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Preface

Background
Groundwater contam�nat�on can ar�se from e�ther po�nt sources 
or d�ffuse sources. Common examples of po�nt sources that could 
contam�nate groundwater are leak�ng underground storage tanks, 
�nadequately-managed waste d�sposal s�tes and acc�dental chem�cal 
sp�lls. An example of a d�ffuse source �s pest�c�des and nutr�ents 
appl�ed to broad-acre agr�cultural land that �nfiltrate through so�ls to 
groundwater. 

These gu�del�nes focus on groundwater pollut�on ar�s�ng from po�nt 
source contam�nat�on rather than on broad-scale groundwater �ssues 
ar�s�ng from d�ffuse sources. 

Contam�nated groundwater can be unsu�table for use and may also 
adversely affect the qual�ty of surface water and sed�ments. It may 
then harm human and ecolog�cal health. Contam�nated groundwater 
may also affect the types of land uses that may safely be carr�ed out 
above a contam�nant plume.

The legacy of groundwater contam�nat�on can be a major burden 
on the commun�ty because once groundwater �s contam�nated �t 
�s generally d�fficult and costly to remed�ate. Therefore, prevent�ng 
groundwater contam�nat�on �s the most pract�cal way of protect�ng 
groundwater qual�ty. 

Where contam�nat�on of groundwater �s �dent�fied, acute r�sks, 
such as the poss�ble accumulat�on of explos�ve vapours �n 
subsurface ut�l�t�es, must be �mmed�ately managed. The source of 
contam�nat�on must be removed to ensure the protect�on of human 
health and the env�ronment. The follow�ng act�ons should also be 
taken whenever pract�cable:

the env�ronmental values of the groundwater must be restored 

groundwater qual�ty must be restored to �ts natural background 
concentrat�on. 

These Guidelines for the assessment and management of groundwater 
contamination (the gu�del�nes) outl�ne a best-pract�ce framework for 
assess�ng and manag�ng contam�nated groundwater �n NSW. 

The Department of Env�ronment and Conservat�on NSW (DEC) must 
be not�fied about certa�n groundwater contam�nat�on under the 
Contaminated Land Management Act 1997 and the Protection of the 

•

•



Environment Operations Act 1997. Follow�ng not�ficat�on, DEC may 
dec�de that the contam�nat�on warrants regulatory �ntervent�on. 
These gu�del�nes should help consultants and �ndustry to dev�se 
groundwater assessment and management strateg�es that are 
cons�stent w�th DEC’s expectat�ons. 

The gu�del�nes are not �ntended to be a text book for groundwater 
contam�nat�on nor to prov�de deta�led techn�cal adv�ce on the 
assessment and management of contam�nated groundwater. 
Informat�on about groundwater fundamentals �s presented �n other 
publ�cat�ons, �nclud�ng those presented under ‘Suggested further 
read�ng’ on page 39. In all cases, groundwater contam�nat�on 
assessments and remed�at�on must be conducted by competent 
profess�onals who already have relevant qual�ficat�ons and 
exper�ence. Where techn�cal gu�dance mater�al may be useful to 
readers, �t �s referred to �n the relevant sect�on of the gu�del�nes or 
under ‘References’. Reference to these documents, however, does 
not mean DEC endorses them. Pol�cy documents endorsed by DEC 
are publ�shed every s�x months under the Freedom of Informat�on 
Act. Contact DEC’s Env�ronment L�ne on 131 555 for further 
�nformat�on.

Var�ous other gu�del�nes that may be updated from t�me to t�me are 
referred to throughout th�s document. Where a referenced gu�del�ne 
wh�ch �s endorsed by the NSW Government or DEC �s updated, the 
relevant reference(s) �n th�s document should be read as �f they were 
to the endorsed updated vers�on. For all other gu�del�nes, references 
should be read as �f they were to the updated references as soon as 
updated vers�ons have been released.
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1 Introduction 

1.1 About the guidelines
These Guidelines for the assessment and management of groundwater 
contamination (the gu�del�nes) outl�ne a best-pract�ce framework for 
assess�ng and manag�ng contam�nated groundwater �n NSW. Wh�le 
the gu�del�nes do not art�culate leg�slat�ve requ�rements, they are 
made under sect�on 105 of the Contaminated Land Management Act 
1997 (CLM Act), so the Department of Env�ronment and Conservat�on 
(DEC) must take them �nto account whenever they are relevant. DEC 
exercises certain statutory functions and powers (including 
those set out in the Protection	of	the	Environment	Operations	Act	
1997 (POEO Act) and CLM Act) in the name of the Environment 
Protection Authority.   

S�te aud�tors accred�ted under the CLM Act must also cons�der 
these gu�del�nes when final�s�ng s�te aud�ts. The gu�del�nes w�ll also 
be useful for env�ronmental consultants, local counc�ls, �ndustry 
organ�sat�ons, water regulators, water users and other members of 
the commun�ty.

These gu�del�nes should help consultants and �ndustry to dev�se 
groundwater assessment and management strateg�es that are 
cons�stent w�th DEC’s expectat�ons. 

1.2 Scope of the guidelines
The gu�del�nes are set out as follows:

Section 2 – Assess�ng groundwater contam�nat�on – outl�nes ways 
of �dent�fy�ng whether groundwater �s contam�nated and descr�bes 
how to conduct prel�m�nary and deta�led assessments.

Section 3 – Manag�ng groundwater contam�nat�on – outl�nes ways 
of controll�ng groundwater contam�nat�on and �dent�fy�ng what 
remed�at�on �s needed to resolve �t.

Section 4 – Clean�ng up contam�nated groundwater – descr�bes 
a clean-up h�erarchy �nclud�ng when �t �s essent�al to clean up so 
natural background water qual�ty �s restored and when clean-up to 
the extent pract�cable �s acceptable.

Section 5 – Regulat�on – expla�ns DEC’s regulatory �nvolvement �n 
manag�ng groundwater contam�nat�on.

Section 6 – References – conta�ns references, relevant Acts and 
pol�c�es, and a suggested further read�ng l�st.
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Appendix 1 – conta�ns a glossary of terms used throughout these 
gu�del�nes.

Appendix 2 – conta�ns �nformat�on about how to �dent�fy 
env�ronmental values, and a l�st of major aqu�fers of dr�nk�ng water 
qual�ty �dent�fied by the NSW Department of Natural Resources 
(DNR).

Appendix 3 – conta�ns more deta�led �nformat�on about mon�tored 
natural attenuat�on.

Appendix 4 – conta�ns contact deta�ls for relevant NSW Government 
departments.

1.3 Policy, legislative framework and existing guidance

1.3.1 Key pol�cy pr�nc�ples from NSW groundwater pol�c�es

Leg�slat�on and publ�shed pol�c�es �n NSW have art�culated key 
pr�nc�ples for assess�ng and manag�ng groundwater contam�nat�on. 
These �nclude the pr�nc�ples of ecolog�cally susta�nable 
development, wh�ch requ�re the effect�ve �ntegrat�on of econom�c, 
soc�al and env�ronmental cons�derat�ons �n dec�s�on-mak�ng. Th�s 
can be ach�eved by �mplement�ng:

the precaut�onary pr�nc�ple

�ntergenerat�onal equ�ty

conservat�on of b�olog�cal d�vers�ty and ecolog�cal �ntegr�ty

�mproved valuat�on, pr�c�ng and �ncent�ve mechan�sms for 
env�ronmental factors (�nclud�ng the concept of ‘polluter pays’) 
– see sect�on 10 of the CLM Act.

The groundwater pol�c�es set out �n 1.3.3 encourage ecolog�cally 
susta�nable development to:

slow and halt, or reverse, any degradat�on of groundwater 
resources

ensure long-term susta�nab�l�ty of the ecolog�cal support 
character�st�cs of groundwater systems

ma�nta�n the full range of benefic�al uses of these systems

max�m�se econom�c benefit to the reg�on, state and nat�on.

The pol�c�es set out bas�c pr�nc�ples that should gu�de the 
management of groundwater �n NSW. In relat�on to groundwater 
contam�nat�on, these �nclude:

•

•

•

•

•

•

•

•
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prevent�ng groundwater pollut�on so future remed�at�on �s not 
requ�red

manag�ng all groundwater systems so the�r most sens�t�ve 
�dent�fied benefic�al use (or env�ronmental value) �s ma�nta�ned, 
recogn�s�ng the cumulat�ve �mpacts of human act�v�t�es on 
groundwater qual�ty

replac�ng processes and pract�ces that degrade groundwater 
systems, e�ther d�rectly or �nd�rectly, w�th ecolog�cally susta�nable 
alternat�ves

requ�r�ng developments to m�n�m�se adverse �mpacts on 
the env�ronment by prevent�ng pollut�on of, or changes �n, 
groundwater qual�ty

apply�ng the precaut�onary pr�nc�ple to protect groundwater- 
dependent ecosystems where sc�ent�fic knowledge �s lack�ng

afford�ng town water suppl�es spec�al protect�on aga�nst 
contam�nat�on

rehab�l�tat�ng degraded groundwater systems, where pract�cal, 
to m�n�m�se the �mpacts of contam�nat�on on groundwater-
dependent ecosystems, and to restore the ecosystem support 
character�st�cs of groundwater systems.

DEC w�ll cons�der the above pr�nc�ples of ecolog�cally susta�nable 
development when exerc�s�ng funct�ons under the CLM Act, and 
others manag�ng contam�nated groundwater must also �mplement 
these pr�nc�ples. 

These gu�del�nes establ�sh a dec�s�on-mak�ng framework for 
address�ng groundwater contam�nat�on that �s cons�stent w�th these 
pr�nc�ples.

1.3.2 Framework for groundwater management �n NSW

Var�ous government departments �n NSW, �nclud�ng the Department 
of Natural Resources (DNR), Department of Env�ronment and 
Conservat�on NSW (DEC), and the Department of Plann�ng, along 
w�th local counc�ls, share groundwater management respons�b�l�t�es. 

Department of Natural Resources 

The M�n�ster for Natural Resources and DNR regulate the use of 
groundwater through a l�cens�ng framework under the Water 
Management Act 2000 (WM Act). The WM Act recogn�ses that 
landholders overly�ng an aqu�fer can access groundwater for 

•

•

•

•

•

•

•
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domest�c consumpt�on and stock water�ng purposes w�thout 
requ�r�ng an access l�cence or water use approval. However, 
landholders exerc�s�ng th�s bas�c r�ght requ�re approval to construct 
a water bore, and the �nstallat�on of any groundwater bore �n NSW 
requ�res a l�cence from DNR. 

Under the WM Act, env�ronmental water rules for all planned 
env�ronmental water sources �n NSW (�nclud�ng groundwater) must 
be �mplemented as soon as poss�ble. Env�ronmental water rules are 
prov�s�ons for �dent�fy�ng, establ�sh�ng and ma�nta�n�ng planned 
env�ronmental water, wh�ch �s water reserved through management 
plans for fundamental ecosystem health or other spec�fied 
env�ronmental purposes. The WM Act also requ�res all water sources, 
�nclud�ng groundwater, to be protected and restored, and the�r water 
qual�ty to be protected, and wherever poss�ble, enhanced.

At the t�me of wr�t�ng, not all the prov�s�ons of the WM Act have 
commenced. Macro water shar�ng plans are be�ng prepared for 
water sources, �nclud�ng groundwater sources, that have not been 
�ncluded �n any water shar�ng plans �n force under the WM Act. The 
macro plans w�ll prov�de gener�c water shar�ng rules for four d�st�nct 
aqu�fer types: coastal sands, unconsol�dated sed�ments, porous 
rocks, and fractured rocks.

In the context of groundwater resource management, DNR �s also the 
key agency for des�gnat�ng appropr�ate uses of groundwater �n NSW, 
�nclud�ng potent�al uses. DNR helps make dec�s�ons about what r�sks 
may be present as a result of groundwater contam�nat�on and what 
degree of clean-up �s requ�red. 

Department of Environment and Conservation 

The key p�eces of leg�slat�on for prevent�ng and regulat�ng 
groundwater contam�nat�on �n NSW are the Protection of the 
Environment Operations Act 1997 (POEO Act) and the Contaminated 
Land Management Act 1997 (CLM Act), wh�ch are both adm�n�stered 
by DEC.

The POEO Act governs the protect�on of the env�ronment from 
pollut�on. Under th�s Act �t �s an offence to pollute waters, �nclud�ng 
groundwater. The Act also g�ves powers to the appropr�ate 
regulatory author�ty, generally DEC or local counc�ls, to �ssue clean-
up not�ces, wh�ch are one way of regulat�ng the clean-up and 
ongo�ng management of groundwater contam�nat�on. The POEO Act 
also establ�shes a duty to not�fy the appropr�ate regulatory author�ty 
of pollut�on �nc�dents that are caus�ng or threaten�ng mater�al harm 
to the env�ronment.
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The CLM Act sets out a framework for assess�ng and manag�ng 
contam�nated land, wh�ch �ncludes groundwater. It also places a 
duty on polluters and landowners to not�fy DEC of certa�n types of 
contam�nat�on. 

Minister for Planning/Department of Planning/local councils 

The Department of Plann�ng and local counc�ls have several 
respons�b�l�t�es for groundwater and groundwater contam�nat�on. 

Under Parts 4 and 5 of the Environmental Planning and Assessment 
Act 1979 (EP&A Act), consent author�t�es and determ�n�ng author�t�es 
must cons�der the l�kely �mpacts of proposed development and 
other act�v�t�es on the env�ronment, �nclud�ng groundwater. Under 
Part 3A of the EP&A Act (wh�ch appl�es to certa�n major �nfrastructure 
and other projects), the M�n�ster for Plann�ng, when dec�d�ng 
whether to approve a project, �s requ�red to cons�der the report by 
the D�rector General of the Department of Plann�ng. The D�rector 
General’s report �s requ�red to �nclude, among other th�ngs, a copy 
of the proponent’s env�ronmental assessment report and any 
env�ronmental assessment undertaken by the D�rector General. 

Under State environmental planning policy no. 55 – Remediation of land 
(SEPP 55) (NSW DUAP and NSW EPA 1998), plann�ng author�t�es must 
cons�der land contam�nat�on �ssues when assess�ng certa�n rezon�ng 
appl�cat�ons. Consent author�t�es must also cons�der whether the 
land �s contam�nated when assess�ng development appl�cat�ons. If 
the land has been contam�nated, the plann�ng or consent author�ty 
must be sat�sfied that �t �s su�table �n �ts contam�nated state, or w�ll 
be su�table after remed�at�on, for the purposes for wh�ch the land 
�s to be rezoned or for wh�ch the development �s proposed to be 
carr�ed out. In some �nstances groundwater contam�nat�on can make 
the land unsu�table for a part�cular use and, therefore, management 
of the contam�nat�on may be necessary before the development or 
rezon�ng appl�cat�on �s approved.

Local counc�ls also have powers under the POEO Act to �ssue clean-
up not�ces to deal w�th pollut�on at s�tes for wh�ch they are the 
appropr�ate regulatory author�ty. In add�t�on, the Local Government 
Act 1993 spec�fies that a charter of counc�ls �n NSW �s to: 

  ‘properly manage, develop, protect, restore, enhance and  
  conserve the env�ronment of the area for wh�ch �t �s   
  respons�ble �n a manner that �s cons�stent w�th, and   
  promotes, the pr�nc�ples of ecolog�cally susta�nable   
  development’.
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NSW Health

Under the Public Health Act 1991, NSW Health has powers to close 
any water supply, �nclud�ng a groundwater source, �f a dr�nk�ng 
water source becomes unfit for human consumpt�on or �f the water 
const�tutes, or �s l�kely to const�tute, a r�sk to publ�c health.

1.3.3 Ex�st�ng gu�dance on groundwater

There are several gu�del�nes that relate to groundwater protect�on 
and assessment �n NSW.

The key overarch�ng pol�cy, The NSW state groundwater policy 
framework document (NSW Government 1997), outl�nes the roles 
of the key NSW author�t�es �n relat�on to groundwater, wh�ch are 
summar�sed �n 1.3.2. 

The framework’s subord�nate pol�cy documents, �nclud�ng The NSW 
state groundwater dependent ecosystems policy (NSW Government 
2002) and The NSW groundwater quality protection policy (NSW 
Government 1998) are also relevant.

The National environment protection (assessment of site contamination) 
measure (NEPC1999) (the s�te contam�nat�on measure) �s a broad 
framework-sett�ng statutory �nstrument that reflects agreed nat�onal 
object�ves and conta�ns gu�del�nes for assess�ng groundwater 
contam�nat�on. The s�te contam�nat�on measure �s �mplemented �n 
NSW �n the form of gu�del�nes approved under the CLM Act.

Schedule B(6) of the s�te contam�nat�on measure prov�des 
a framework for a r�sk-based assessment of groundwater 
contam�nat�on, �nclud�ng gu�dance on apply�ng the Nat�onal Water 
Qual�ty Management Strategy (NWQMS) cr�ter�a to groundwater.

Other documents belong�ng to the NWQMS are:

the National water quality management strategy implementation 
guidelines (ARMCANZ & ANZECC 1998), wh�ch �nclude pr�nc�ples 
outl�n�ng the need to develop a strong, grow�ng and d�verse 
economy, that can enhance the capac�ty for env�ronment 
protect�on

the Australian and New Zealand guidelines for fresh and marine 
water quality (ANZECC & ARMCANZ 2000a), wh�ch �dent�fy gener�c 
water qual�ty cr�ter�a that protect env�ronmental values from a 
w�de range of potent�al contam�nants, as well as art�culat�ng a 
process for undertak�ng s�te-spec�fic assessments of water qual�ty 
to determ�ne whether the water can susta�n aquat�c ecosystems.

•

•
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The ANZECC & ARMCANZ (2000a) gu�del�nes also �nclude a chapter 
on dr�nk�ng water, wh�ch refers to the Australian drinking water 
guidelines (NHMRC & NRMMC 2004) for relevant gu�del�ne values. 

The Guidelines for groundwater protection in Australia (ANZECC & 
ARMCANZ 1995) prov�de a framework for protect�ng groundwater 
from contam�nat�on. The document also defines benefic�al uses of, 
and values for, groundwater.

1.4 Importance of groundwater
Groundwater �s �mportant for the health, and �n some areas the 
econom�c wellbe�ng, of NSW’s commun�ty. It �s used: 

as a source of domest�c, recreat�onal, rural and �ndustr�al water, 
and, �n some parts of NSW, as dr�nk�ng water

to �rr�gate gardens, parks, and play�ng fields �n urban 
env�ronments, espec�ally �n recent t�mes

by the agr�cultural and �ndustr�al sectors to support food 
product�on and other act�v�t�es

to help susta�n l�fe �n streams and r�vers

to support frag�le ecosystems such as wetlands �n dry per�ods  
(note that groundwater �tself can be a valuable ecosystem). 

Groundwater �s also �mportant because humans can be �nd�rectly 
exposed to groundwater contam�nants. For example, the 
consumpt�on of vegetable crops �rr�gated w�th contam�nated 
groundwater or products from an�mals wh�ch drank contam�nated 
groundwater can const�tute a human health r�sk. Also, volat�le 
contam�nants �n groundwater may accumulate �n enclosed spaces 
above a contam�nant plume and then pose r�sks from �nhalat�on or 
explos�on depend�ng, for �nstance, on the type of the contam�nants 
and the sever�ty of the contam�nat�on.

1.5 Definition of groundwater contamination
Contam�nat�on of land, wh�ch �ncludes groundwater, �s defined �n the 
CLM Act and the EP&A Act as:

  ‘the presence �n, on or under the land of a substance at a   
  concentrat�on above the concentrat�on at wh�ch the substance 
  �s normally present �n, on or under (respect�vely) land �n the 
  same local�ty, be�ng a presence that presents r�sk of harm to 
  human health or any other aspect of the env�ronment’.

•

•

•

•

•
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In pract�ce, however, groundwater �s cons�dered to be contam�nated 
where any substance or waste has been added at above natural 
background concentrat�on, and represents, or potent�ally represents, 
an adverse health or env�ronmental �mpact. For the purpose of 
these gu�del�nes, any undes�rable change �n groundwater qual�ty 
const�tutes an adverse env�ronmental �mpact.

 In relat�on to the POEO Act, these gu�del�nes also refer to the term 
‘pollut�on’. The d�ct�onary of the POEO Act defines ‘pollut�on of 
waters’ to �nclude:

  ‘plac�ng �n or on, or otherw�se �ntroduc�ng �nto or onto  
  waters (whether through an act or om�ss�on) any matter  
  whether sol�d, l�qu�d or gaseous, so that the phys�cal,   
  chem�cal or b�olog�cal cond�t�on of the waters �s changed’.
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2 Assessing groundwater contamination

2.1 Introduction
Assess�ng groundwater contam�nat�on �nvolves �dent�fy�ng r�sks 
to human and ecolog�cal health, and prov�d�ng the necessary 
�nformat�on to manage these r�sks. Generally, the r�sks are 
unacceptable �f groundwater qual�ty has deter�orated to the 
extent that �t can no longer support relevant env�ronmental values 
�nclud�ng current and real�st�c future use and non-use values. Wh�le 
the r�sk from groundwater contam�nat�on may be unacceptable 
due to adverse effects of the contam�nat�on on the groundwater’s 
env�ronmental values, the level of r�sk to human and ecolog�cal 
health w�ll vary depend�ng on s�te-spec�fic cond�t�ons. More deta�led 
assessments of the r�sks posed by the groundwater contam�nat�on 
may then be requ�red to �dent�fy an appropr�ate management 
response and evaluate the urgency of that response. Such a response 
may requ�re add�t�onal groundwater �nvest�gat�ons a�med at 
evaluat�ng and select�ng remed�al technolog�es. Such �nvest�gat�ons 
are not covered by these gu�del�nes, and relevant gu�dance should 
be obta�ned from documents deal�ng w�th remed�al technolog�es.  

The follow�ng presents a framework for assess�ng r�sks from 
groundwater contam�nat�on, tak�ng �nto account the env�ronmental 
values of the groundwater. It recogn�ses ex�st�ng, nat�onally 
developed approaches, pol�c�es and water qual�ty cr�ter�a developed 
to protect water under the Nat�onal Water Qual�ty Management 
Strategy (NWQMS) and the numer�cal gu�del�ne cr�ter�a for the 
protect�on of env�ronmental values that have been presented 
�n NWQMS documents. For the purpose of these gu�del�nes, 
the NWQMS cr�ter�a are hereafter referred to as ex�st�ng gener�c 
groundwater �nvest�gat�on levels (GILs). Note, however, that �n 
add�t�on to the ex�st�ng gener�c cr�ter�a, GILs may also be der�ved on 
a s�te-spec�fic bas�s.

These gu�del�nes adopt a t�ered approach for the assessment 
of groundwater contam�nat�on. They adv�se conduct�ng both a 
prel�m�nary assessment (see 2.2) and a deta�led assessment (see 2.3).  

DEC may cons�der �nformat�on obta�ned from these groundwater 
assessments �n dec�d�ng whether to regulate the management of 
the contam�nat�on. Deta�ls about DEC regulat�on are presented �n 
Sect�on 5. 
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Assessments of groundwater contam�nat�on requ�re:

careful plann�ng 

a deta�led sampl�ng and analys�s plan

the establ�shment of data qual�ty object�ves

appropr�ate data qual�ty assurance and qual�ty control 
procedures. 

The data should be collected only by appropr�ately-tra�ned 
personnel and �nterpreted by competent profess�onals w�th 
qual�ficat�ons and exper�ence relevant to assess�ng the presence, 
extent and behav�our of contam�nants �n groundwater. A good 
understand�ng of data uncerta�nty and temporal and spat�al data 
var�ab�l�ty �s �mportant as may be knowledge about remed�al 
technolog�es. For deta�led quant�tat�ve assessments, assessors 
should have tra�n�ng �n the r�sk-based assessment of groundwater 
contam�nat�on and �n modell�ng the transport of contam�nants �n 
groundwater. Wh�le relevant sources of tox�c�ty data are l�sted �n 
the s�te contam�nat�on measure and ecotox�colog�cal �nformat�on 
�s prov�ded �n ANZECC & ARMCANZ 2000a, spec�al�sed tox�colog�cal 
adv�ce may also be requ�red. 

These gu�del�nes do not prov�de deta�led techn�cal adv�ce on 
assess�ng groundwater contam�nat�on. Such gu�dance �s ava�lable 
from other sources �nclud�ng gu�del�nes �n the References sect�on.

2.2 Preliminary assessment
The potent�al for groundwater contam�nat�on due to, for �nstance, 
current or prev�ous act�v�t�es at a s�te, or the confirmed presence of 
contam�nants �n so�l, should prompt a prel�m�nary assessment of 
groundwater contam�nat�on. The prel�m�nary assessment should a�m 
to �dent�fy groundwater contam�nat�on and evaluate whether �t may 
pose a threat to human and ecolog�cal health. If a potent�al threat �s 
�dent�fied, the results of the prel�m�nary assessment should ass�st �n 
plann�ng a more deta�led groundwater contam�nat�on assessment 
(see 2.3)

The prel�m�nary assessment of groundwater contam�nat�on beg�ns 
w�th �nvest�gat�ng read�ly ava�lable �nformat�on through a desktop 
study, �nclud�ng:

appra�s�ng the s�te h�story and �dent�fy�ng all past and present 
contam�nat�ng act�v�t�es and assoc�ated potent�al contam�nants

•

•

•

•

•
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find�ng out ava�lable �nformat�on about the local and reg�onal 
geology and hydrogeology, �nclud�ng �dent�fy�ng water-bear�ng 
zones wh�ch may, for �nstance, �nclude perched groundwater near 
the surface, unconfined groundwater at shallow depth, and sem�-
confined or confined groundwater at greater depth

�dent�fy�ng aqu�fers and confin�ng layers, and at least conduct�ng 
a bas�c assessment of expected hydraul�c conduct�v�t�es and 
poros�t�es

�nvest�gat�ng the groundwater flow doma�n, �nclud�ng the 
expected elevat�on of the water table and any potent�ometr�c 
surfaces, lateral and vert�cal hydraul�c grad�ents, l�kely flow 
d�rect�on and flow veloc�ty, sources of recharge, poss�ble 
d�scharge po�nts and other hydraul�c boundar�es 

�dent�fy�ng potent�al receptors, �nclud�ng current and real�st�c 
future water users, surface water bod�es, groundwater-dependent 
ecosystems and groundwater ecosystems, and vapour flux 
receptors

�dent�fy�ng the natural hydrogeochem�stry of the groundwater 
system, such as pH, redox potent�al, total d�ssolved sol�ds, and 
major an�on and cat�on concentrat�ons. 

For the desktop study:

relevant �nformat�on on DEC’s publ�c record of declarat�ons and 
orders under the CLM Act, and �n the publ�c reg�ster under the 
POEO Act, as well as �nformat�on from local counc�ls and DNR  
(e.g. �n relat�on to known bore locat�ons and benefic�al uses) 
should be obta�ned

the NSW Natural Resource Atlas (v�s�t www.nratlas.nsw.gov.au) 
should be consulted, wh�ch �ncludes relevant �nformat�on such as 
the locat�ons of reg�stered bores.

In add�t�on to the desktop study, the prel�m�nary assessment �ncludes 
�ntrus�ve �nvest�gat�ons to �dent�fy the presence of contam�nants and 
enable l�kely max�mum contam�nant concentrat�ons �n groundwater 
beneath a s�te to be compared w�th ex�st�ng gener�c GILs (see 2.2.2). 
Contam�nat�on �s present �f there �s an undes�rable change �n the 
natural background qual�ty of the groundwater.

Wh�le the prel�m�nary assessment may not reveal all the above 
�nformat�on, the �nformat�on obta�ned must be suffic�ent to ga�n 
a prel�m�nary conceptual understand�ng of the hydrogeolog�cal 

•

•

•

•

•

•

•
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reg�me and the r�sks assoc�ated w�th any potent�al contam�nat�on. 
The prel�m�nary assessment should also �dent�fy �mportant data 
gaps.

2.2.1 Determ�n�ng natural background groundwater qual�ty

If potent�al s�te contam�nants, such as metal compounds and non-
metall�c �norgan�cs, are substances that m�ght occur naturally at 
the s�te, an evaluat�on of natural background groundwater qual�ty 
may be requ�red to d�st�ngu�sh naturally occurr�ng concentrat�ons 
of substances from anthropogen�c contam�nat�on. Where 
contam�nat�on has been �dent�fied, DNR should be �nformed about 
all water qual�ty data obta�ned dur�ng the �nvest�gat�on.

Wh�le �t �s not essent�al to determ�ne natural background 
concentrat�ons, �f the �nvest�gat�on does not uncover �nformat�on 
about natural background concentrat�ons, �t must be assumed, 
for the purpose of the prel�m�nary assessment that the detected 
substances are not naturally occurr�ng and const�tute contam�nat�on. 

2.2.2 Compar�ng contam�nant concentrat�ons aga�nst GILs

Follow�ng the �dent�ficat�on of contam�nat�on and l�kely max�mum 
contam�nant concentrat�ons �n groundwater at a s�te, these 
concentrat�ons must be compared aga�nst ex�st�ng gener�c GILs, �f 
ava�lable, wh�ch protect the follow�ng env�ronmental values:

dr�nk�ng water (see NHMRC & NRMMC 2004)

aquat�c ecosystems (see ANZECC & ARMCANZ 2000a). 

For the protect�on of aquat�c ecosystems, the GIL for 95% protect�on 
should be used. If the concentrat�on �n groundwater exceeds a GIL 
for any contam�nant and there could be current or future exposure 
to the contam�nant (e.g. �f the contam�nat�on may m�grate off-
s�te or there are on-s�te potent�al human or ecolog�cal receptors 
for the contam�nant), the contam�nat�on may pose a threat to 
human or ecolog�cal health and a more deta�led assessment of the 
groundwater contam�nat�on, as outl�ned �n 2.3, w�ll be requ�red. 
Because of the longev�ty of the contam�nat�on, a more deta�led 
assessment �s always requ�red �f non-aqueous phase l�qu�ds such as 
fuel are present �n or on groundwater.

Regard�ng protect�on of aquat�c ecosystems:

where the ex�st�ng gener�c GIL �s below the naturally occurr�ng 
background concentrat�on of a part�cular contam�nant, the 
background concentrat�on becomes the default GIL

•

•

•
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where the ex�st�ng gener�c GIL for a part�cular contam�nant �s 
below the pract�cal l�m�t of report�ng or below the detect�on l�m�t, 
the quant�tat�ve l�m�t of report�ng or the detect�on l�m�t should be 
used �nstead of the ex�st�ng gener�c GIL. 

Where a gener�c GIL does not ex�st for a part�cular contam�nant, DEC 
should be contacted for adv�ce. DEC should also be contacted �f 
the ex�st�ng gener�c GILs for dr�nk�ng water and aquat�c ecosystem 
protect�on are not cons�dered str�ngent enough to protect ecolog�cal 
and human health, g�ven the potent�al exposure routes (e.g. dermal 
contact �n relat�on to some contam�nants). 

2.3 Detailed assessment
Contam�nat�on that may pose a threat to ecolog�cal or human health 
requ�res more deta�led assessment. The deta�led assessment cons�sts 
of develop�ng, and progress�vely �mprov�ng, a conceptual s�te model 
on the bas�s of the relat�onsh�p between:

sources of the contam�nat�on and release mechan�sms

the nature and extent of the contam�nat�on

the dom�nant fate and transport character�st�cs of contam�nants,  
–  a deta�led appra�sal may mean us�ng analyt�cal or numer�cal 
solute fate and transport models – see 2.3.3

potent�al receptors and exposure pathways.

In assess�ng potent�al receptors and exposure pathways, all relevant 
env�ronmental values, �nclud�ng those assoc�ated w�th current 
and real�st�c future benefic�al uses of the groundwater, need to be 
accounted for (see 2.3.1).

Informat�on on develop�ng conceptual s�te models for contam�nated 
s�tes can be found �n Amer�can Soc�ety for Test�ng and Mater�als 
2003.

Dur�ng the deta�led assessment, uncerta�nt�es should be addressed 
v�a further �nvest�gat�ons. New find�ngs should then be used to 
val�date and �mprove the conceptual s�te model �n relat�on to, 
for �nstance, an �mproved understand�ng of the extent of the 
contam�nat�on, the fate of the contam�nants, or the nature of the 
water bear�ng zones and any potent�al receptors. 

The assessment must prov�de enough �nformat�on about the nature 
and sever�ty of the r�sks assoc�ated w�th the contam�nat�on to 
develop mean�ngful conclus�ons about the need for, and the urgency 

•

•

•

•

•



14

of, management responses. The find�ngs of the deta�led assessment 
should ass�st �n �dent�fy�ng a management response that, at a 
m�n�mum, ensures that groundwater qual�ty – when groundwater 
comes to the surface from natural seepages or ex�st�ng or potent�al 
future bores – does not comprom�se relevant env�ronmental values. 
An except�on to th�s �s the protect�on of organ�sms �n groundwater, 
�f appl�cable. Further �nformat�on about the protect�on of such 
organ�sms �s �ncluded �n Append�x 2.

Where the deta�led assessment �ncludes pred�ct�ons of future 
contam�nant concentrat�ons and concludes that these w�ll not 
comprom�se env�ronmental values, appropr�ate groundwater 
mon�tor�ng needs to be �mplemented to ver�fy the pred�cted 
concentrat�ons. Also, cont�ngency measures �nclud�ng tr�ggers 
for �mplement�ng these measures should be developed as the 
groundwater mon�tor�ng may show that the pred�ct�on �s �nval�d. 

2.3.1 Protect�ng the groundwater’s env�ronmental values

‘Env�ronmental values’ are defined �n ANZECC & ARMCANZ 2000a as:

  ‘part�cular values or uses of the env�ronment that are   
  �mportant for a healthy ecosystem or for publ�c benefit,  
  welfare, safety or health wh�ch requ�re protect�on from the  
  effects of pollut�on, waste d�scharges and depos�ts’.

To protect the groundwater’s env�ronmental values, the current 
and projected contam�nant concentrat�ons at the po�nts of ex�st�ng 
and real�st�c future use may need to be est�mated. If analyt�cal 
or numer�cal fate and transport models are used to est�mate 
contam�nant concentrat�ons over t�me at these po�nts, the models 
must be based on a val�d conceptual s�te model. 

The current and projected contam�nant concentrat�ons should then 
be compared aga�nst GILs to determ�ne �f the relevant env�ronmental 
values may be adversely affected. The pr�nc�ple for determ�n�ng the 
appropr�ate GILs for the relevant env�ronmental values �s art�culated 
�n The NSW groundwater quality protection policy (NSW Government 
1998), wh�ch states that:

  ‘water qual�ty object�ves should always protect the   
  groundwater qual�ty to a level that meets the most sens�t�ve  
  end user’s requ�rements’.

All relevant env�ronmental values should be cons�dered, �nclud�ng 
current and potent�al uses of the groundwater and ecosystems. 
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The concept of env�ronmental values recogn�ses that the nearest 
receptor of the groundwater may change as a result of development 
occurr�ng between the s�te and the receptor, �.e. there may be future 
uses for the groundwater.

 Schedule B(6) of the s�te contam�nat�on measure (NEPC 1999) 
prov�des a methodology for us�ng GILs  to assess contam�nated 
groundwater. The follow�ng s�x env�ronmental values are presented: 

aquat�c ecosystems

aquaculture and human consumers of food

agr�cultural water

recreat�on and aesthet�cs

dr�nk�ng water

�ndustr�al water.

Deta�ls about how to �dent�fy env�ronmental values are prov�ded 
�n Append�x 2. For each env�ronmental value, a set of gener�c GILs 
�s prov�ded that defines acceptable water qual�ty at the po�nt of 
use. For some env�ronmental values, the ex�st�ng gener�c GILs 
are an adequate gu�de to the water qual�ty requ�red to protect 
env�ronmental values, such as dr�nk�ng water cr�ter�a at the po�nt 
where the groundwater �s used for dr�nk�ng. For other env�ronmental 
values or for a po�nt of groundwater extract�on where groundwater 
�s not used, exceed�ng GILs may tr�gger further �nvest�gat�on. 

As GILs protect relevant env�ronmental values, groundwater qual�ty 
that meets the GILs does not generally pose unacceptable r�sks. 
If the groundwater qual�ty does not meet the relevant GILs, the 
groundwater may not be safe for the env�ronmental values and 
act�on would have to be undertaken to more accurately determ�ne 
whether the groundwater �s safe or to resolve the problem.

2.3.2 S�te-spec�fic r�sk assessment

Gener�c GILs do not ex�st for all contam�nants or exposure scenar�os 
(e.g. the protect�on of human health from the �nhalat�on of volat�le 
contam�nants). If there �s no gener�c GIL, relevant cr�ter�a from 
overseas or GILs developed from a s�te-spec�fic r�sk assessment may 
be used. Such GILs may also be used �f contam�nant concentrat�ons 
exceed an ex�st�ng gener�c GIL at a po�nt where groundwater �s not 
used and �s not l�kely to be used �n the future. 

•

•

•
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Any deta�led (e.g. quant�tat�ve) assessment of r�sks posed by 
groundwater contam�nat�on requ�res a thorough understand�ng of 
all relevant aspects. Of part�cular �mportance are aspects relat�ng 
to sampl�ng methods, the fate and transport of contam�nants 
�n groundwater, spat�al and temporal data var�ab�l�ty, and data 
uncerta�nty. Part�cularly where groundwater contam�nat�on may 
already affect a receptor such as an aquat�c ecosystem, other 
spec�al�st adv�ce, for �nstance, ecotox�colog�cal adv�ce, may be 
needed.

Any s�te-spec�fic assessment of r�sks must follow the r�sk-assessment 
gu�dance �n the s�te contam�nat�on measure (NEPC 1999). In a s�te-
spec�fic r�sk-based assessment, the follow�ng may also need to be 
cons�dered as they present add�t�onal �nformat�on:

for assess�ng human health r�sks, Department of Health and 
Ag�ng & EnHealth 2002 

for assess�ng r�sks to aquat�c ecosystems,  ANZECC & ARMCANZ 
2000a.  

Whenever cr�ter�a from overseas or s�te-spec�fic r�sk-based cr�ter�a 
are used, agreement from DEC should be obta�ned. The study results 
plus the accompany�ng analys�s should be prov�ded to DEC for 
rev�ew and, �f appropr�ate, endorsement of the cr�ter�a for use at the 
s�te �n quest�on.

In the context of s�te-spec�fic r�sk assessment, r�sk percept�on 
may �nfluence the type or level of r�sk cons�dered ’acceptable‘. 
The percept�on of r�sk may not be the same as the level of r�sk 
assumed by those undertak�ng the study. Also, where there �s 
s�gn�ficant uncerta�nty about the r�sks assoc�ated w�th exposure to 
groundwater contam�nat�on, measures to prevent exposure should 
be �mplemented before resolv�ng complex aspects of r�sk.

2.3.3 Contam�nant fate and transport modell�ng

Contam�nat�on assessment commonly �ncorporates contam�nant 
fate and transport pred�ct�ons, �nclud�ng analyt�cal and numer�cal 
mathemat�cal modell�ng. Such modell�ng can be used to:

ass�st �n val�dat�ng the conceptual s�te model and �dent�fy�ng 
�mportant data gaps

pred�ct the travel t�mes of contam�nants from the po�nt of 
groundwater extract�on to a po�nt of groundwater use

•

•

•

•
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pred�ct contam�nant concentrat�ons, mass fluxes, and exposure 
doses

assess the �mpact of assumpt�ons and uncerta�nty �n parameter 
values on the pred�ct�ons

ass�st �n select�ng a management strategy and demonstrat�ng �ts 
effect�veness 

ass�st �n remed�al des�gn.

Contam�nant fate and transport modell�ng w�ll often be necessary 
to assess the l�kely effect�veness of natural attenuat�on �n ach�ev�ng 
remed�al goals and demonstrat�ng remed�al progress and success. 

Where fate and transport modell�ng �s undertaken for pred�ct�ve 
purposes (e.g. for a r�sk assessment), the model must be based on a 
val�d conceptual s�te model and the �nformat�on obta�ned from the 
modell�ng study must adequately ass�st �n mak�ng dec�s�ons about 
the act�on needed to address groundwater contam�nat�on.

Modell�ng the fate and transport of groundwater contam�nants �s a 
complex task. In all cases:

modell�ng should only be undertaken by appropr�ately qual�fied 
profess�onals exper�enced �n groundwater contam�nat�on

the model used must reflect best �ndustry pract�ce, and the 
proponent must clearly demonstrate the appl�cab�l�ty and 
adequacy of the model for a spec�fic s�te and modell�ng object�ve

model assumpt�ons and parameter values must be appropr�ately 
conservat�ve and the assoc�ated report must clearly expla�n the 
val�d�ty of all assumpt�ons made and all �nput parameter values 
selected.

The degree of conservat�sm requ�red �n the model w�ll depend on 
var�ous factors. Generally, the level of conservat�sm can be reduced 
by �mproved s�te character�sat�on, adequate model cal�brat�on and 
sens�t�v�ty analyses.

 Wh�le contam�nant m�grat�on �n groundwater occurs �n three 
d�mens�ons, not all d�mens�ons need to be �ncorporated �nto the 
mathemat�cal model, depend�ng on the object�ve of the modell�ng 
study and the degree of conservat�sm that �s employed.

Some gu�dance on fate and transport modell�ng �s prov�ded �n 
Schedule B(2) of the s�te contam�nat�on measure (NEPC 1999).

•

•
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2.3.4 Add�t�onal aspects to cons�der

Although a w�de range of analyt�cal and numer�cal modell�ng tools 
and v�sual�sat�on a�ds �s now ava�lable to ass�st �n the assessment of 
groundwater contam�nat�on, profess�onals us�ng these tools must 
have cons�derable knowledge of relevant processes comb�ned w�th 
analyt�cal sk�lls and profess�onal judgement.

Among other aspects, the follow�ng �ssues should be taken �nto 
account �n plann�ng �nvest�gat�ons �nto groundwater contam�nat�on:

Appropr�ately qual�fied and exper�enced groundwater 
profess�onals must plan and �mplement a su�table groundwater 
�nvest�gat�on.

Schedule B(2) of the s�te contam�nat�on measure (NEPC 1999) and 
the Australian guidelines for water quality monitoring and reporting 
(ANZECC & ARMCANZ 2000b) should be cons�dered. 

Data qual�ty object�ves, for �nstance as per the Guidelines for the 
NSW site auditor scheme (second ed�t�on) (DEC 2006), should be 
defined before the �nvest�gat�on. 

The ex�stence of groundwater has to be acknowledged at 
every potent�ally contam�nated s�te. If there �s the potent�al for 
groundwater contam�nat�on, �ntrus�ve groundwater �nvest�gat�ons 
should generally be carr�ed out unless groundwater �s present at 
greater depth (e.g. more than 15 m below the ground surface), �n 
wh�ch case the r�sks to potent�al receptors should be cons�dered 
�n assess�ng the need for �ntrus�ve �nvest�gat�ons. Intrus�ve 
�nvest�gat�ons at greater depth may not be requ�red where the 
natural background qual�ty of the groundwater �s poor and 
the groundwater y�eld �s low. In any case, adv�ce from relevant 
agenc�es should be obta�ned �f �ntrus�ve �nvest�gat�ons are 
cons�dered unwarranted. 

Groundwater �nvest�gat�ons at a source s�te requ�re careful 
plann�ng and execut�on to avo�d groundwater contam�nat�on as 
a result of bore construct�on. Under certa�n c�rcumstances (e.g. 
contam�nat�on w�th dense non-aqueous phase l�qu�d (DNAPL)), 
observat�on bores may need to be �nstalled away from suspected 
source areas.

The complex�ty of the groundwater system, wh�ch may �nclude 
perched groundwater near the surface, an unconfined aqu�fer at 
shallow depth and sem�-confined or confined aqu�fers at greater 
depths, needs to be cons�dered. 

•
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D�fferent water-bear�ng zones at a s�te may have d�fferent 
attr�butes, such as permeab�l�ty and y�eld, and d�fferent 
env�ronmental values. 

Properly constructed groundwater mon�tor�ng wells are essent�al. 
Aqu�fer �nterconnect�on and cross-contam�nat�on must be 
avo�ded. Gu�dance on construct�on and use of mon�tor�ng wells 
�s prov�ded �n Minimum construction requirements for water bores 
in Australia (LWBC 2003) and �n Groundwater sampling guidelines 
(EPA V�ctor�a 2000).

Many methods are ava�lable for obta�n�ng groundwater samples 
from mon�tor�ng wells. Depend�ng on the cond�t�ons (e.g. 
chem�cals of concern, geology), some g�ve more rel�able results 
than others. It �s �mportant to select the most appropr�ate 
sampl�ng techn�que for a part�cular well and contam�nant su�te, 
tak�ng account of modern sampl�ng methods. In th�s context, the 
Groundwater sampling guidelines (EPA V�ctor�a 2000) should be 
cons�dered.

The collect�on of groundwater samples from p�ts �s subject to 
potent�al �nterference, �nclud�ng gas exchange and m�x�ng dur�ng 
p�t excavat�on and h�gh suspended sol�d loads. Although useful 
qual�tat�ve �nd�cat�ons may often be obta�ned from such samples, 
they should not be �ncluded �n the same data set as samples from 
mon�tor�ng wells.

The Austral�an Standard AS2368 (Standards Austral�a 1990) Test 
pumping of water wells should be cons�dered �n the context of 
assess�ng hydraul�c propert�es of aqu�fers.

Appropr�ate l�cences/consent for groundwater bores must be 
obta�ned from DNR.

Extracted groundwater must be d�sposed of �n accordance 
w�th the POEO Act and the trade wastes agreement w�th the 
appropr�ate water author�ty. Off-s�te d�sposal must cons�der 
the Environmental guidelines: assessment, classification and 
management of liquid and non-liquid wastes (NSW EPA 1999). 

Groundwater �nvest�gat�ons must cons�der that groundwater flow 
and contam�nant transport occur �n three d�mens�ons. Generally, 
observat�on wells should be des�gned to sample d�screte, 
relat�vely short, vert�cal �ntervals target�ng a depth of sampl�ng 
based on expected concentrat�on profiles and relevant exposure 
scenar�os. 
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Geophys�cal techn�ques that may contr�bute to valuable 
�nformat�on about the contam�nant plume should be cons�dered.

Both natural and emplaced ground mater�als are heterogeneous. 
The potent�al presence of preferred pathways should always 
be cons�dered when des�gn�ng a groundwater mon�tor�ng well 
network. 

Off-s�te groundwater �nvest�gat�ons w�ll generally be requ�red to 
del�neate a contam�nant plume. Such �nvest�gat�ons may also be 
�mportant to ga�n ev�dence that the s�te under �nvest�gat�on �s not 
the source s�te.

The effect of groundwater recharge on the depth of contam�nant 
plumes must be cons�dered �n dec�d�ng on sampl�ng depths.

Informat�on �n the Groundwater management handbook 
(Sydney Coastal Counc�ls Group 2006) should be cons�dered 
as the handbook conta�ns relevant deta�ls on, for �nstance, 
decomm�ss�on�ng bores.

•
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3 Managing groundwater contamination

3.1 Introduction
In these gu�del�nes, the term ‘management’ covers all measures 
taken to address groundwater contam�nat�on, �nclud�ng measures to 
m�t�gate r�sks from the contam�nat�on. Measures may �nclude, but are 
not l�m�ted to:

not�fy�ng DEC, DNR, NSW Health, local counc�ls, affected property 
owners, groundwater users, owners of subsurface ut�l�t�es 
and others, as appropr�ate, of the presence of groundwater 
contam�nat�on

plume conta�nment

act�ve or pass�ve clean-up of contam�nated groundwater

ongo�ng mon�tor�ng of groundwater, and cont�ngency plans 

�mplement�ng groundwater management plans to m�t�gate r�sks

restr�ct�ng groundwater use �n, and down-grad�ent of, the 
contam�nant plume.

Manag�ng groundwater contam�nat�on, for �nstance, to protect town 
water supply wells may also �nclude �mplement�ng strateg�es such 
as wellhead protect�on plans to prevent groundwater �n areas that 
supply water to a publ�c well from becom�ng contam�nated. More 
deta�ls about wellhead protect�on plans can be found �n The NSW 
groundwater quality protection policy (NSW Government 1998).

The most appropr�ate management strategy for a part�cular s�te 
where groundwater �s contam�nated w�ll depend on a range of 
factors �nclud�ng the nature and extent of contam�nat�on, the 
sever�ty of the contam�nat�on, the ava�lab�l�ty of pract�cal remed�al 
opt�ons, and commun�ty expectat�ons. Publ�c �nvolvement �s 
�mportant �n �dent�fy�ng appropr�ate management responses. 
In th�s context, the Guidelines for groundwater protection in 
Australia (ANZECC & ARMCANZ 1995) and Schedule B(8) of the s�te 
contam�nat�on measure (NEPC 1999) should be cons�dered.

The follow�ng sect�ons d�scuss ways of determ�n�ng an appropr�ate 
management strategy. Note that the �ssues d�scussed �n these 
sect�ons are relevant to the management of contam�nated 
groundwater �rrespect�ve of whether the contam�nat�on �s managed 
under the CLM Act.
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3.2 Management responses to contamination
Wh�le prevent�on of groundwater contam�nat�on �s a key pr�nc�ple, 
contam�nat�on of groundwater �s �n many cases a legacy of past 
pract�ces. Where contam�nat�on �s �dent�fied, the management 
object�ves are to protect human and ecolog�cal health and to 
ult�mately restore the groundwater to �ts natural background qual�ty. 
To ach�eve these object�ves, the follow�ng management responses 
must be cons�dered:

control short-term threats ar�s�ng from the contam�nat�on (see 
3.3)

restr�ct groundwater use (see 3.4)

prevent or m�n�m�se further m�grat�on of contam�nants from 
source mater�als to groundwater (see 3.5)

prevent or m�n�m�se further m�grat�on of the contam�nant plume 
(see 3.6)

clean up groundwater to protect human and ecolog�cal 
health, restore the capac�ty of the groundwater to support the 
relevant env�ronmental values and, as far as pract�cable, return 
groundwater qual�ty to �ts natural background qual�ty (see 
Sect�on 4).

As a m�n�mum, management of contam�nated groundwater should 
cont�nue unt�l human and ecolog�cal health �s protected and the 
capac�ty of the groundwater to support relevant env�ronmental 
values �s restored.

Management responses to groundwater contam�nat�on should focus 
on the greatest threats first, and the benefits of groundwater clean-
up must outwe�gh any �nc�dental negat�ve �mpacts that could ar�se.

3.3 Controlling short-term threats
Immed�ate act�on �s requ�red where short-term threats, that �s, acute 
r�sks, are �dent�fied. Such r�sks �nclude the accumulat�on of explos�ve 
vapours �n underground ut�l�t�es, or unacceptable r�sks to human or 
ecolog�cal health from short-term exposures to contam�nat�on.

As an example of the type of management response that may be 
requ�red, DNR may �mpose a ban on the extract�on of groundwater 
from bores to prevent exposure to contam�nants. In certa�n 
c�rcumstances, NSW Health also has powers to restr�ct the use of 
groundwater �n NSW.

•
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3.4 Restricting groundwater use
In some c�rcumstances, the use of contam�nated groundwater both 
on- and off-s�te may need to be restr�cted.

DNR �s the lead agency for manag�ng groundwater use �n NSW. 
DNR also determ�nes whether use restr�ct�ons are necessary where 
contam�nat�on precludes the safe use of groundwater. L�a�son w�th 
DNR �s essent�al �f groundwater use restr�ct�ons are cons�dered 
necessary.

In spec�fic cases, DNR may restr�ct groundwater use near a 
contam�nated s�te to prevent exposure wh�le groundwater 
remed�at�on occurs. Th�s type of �nst�tut�onal control may be 
necessary, for example, where a s�te �s �mplement�ng a long-term 
groundwater remedy. In general, use restr�ct�on, other than as an 
emergency response to reduce r�sks, would only be supported 
where:

the sources of contam�nat�on have been controlled

the ex�st�ng boundar�es of the contam�nant plume have been 
�dent�fied

the groundwater contam�nat�on �s be�ng cleaned up or has been 
cleaned up cons�stent w�th DEC’s requ�rements 

there �s an acknowledgement from the party respons�ble for the 
remed�at�on of �ts obl�gat�ons to protect human and ecolog�cal 
health, and a comm�tment that groundwater management 
act�ons w�ll cont�nue unt�l the groundwater qual�ty protects 
relevant env�ronmental values

the groundwater management plan, �nclud�ng prov�s�ons for 
the regular report�ng of ongo�ng groundwater qual�ty, has been 
documented and prov�ded to DNR.

Restr�ct�ng access to groundwater w�ll not be cons�dered an 
appropr�ate management strategy �n �solat�on unless there are no 
other remed�at�on opt�ons ava�lable.

Where groundwater use �s restr�cted because of contam�nat�on, DEC 
or DNR may requ�re the party respons�ble for the contam�nat�on 
to undertake some act�ons to support the use restr�ct�ons. These 
could �nclude, for �nstance, the development and �mplementat�on 
of a commun�cat�on strategy to �nform the commun�ty about 
groundwater contam�nat�on or ongo�ng bore sampl�ng �n the area of 
the contam�nant plume.

•
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In any case, the fact that the use of groundwater �s restr�cted should 
not be be used to argue the case for lower clean-up standards, 
although the t�meframe to ach�eve the clean-up may be affected.

3.5 Source control
The el�m�nat�on or control of all known and suspected sources 
of groundwater contam�nat�on �s �mportant. A source �s any 
mater�al that acts as a reservo�r for the cont�nued contam�nat�on 
of groundwater. Sources of ongo�ng groundwater contam�nat�on 
�nclude pr�mary sources, such as leak�ng chem�cal storage tanks, and 
secondary sources, such as separate phase l�qu�ds �n groundwater 
and overly�ng so�ls.

Source control refers to a range of act�ons, �nclud�ng removal, 
treatment �n place, and conta�nment, wh�ch are des�gned to 
m�n�m�se m�grat�on of contam�nants �nto groundwater. Source 
control �s �mportant because m�n�m�s�ng further contam�nant 
releases to the env�ronment �s often requ�red for the successful 
management of a contam�nant plume. Sources of groundwater 
contam�nat�on also need to be addressed because �t �s an offence 
under the POEO Act to pollute groundwater.

Source control act�ons should be undertaken early �n the assessment 
and management process. In part�cular:

Leak�ng underground tanks must be repa�red or replaced �n 
accordance w�th appropr�ate standards such as The design, 
installation and operation of underground petroleum storage 
systems (Austral�an Inst�tute of Petroleum 2002) as soon as a leak �s 
confirmed, and further �nvest�gat�ons must determ�ne the extent, 
�f any, of contam�nat�on of so�ls and groundwater.

Non-aqueous phase l�qu�ds must be cleaned up to the extent 
pract�cable – see 3.5.1.

Contam�nated so�ls need remed�at�ng so they no longer pose 
a potent�al r�sk to groundwater qual�ty. Th�s may requ�re the 
development of so�l cr�ter�a that take �nto account the leach�ng 
potent�al of contam�nants from so�l �nto groundwater. Note that 
the health-based so�l �nvest�gat�on levels adopted �n Guidelines 
for the site auditor scheme (DEC 2006) and the s�te contam�nat�on 
measure (NEPC 1999) do not take groundwater protect�on �nto 
account.

•
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Where complete source removal or treatment �s not poss�ble:

the rema�n�ng source should be conta�ned for the ent�re t�me that 
�t �s present �n the groundwater

any source conta�nment w�ll generally need to be supported by 
ongo�ng groundwater qual�ty mon�tor�ng.

Source conta�nment as part of a long-term management response 
w�ll generally only be appropr�ate where there are s�gn�ficant 
d�fficult�es �n remov�ng or treat�ng the contam�nat�on, for �nstance 
where:

treatment technolog�es are not ava�lable or treatment �s not 
techn�cally feas�ble

the volume of mater�als or complex�ty of the s�te make source 
removal or treatment �mpract�cable

remov�ng or treat�ng the source would have unavo�dable severe 
adverse effects on other aspects of the env�ronment.

3.5.1 Non-aqueous phase l�qu�ds 

Non-aqueous phase l�qu�ds (NAPLs) �n the subsurface prov�de 
an ongo�ng source of contam�nat�on. NAPLs that are �n contact 
w�th groundwater const�tute groundwater contam�nat�on. Where 
l�ght NAPLs (LNAPLs) or dense NAPLs (DNAPLs) are present �n the 
subsurface, they must be removed or treated as much as pract�cable.
Part�cular care, however, �s requ�red �n the assessment and clean-up 
of DNAPL contam�nat�on to prevent mob�l�sat�on or an �ncreased rate 
of d�ssolut�on.

Where complete removal or treatment of the NAPL �s �mpract�cable, 
as may be the case w�th some DNAPLs �n complex geolog�cal 
med�a, ongo�ng mon�tor�ng and management of the contam�nat�on 
�s requ�red as a m�n�mum for as long as necessary, to ensure the 
protect�on of human and ecolog�cal health. Sources and plumes 
w�ll need to be conta�ned to the max�mum extent pract�cable, and 
remed�at�on to address the d�ssolved-phase contam�nants may also 
be requ�red.

A strategy for controll�ng NAPL contam�nat�on should have the 
follow�ng object�ves:

to ensure the protect�on of human and ecolog�cal health

to control further m�grat�on of contam�nants from subsurface 
NAPLs to the surround�ng groundwater (source control)
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to reduce NAPL mass to the extent pract�cable (source removal or 
treatment).

It �s recogn�sed that clean-up of NAPL contam�nat�on can be d�fficult. 
For �nstance, there can be h�gh costs and uncerta�n benefits �n 
aggress�ve source zone treatment of some NAPLs. Therefore, the 
remed�al object�ve for some s�tes w�th recalc�trant sources of NAPL 
may be to conta�n the source mater�al and prevent or m�n�m�se 
further contam�nant m�grat�on. Nonetheless, presumpt�ons about 
the pract�cab�l�ty of source zone remed�at�on must keep pace w�th 
emergent technology; �t should not automat�cally be assumed that 
source zone remed�at�on �s not feas�ble.

Any assessment that source removal of NAPL contam�nants �s 
�mpract�cable should be clearly documented.

3.6 Plume containment
In respond�ng to groundwater contam�nat�on, one goal �s to conta�n 
the extent of the contam�nant plume, that �s, to prevent or m�n�m�se 
further plume m�grat�on wh�le other management act�ons are 
tak�ng place. Plume conta�nment, as the sole long-term response 
to groundwater contam�nat�on, �s generally only acceptable when 
clean�ng up contam�nated groundwater �s not pract�cable. 

Proponents of long-term conta�nment must demonstrate they 
have adequately cons�dered all r�sks posed by the groundwater 
contam�nat�on. Systems must be developed to mon�tor the 
effect�veness of the conta�nment �n the long term, and cont�ngency 
plans must be developed �f mon�tor�ng data shows that the 
conta�nment �s not effect�ve. In th�s context, the respons�b�l�t�es for, 
and resourc�ng of, long-term management and cont�ngency plans 
need to be addressed.

3.7 Clean-up of contaminated groundwater
Clean-up �s an �mportant part of manag�ng groundwater 
contam�nat�on. Sect�on 4 prov�des �n-depth �nformat�on on 
object�ves and procedures for clean�ng up contam�nated 
groundwater, and should be read �n conjunct�on w�th th�s sect�on.

•
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4 Cleaning up contaminated groundwater
Th�s sect�on should be read �n conjunct�on w�th Sect�on 3 as clean-up 
�s an �mportant part of manag�ng contam�nated groundwater, and 
mater�al �n Sect�on 3 w�ll also be relevant for th�s sect�on. D�scuss�on 
of clean-up has been separated from Sect�on 3 for ease of readab�l�ty.

Clean-up object�ves for contam�nated groundwater should be 
establ�shed �n the follow�ng preferent�al order:

1 Clean up so natural background water qual�ty �s restored.

2 Clean up to protect the relevant env�ronmental values of   
 groundwater, and human and ecolog�cal health.

3 Clean up to the extent pract�cable.

Th�s h�erarchy �s d�scussed below. 

4.1 Clean up so natural background water quality is restored
Ideally, contam�nated groundwater should be restored as much 
as pract�cable to �ts natural background qual�ty. Th�s �s part�cularly 
�mportant for pr�st�ne or near-pr�st�ne groundwater systems of h�gh 
y�eld.

In pract�ce, clean�ng up so natural background concentrat�ons are 
restored can be techn�cally d�fficult and extremely costly. Therefore, 
where �t �s not pract�cable to restore background qual�ty, an �nter�m 
clean-up goal can be based on protect�ng env�ronmental values and 
prevent�ng potent�al r�sks to human and ecolog�cal health.

Even where �t �s not pract�cable �n the short term, restor�ng water 
qual�ty to �ts natural background state should rema�n the long-term 
remed�al object�ve for contam�nated groundwater. In th�s context, 
the use of mon�tored natural attenuat�on should be cons�dered. 

4.1.1 Mon�tored natural attenuat�on

Natural attenuat�on of contam�nants �n groundwater may be defined 
as the:

  ‘effect of naturally occurr�ng phys�cal, chem�cal and 
  b�olog�cal processes to reduce the load, concentrat�on, flux  
  or tox�c�ty of pollut�ng substances �n groundwater’ (UK   
  Env�ronment Agency 2000).
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These processes �nclude b�odegradat�on, d�spers�on, d�ffus�on, 
sorpt�on, volat�l�sat�on, and chem�cal or b�olog�cal stab�l�sat�on, 
transformat�on or destruct�on. 

Mon�tored natural attenuat�on (MNA) can also be part of a strategy 
for manag�ng r�sks from contam�nated groundwater. However, a 
deta�led evaluat�on of the contam�nat�on, the aqu�fer character�st�cs 
and potent�al r�sks �s necessary to confirm that MNA should be part 
of the management strategy. 

A proposal for MNA must �nclude clear ev�dence demonstrat�ng that:

s�gn�ficant attenuat�on of contam�nants �s occurr�ng

remed�al goals can be met �n an adequate t�meframe

the proposed mon�tor�ng program �s su�table.

For DEC to accept MNA as a su�table approach at a s�te, natural 
attenuat�on processes that reduce the mass of d�ssolved 
contam�nants (e.g. b�odegradat�on) w�ll generally need to be clearly 
demonstrated. 

Append�x 3 presents more deta�led gu�dance on the appropr�ate 
evaluat�on and �mplementat�on of MNA for use �n NSW.

4.2 Clean up to protect the relevant environmental values of 
groundwater, and human and ecological health

Where the clean-up goal �s to protect the env�ronmental values of 
groundwater, and human and ecolog�cal health, numer�cal clean-
up cr�ter�a may need to be used to measure the success of remed�al 
act�ons.

Clean-up cr�ter�a at the po�nt of use must employ relevant ex�st�ng 
gener�c GILs or GILs der�ved on a s�te-spec�fic bas�s. At the po�nt of 
extract�on, s�te-spec�fic clean-up cr�ter�a may be der�ved that protect 
the appl�cable env�ronmental values, and human and ecolog�cal 
health, at the po�nt of use. Where numer�cal clean-up cr�ter�a for 
e�ther the po�nt of use or the po�nt of extract�on are proposed, based 
on a s�te-spec�fic assessment of r�sks, the cr�ter�a must be der�ved 
through comprehens�ve evaluat�on of all actual and potent�al 
exposure pathways.

The s�te-spec�fic use of clean-up cr�ter�a must take �nto account 
schedules B(4) and B(5) of the s�te contam�nat�on measure (NEPC 
1999). Clean-up cr�ter�a der�ved for the po�nt of use wh�ch are 
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cons�dered to be protect�ve of aquat�c ecosystems may also need to 
cons�der the process outl�ned �n ANZECC & ARMCANZ 2000a. DEC 
should be consulted �f s�te-spec�fic r�sk-based cr�ter�a are used. 

4.3  Clean up to the extent practicable
Where DEC has dec�ded to regulate the management of 
contam�nated groundwater under Part 3 of the CLM Act, DEC must 
be sat�sfied w�th any remed�at�on plan or proposal for a voluntary 
remed�at�on agreement. In th�s context, DEC w�ll cons�der what 
�s pract�cable and may seek �ndependent expert ver�ficat�on of 
any support�ng cla�ms. In some cases, �t may not be pract�cable 
to cont�nue clean�ng up the groundwater to the po�nt where all 
�ts env�ronmental values are restored. In such �nstances, when 
regulat�ng the remed�at�on, DEC may cons�der proposed �nter�m 
clean-up goals �n consultat�on w�th stakeholders.

4.3.1 Demonstrat�ng restor�ng env�ronmental values �s �mpract�cable

If a proponent cons�ders that clean-up to restore the protect�on of 
env�ronmental values �s �mpract�cable �n the future, th�s must be 
clearly demonstrated to DEC. The evaluat�on of pract�cab�l�ty should 
be documented aga�nst each factor l�sted below:

techn�cal capab�l�ty to ach�eve the clean-up

clean-up costs

the value of the groundwater resource

threats the contam�nat�on poses to human or ecolog�cal health.

Proposed clean-up measures should correlate w�th the value of 
the groundwater resource and the sever�ty of the contam�nat�on. 
Further, any proposal for the clean-up that argues �mpract�cab�l�ty 
must �nclude an acknowledgement that the long-term object�ve 
�s to restore the protect�on of all relevant env�ronmental values, 
and ult�mately ach�eve natural background qual�ty. In such cases, 
ongo�ng management and mon�tor�ng of the groundwater may be 
requ�red to ensure the protect�on of human and ecolog�cal health. 

In cons�der�ng the nature of the remed�at�on requ�red for a s�te, 
DEC may cons�der what act�ons are pract�cable. If �t �s �mpract�cable 
to clean up groundwater to a concentrat�on needed to restore the 
protect�on of env�ronmental values, DEC may accept that clean-up to 
the extent pract�cable has occurred and that, subject to appropr�ate 
ongo�ng management of exposures to the contam�nants and 
per�od�c rev�ew, further clean-up �s not requ�red. However, acute r�sks 
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from the contam�nat�on, such as r�sks from short-term exposure or a 
r�sk of explos�on from the accumulat�on of vapours, must be resolved 
w�thout delay.

In all cases where clean-up to restore env�ronmental values cannot 
be ach�eved:

�t �s st�ll necessary to clean up to the extent pract�cable, to 
m�n�m�se the �mpact on env�ronmental values

human and ecolog�cal health must be protected

plume conta�nment should be �mplemented to prevent the 
plume from spread�ng

ongo�ng groundwater mon�tor�ng may be requ�red

the poss�b�l�ty of clean�ng up the groundwater contam�nat�on 
should be per�od�cally reassessed to account for emerg�ng 
technolog�es

prov�s�ons are requ�red for long-term resourc�ng and 
respons�b�l�ty for any ongo�ng management strategy

�nformat�on must be recorded and d�ssem�nated.

In cons�der�ng the pract�cab�l�ty of clean�ng up the groundwater 
contam�nat�on, DEC w�ll take �nto account techn�cal, log�st�cal and 
financ�al cons�derat�ons. 

Before DEC agrees to the proposal, �t may seek �nput from DNR on 
the current and real�st�c future uses of the groundwater and the 
�mpl�cat�ons that res�dual contam�nat�on may have for groundwater 
resource management. DNR would cons�der the �nformat�on 
prov�ded �n a groundwater management plan where long-term 
restr�ct�ons on groundwater use are requ�red.

Where DEC agrees that clean-up to the extent pract�cable has 
occurred, th�s does not remove the proponent’s respons�b�l�ty 
for ongo�ng management of the res�dual contam�nat�on. The 
remed�at�on proposal should be accompan�ed by:

a comm�tment to ongo�ng mon�tor�ng and re-evaluat�on of the 
pract�cab�l�ty of clean-up. A sat�sfactory mon�tor�ng and report�ng 
program must be �mplemented to cont�nually evaluate the 
contam�nat�on.

a groundwater management plan (GMP) that spec�fies measures 
wh�ch w�ll be �mplemented to m�t�gate r�sks to human and 
ecolog�cal health (see 5.3.2).
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acknowledgement that future management �nclud�ng clean-
up act�on may be requ�red by the government to ensure the 
protect�on of human and ecolog�cal health.

prov�s�on for long-term resourc�ng and respons�b�l�ty for any 
ongo�ng management strategy.

Any ongo�ng management act�ons may be enforceable through 
statutory means such as a regulatory �nstrument �ssued under the 
CLM or POEO Act.

4.4 Clean-up impacts
The benefits from undertak�ng groundwater clean-up must 
outwe�gh any �nc�dental negat�ve �mpacts to human health or the 
env�ronment that could ar�se from the clean-up.

Groundwater remed�at�on technolog�es that �nvolve d�scharge to 
surface water, land or a�r must not pollute the rece�v�ng env�ronment. 
Remed�at�on �ncorporat�ng d�scharge to groundwater must not 
cause unacceptable contam�nat�on, such as an adverse �mpact on 
env�ronmental values, from the uncontrolled presence of treatment 
products or compounds der�ved from contam�nant degradat�on. 
Where �t �s proposed to add any substance to groundwater for 
treatment purposes, such as chem�cal or b�olog�cal agents to help 
the contam�nants degrade, the proponent must ensure that all 
necessary approvals and l�cences have been obta�ned.

4.5 Clean-up timeframe
The clean-up of groundwater contam�nat�on should occur �n a 
t�meframe that �s commensurate w�th techn�cal d�fficult�es and 
potent�al r�sks.

Where remed�at�on �s be�ng managed under the CLM Act, DEC w�ll 
set appropr�ate clean-up t�meframes.

Unacceptable exposures to contam�nants must be addressed as 
a pr�or�ty. If receptors are already be�ng exposed to potent�ally 
unacceptable concentrat�ons of contam�nants �n groundwater, 
d�rectly or �nd�rectly (e.g. contam�nants em�tted from groundwater to 
�ndoor a�r), act�on must be taken as soon as poss�ble to prevent these 
exposures.

Examples of factors that should be taken �nto account when 
develop�ng clean-up t�meframes for a spec�fic s�te �nclude:

•

•
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the r�sks from exposure to contam�nat�on

the relevant env�ronmental values wh�ch may be affected

the source, nature and extent of contam�nat�on

hydrogeolog�cal cond�t�ons

the rel�ab�l�ty of �nter�m exposure controls

the ava�lab�l�ty and effect�veness of su�table clean-up 
technolog�es and d�sposal opt�ons

commun�ty preferences

the financ�al resources of the party respons�ble for clean-up

�ntergenerat�onal equ�ty.

When evaluat�ng remed�al opt�ons, those that ach�eve the des�red 
clean-up goals �n the shortest t�meframe should be preferred.

Uncerta�nt�es assoc�ated w�th clean�ng up groundwater may make 
�t d�fficult to exactly spec�fy when a remed�al strategy w�ll ach�eve 
the clean-up goals. It �s not always poss�ble to pred�ct how long �t 
w�ll take to return groundwater qual�ty to a state that protects the 
relevant env�ronmental values because of complex�t�es assoc�ated 
w�th, for example, spec�fic contam�nant types and contam�nant 
�nteract�ons, hydrogeolog�cal character�st�cs and technology 
l�m�tat�ons. Nonetheless, pred�ct�ng clean-up t�meframes �s valuable 
�n evaluat�ng and select�ng the preferred remed�at�on opt�ons.

Longer t�meframes for clean�ng up groundwater contam�nat�on may 
be acceptable when there are adequate mon�tor�ng and rel�able 
controls to protect human and ecolog�cal health, and the plume has 
been appropr�ately conta�ned. 

4.6 Degraded local groundwater quality
In some cases, the extent to wh�ch the groundwater can be cleaned 
up may be l�m�ted by the presence of contam�nat�on from other 
sources, such as contam�nant releases from other s�tes that are 
hydraul�cally up-grad�ent of the subject s�te.

Where elevated concentrat�ons of contam�nants �n groundwater are 
�dent�fied enter�ng a s�te, DEC should be contacted to d�scuss what 
�mpl�cat�ons these may have for clean-up strateg�es.

The local groundwater may also be degraded due to naturally 
occurr�ng substances. The local counc�l and DNR may need to be 

•
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�nformed �n such cases because unacceptable human health and 
ecolog�cal r�sks may be assoc�ated w�th these substances.

Pollut�on prevent�on rema�ns of paramount �mportance. Where less 
str�ngent clean-up �s just�fied �n the �nter�m to deal w�th degraded 
local groundwater qual�ty, th�s does not d�m�n�sh the need to 
prevent further contam�nat�on.

4.7 Environmental monitoring
Env�ronmental mon�tor�ng and report�ng are often needed to assess 
whether management act�ons at a part�cular s�te are ach�ev�ng, or 
mov�ng towards, the clean-up goals. Env�ronmental mon�tor�ng �s a 
key component of any remed�at�on strategy, and �s also �mplemented 
through an ongo�ng management strategy �f res�dual contam�nat�on 
rema�ns at a s�te after remed�al works have ceased.

Mon�tor�ng groundwater �s not a management response �n �solat�on 
but �s needed to supplement other management act�ons.

Mon�tor�ng strateg�es should art�culate:

appropr�ate mon�tor�ng locat�ons and depths w�th�n and down-
grad�ent of the contam�nant plume

the relevant assessment cr�ter�a to be used �n evaluat�ng 
mon�tor�ng results

the frequency of mon�tor�ng and report�ng

the process for rev�ew�ng mon�tor�ng data and ways �n wh�ch 
the data w�ll feed �nto dec�s�ons about the contam�nat�on and 
management strategy

the length of t�me for wh�ch mon�tor�ng �s expected to cont�nue 
(generally, mon�tor�ng should cont�nue wh�le there �s res�dual 
groundwater contam�nat�on)

the regulatory author�t�es �nvolved (�nclud�ng state and local 
government) and the management �nputs requ�red from each.

4.8 Groundwater management plans
A groundwater management plan (GMP) prov�des a mechan�sm 
for manag�ng r�sks from potent�al exposure to contam�nants �n 
groundwater. For �nstance, where sk�n contact w�th contam�nated 
groundwater �s poss�ble, a GMP can outl�ne procedures that protect 
people who could come �nto contact w�th groundwater, such as 
workers undertak�ng excavat�ons below the water table. GMPs 

•

•
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should be t�ed to a regulatory framework to ensure that they are 
appropr�ately �mplemented and enforced.

A GMP should �nclude a cont�ngency plan wh�ch w�ll need to state 
clearly what the object�ves of the plan are, what c�rcumstances 
w�ll tr�gger clean-up act�ons, and who w�ll be respons�ble for �ts 
�mplementat�on. 

4.8.1 Regulatory controls for ongo�ng management of groundwater 
contam�nat�on

Where ongo�ng management of groundwater contam�nat�on �s 
proposed at a regulated s�te:

The management plan should be reasonably enforceable 
(e.g. v�a a regulatory �nstrument �ssued under the CLM Act or 
development consent cond�t�ons �ssued by the relevant plann�ng 
author�ty). The management plan should �nclude well-defined 
report�ng arrangements to local or state author�t�es as appl�cable. 

There should be appropr�ate publ�c not�ficat�on of the restr�ct�ons 
apply�ng to the land to ensure that potent�al purchasers or other 
�nterested part�es are aware of the restr�ct�ons, for example, 
appropr�ate notat�ons on a plann�ng cert�ficate �ssued under 
sect�on 149(2) of the Environmental Planning and Assessment Act 
1979 or a covenant reg�stered on the t�tle to land under sect�on 
88B of the Conveyancing Act 1919.

There should be a clear del�neat�on of mon�tor�ng and report�ng 
respons�b�l�t�es.

The party respons�ble for the contam�nat�on (�.e. the polluter 
or current owner or other part�es as per the CLM Act) would 
normally be respons�ble for �mplement�ng and ma�nta�n�ng all 
necessary ongo�ng management.

•

•

•

•
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5 Regulation

5.1 Regulation under the CLM Act
Owners of contam�nated s�tes and part�es who caused 
contam�nat�on must not�fy DEC under the CLM Act. Once DEC 
�s not�fied of contam�nat�on, �t w�ll rev�ew relevant �nformat�on 
to determ�ne whether the assessment and management of the 
contam�nat�on warrants regulatory control under the CLM Act. At the 
t�me of wr�t�ng, the CLM Act �s under rev�ew and amendments to the 
Act, �nclud�ng amendments to the not�ficat�on requ�rements, have 
been proposed.

On the bas�s of th�s �nformat�on, DEC may requ�re further 
�nvest�gat�on, clean-up, or another appropr�ate management 
response. If there �s no acceptable voluntary proposal to carry 
out the requ�red works, DEC may requ�re the ’appropr�ate person‘ 
(as defined �n the CLM Act), or a publ�c author�ty that �s not an 
’appropr�ate person‘, to carry out the works �n accordance w�th the 
CLM Act. 

The cost of �nvest�gat�on or remed�at�on carr�ed out under the CLM 
Act can be recovered �n court from the people who were respons�ble 
for the contam�nat�on. Management under the CLM Act also ensures 
that the assessment and management process �s transparent so the 
affected or �nterested commun�ty �s kept �nformed.

Involvement by DEC can be �n�t�ated at any stage dur�ng the 
assessment or management of contam�nated groundwater. The 
poss�b�l�ty of future �nvolvement by DEC does not prevent a party 
from undertak�ng the �nvest�gat�ons outl�ned �n Sect�on 2. When 
contam�nated groundwater �s be�ng managed under the CLM 
Act, DEC may requ�re a person respons�ble for manag�ng the 
contam�nat�on, such as the polluter or s�te owner, to not�fy DNR of 
the contam�nat�on. DNR may use and make th�s �nformat�on ava�lable 
as �t sees fit for groundwater resource management, wh�ch may 
�nclude �mplement�ng necessary use restr�ct�ons. The appropr�ate 
persons may also be requ�red to not�fy other affected part�es 
�nclud�ng the local commun�ty where, for �nstance, groundwater 
uses are precluded by contam�nat�on.

5.2 Regulation under the POEO Act
Prevent�on of groundwater pollut�on �s a key factor. Pollut�on of 
groundwater �s an offence under the POEO Act and prosecut�on for 
offences aga�nst the prov�s�ons of the Act can result �n s�gn�ficant 
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fines. If an appropr�ate regulatory author�ty reasonably suspects that 
a pollut�on �nc�dent has occurred or �s occurr�ng, they can also d�rect 
the occup�er of a prem�ses or person caus�ng the pollut�on to take 
clean-up act�on. DEC w�ll be the appropr�ate regulatory author�ty for 
act�v�t�es l�censed under the POEO Act.  

5.3 Requirements under SEPP 55
State environmental planning policy no. 55 – Remediation of land (SEPP 
55) conta�ns requ�rements for remed�at�ng contam�nat�on, �nclud�ng 
groundwater contam�nat�on.

In summary, SEPP 55:

requ�res plann�ng author�t�es to cons�der, when cons�der�ng a 
rezon�ng appl�cat�on, whether the land �s contam�nated. If the 
land �s contam�nated, the plann�ng author�ty must be sat�sfied 
that �t �s su�table �n �ts contam�nated state, or w�ll be su�table after 
remed�at�on, for the purposes for wh�ch the land w�ll be rezoned. 
If the land requ�res remed�at�on before use for a part�cular 
purpose, the plann�ng author�ty must be sat�sfied the land w�ll be 
so remed�ated before be�ng used for that part�cular purpose.

prov�des that a consent author�ty must not agree to the carry�ng 
out of any development unless �t has cons�dered whether the 
land �s contam�nated. If the land �s contam�nated, the consent 
author�ty must be sat�sfied that �t �s su�table �n �ts contam�nated 
state, or w�ll be su�table after remed�at�on, for the purposes for 
wh�ch the development �s proposed to be carr�ed out.  If the 
land requ�res remed�at�on before use for a part�cular purpose, 
the consent author�ty must be sat�sfied �t w�ll be so remed�ated 
before be�ng used for that part�cular purpose.

prov�des that, before determ�n�ng an appl�cat�on for rezon�ng 
or development consent for certa�n classes of land, a plann�ng 
author�ty/consent author�ty must cons�der a report on the 
find�ngs of a prel�m�nary �nvest�gat�on carr�ed out �n accordance 
w�th contam�nated land management gu�del�nes. 

makes remed�at�on perm�ss�ble across NSW desp�te any prov�s�on 
of an env�ronmental plann�ng �nstrument to the contrary, 
although �n some cases only w�th consent.

requ�res all remed�at�on to comply w�th certa�n standards and 
gu�del�nes �nclud�ng gu�del�nes �n force under the CLM Act.

•

•

•

•

•
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Appendices

Appendix I: Glossary
Aquifer: a geolog�cal un�t capable of stor�ng and transm�tt�ng useful 
quant�t�es of groundwater. 

Contamination of groundwater: defined �n 1.5 of these gu�del�nes. 

Ecological health: the ab�l�ty of an ecosystem to support and 
ma�nta�n key ecolog�cal processes and organ�sms so the�r spec�es’ 
compos�t�ons, d�vers�ty and funct�onal organ�sat�ons are as s�m�lar as 
poss�ble to those occurr�ng �n natural hab�tats w�th�n a reg�on.

Ecosystem: a commun�ty of organ�sms plus the phys�cal and 
chem�cal env�ronment �n wh�ch they l�ve and �nterrelate.

Environmental health: aspects of human health and d�sease that 
are determ�ned by factors �n the env�ronment.

Environmental values: part�cular values or uses of the env�ronment 
that are �mportant for a healthy ecosystem or for publ�c benefit, 
welfare, safety or health, wh�ch requ�re protect�on from the effects of 
pollut�on, waste d�scharges and depos�ts.

Exposure: contact of a phys�cal, chem�cal, or b�olog�cal agent 
w�th the outer boundary of an organ�sm, e.g. through �nhalat�on, 
�ngest�on, or dermal contact.

Exposure pathway: phys�cal course a chem�cal or pollutant takes 
from �ts source to the exposed organ�sm.

Groundwater: all waters occurr�ng below the land surface.

Groundwater investigation level (GIL): the concentrat�on of a 
groundwater parameter at wh�ch further �nvest�gat�on (po�nt of 
extract�on) or response (po�nt of use) �s requ�red. Includes both 
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ANZECC & ARMCANZ 2000a and NHMRC & NRMMC 2004 cr�ter�a, and 
s�te-spec�fic cr�ter�a.

Harm: �n relat�on to contam�nated land, harm to human health or 
the env�ronment (�nclud�ng any d�rect or �nd�rect alterat�on of the 
env�ronment that degrades the env�ronment), whether �n, on or 
under the land or elsewhere.

Hazard: the capac�ty of an agent to produce a part�cular type of 
adverse health or env�ronmental effect. 

Hyporheic ecosystem: ecosystems that ex�st �n alluv�al sed�ments, 
commonly l�nked to the base flows of r�vers and streams.

Natural background concentration: the naturally occurr�ng 
amb�ent concentrat�on of a substance �n groundwater �n the local 
area of a s�te.

Plume: a volume of groundwater conta�n�ng d�ssolved-phase 
contam�nants, extend�ng from the source of contam�nat�on.

Point source: a source of contam�nat�on wh�ch comes from a 
contam�nat�ng act�v�ty at a part�cular s�te.

Receptor: the ent�ty that may be adversely affected by a 
contam�nant.

Remediation: all measures taken to m�t�gate r�sks from 
contam�nat�on.

Risk: the probab�l�ty �n a certa�n t�meframe that an adverse outcome 
w�ll occur �n a person, a group, or an ecolog�cal system that �s 
exposed to a part�cular dose or concentrat�on of a hazardous agent.  

Appendix 2: Identifying environmental values
For assess�ng potent�al r�sks from groundwater contam�nat�on, all 
env�ronmental values of the groundwater need to be �dent�fied. The 
pr�nc�ple of bas�ng dec�s�ons about water qual�ty on env�ronmental 
values �s outl�ned �n the Environmental objectives for water quality 
and river flow (NSW Government 2006), wh�ch have been developed 
for 31 surface water catchments across the state. Note that the term 
‘env�ronmental values’ �ncludes cons�derat�on of human as well as 
ecolog�cal health, and �ncorporates values assoc�ated w�th what are 
commonly termed the ‘benefic�al uses’ of groundwater.

Typ�cally, groundwater qual�ty at a part�cular s�te may protect some 
or all of the follow�ng  env�ronmental values, depend�ng on the 
locat�on of the contam�nated s�te:
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Aquatic ecosystems: these �nclude surface water ecosystems 
and groundwater ecosystems. 

Human uses: these �nclude but are not l�m�ted to potable water 
supply, agr�cultural water supply (�rr�gat�on and stock water�ng), 
�ndustr�al water use, aquaculture and human consumpt�on of 
aquat�c foods, recreat�onal use (pr�mary and secondary contact 
w�th surface waters) and v�sual amen�ty of surface waters.

Human health in non-use scenarios: th�s �ncludes cons�derat�on 
of health r�sks that may ar�se w�thout d�rect contact between 
humans and the groundwater, for example, exposure to volat�le 
contam�nants above groundwater contam�nant plumes.

Buildings and structures: th�s �ncludes protect�on from 
groundwater contam�nants that can degrade bu�ld�ng mater�als 
through contact, for example, the weaken�ng of bu�ld�ng foot�ngs 
result�ng from chem�cally aggress�ve groundwater.

Cultural and sp�r�tual values that are assoc�ated w�th the 
env�ronment, �nclud�ng groundwater, should also be protected. 
Cultural and sp�r�tual values may �nclude sp�r�tual relat�onsh�ps, 
sacred s�tes, customary uses, the plants and an�mals assoc�ated w�th 
the water, dr�nk�ng water suppl�es and recreat�onal act�v�t�es. In 
manag�ng groundwater contam�nat�on, �t �s generally cons�dered 
that cultural and sp�r�tual values w�ll be protected where 
groundwater qual�ty protects all other relevant env�ronmental values 
on a s�te.

In �dent�fy�ng appl�cable env�ronmental values for groundwater on a 
part�cular s�te, the follow�ng matters must be cons�dered.

Water sharing plans for groundwater resources

Water shar�ng plans (WSPs) and macro plans for groundwater 
resources are be�ng developed for aqu�fers across NSW. These plans 
are statutory �nstruments created under the Water Management Act 
2000 w�th the pr�mary a�m of establ�sh�ng management rules for the 
extract�on of groundwater and prov�s�on of env�ronmental water.

Although focused ma�nly on groundwater extract�on, water 
shar�ng plans and macro plans also prov�de an add�t�onal source of 
�nformat�on to �dent�fy benefic�al uses or env�ronmental values of 
groundwater. These plans are ava�lable at www.naturalresources.
nsw.gov.au/water/plans.shtml. Note that DEC regards aquat�c 
ecosystems and dr�nk�ng water as default env�ronmental values �n all 

•

•

•
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prel�m�nary assessments of groundwater contam�nat�on, �nclud�ng 
where these values are not �dent�fied �n water shar�ng plans.

Protecting aquatic ecosystems

Many aquat�c ecosystems are part�ally or wholly dependent on 
�nteract�ons w�th groundwater to susta�n ecolog�cal structure and 
funct�on. Aquat�c ecosystems �nclude, but are not l�m�ted to, spr�ngs, 
wetlands, karst and cave systems, and r�vers and estuar�es w�th a 
strong base flow component, espec�ally �n the dry season. Also, 
groundwater, wh�le �t suppl�es water for r�vers, wetlands and other 
ecosystems, may �tself form part of a cr�t�cal aquat�c ecosystem. It 
has become �ncreas�ngly obv�ous that organ�sms �n groundwater 
contr�bute s�gn�ficantly to b�od�vers�ty, and are also �mportant for 
the self-pur�ficat�on processes �n groundwater. General background 
�nformat�on about groundwater ecosystems �s ava�lable �n the 
References sect�on, for example, Dan�elopol et al 2003 and Hancock 
et al 2005.

In NSW, l�ttle �s known about groundwater organ�sms and the�r 
sens�t�v�ty to pollutants. Hyporhe�c systems (those present �n 
groundwater w�th�n alluv�al sed�ments l�nked to the base flow of 
streams) are better known, and research suggests they play a key 
role �n cycl�ng organ�c matter and process�ng pollutants.

Where organ�sms �n groundwater that requ�re protect�on have been 
�dent�fied, for �nstance, by DNR �n the process of �dent�fy�ng pr�or�ty 
groundwater dependent ecosystems (GDEs), management of the 
contam�nat�on should a�m to restore groundwater qual�ty as much 
as pract�cable to �ts natural background state �n the shortest t�me 
pract�cable, and prevent further groundwater pollut�on. The local 
DNR office should be contacted for �nformat�on about GDEs.

Wh�le �t �s v�tal to protect all known GDEs, ecosystems that have 
not been spec�fically �dent�fied by DNR also requ�re protect�on 
from contam�nat�on. Therefore, �n the prel�m�nary assessment 
of groundwater contam�nat�on, �t must be assumed that aquat�c 
ecosystem protect�on �s an appl�cable env�ronmental value 
of groundwater. A subsequent, more deta�led assessment of 
groundwater contam�nat�on may, however, demonstrate that th�s 
env�ronmental value does not apply.

Determining whether groundwater is a potential drinking water 
supply 

Because of bas�c landholder use r�ghts, the prel�m�nary assessment 
of groundwater contam�nat�on must assume that dr�nk�ng water �s 
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an appl�cable env�ronmental value of the groundwater, although 
subsequent more deta�led assessment may show that th�s value does 
not apply at the s�te. 

For the deta�led assessment, there are three key steps �n determ�n�ng 
whether dr�nk�ng water supply �s a relevant env�ronmental value at a 
s�te:

check�ng DNR’s l�st of major aqu�fers of dr�nk�ng water qual�ty

�dent�fy�ng actual groundwater users �n the s�te v�c�n�ty

referr�ng to total d�ssolved sol�ds (TDS) as an �nd�cator parameter.

 DNR has developed a l�st of major aqu�fers of dr�nk�ng water 
qual�ty, wh�ch �s �ncluded �n Append�x 2.1. DNR has �nd�cated that 
these major NSW aqu�fers must be protected for dr�nk�ng water 
supply at the t�me of these gu�del�nes be�ng publ�shed. Th�s l�st 
may be updated. DNR should be consulted dur�ng an assessment of 
groundwater contam�nat�on about an aqu�fer that does not appear 
on th�s l�st. 

Th�s l�st and updated vers�ons of �t should also be consulted as part 
of the groundwater assessment to determ�ne whether dr�nk�ng water 
use has already been spec�fied by DNR for a part�cular aqu�fer.

The l�st �s a useful screen�ng tool to find out whether dr�nk�ng water 
�s a relevant env�ronmental value, although �t �s not an exhaust�ve 
l�st of all groundwaters �n NSW wh�ch requ�re protect�on to that 
level. If the groundwater under cons�derat�on �s not l�sted, the s�te 
�nvest�gator needs to determ�ne whether �t should be cons�dered as 
a dr�nk�ng water supply. Th�s determ�nat�on would need to take �nto 
account the current uses of groundwater �n the local area. If �n the 
process of s�te �nvest�gat�ons, the s�te �nvest�gator obta�ns add�t�onal 
water qual�ty �nformat�on at a spec�fic locat�on that may supersede 
DNR �nformat�on, DNR should be contacted for confirmat�on.

If ne�ther of the first two steps �dent�fies groundwater as a potent�al 
dr�nk�ng water supply, the s�te �nvest�gator should use an �nd�cator 
parameter, namely total d�ssolved sol�ds (TDS), to reach a conclus�on. 
To do th�s, the s�te �nvest�gator should first determ�ne the TDS 
concentrat�on of groundwater samples obta�ned at the s�te.

Groundwater w�th TDS concentrat�ons below 2000 mg/L �s su�table 
for potent�al dr�nk�ng water supply, and hence should be afforded 
th�s level of protect�on from contam�nat�on unless other s�te-
spec�fic factors, such as low y�eld, render such use unl�kely. A TDS 
concentrat�on of 2000 mg/L has been selected as the level above 

•
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wh�ch groundwater �s unl�kely to be acceptable as dr�nk�ng water 
because of taste. Wh�le �t �s acknowledged that, based on the 
Austral�an dr�nk�ng water gu�del�nes (NHMRC & NRMMC 2004), the 
TDS content �n dr�nk�ng water should not exceed 500 mg/L because 
of taste cons�derat�ons, the World Health Organ�sat�on (WHO) states 
that there �s an enormous var�at�on �n the taste that �s regarded as 
acceptable by d�fferent �nd�v�duals and commun�t�es. 

In add�t�on, there �s s�gn�ficant var�at�on between �nd�v�duals �n 
the�r ab�l�ty to detect tastes �n dr�nk�ng water. WHO �nd�cates that 
TDS concentrat�ons above 1000 mg/L may g�ve r�se to consumer 
compla�nts. Th�s suggests that some �nd�v�duals w�ll accept water 
w�th a TDS h�gher than 1000 mg/L for dr�nk�ng. Further, �n some 
cases h�gher TDS water may be d�luted before dr�nk�ng. Therefore, 
a ‘filter’ TDS concentrat�on of 2000 mg/L should be used �n NSW to 
confidently rule out the use of groundwater as a l�kely dr�nk�ng water 
supply.

If aqu�fers w�th a TDS concentrat�on of less than 2000 mg/L are or 
could be affected by contam�nat�on (e.g. due to contam�nat�on �n 
perched groundwater �n low permeab�l�ty sed�ments overly�ng 
a h�gher permeab�l�ty aqu�fer), relevant �nformat�on should be 
prov�ded to DNR and DEC pr�or to d�scount�ng dr�nk�ng water as an 
appl�cable env�ronmental value.

TDS �s not an appropr�ate filter for cons�der�ng the relevance of 
env�ronmental values other than dr�nk�ng water supply.

Determining the relevance of other environmental values

People use groundwater for a var�ety of purposes. The relevance of 
these env�ronmental values needs to be cons�dered on a s�te-spec�fic 
bas�s. 

Informat�on on current or proposed extract�on of groundwater, such 
as for agr�cultural or �ndustr�al use, may be obta�ned by search�ng 
for l�censed groundwater extractors �n the area, and seek�ng 
other adv�ce from DNR. The potent�al presence of yet un�dent�fied 
extractors also needs to be cons�dered. 

Bas�c landholder use r�ghts need to be cons�dered when 
�dent�fy�ng the env�ronmental values that requ�re protect�on from 
contam�nat�on. These r�ghts mean that �n NSW water, �nclud�ng 
groundwater, may be able to be used for domest�c consumpt�on 
(�nclud�ng dr�nk�ng water) and stock water purposes as well as for 
uses cons�stent w�th nat�ve t�tle r�ghts w�thout requ�r�ng the approval 
of DNR. Note, however, that l�cens�ng requ�rements apply to the 
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construct�on of groundwater bores �rrespect�ve of the requ�rements 
to approve groundwater use. 

It should always be assumed that groundwater �s d�scharg�ng to 
�dent�fied surface water bod�es and, therefore, all env�ronmental 
values of the surface water such as recreat�onal uses, v�sual amen�ty 
and aquaculture operat�ons, requ�re cons�derat�on unless the 
local hydrogeology has been fully character�sed and groundwater 
d�scharge �s unl�kely to occur. Allowance should be made �n such 
cases for any poss�ble alterat�on to groundwater flow (e.g. due to 
d�ffer�ng cl�mat�c cond�t�ons).

Where groundwater d�scharges to surface waters, the commun�ty 
�n 31 catchments across NSW has agreed to env�ronmental values 
for surface waters  known as water qual�ty object�ves (WQOs). These 
have been endorsed by the NSW government and are ava�lable on 
www.env�ronment.nsw.gov.au/�eo. The ANZECC & ARMCANZ 2000a 
gu�del�nes are used to establ�sh the numer�cal default cr�ter�a (tr�gger 
values) support�ng the env�ronmental values establ�shed by the 
WQOs.

In �dent�fy�ng env�ronmental values, �t must be recogn�sed that 
�nformat�on about aqu�fer y�eld, groundwater qual�ty and benefic�al 
uses wh�ch �s val�d reg�onally may not necessar�ly be val�d locally. For 
�nstance, wh�le a rock format�on may have generally low y�eld wh�ch 
may not susta�n certa�n benefic�al uses, locally the y�eld may be 
suffic�ent to susta�n these uses.

Groundwater uses cons�stent w�th bas�c landholder r�ghts do not 
requ�re s�gn�ficant y�eld. Moreover, the lack of a suffic�ent y�eld �n 
the context of spec�fic uses �s not enough to d�sregard such uses �n 
groundwater or surface water systems, �nclud�ng wetlands, r�vers, 
or creeks, that are hydraul�cally connected to the groundwater that 
�s be�ng assessed. For �nstance, contam�nated groundwater �n a 
low y�eld�ng format�on may leak �nto an underly�ng aqu�fer that �s 
extracted for human use, or may d�scharge to surface water that 
supports aquat�c and benth�c l�fe, recreat�on or a dr�nk�ng water 
supply.

The concept of env�ronmental values of groundwater extends 
to cons�der�ng the potent�al �mpact of contam�nat�on on med�a 
other than water and sed�ments. It �s, therefore, �mportant that all 
relevant exposure pathways are carefully cons�dered �n determ�n�ng 
the relevant env�ronmental values of groundwater. Also, concrete 
structures, such as bu�ld�ng foot�ngs, may need to be cons�dered 
as these can be suscept�ble �n some c�rcumstances to corros�on by 
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part�cular types of groundwater contam�nat�on, part�cularly sulphur 
compounds and ac�d�ty.  Sect�on 6 l�sts several publ�cat�ons that 
may be useful �n assess�ng r�sks to bu�ld�ng mater�als under ‘Further 
read�ng’.

Indoor a�r qual�ty �s another �mportant env�ronmental value of 
groundwater qual�ty wh�ch can be affected when groundwater 
�s contam�nated w�th volat�le chem�cals, for �nstance, beneath or 
near a bu�ld�ng. R�sks from �nhal�ng volat�le contam�nants from 
groundwater have rece�ved s�gn�ficant attent�on over recent years, 
part�cularly �n the USA where techn�cal gu�del�nes have been 
developed by state and federal agenc�es. Assess�ng �nhalat�on 
r�sks assoc�ated w�th contam�nated groundwater �s complex, 
and a relevant techn�cal d�scuss�on �s beyond the scope of th�s 
document. In general, however, a we�ght of ev�dence approach 
should be used tak�ng �nto account relevant �nformat�on, wh�ch may 
�nclude geology, so�l mo�sture, depth to groundwater, water table 
fluctuat�ons, bu�ld�ng deta�ls, so�l–gas measurements, flux hood 
measurements, �ndoor a�r qual�ty, spat�al and temporal var�at�ons �n 
contam�nant mass flux est�mates and other factors. Sect�on 6 l�sts 
some documents assess�ng r�sks from volat�le contam�nants from 
contam�nated groundwater under ‘Suggested further read�ng’. 

2.1 Major aqu�fers of dr�nk�ng water qual�ty 

DNR has deemed the aqu�fers below to be actual or potent�al 
dr�nk�ng water suppl�es and to requ�re protect�on of groundwater to 
th�s level:

Araluen alluv�um and weathered gran�te 

Clarence-Morton Bas�n (except the Grafton Format�on)

coastal alluv�um (part only)

Cudgegong Valley alluv�um

Great Artes�an Bas�n �ntake beds

Hunter alluv�um and tr�butar�es

Lachlan Fold Belt Prov�nce (part only, e.g. l�mestones)

Lower Gwyd�r alluv�um

Lower Lachlan alluv�um

Lower Macquar�e alluv�um

Lower Murrumb�dgee alluv�um

Lower Murray alluv�um
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Lower Namo� alluv�um

Mangrove Mounta�n sandstone

Maroota tert�ary sands

m�d Murrumb�dgee alluv�um and tr�butar�es

m�scellaneous coastal sand beds

m�scellaneous tr�butar�es of Namo� (alluv�um)

New England fold belt prov�nce (part only e.g. gran�tes and   
basalts)

Orange basalt

Oxley Bas�n

Peel R�ver alluv�um

Tomago/Stockton/Tomaree sand beds

Tr�ass�c sandstones �n the Sydney Bas�n

Upper Lachlan alluv�um and tr�butar�es

Upper Macquar�e alluv�um and tr�butar�es

Upper Murray alluv�um

Upper Namo� alluv�um 

Young gran�te.

Where a groundwater contam�nant plume �s �dent�fied w�th�n one of 
these aqu�fers the remed�at�on target should at least meet the water 
qual�ty cr�ter�a �n the Australian drinking water guidelines (NHMRC & 
NRMMC 2004).

If �t �s cons�dered that the des�gnat�on as dr�nk�ng water supply �s 
not appropr�ate at a part�cular s�te above one of these aqu�fers, 
�t �s poss�ble to seek confirmat�on of th�s conclus�on from DNR’s 
reg�onal hydrogeolog�st. The proponent should make ava�lable to 
DNR suffic�ent ev�dence of the groundwater qual�ty to support the�r 
conclus�on. 

Apppendix 3: Monitored natural attenuation
Natural attenuat�on of contam�nated groundwater �s defined as:

  ‘The effect of naturally occurr�ng phys�cal, chem�cal and 
  b�olog�cal processes to reduce the load, concentrat�on, flux 
  or tox�c�ty of pollut�ng substances �n groundwater’ (UK 
  Env�ronment Agency 2000).
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These processes �nclude b�odegradat�on, d�spers�on, d�ffus�on, 
sorpt�on, volat�l�sat�on, and chem�cal or b�olog�cal stab�l�sat�on, 
transformat�on or destruct�on. Although natural attenuat�on �s 
somet�mes referred to as �ntr�ns�c b�oremed�at�on, non-b�olog�cal 
processes may also be �mportant.

The term mon�tored natural attenuat�on or MNA refers to rel�ance on 
natural attenuat�on processes – as part of a planned, controlled and 
mon�tored remed�al approach – to ach�eve s�te-spec�fic remed�at�on 
object�ves w�th�n a t�meframe that �s reasonable compared to that 
offered by other more act�ve methods. It emphas�ses that mon�tor�ng 
to demonstrate and document the progress of MNA must be an 
�ntegral part of a natural attenuat�on strategy for any s�te.

Natural attenuat�on may reduce the potent�al r�sk posed by s�te 
contam�nants, for �nstance through:

reduc�ng tox�c�ty due to transformat�on of contam�nant(s) through 
destruct�ve processes such as b�odegradat�on or ab�ot�c chem�cal 
transformat�ons. Note that contam�nant transformat�on w�ll not 
always reduce the r�sk. Some contam�nants, for example, some 
chlor�nated organ�c compounds, may transform to more tox�c 
contam�nants as they degrade �n the env�ronment. A proposal 
for MNA must therefore evaluate the �mpacts of all degradat�on 
pathways and the�r effect on the su�tab�l�ty of MNA at a s�te.  

reduc�ng contam�nant mob�l�ty and b�oava�lab�l�ty through 
sorpt�on �nto the so�l or rock matr�x

reduc�ng d�ssolved contam�nant concentrat�ons and subsequently 
reduc�ng potent�al exposure concentrat�ons.

Note that d�lut�on w�th�n a receptor, such as a surface water body 
or groundwater abstract�on system, �s not cons�dered to be natural 
attenuat�on.

Research over the last 20 years has resulted �n a sound techn�cal 
understand�ng of natural attenuat�on processes for many 
groundwater contam�nants and knowledge of the spec�fic cond�t�ons 
under wh�ch contam�nants may be degraded. On th�s bas�s, MNA 
�s accepted as one remed�al strategy that should be cons�dered 
when evaluat�ng clean-up opt�ons for s�tes where groundwater �s 
contam�nated. MNA may be part�cularly useful �n areas of a plume 
where contam�nant concentrat�ons are low. Based on th�s, MNA 
may often be appl�ed where more aggress�ve clean-up has already 
reduced contam�nant concentrat�ons �n the core of the plume. 

•
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Advantages of MNA

Used alone or �n comb�nat�on w�th other strateg�es, such as 
secondary source removal, MNA may be a non-�ntrus�ve, safe and 
cost-effect�ve strategy to remed�ate groundwater contam�nat�on. In 
some c�rcumstances, �t may be the only pract�cable strategy that can 
be used.

Disadvantages of MNA

There may not be the necessary env�ronmental cond�t�ons for 
effect�ve natural attenuat�on of a part�cular contam�nant at the 
locat�on of concern. Natural processes may work slowly �n the 
subsurface env�ronment, where react�on rates may be restr�cted 
by low temperatures and l�m�ted ava�lab�l�ty of the necessary 
m�croorgan�sms, electron acceptors or electron donors, co-
metabol�tes and nutr�ents. Natural attenuat�on may not ach�eve 
remed�at�on goals w�th�n adequate t�meframes �n those cases. 
Somet�mes �ntervent�on or enhancement may change the cond�t�ons 
to allow natural processes to work more effect�vely, but �n other 
cases th�s w�ll not be poss�ble, and MNA must be d�scounted as an 
opt�on. Also, somet�mes the concentrat�on of a contam�nant �s so 
great, or the r�sks to human or ecolog�cal health so severe, that other 
strateg�es w�th a shorter effect�ve t�meframe must be used.

Demonstrating whether MNA is applicable

To dec�de whether remed�at�on by mon�tored natural attenuat�on 
�s appropr�ate for a part�cular s�te (relat�ve to s�te-spec�fic remed�al 
goals), profess�onals should:

character�se the s�te

assess potent�al r�sks

ensure there �s pr�mary and secondary source removal or control

evaluate potent�al effect�veness.

Remed�at�on by natural attenuat�on requ�res demonstrat�ng 
progress towards atta�n�ng the remed�al goals. Th�s �s ach�eved by 
us�ng converg�ng l�nes of ev�dence, wh�ch are obta�ned through 
mon�tor�ng and evaluat�ng the result�ng data. Mon�tor�ng should 
cont�nue unt�l the remed�al goals have been met.

Pr�mary ev�dence that remed�at�on by natural attenuat�on �s work�ng 
�s seen when there �s a reduct�on �n the lateral and vert�cal extent of 
the plume, and reduct�ons �n concentrat�ons of the contam�nants of 
concern w�th�n the plume.

•

•

•

•
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Secondary ev�dence �s prov�ded by geochem�cal �nd�cators of 
naturally occurr�ng degradat�on and est�mates of attenuat�on rates.

Add�t�onal opt�onal l�nes of ev�dence can be prov�ded by 
m�crob�olog�cal �nformat�on, �nclud�ng field and laboratory 
m�crocosm stud�es, where th�s �nformat�on d�rectly demonstrates the 
occurrence of a part�cular b�odegradat�on process at a s�te. Further 
analys�s of pr�mary and secondary l�nes of ev�dence may also be 
requ�red us�ng, for example, solute transport modell�ng or est�mates 
of ass�m�lat�ve capac�ty.

Any appl�cat�on of MNA at a s�te requ�res extens�ve hydrogeolog�cal 
and geochem�cal s�te character�sat�on, wh�ch may often need to be 
supported by appropr�ate modell�ng. It �s not suffic�ent to s�mply 
�nd�cate that, for example, groundwater cond�t�ons beneath the 
s�te are be�ng reduced, and therefore reduct�ve dechlor�nat�on of 
chlor�nated al�phat�c hydrocarbons w�ll occur.

When is MNA appropriate?

Generally, mon�tored natural attenuat�on should only be cons�dered 
as a remed�at�on methodology where the follow�ng cond�t�ons are 
met:

the source of the contam�nat�on, �nclud�ng contam�nat�on ’hot 
spots‘, have been removed as much as pract�cable

the three-d�mens�onal extent of the contam�nat�on has been 
defined 

the s�te and hydrogeology have been adequately character�sed 
and there �s clear ev�dence that attenuat�on rates are suffic�ent to 
ach�eve the remed�al goals w�th�n an adequate t�meframe

the natural attenuat�on processes �nclude those wh�ch reduce the 
mass of d�ssolved contam�nants

the effects of degradat�on have been cons�dered.

As w�th other remed�al approaches, �t �s expected that where 
mon�tored natural attenuat�on �s proposed as part of a remed�al 
strategy for a s�te, �ts feas�b�l�ty and appropr�ateness would be 
demonstrated �n a remed�al act�on plan (RAP). The RAP should draw 
on s�te character�sat�on and r�sk assessment data acqu�red dur�ng 
prev�ous �nvest�gat�on of the s�te. W�th�n the RAP, the proponent 
should:

demonstrate an understand�ng of the part�cular attenuat�on 
processes relevant to the contam�nant(s) of concern under the 
cond�t�ons at that s�te

•

•

•

•

•

•
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define remed�al goals and set out the scope, frequency and 
expected durat�on of the mon�tor�ng requ�red to demonstrate 
that natural attenuat�on has been effect�ve and the goals have 
been met

define mon�tor�ng frequency, wh�ch should be suffic�ent to allow 
the progress of natural attenuat�on to be tracked, and to prov�de 
early warn�ng �f expectat�ons are not be�ng met, or �f adverse 
�mpacts on sens�t�ve receptors become poss�ble

address the �ntegrat�on of MNA w�th other remed�al technolog�es 
that may be proposed for source removal or reduct�on, and any 
potent�al �nteract�ons or �nterferences. 

The long-term susta�nab�l�ty of MNA dur�ng and follow�ng 
any proposed redevelopment of the s�te must be cons�dered. 
Where reference �s made to exper�ence from other s�tes, an 
understand�ng of the potent�al �mpacts of d�fferences �n, for 
�nstance, hydrogeolog�cal cond�t�ons between the s�tes must be 
demonstrated. 

The RAP and ongo�ng mon�tor�ng and val�dat�on reports should 
set out the l�nes of ev�dence for the progress and success of natural 
attenuat�on. Unless the pr�mary l�ne of ev�dence �s conclus�ve, �t 
w�ll be necessary to evaluate secondary and add�t�onal l�nes of 
ev�dence. A checkl�st has been prov�ded on the next page to ass�st �n 
undertak�ng a rev�ew of the su�tab�l�ty of MNA at a part�cular s�te.

Considering the effect of contaminant degradation on toxicity 
and mobility 

Some contam�nants degrade and become more tox�c. V�nyl chlor�de, 
from the reduct�ve dechlor�nat�on of tr�chloroethene (TCE), �s a 
well-known example. Therefore, the potent�al effects of degradat�on 
products on the tox�c�ty and mob�l�ty of the contam�nat�on need 
to be carefully cons�dered when evaluat�ng the appropr�ateness of 
MNA.

In some cases, and �n the r�ght hydrogeolog�cal cond�t�ons, the 
more tox�c degradat�on products may break down further to form 
less tox�c compounds. In such �nstances, MNA may be deemed 
acceptable �f �t can be demonstrated that the more tox�c compounds 
w�ll not represent a threat to human or ecolog�cal health.

•

•

•
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Checklist for assessing the applicability of monitored natural 
attenuation

q  Has the s�te been adequately character�sed �n relat�on to  
  strat�graphy, l�thology, structure, water-bear�ng zones,   
  groundwater flows, solute transport, lateral and vert�cal  
  hydraul�c grad�ents, hydraul�c conduct�v�t�es and poros�t�es?

q Has the s�te been adequately character�sed �n relat�on  
  to geochem�cal cond�t�ons, �nclud�ng sal�n�ty, temperature, 
  pH, redox potent�al, organ�c carbon sources, nutr�ent  
  ava�lab�l�ty, sorpt�on capac�ty and the ava�lab�l�ty of electron  
  donors and acceptors?

q Have all contam�nants of potent�al concern been �dent�fied?

q Has the tox�c�ty of the contam�nants of concern been  
  adequately assessed?

q Has the plume been fully del�neated for all contam�nants of  
  concern?

q Have all potent�al receptors been �dent�fied?

q  Have all potent�al benefic�al uses and env�ronmental values  
  of the groundwater been �dent�fied?

q  Are proposals to remove or control pr�mary sources (e.g.  
  leak�ng  �nfrastructure) and secondary sources (e.g. res�dual  
  NAPL, adsorbed phase) adequate and feas�ble?

q Is the proposed attenuat�on mechan�sm feas�ble for all the  
  contam�nants of concern under the cond�t�ons preva�l�ng at  
  the s�te?

q Do the natural attenuat�on processes �nclude processes that  
  reduce the d�ssolved mass of the contam�nants of concern?

q Are there cond�t�on confl�cts among mult�ple contam�nants  
  of concern?

q  Have the tox�c�ty and fate of all potent�al degradat�on  
  products been cons�dered?

q W�ll attenuat�on to acceptable concentrat�ons be ach�eved  
  well before potent�al human or ecolog�cal receptors could  
  be �mpacted on?

q  Have all feas�ble alternat�ve remed�al opt�ons been  
  cons�dered?



57

q W�ll the remed�at�on goals be reached w�th�n a t�meframe  
  that �s reasonable compared w�th other remed�al opt�ons,  
  and commun�ty expectat�ons?

q  Is mon�tored natural attenuat�on susta�nable, cons�der�ng  
  proposed source control measures and redevelopment of  
  the s�te and surround�ng area?

q  Are there financ�al mechan�sms �n place to ensure that  
  mon�tor�ng can be cont�nued for the requ�red per�od?

q Have adequate cont�ngency measures been proposed?

Appendix 4: Contacting NSW government departments for 
advice on groundwater contamination

These gu�del�nes refer to the need to contact one or more 
government departments throughout the course of groundwater 
contam�nat�on assessment and management.

The proponent w�ll need to collate and present a var�ety of 
�nformat�on to the relevant department to ass�st �t �n prov�d�ng 
adv�ce or reach�ng agreement on proposed management strateg�es.

The contact deta�ls are summar�sed below.

Department of Env�ronment and Conservat�on (DEC) 
Manager Contam�nated S�tes 
59–61 Goulburn Street, Sydney NSW 2000
PO Box A290, Sydney South 1232
Telephone: (02) 9995 5000 (sw�tchboard)
Telephone: 131 555 (NSW only)
www.env�ronment.nsw.gov.au

Department of Natural Resources (DNR)
For adv�ce on benefic�al uses of groundwater, contact the reg�onal 
hydrogeolog�st.
For hydrogeolog�cal �nformat�on, v�s�t www.nratlas.nsw.gov.au.
Contact deta�ls for DNR’s reg�onal offices are ava�lable at:
www.DNR.nsw.gov.au/aboutus/contactus.shtml.

NSW Health
Area Health Serv�ce Publ�c Health Un�t
Contact deta�ls for reg�onal Publ�c Health Un�ts are ava�lable at:
www.health.nsw.gov.au/publ�c-health/phus/phus.html or �n the 
Bus�ness Sect�on of the Wh�te Pages.
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