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The puzzle of borehole yield unicef@ | for every child

« Groundwater is often chosen as the most suitable source of
drinking water

* Imagine you have just drilled a new borehole, or are
considering rehabilitating a disused borehole

* You need to know how much water can this borehole vyield,
and what will be the dynamic water level (DWL) when
pumping at that rate?

« The contractor gives you a test-pumping report, which
declares that the ‘safe yield’ or ‘sustainable yield’ of the
borehole is, for example, 4.6 L/s, for a DWL of 30 m

« But how do you know if that pumping rate and DWL are
reliable in the long term?

 Willthe yield be influenced by other boreholes or by the
season?

« And what is ‘sustainable yield’ anyway?




Concept of sustainable yield unicef@ | for every child

W hatis your understanding of sustainable yield:  MANAGING WATER RESOURCES SYSTEMS: e 4
. WHY “SAFE YIELD” IS NOT SUSTAINABLE
« Abstraction = long-term average recharge?
e Stable |Ong_term dyn amic water level? 'ir Safe Yield and the Water Budget Myth =
 No deterioration in water qua“ty? ;ﬁ:y\;vater Budget Myth Revisited:)y‘]u — [ [
° A Certa| N percentage Of maX| mum yleld’) Why Hydrogeologists Model | ype persistgnl::tt; of the water budget myth and its relationship
) b dohn D Bredehoeht to sustainabili
* No adverse environmental impacts?

Comment on “The persistence of the water bu

* No adverse impacts on nearby water SOUrCes? ||an s reiationship to sustainabilty” by LF. npi

M. Sophocleous, Hydrogeology Journal (2005) |

W hat about ‘groundwater mining’?

5‘
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One definition:

“The maximum rate of withdrawal that can be sustained by an aquifer
without causing an unacceptable decline in the hydraulic head or
deterioration in water quality in the aquifer.”

(Department of Water & Sanitation, South Africa)

« Test pumping is the main tool to help us answer these questions
* You can find further information in this publication — S




What happens duringa pumpingtest?  unicefé foreverychic

Discharge

The pump lowers the water level in the borehole (initially, the
water just comes from storage in the borehole)

Water flows into the borehole from the surrounding aquifer
(driven by a head gradient)

In turn, head is lowered in the aquifer and the effect spreads
outwards to create a ‘cone of depression’

As pumping continues, the cone continues to expand
outwards and to deepen (unless and until it intercepts a
source of water, or interference with a geological barrier or
another pumping borehole)

The rate and style of expansion of the cone of depression
depend on the hydraulic properties of the aquifer
(Transmissivity and Storativity)

It follows that if we can observe the way the cone of
depression expands, we can deduce things about the aquifer
properties and the borehole characteristics

However, we can normally only measure pumping rates and
the water levels in the borehole



Collection of background information unicef @ | for every child

When planning a pumping test, gather o 78S |
background information about the borehole, S P =
the aquifer and the surrounding area, to
Improve your understanding of the
groundwater system:

« Basic geology

« Aquifer configuration

« Borehole construction

» |nstalled equipment

« Historical water levels

* Historical yields

« Similar boreholes nearby

« Wet& dry season conditions

« Access for monitoring
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Local knowledgeis very valuable

From: www.whymap.org
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Preparation & equipment

WATHAB South Sudan -- PUMP TEST REPORT

PHASE 1 -STEP-TEST PHASE 2 - CONSTANT-RATE-TEST e

[ Tock startod on (date) [Tet started on (date):
[t ) : £,

EEEEEEE

Measuring techniques can be
very simple!

unicef@® for every child

Need to measure the
following parameters:

Basic borehole
dimensions (diameter &
depth)

Water levels in the
borehole (including
before the test)
Pumping rate (must
have a method of
varying the rate)
Basic water quality
iIndicators

Elapsed time

Testthe pump and all
equipment beforethe
actual pumpingtest (the
day before, ideally)



Step test unicef& | for every child

A typical pumping test consists of a step test, a constant-rate test and a recovery test. The step
testis designed to establish the short-term relationship between borehole yield and drawdown,
and to ‘challenge’ the borehole at different pumping rates; this is how it works:

o ° Jacob’s equation

s, = BQ +CQ2 s,/Q=B +CQ

Rumping rate

Step 2,etc ®

Stepl

Specific drawdown (s/Q)

Step?2

Step3

Step4

Drawdown

Pumping rate (Q)



Constant-rate test unicef@ for every child

Elapsed Time (min)

The most common type of pumping test: . 10,000 26,000 40,000
» Use step-test results to help plan the P —— S —

pumping rate
 Pump at constant rate for an extended

0004

period (several hours to several 1P

weeks) )

« Monitor water levels, pumping rate

and water quality

» |deally, there should be one or more

observation boreholes

Drawdown (m)

« Data can be analysed to obtain aquifer

hydraulic properties 6

« Also commonly used to investigate .

impacts of abstraction and long-term

‘'safe yield’

Pumping rate is usually set at the 0

Intended operational rate, or a bit higher



RECOVEI"y test unicef@ for every child

Not strictly a pumping test, but don’'t miss

the opportunity to gather more data...

« Monitor recovery of water levels
Immediately after pumping stops

 Useful check on results of constant-rate t —
test . t(')—>
« Recovery smooths out pumping rate s

——

variations *

« Start of test much ‘cleaner’

« Water levels easier to measure (no
turbulence)

* Intheory, should be mirror image of
pumping phase, but recovery can be
Incomplete

(increasing with time)
residual drawdown
(decreasing with time)

drawdown

Good option for operational boreholes

<_— pumping period )}( recovery period ‘%



Borehole performance diagram

Water level (depth) below datum

Pumping rate

Rest water level
More

efficient

borehole

Maximum licensed abstraction

_________________________________________________

Operational data

Base of solid casing

___________________________________________________

Current pump capacity
Treatment plant capacity

Base of borehole

unicef&®  for every child

Another method of displaying test-pumping data:

Plot step-testdata & draw smooth curve — this is the
characteristic borehole performance curve

Plot any operational data (data pairs of pumping rate
and dynamic water level — one for each visit)

lllustrate constraints as straight lines (horizontal =
water-level constraints; vertical = pumping-rate
constraints)

Whatif...? (lower pump intake, bigger pump...)
Compare the performance of different boreholes (more
efficient borehole has a flatter curve)

Plot future step tests & look for long-term changes (in
borehole performance or aquifer conditions)

Not always a smooth curve - may drop suddenly above
a certain pumping rate

Use this diagram as a long-term tool, to build up a picture
of how this borehole performs



Water-quality monitoring unicef@ | for every child

Most pumping tests focus on water levels and pumping rates, but water quality is also important:
« Is the water quality suitable for the intended use (particularly for drinking water)?
« Is the water quality stable in the long term?

« Does the water quality change with pumping rate?

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

« Is any treatment necessary before the water can be put into supply?

Dedicated sampling tap fitted close to
where the rising main emerges

Water quality samples are best taken when
the pump has been running for a while, to

ensure that stagnant water has been flushed
from the borehole itself (at least 3 borehole
volumes pumped out)

Some parameters must be
measured on the spot (Temp,
pH, EC, DO)

Brass tap, so that it can be flame- e e - 7 __di

sterilised when taking samples for gy ' ey oy
microbiological analysis OINRII U f(@

" | Differentbottles required for a
comprehensive analysis suite!

Always use the correct sample container
for the parameters to be analysed




LOng-term mOnitOring unicef@ for every child

Borehole name: BOREHOLE 1 status: Operational

BASIC INFORMATION BRIEF HISTORY
LO n g _te rm g ro u n dwate r Previous names: Borehole C, Borehole WBHC-2A Drilled and test pumped in April 2014,

targeting the upper volcanics, to test the

. . 0 a Drilling company: Drilling Ltd water flow within the volcanic and
monitoring is essential for a full
- . well, after WBHC-2 was abandoned. Pump
Nominal yield: 170 m3/day (7.1 m3/hour) at wellhead installed in February 2015, initially pumping

1 1 Location: Grid reference or UTM co-ordinates directly into lagoon for: bawser-loading,
u n d e rStan d I n g Of aq u Ife r — Flpellne to field camp laid & comml_ssmned
Elevation: 636.78 m above sea level (water-level datum) |in December 2015. Booster pump installed
- - Access hole for dipping Borehole depth: |60 m below ground leve Wt 20w i iy ks
be h aV| O u r (an d S u Stal n ab I e . Pumps to: Field camp via pipeline (90-mm HDPE PN16) | field camp.

water |€VE|S, with screw cap ABSTRACTION HISTORY

yleld) :

Keep good records, with I
it
boreholes clearly identified "
. ‘E:E I IlI I
« Ensure that the measuring PO I I R 11131

datum is clear

WATER LEVEL HISTORY
0

w

« Be careful about units e PR PR o ! .
« Update the borehole 5 pL B o et

w
)
©

©
.

performance diagram
 Whendesigning a system,
Include access points for
future monitoring
e (Good practice to maintain a
borehole summary report

Fodcoh Dhvaliatuat QUNCRNS DRI S SAavEs ST o e S A e I B M G T s A R R I el G i

COMMENTS

o The water levels shown on the graph above for the period March to August 2014 are from the
extended constant-rate test that was conducted before the permanent pumping equipment was
installed (hence no metered abstraction). The pumping rate was about 15.5 m3/hour.

* Once the borehole was operational from February 2015 onwards, the pumping rate reduced to
about 10 m3/hour (constrained by the pump size), hence the smaller drawdown.

e The decline in both rest water level and pumping water level between April 2016 and April 2017
partly reflects increasing abstraction and partly the effects of drought. There has been some
recovery since May 2017, probably in response to recharge from rainfall.

e The nominal yield used to be quoted as 240 m3/d, but has recently been reduced to a more

realistic figure of 170 m3/d, to reflect actual performance over its abstraction history.

WATER QUALITY

e Good quality water that meets most of the requirements of the national drinking water standards for physical & inorganic parameters.

* Examples of recent water quality (all units mg/L): TDS 632; Cl 27.3; Na 117.4; Nitrate (as NOs) 4.55; F 0.55

o There have been sporadic exceedances in the past (for Aluminium, Sodium, Manganese, Nitrate, Nitrite and Phosphates), but most of
these are against the usual run of results and may reflect issues with the laboratory analyses.




Final comments

1)
2)

3)
4)

S)

In reality, there is no single value for sustainable or safe
borehole yield, and no simple formula for calculating it

If one value is all you have for an unfamiliar borehole
(from a contractor’s report, for example), then go ahead
and use it for the system design, but remember that the
yield will probably change over time, depending on many
factors, including the condition of the borehole, natural
seasonal groundwater behaviour, & climate change

Be realistic about interpreting test-pumping results
Design the borehole headworks so that you can easily
monitor water levels, pumping rates, & water quality
Organise a long-term monitoring programme

Repeat pumping tests periodically, to check for
deterioration in borehole performance

Keep good records

Reliable long-term yield may be a better term to use!

unicef@® for every child

Chilgrove (Chalk)
Ranking derived from data for the period Feb-1836 to Dec-2017

77 A
72 A
67 -
62 -
57 A
52 A
47
42 -
3T

32 T T T T T T T
Aug-21 Nov-21 Feb-22 May-22 Aug-22 Nov-22 Feb-23 May-23

Level (mAOD)

Weir Farm (Sandstone)
Ranking derived from data for the period Feb-1983 to Dec-2017

55.5

53.0 T T T T T T T
Aug-21 Nov-21 Feb-22 May-22 Aug-22 Nov-22 Feb-23 May-23

From: Environment Agency of England & Wales



Other resources unicef& for every child

Further resources on groundwater development, boreholes, & rural water supply:

Developing
Groundwater

A guide lor Rural Water Supply

WATER SUPPLY

Sustainable services for all




UNICEF’s Environmental and Social Safeguards (ESS)

UNICEF’s ESS system is scheduled to be released in late 2023 and to
be effective by 1 July 2024

Comprises of eight standards (UN Model Approach) — including
Resource Efficiency, Community Health and Biodiversity
Screening at different stages of our work

Risk Rating will be applied

Standards may be triggered with associated management plans
Designed to help us identify the risks associated with our programming
(and operations); to identify options to mitigate these risks and assess
the effectiveness of these

Large abstractions can cause harm if not properly located, designed and
constructed

Proper groundwater assessment, drilling, sustainable yield calculation
and groundwater monitoring promote more sustainable programming



TAKE AWAY MESSAGES — GW ASSESSMENTS

We need to make sure make groundwater visible based on sound
evidence

- Take advantage of open data and remote sensing data

- At more local scales, a combination of remote sensing and field
level surveys are required

- Geophysics needs to be used with other geological and
hydrogeological data to be of use

- Approaches need to be tailored to meet context and objectives — e.g
Managed aquifer recharge

- Need local expert support in the process — hydrogeologists,
hydrologists, geophysicists, water engineers etc

- This capacity needs to be built locally

- Stakeholder engagement is fundamental to success

- Don't forget National standards and policy when planning

- Is the resource renewable or is there a risk we contribute to mining



TAKE AWAY MESSAGES — GW MONITORING

- To minimise the impact of our programming, we need to understand
the impact of our abstractions on the environment and effective
groundwater monitoring allows us to do this

- But to do this effectively (and to minimise the impact of our
programming!), we need to understand the groundwater
characteristics through water resource assessments (and so these
are both connected)

- The impact of climate change and the demand and competition for
water are increasing and already impacting the systems we have
Installed — we need to understand these and incorporate these risks
Into our programming, and groundwater monitoring can support this

- Have we linked GW monitoring to service delivery and water
regulation?






