
Protectinggroundwater supplies
through aWater Safety Plan approach
• With an estimated two billion people around the world dependent
upon groundwater resources, managing pollution and risks relating to
the use of such resources for drinking water is a necessarY}lndertaking.
In this article, BOB BREACH, RICARDO HIRATA and JOSE VIEIRA outline a proactive
Water Safety Plan approach to ensure the safety of supplies.

supply. No comprehensive statistics
exist on the population dependent
up on groundwa ter, but, fo r exam ple, it
is estimated that more than two billion
peopl e are dependent directly or
indirectly upon groundwa ter for
potable supplies.This includes 12 of23
megaciti es (> 10 million inhabitants) in
the wo rld' .

Understanding groundwater
characteristics
The characteristics ofdifferent
groundwater catchme nts vary consi d­
erably, including th e response to
different polluting activities or events,
the tim e taken for pollution to impact
at the water abstraction point , and th e
ease wit h which pollution pre venti on
can be realistically carried out.
Additionally,the pathways by which
pollutan ts move from th e pollution
source to th e abstraction point can be
co mplex and need to be fully under­
stoo d before th e risks can be fully
assessed and effective mitigation
options pursued .

Passage ofwater throu gh th e soil
layer and underlying rock strata to th e
water table can attenuate som e but not
all types ofpollution and thu s treat­
ment for groundwa ter tends to be
simpler than for surface water, Deep
gro undwater typ ically has a mu ch
slowe r response to polluting activities
on the surface, often many years.
H ow ever, for some shallow or fissured
groundwater sources th e respo nse can
be mu ch faster, some times as littl e as a
few days.All ofthe se factors and othe rs
need to be taken int o acco unt when
developing a catc hment WSP.The
phrase' know your catchme n t' is a vital
one for any water supplier.

The need for groundwater protection
A WSP is underpinned by th e so-called
multi barrier approach, which is based
on havin g in place a number of
eparate barriers to hazards tha t may be
pre sent in raw water.T his means tha t if
one bar rier fails for any reason then the
o the r barri ers can still prevent o r
minimise co ntam inatio n of th e final
wat er supplied to consumers ' .The
multi barri er approac h can cover all
aspects ofwater quality managem ent
including catchme nt prote ction, water
treatm ent, and managem ent of the
distribution network. However,
prot ecti on of raw water sources should
be seen as the first and some times the

Figure 1:
Groundwater
quality protection
tools fordifferent
scenarios

tech nical in for m ation is given in
Fo st er et al" and in Foster and
Skinner ).

The importance ofgroundwater for
drinkingwatersupply
Gro undwater is an integral part ofthe
water cycle and inextricably linked to

surface water and aquatic ecosystems.
It is be ing exploi ted extensively in all
co unt ries, and in some areas represents
the only water available for human
uses, parti cularly those in peri pheral
urb an areas or in rem ote ru ral settle­
ments. In large parts of the world it is
also vital for use in agric ultu re.
However, groundwater explo itatio n is
often carried out in an unplanned and
un controlled way.The inc rease in the
number ofaquifers and wells degraded
by pollution highl igh ts a major co n­
cern that without prop er management
th is vitally impo rtant resource will be
in real dan ger.

Groundwa ter plays an impo rtant and
some times fundame ntal role for water

DEAUNGWITH
EXIST"'G POTENOAU.Y
POUlJIlNG ACTMlY

T h e launch in 2004 of the third
editi on of the World Health

Organization (WHO ) guidelines
fo r drinking water quality' jointly
with the IWA Bonn Charter for
Safe Drinking Water' marked the
culmination of a major shift in
worldwide advi ce on how to
manage drinking w ater quality.
This redressed the balance of
effort away from reliance solely on
end product testing towards a
m ore proactive risk-based
approach known as a Water Safety
Plan (WSP).A WSP is endorsed by
WHO' as the most effective means
to consisten tly ensure the safety of
drinking water supplies through
the use of a com p reh ens ive risk
assessment and risk m anagement
approach that encompasses all
st eps in water suppl y from catch­
ment to consumer.T his article
briefly summarises an approach
to developing a WSP for ground­
water catchm ents. (M ore detailed
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Table 1: Typical hazards and hazardous activities
potentially impacting groundwater

most important barrier to prevent
microbial and I or chemical contami­
nation ofdrinking water.T his is
particularly true for all types of
gro undwa ter water supply sources .

In the absence ofdirec t contamina­
tion, groundwater from deep and
confi ned aquifers is usually microbially
safe and chemically stable and thus
water treatment can be relatively
simple. However, even deep aquife rs
can over time be contaminated by
pollution arising from industry, urban
developm ent , oil storage and transport,
and poor management ofagricultural
and othe r land use. Shallow or uncon­
fined aquifers can be subject to more
rapid contamination from disch arges
or seepages associated with agricultural
practices (e.g., pathogens, nitr ates and
pesticides), on-s ite sanitation and
sewerage (pathogens and nitrates) and
indu str ial wastes. If such water supply
sources also have relatively limited
treatment then there is a mu ch higher
risk ofcontamination passing into the
distribution network.

Once subsurface or groun dwater
pollution has occurred it is usually very
expensive and sometimes impractical
to imple ment remedial actio n at an
economic cost.The exception may be
those fast response aquifers wh ere
removal of the hazard or hazardous
activity can result in redu ction of
groundwater contamination in a
relatively sho rt timescale.The pr imary
aim ofgroundwater protection sho uld
therefore be focused on preventi on of
those activities wh ich might result in
an unacceptable subsurface contami-

SOURCE
PROTECTION
AREA (SPA)

Predominant
Lithology of
Confining 6eds or
Unsau ated ZOne

Depth to
Aqu ifer or
Water-Table

Strategies for control of
groundwater pollution
Impl ement ing groundwater pollut ion
prevention measures is a complex task.
A step by step approach for dealing
with different groundwater polluti on
scenarios is given in Figure l.There
are two inte rrelated but inde pendent
strategies, which focus on the
protect ion of:
• Groundwater resources (aquifers) as

a whole
Groundwater sources - those parts
of the aquifers where the resource is
exploited for water supply or
other purposes

be managed most cost effectively.
There are a wide range of catchment
stakeho lders with who m water
supp liers may need to develop
such partne rships.They can include
national and regional Govern ments,
regulatory authori ties and catchment
management agencies, as well as those
many different land users carrying
out activi ties within the catchment, I
which could pose a pollut ion risk.
The institutional arrangeme nts and
legislative framework for managing
catchments will vary considerably
between countries and this will
impact on the \vay in which such
par tners hips can be develope d. It also
mea ns that partnerships often need to
be developed at both national I
regional and local levels.

v~lcaltlow

/ horizonUI
".. flow

While both approaches are
complementary, the emp hasis
placed on one or the other will depend
on local hydrogeological conditions,
the extent to which grou ndwater
resources have been develop ed and
exploited, and a range of other
bro ader socioecono mic factors.

T here are fou r main int errelated
catchme nt protection tools, which can
be used to contro l groun dwate r
polluti on risks:
• Mapping overall aquifer

po llut ion vulne rability
• Quantifying the potential subsurface

co ntami nant load
• Impl ementi ng sou rce protection

nating polluti on load, either across the
wh ole aquifer or with in the capture
zone for publi c supply sources.

Working in partnership
Understanding catchment characte r­
istics and I or activities potent ially
impacting on raw water quality and
availability is thus ofparamount
importance for ensuring drinking
water safety. However, successful
integrated water resources
management requires the
commitment and cooperation ofall
institutions and organisations that are
directly or indirectly responsible for
dr inking water source protection
within the catchment.

Although water suppliers do no t
normally have powe rs or the responsi­
bility to directly contro l activities
within the catchme nt , it is essential that
they wor k closely wi th relevant
agencies and land users to identify ways
that gro undwater pollution risks can

Figure 2:
Components of

groundwater
pollution hazard

assessment used
for land surface

zoning (Foster et
al.,2002)

Hazardorhazardousactivity
A wide range of potential hazards can arise naturally fromthegeologyof
the aquifer.
Inadequatewellhead protection, uncased or inadequately cased bores,
surfacewater influenceongroundwatercanall leadto ingress of microbial
and other pollutantsfrom surface water. Thiscan beexacerbated inadverse
weatherconditions.
Sewagefrom septictanks, cesspitsand latrines, or landdisposal of sewage
effluent and sludges cancreatebothmicrobialand chemicalhazards.
Inadequatedisposal of solid waste is responsible for a significant number of
cases ofgroundwater pollution and can comprisea complexand wide range of
pollutingsubstances.
Animal wastes, nutrients,and/or pesticidesderived from a rangeofagricultural
activitiescan pose serious problems in manyareas.
Exploration for mineral and petroleum resources and thesubsequent operation
ofa miningsiteand supporting infrastructure can giverisetoa rangeof potential
water pollution hazards.
The range of contamination hazards from industrial is potentially verylarge. As
well as potential toxicity, manyindustrial substancescanalsogive risetocause
unacceptable tastes andodours indrinking water.
Losses from fuel storage and transport presenta common sourceof
groundwater contamination.
As wellasmicrobialpollution fromhumanwastes, urbandevelopment,
particularly in lessaffluent countries can be a significant sourceof nitrate
groundwater pollution.

Source
Natural

Farmingand land use

Surface waterinfiltration

Human wastes

Mining and mineral extraction

Solid waste facilities

Urbandevelopment

Fueltransportand storage

Industry
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inansed IcwIofland-userestriction

saturated zone; and an estimate ofthe
extent to which pollutants will
be attenuated by physiochemical
retent ion or reaction dur ing passage
th rough the strata overlying the
satura ted zone .

Groundwater source protection areas
T he delineation ofgroun dwater
SPAs is an essential elemen t in the
protectio n ofdr inking water sources
from contamination . SPAs have to take
into acco unt two different types of
contaminants: those that decay
with tim e, where subsurface residence
tim e is the best measure of protection ;
and non-degradable contaminants,
wh ere flowp arh-dependent dilut ion
must be provided.

T he proximity ofa land use
activity to a groundwater sou rce
is a key facto r influencing the
contaminatio n hazard it poses.
The pollutio n threat will depend
on wh ether the activity is located
within the capture zone of the
water sup ply source , and the ho rizontal
flow time in the aquifer from the
location ofthe activity to the
abstraction point (Figure 3). SPAs
are therefore no rmally divided into
four zones :
• Z on e A - The operational area

immediately adjacent to the well
head or borehole

• Zone B - T he inn er catchment area
representing approximately 50 day
travel time to the abstraction, whi ch
is normally considered the
minimum necessary for degradation
of microbiological pollu tants

• Zone C - the intermediate area
represent ing approximately 300-5 00
day travel tim e to the abstraction

• Zone D - the whole source
capture zone

Assessing subsurface pollution
load and restriction of potentially
polluting activities
A key step in implementing a
groundwater protection strategy is
to un dertake a detailed survey ofthe
aquife r catchment or source protection
area to identify those hazards or
hazardo us activities that have the
potential to cause ground water
pollution . In do ing so it is imp ortant
to take int o acco unt whether genera­
tion ofa subsurface con tamination
load is a direct result of the hazard
(e.g. septic tanks) or whether the
load might be generated accidentally
(e.g. due to spillage)' . It is also impor­
tant to understand whether any
hazardous activi ties have taken place in
the past, since polluting pro cesses or
activities which ceased some years
before can be still generating a sub­
surface contaminant load by leachin g
from contaminated soil.

Figure 3: Diagram
showingdifferent
levels ofsource
protection areas,
with land use
restrictions (Foster
etal. 2002)

o

springs used for public supply, which
are the responsibility oflocal catch ­
ment managers and water suppliers .

Whole aquifer strategie s, including
pollution vulnerability mapping, are
more unive rsally applicable, since they
endeavour to achieve a degree of
protection for the entire groundwater
resource and for all groundwater users.
SPAs are more suitable for part ofthe
aquifer body. In both cases, they would
commence with aquifer pollution
vulne rability mapping, followed
by SPA definition for specific water
wells o r springs.T hese would be
followed by the identi fication ,
localisation and classification of
potential contaminant loads (PCL) .
T he int eraction between these two
elements with PCL permits the
aquifer polluti on hazard or SPA hazard
definition , respec tively (Figure 2).

Mapping overall groundwater
pollution VUlnerability
The concept ofaquifer vulnerability is
related to the intrinsic characteristics of
the strata, which separate the aquifer
satura ted zone from the land surface.
T hese charac terist ics determine the
risk ofthe aquifer be ing adversely
affected by a surface -applied contami­
nant load.Vulnerability is determined
by:a hydraulic assessment oflikelihood
that the pollutants will reach the

wilter-supply
well

areas (SPAs), which define the zone
of capture ofboreholes,wells
and springs

• Placing controls or restric tions on
hazards or hazardo us activities
within defined areas of
the catchment

In developing aWSP,ideally the
who le aquifer should be considered
for protection . However, in some
situations it may not be econo mic or
practicable to do so. For example, it
may not be cost effective to prote ct the
who le aquifer if only a small amo unt of
it is used as water source. In such
situations it would suffice to define the
groundwater capture zone of specific
water sources, and assess their polluti on
vulnerability and subsurface contami ­
nant load. Conversely, in those areas
with a large number of significant
groundwater abstractions , who le
aquifer strategies should be adopted .

T he responsibility for implementing
each strategy may vary.Aquifer pollu­
tion vulnerability assessment is a
management tool used as part ofland
use planning to protect strategi c
aquifers. Depending on th e size of the
aquifer, these are therefore usually the
responsibility ofregion al or national
autho rities.These are complemented
by implementat ion ofsource protec­
tion areas around imp or tant wells or
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Drinking Water Quality Management from Catchment to
Consumer ' .
A Practical Guidef orUtilitiesBasedon VVi1terSeif.ety Plans
Editor:Bob Breach -
The Bonn Network isa global group of water supplierswhohave adopted the
Bonn Charter for Safe Drinking Water. Thenetwork was originally established to
developand share best practice in drinking waterquality management. 'Drinking
Water Quality Managementfrom Catchmentto Consumer' is a best practice book
that bringstogether theexperience of network membersto providea practical
guideto help utilities worldwide to develop improved water qualitymanagement.
It is based onthe principlesof the Bonn Charterand Water SafetyPlansand is .
intended tocomplement and support other relevant publications, particularly the
WHOWater Safety Plan Manual. ' .

This emphasis ison practical information 'byoperators for operators', learning
from the experience of a range of water suppliers across the world.'
IWA Publishing,August 2011 . 250pp. Paperback. ISBN: 9781843393863
Price: £85.00 /US$ 153.00/€114.75.
IWA membersprice:£63.751 US$114.751 €86.06
To order, visit: www.iwapublishing.com

T he classification of potentially po lluting activities by their spatial
distribution provides a direct and visual impre ssion ofthe type ofground­
water contamination threat they pose and the approach to cont rol
measures that are likely to be required.This allows me asures to be
impleme nte d to control the hazard or hazardous activity.T his might be
secured though adoption of volun tary codes ofbest practice but typically
may require statutory control and enforcement.Typical hazards and
hazardous events that can have an impact on gro und water quality are
summarised in Table 1.T he mo st serious risk to water supplies normally
arises from pathogenic organisms derived from hu man and animal wastes
and this needs particular emphasis.More information on chemical hazards
is available in Thompson et al' . •
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