified by a unique name or
reference number, and all data, information, photos, field notes, and reports about a
borehole clearly referenced, to avoid confusion.

•

When monitoring water levels, make sure that the same datum is used every time
(for quoting water level, in metres below datum), especially if different people carry out
the monitoring. Mark the datum clearly, or identify it in a photo or diagram. If the
datum changes unavoidably, then record the fact, and adjust the water- level data
accordingly.

•

For all monitoring parameters, make sure the units are specified, and be careful
when converting units for calculations.

•

When constructing new boreholes or rehabilitating existing boreholes, make sure
that the design includes access points for future tests.
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Annex A - Glossary
abstraction: Removal of water from groundwater or surface water, usually by pumping.
aquiclude: Geological formation through which virtually no water moves.
aquifer: Sub-surface layer or layers of rock or other geological strata of sufficient porosity
and permeability to allow either a significant flow of groundwater or the abstraction of
significant quantities of groundwater.
aquitard: Poorly permeable geological formation that does not yield water freely, but
which may still transmit significant quantities of water to or from adjacent aquifers.
Cone of depression: Depression in the water table or piezometric surface around a
groundwater abstraction (approximately cone-shaped, centred on the abstraction).
Confined aquifer: Saturated aquifer that is isolated from the atmosphere by an overlying
impermeable formation (an aquiclude).
derogation: Abstraction of water that affects the ability of an adjacent abstractor to obtain
as much water as previously, or that increases the drawdown required.
drawdown: The vertical distance between the static water table or piezometric surface
(rest-water level) and the surface of the cone of depression.
hydraulic conductivity: A measure of the rate at which water can flow through a porous
medium (transmissivity is hydraulic conductivity multiplied by saturated thickness).
laminar flow: Water flowing smoothly in thin layers, with no intermixing between the
layers.
leaky aquifer: An aquifer, sometimes referred to as semi- confined, whose upper (or lower)
boundary is an aquitard.
Porosity: The proportion of a rock or sediment mass that consists of voids or pores; the
groundwater resides in or flows through these pores.
recharge: The process by which water (usually originating as rainfall) is added to
groundwater, or the amount of water added to groundwater in a given period.
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recovery: The period after a borehole pump is switched off, during which the water
returns to its rest level.
specific capacity: The quantity of water a given borehole can produce per unit of
drawdown.
storativity: A dimensionless measure (also known as storage coefficient) of the amount of
water released from or taken into storage in an aquifer per unit surface area for a unit
change in hydraulic head.
transmissivity: A measure of the ease with which water can flow through
aquifer (the product of hydraulic conductivity and saturated thickness).

a saturated

turbulent flow: Water flowing in such a way that water particles follow irregular paths and
intermix completely.
unconfined aquifer: Aquifer in which the water table is exposed to the atmosphere
through unsaturated overlying material.
water table: The surface of a body of unconfined groundwater where the pressure is equal
to the atmospheric pressure.
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Annex A: Test pumping data sheet

AQUIFER TEST DATA SHEET
Source No 1: --–––
Contract No.

Contractor.

Source name:

Village code:- - - - - - -

Type of Test

Village :

Grid east :

Parish :

Grid north :

Drawdown [ ]

Sub County :

Altitude : m

Recovery [ ]

County :

Prec. :

Measured By :

District :

Date :

: Constant [ ]

3

Pump on : Date :

Time :

Driller’s yield

Pump off: Date :

Time :

Depth of pump / air line (m)

m /hr.

Duration of pumping test : (min)

Static water level (m.b.mp)

Measuring point : (m.a.g.l)

Dynamic water level (m.b.mp)

Date
Clock time

Time since start
/ Stop of pump
(min)

Water level (m)
(b.m.p.)

Drawdown (m) /
Recovery

Discharge, Q
(m3/h)

EC
(milli s/cm)

Sketch of measuring point (m.a.g.l)
Mp
Ground level

Remarks
Capacity of measuring container: ……… litres.

0
0.5
1
1.5
2

#

2.5
3
3.5
4

#

4.5
5
6
7
8
9
10

#

11
12
13
14
15

#

20

#

25

#

30
35
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: Step [ ]

(m)

40
45

Date
Clock time

50

#

55

#

Time since start
/ Stop of pump
(min)

Water level (m)
(b.m.p.)

Drawdown (m) /
Recovery

Discharge, Q
(m3/h)

EC
(milli s/cm)

Remarks

60

#

75

#

90

#

105

#

120

#

135

#

150

#

165

#

180

#

195

#

210

#

225

#

240

#

270

#

300

#

330

#

360

#

390

#

420

#

480

#

540

#

600

#

660

#

720

#

780

#

840

#

900

#

960
1020
1080

#

1140

#

1200

#

1260

#

1320

#

1380

#

1440

#

1470

#

1500

#

1530
1560

#

1590

#

1620

#

1650

#

1680

#
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1710

#

1740

#

1770

#

1800

#

1830
1860
1890

#

1920

#

1950

#

1980

#

2010

#

2040

#

2070

#

2100

#

2130

#

2160
2190

#

2220

#

2250

#

2280

#

2310

#

2340

#

2370

#

2400

#

2460

#

2520
2580

#

2640

#

2700

#

2760

#

2820

#

2880

#

2940

#

3000

#

3060

#

3120
3180

#

3240

#

3300

#

3360

#

3420

#

3600

#

3720

#

3840

#

3960

#

4080
4200
4320
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# = When to measure discharge (Q)
Fill in all the information on the data sheet. Write the actual yield measured
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