
 
FOREWORD 

 
 
 
The Environmental Protection Authority (EPA) is an independent statutory authority 
and is the key provider of independent environmental advice to Government. 
 
The EPA’s objectives are to protect the environment and to prevent, control and abate 
pollution. The EPA aims to achieve some of this through the development of Guidance 
Statements for the environmental impact assessment (EIA) of proposals. 
 
This document is one in a series being issued by the EPA to assist proponents, 
consultants and the public generally to ga



This Guidance Statement has the status of ‘Final’ which means it has been reviewed 
by stakeholders and the public. The EPA has signed off the Guidance Statement and 
published it although it will be updated regularly as new documents come to hand. 
 
I am pleased to release this document, which now supersedes the interim version. 
 
 

 
 
Bernard Bowen 
CHAIRMAN 
ENVIRONMENTAL PROTECTION AUTHORITY 
 
17 March 2003 
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Guidance Statement No. 4 

 
 

Deep and Shallow Well Injection of Liquid Industrial Waste 
 
 
 
 
Key Words: deep well injection, shallow well injection, liquid industrial waste, 

groundwater protection, Western Australia. 
 
 
 
1 INTRODUCTION 
 
1.1 Purpose 

 
Guidance Statements generally are developed by the EPA to provide advice to 
proponents, and the public generally, about the minimum requirements for 
environmental management which the EPA would expect to be met when the 
Authority considers a proposal during the assessment process. The generic 
Guidance Statement process is set out in Appendix 6. 
 
The purpose of this guidance is to prevent contamination of groundwater and 
associated consequences from either deep or shallow well injection practices 
throughout Western Australia. It provides information which the EPA will 
consider when assessing proposals where deep or shallow well injection of liquid 
industrial waste is a relevant environmental factor.  
 
This Guidance Statement is termed ‘Final’, and thus the EPA expects that 
proponents will give full attention to the information provided when they submit 
proposals for assessment. While it represents the contemporary view of the EPA, 
each proposal which comes before the EPA for EIA will be judged on its merits. A 
proponent who wishes to deviate from the minimum level of performance set out 
in this Guidance Statement would be expected to put a well researched, clear and 
robust justification for the proposed departure. 

 
 

1.2 Limitations 
 

This Guidance Statement applies to new proposals, and significant changes to 
existing projects, subject to EIA by the EPA, and which involve either deep or 
shallow well injection of liquid industrial waste.  
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iv) Treating toxic and hazardous waste to minimise environmental risk by:  
• detoxifying hazardous waste into non-hazardous waste; 

 
e) the proponent would need to satisfy the EPA that no adverse direct and/or 

indirect effects on existing and potential environmental values and beneficial 
uses of water could occur. Eighteen environmental values and beneficial 
uses are listed below. These are the broader values of water. This list is not 
exhaustive (DEP 1997b & 1998):  
 
i) Potable water supply - present and potential; 
ii) Agricultural water supply: 

• farmstead supplies (washing, dairies, etc.); 
• stock water supplies; and 
• irrigation water; 

iii) Watering of parks and gardens; 
iv) Industrial water supply; 
v) Hydro-electric power generation; 
vi) Navigation and shipping; 
vii) Recreation: 

• primary contact recreation (bathing, water-skiing, diving); 
• secondary contact recreation (boating, fishing, wading); and 
• passive recreation (aesthetic enjoyment); 

viii) Recharging of aquifers; 
ix) Flushing water and water replenishment; 
x) Passage of fish or other animals; 
xi) Production of edible fish, crustacea and molluscs (for human 

consumption); 
xii) Fish and shellfish culture and harvesting; 
xiii) Maintenance of foreshore and stream bank vegetation; 
xiv) Scientific and educational uses; 
xv) Maintenance of aquatic and terrestrial ecosystems and their associated 

wildlife; 
xvi) Maintenance of modified aquatic ecosystems: 

• freshwater; 
• estuarine; 
• marine; and 
• subterranean; 

xvii) Support of native vegetation; and 
xviii) Public health.  

 
f) the proponent would need to demonstrate to the EPA that the proposal meets 

the requirements of this document.  
 
 
 



Final Guidance Statement No. 4  March 2003 
Deep and Shallow Well Injection of Liquid Industrial Waste 
 

 8  

4 APPLICATION 
 
4.1 Area 

 
This Guidance Statement applies to all applications for the deep or shallow well 
injection of liquid industrial waste throughout the state of Western Australia. 

 
 

4.2 Duration and review 
 

The duration of this Guidance Statement is for five years unless some unforseen 
circumstances require it to be revised earlier. 

 
 
 

5 RESPONSIBILITIES 
 
5.1 Environmental Protection Authority responsibilities 

 
The EPA will apply this guidance during the assessment of proposals under Part 
IV of the EP Act where any new proposal or change to an existing project involves 
deep or shallow injection of liquid industrial waste. 

 
5.2 Department of Environmental Protection Licensing 

 
The management of current licences for existing operations of either deep or 
shallow liquid industrial waste injection wells lies with the Department of 
Environmental Protection (DEP) and is dealt with in Appendices 1 and 2. 

 
 
 
6 DEFINITIONS AND ABBREVIATIONS  
 

In this document, unless inconsistent with the context or subject matter, the 
following definitions and abbreviations apply: 
 
Act - the Environmental Protection Act 1986, as amended. 
 
Acronyms: 

 
ANZECC Australian and New Zealand Environment and Conservation Council 
CFR Code of Federal Regulations (United States of America) 
DEP The Department of Environmental Protection (Western Australia) 
EPA  Environmental Protection Authority (Western Australia) 
LPG Liquid Petroleum Gas (Australia) 
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mg/L milligrams per litre (Australia) 
OECD Organisation for Economic Co-operation and Development 
TDS Total Dissolved Solids (Australia - a measure of water salinity) 
USA United States of America 
USDW Underground Safe Drinking Water (United States of America) 
USEPA United States Environmental Protection Agency 
WA Western Australia 

 
Aquifer - a volume of rock or sediment which is permeated or capable of being 
permeated permanently or intermittently with water. 
 
Beneath the lowermost - injection occurs beneath all aquifers. See diagram below 
for explanation. 

 

Surface

   Into or Aquifer 1
   above

Aquifer 2
Beneath
the
lowermost

Bedrock

 
 
Beneficial uses of groundwater - use of groundwater for the purpose of public 
benefit, welfare, safety, health and/or aesthetic enjoyment and to support native 
vegetation and wetlands, all of which require protection from the effects of waste 
discharges. 
 
Confined aquifer - an aquifer which is confined at its upper and lower boundaries 
by layers of low permeability. 
 
Contamination - a change in water quality that produces a noticeable or 
detectable detrimental change in its characteristics. 
 
Environmental value - a quality, characteristic or attribute that is conducive to 
ecological health or any beneficial use. 
 
Groundwater - water that occurs beneath the land surface. 
 
Hazardous waste - a waste that belongs to any category contained in Appendix 5, 
List 1, unless it does not possess any of the characteristics contained in Appendix 
5 List 3.  
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Hydrogeology - the hydrological and geological science concerned with the 
occurrence, distribution, quality, and movement of groundwater. 
 
Injection - to force a fluid into a cavity under pressure. 
 
Injection well - bored, drilled or driven shafts or dug holes whose depth is greater 
than the largest surface dimension into which fluids (any material or substance 
which flows or moves whether in a semisolid, liquid, sludge, gas or any other form 
or state) are emplaced under pressure (Federal Register 1988). 
 
Into or above an aquifer - to inject into an aquifer or into a cavity above any 
aquifer. See diagram above under the heading ‘beneath the lowermost’ for 
explanation. 
 
Licence - a licence issued under the Act. 
 
Liquid industrial waste - includes water or any other liquid from industry: 

 
a) that may be discharged, emitted or deposited into the environment in such 

volume, constituency or manner as to cause an alteration in the environment; 
 
b) that may be discarded, rejected, unwanted, surplus, or abandoned; 
 
c) that may be otherwise discarded, rejected, abandoned, unwanted or surplus, 

intended for: 
i) recycling, reprocessing, recovery or purification by a separate operation 

from that which produced the water; or 
ii) sale; and 

 
d) that may be prescribed as waste under s123 of the Act (Schedule 2 (7) (9) 

(10) (26)). 
 

Municipal waste - includes, but is not limited to:  
a) municipal sewage; 
b) combined sewer overflows; 
c) urban stormwater runoff; 
d) inflow and infiltration; 
e) septic tank pumpage; 
f) pumpage station overflows; 
g) sewage treatment plant sludge (biosolids); 
h) industrial or commercial waste discharged to the municipal sewers; and 
i) septic tanks and other sewage disposal systems not connected to the 

community sewerage system. 
 

Non-hazardous waste - a waste which does not have the characteristics of a 
hazardous waste as defined above under the heading ‘hazardous waste’. 
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Permeability - the ability of a porous medium to transmit a fluid. 
 
Potable groundwater - groundwater suitable for human consumption. 
 
Unconfined aquifer - the aquifer nearest the surface, having no overlying 
confining layer. 
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APPENDIX 1 
 
 
DEPARTMENT OF ENVIRONMENTAL PROTECTION - 
ADDITIONAL FILTERING PROCESSES FOR NEW LICENCES  
 
New licences 
 
The Department of Environmental Protection (DEP) shall grant no new licence for the 
direct injection of liquid waste to the groundwaters of Western Australia by means of either 
a Class I, IV or V well without first being referred to the EPA under Part IV of the EP Act, 
in line with the EPA Guidance for the Assessment of Environmental Factors No. 4:  Deep 
and Shallow Well Injection of Liquid Industrial Waste, except for the purpose of: 

a) aquifer recharge, where the applicant satisfies the Chief Executive Officer (CEO) of 
the DEP that the objectives of the EPA Guidance for the Assessment of 
Environmental Factors No. 4:  Deep and Shallow Well Injection of Liquid Industrial 
Waste can be met and no adverse effect on beneficial uses (as outlined below under 
‘Beneficial Uses and Environmental Values’) will result; or 

b) saline drainage and groundwater disposal (evaporation basins), where the basin is 
located and designed such that it satisfies the CEO of the DEP that the objectives of 
the EPA Guidance for the Assessment of Environmental Factors No. 4:  Deep and 
Shallow Well Injection of Liquid Industrial Waste can be met and no adverse effect 
on beneficial uses (as outlined below under ‘Beneficial Uses and Environmental 
Values’) will result; or 

c) backfilling of mine shafts with tailings, where it can be demonstrated that it satisfies 
the CEO of the DEP that the objectives of the EPA Guidance for the Assessment of 
Environmental Factors No. 4:  Deep and Shallow Well Injection of Liquid Industrial 
Waste can be met and no adverse effect on beneficial uses (as outlined below under 
‘Beneficial Uses and Environmental Values’) will result; or 

d) contaminated site cleanup, where treated contaminated water is reinjected to the same 
site, where it can be demonstrated that it satisfies the CEO of the DEP that the 
objectives of the EPA Guidance for the Assessment of Environmental Factors No. 4:  
Deep and Shallow Well Injection of Liquid Industrial Waste can be met and no 
adverse effect on beneficial uses (as outlined below under ‘Beneficial Uses and 
Environmental Values’) will result; or 

e) mine dewatering for the reinjection of cooling water with no biocides included 
(thermal load only), where it can be demonstrated that it satisfies the CEO of the DEP 
that the objectives of the EPA Guidance for the Assessment of Environmental Factors 
No. 4:  Deep and Shallow Well Injection of Liquid Industrial Waste can be met and 
no adverse effect on beneficial uses (as outlined below under ‘Beneficial Uses and 
Environmental Values’) will result. 

 
 

Beneficial Uses and Environmental Values 
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The following uses of water are declared as existing and anticipated beneficial uses and 
environmental values to be protected: 
 

i) Potable water supply - present and potential; 
ii) Agricultural water supply: 

• farmstead supplies (washing, dairies, etc.); 
• stock water supplies; and 
• irrigation water; 

iii) Watering of parks and gardens; 
iv) Industrial water supply; 
v) Hydro-electric power generation; 
vi) Navigation and shipping; 
vii) Recreation: 

• primary contact recreation (bathing, water-skiing, diving); 
• secondary contact recreation (boating, fishing, wading); and 
• passive recreation (aesthetic enjoyment); 

viii) Recharging of aquifers; 
ix) Flushing water and water replenishment; 
x) Passage of fish or other animals; 
xi) Production of edible fish, crustacea and molluscs (for human 

consumption); 
xii) Fish and shellfish culture and harvesting; 
xiii) Maintenance of foreshore and stream bank vegetation; 
xiv) Scientific and educational uses; 
xv) Maintenance of aquatic and terrestrial ecosystems and their associated 

wildlife; 
xvi) Maintenance of modified aquatic ecosystems: 

• freshwater; 
• estuarine; 
• marine; and 
• subterranean; 

xvii) Support of native vegetation; and 
xviii) Public health.  
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• 
• 

 
APPENDIX 2 

 
 
DEPARTMENT OF ENVIRONMENTAL PROTECTION – LICENCE 
CONDITIONS FOR EXISTING DEEP AND SHALLOW LIQUID 
INDUSTRIAL INJECTION WELLS IN WA 
 
 
Existing licences 
 
Consistent with the intent of the EPA Guidance for the Assessment of Environmental 
Factors No. 4:  Deep and Shallow Well Injection of Liquid Industrial Waste, the DEP’s 
objective is to manage the use of existing deep and shallow liquid industrial waste injection 
wells (Classes I, IV and V, as defined in the above mentioned guidance) by: 
 
a) reviewing licence conditions as appropriate to ensure acceptable environmental 

performance of waste disposal to ultimately achieve: 
i) no net export of contaminants offsite (shallow well) or no leakage from the 

receiving aquifer (deep well); and 
ii) no residual contaminant build-up onsite that may cause unacceptable site 

contamination; 
 
b) introducing the concept of continuous improvement and best practice; and 
 
c) progressively phasing out approvals through licensing to inject waste by this method 

if: 
i) existing licensee cannot achieve (a) and (b); and  
ii) here are reasonable and practicable alternatives to waste disposal by this 

method. 
 
 

Well closure 
 
Prior to closure of the well, the proponent and/or licensee shall observe and record the 
pressure decay for a time specified by the CEO of the DEP. Prior to well closure, 
appropriate mechanical integrity testing shall be conducted to ensure the integrity of that 
portion of the long string casing and cement that will be left in the ground after closure. 
Testing methods may include pressure tests with liquid or gas, radioactive tracer surveys, 
noise, temperature, pipe evaluation, or cement bond logs, and any other test required by the 
DEP. 
 
Prior to closure, the well shall be flushed with a buffer fluid and the well shall be plugged 
with cement (or a suitable alternative) in a manner that will prevent the movement of fluids 
into or between aquifers. Placement of the cement plugs shall be accomplished by one of 
the following: 

the balance plug method,  
the dump bailer method, or  
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• the two-plug method.  
Each plug shall be appropriately tagged and tested for seal and stability before closure is 
completed (Texas Administration Code 331.46). 
 
The well to be closed shall be in a state of static equilibrium with the mud weight equalised 
top to bottom, either by circulating the mud in the well at least once or by a comparable 
method approved by the CEO, prior to the placement of the cement plug(s). 
 
 
References 
 
Texas Administration Code Title 30. Environmental Quality, Part 1. Texas Natural 
Resource Conservation Commission, Chapter 331. Underground Injection Control, 
Subchapter C. General Standards and Methods. 331.46 Closure Standards. 
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APPENDIX 3 
 
 
BACKGROUND INFORMATION ON INJECTION WELLS 
 
 
Classification of deep and shallow injection wells 
 
Injection wells in the USA have been grouped into five classes, as shown in Table 1. Class 
I wells are largely associated with industry waste.  Classes II and III are associated with oil 
and gas extraction and mineral mining which generally reinject water, brine or steam. Class 
IV wells pose an immediate threat to the groundwaters and as such are banned in the USA.  
A well is Class V if it does not fit into Classes I to IV. 
 
Table 1 Injection well classification  

(Hirschberg 1994 & UIPC undated) 
 
 
Well Class Injection Well application 
Class I 
 

a) Used to inject hazardous liquid industrial waste beneath the lowermost 
aquifer. 

 b) Used to inject non-hazardous liquid industrial waste beneath the lowermost 
aquifer. 

(NOT INCLUDED IN 
THIS GUIDANCE) 

c) Used to inject municipal waste waters beneath the lowermost potable 
aquifer, e.g. sewage effluent that has received a minimum of secondary 
treatment (only used in Florida, USA). 

Class II 
(NOT 

a) Salt water disposal well, e.g. salt water produced in  association with the 
production of hydrocarbons, such as oil and gas, is reinjected. 

INCLUDED IN THIS  b) Enhanced oil recovery wells, e.g. salt water injected to maintain and extend 
oil production. 

GUIDANCE) c) Hydrocarbon storage wells, e.g. crude oil and liquefied petroleum gas (LPG) 
storage. 

Class III 
(NOT INCLUDED IN 
THIS GUIDANCE) 

Used to inject fluids for the extraction of minerals, e.g. solution mining for the 
extraction of salts and sulphur, in situ leaching to extract uranium, gold and 
copper. 
 

Class IV 
 

Used to inject hazardous waste into or above an aquifer (these are banned in 
USA). 

Class V Used to inject non-hazardous and municipal  (not included in this guidance) 
waste into or above an aquifer. 
 

 
 



Final Guidance Statement No. 4  March 2003 
Deep and Shallow Well Injection of Liquid Industrial Waste 
 

 18  

 
History of deep and shallow well injection of waste world-wide  
 
Deep well systems have been operating in Canada, France, Germany, Poland, Japan, 
Mexico, Taiwan, USA and USSR for many years with varying degrees of success (Reeder 
1981). The injection of waste water and liquid waste into deep wells is not new. This 
technique was first used in Germany by the potash industry for the injection of waste 
potash brines in 1925. 
 
United States of America 
 
The practice of deep and shallow well injection of liquid waste has been employed in the 
United States of America (USA) since 1930, when oil-field brine reinjection started. Liquid 
industrial waste in the USA has been injected into wells for about 40 years (Hirschberg 
1994). 
 
The information on deep and shallow well injection of waste in the USA is extensive. The 
rules and regulations governing Class I deep well injection in the USA are listed in the 
Federal Register, with the latest available amendments from 1988 (Federal Register 1988). 
Although the practice of deep well injection has been permitted in the USA under the strict 
conditions mentioned above, it is not regarded as a satisfactory answer to waste control, as 
stated by Stanley. M. Greenfield in a Memoir on Underground Waste Management and 
Environmental Implications (Cook 1972): 
 

There are only so many places in which wastes can be injected with 
confidence. We should not use them for wastes that can be safely disposed of in 
other ways, or there may come a time when we need a porous, sealed off 
receiving stratum and find that there is none available - that all have been 
filled to capacity with wastes that could have been handled in a different 
manner...It is a technology of avoiding problems, not solving them in any real 
sense... We must learn how to treat all our wastes to make them innocuous, 
even beneficial, additions to the material and energy cycles of the 
biosphere...We are a part of the biosphere and so are the aquifers that we use 
and abuse... 

 
The strict regulations governing Class I wells were formulated under the Safe Drinking 
Water Act (SDWA) and, to some extent, also the Resource Conservation and Recovery Act 
(RCRA), applied and supervised by the USEPA through its Underground Injection Control 
Program (UICP). 
 
Recent problems in the USA associated with contamination of underground water supplies, 
generally due to the choice of inappropriate locations, have seen this option largely 
discontinued (Maunsell 1983). 
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Germany 
 
In 1981, 31 sites of deep well disposal of liquid waste were identified in the Federal 
Republic of Germany.  
 
Rejection of a proposal for deep well injection of liquid chlorinated hydrocarbons 
(dichloroethane and dichloropropane) in abandoned oil deposits near Landau was due to: 
a) the waste being identified as physiologically hazardous; 
b) no evidence produced of the absolute confinement of the injection zone; 
c) the migration of waste being impossible to monitor especially in small amounts; 
d) Landau being densely populated and the aquifer being extensively used; 
e) the area being prone to seismic risk; and 
f) a future project for a possible use of the thermal anomaly at Landau might have been 

negatively affected (Aust 1981). 
 
 
Canada 
 
In the Alberta Basin, Canada, the residual fluids from enhanced oil recovery projects and 
hazardous waste are to be injected at a newly developed site specifically designed for the 
purpose. The Petroleum Geology and Basin Analysis Section of the Alberta Geological 
Survey has developed a seven-step approach:  
 
a) identification of the major hydrogeological, environmental and economical 

constraints;  
b) selection of the area and pertinent hydrostratigraphic units;  
c) determination of the characteristics of the host aquifer and other units, including 

geometry, and hydraulic, geomechanical and geochemical properties;  
d) identification of the characteristics of injected liquids, such as flow rate and chemical 

composition;  
e) calibration of suitable geochemical and fluid flow models;  
f) simulation of deep injection; and  
g) assessment of the effects of deep disposal for the given characteristics of the 

operation (Bachu et al 1990). 
 
 
Poland 
 
There are no permanently working deep injection wells for hazardous waste in Poland. 
There are some plans for deep injection of hazardous waste from the chemical industry, but 
they have not been progressed. The method of deep injection has been used, tested or 
considered for some kinds of non-toxic waste and in other kinds of activities. 
 
The Ministry of Environmental Protection and Natural Resources is the authority 
responsible for water protection and management. The basic law is the Water Act, last 
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update in 1974. The law covers the protection of surface and groundwater catchment areas 
and provides general rules as far as protection of aquifer recharge areas is concerned. 
 
Waste water must be treated before discharge into a surface water body or underground. 
Special permission is necessary for this purpose. Theoretically, waste cannot be freely let 
out into surface water or underground. 
 
The Mining Act and Geologic Act regulate such activities as siting, construction and 
operation of deep injection wells. There are no special regulations for underground 
injection. Deep injection wells are treated similarly to other wells and boreholes for water, 
gas and oil exploitation etc. Individual project siting, construction and operation proposals 
are necessary before special permission is obtained (LaMoreaux & Vrba 1990). 
 
 
Australian States and Territories (except WA) 
 
The Victorian Environment Protection Authority's present State Environment Protection 
Policy (Waters of Victoria) Clause 30 states:  
 

Groundwater quality shall be managed in accordance with a groundwater 
protection policy to be developed by the Authority (draft State Environment 
Protection Policy (Groundwaters of Victoria)). No new licence shall be granted 
for the direct injection of waste to the groundwaters by means of bore, 
mineshaft, well, infiltration basin or other similar structure specifically 
designed for the purpose, except for the purpose of aquifer recharge, provided 
that no adverse effects on existing or anticipated beneficial uses of 
groundwaters or surface waters would result. Existing waste discharges of this 
nature to groundwater which do not comply with the above requirements shall 
cease within three years of the date of gazettal of this policy (26 Feb 1988). 

 
There is a blanket ban on industrial waste disposal via injection wells in Victoria. The 
Victorian Environment Protection Authority has released for public comment a draft State 
Environment Protection Policy (Groundwaters of Victoria) October 1994: 
 

Direct discharge of waste to aquifers by means of a bore, mineshaft, well, 
infiltration basin or other similar structure will not be permitted, and the 
Authority (EPA, Vic) must not grant a licence for such an activity except for 
the purpose of: 
 
a) aquifer recharge, where the applicant satisfies the Authority that the 

objectives of this policy can be met and, no adverse effects on beneficial 
uses of groundwaters, land or surface waters will result; 

 
b) saline drainage and groundwater disposal (evaporation basins), where 

the basin is located and designed such that it satisfies the Authority that 
the objectives of this policy can be met, and that no adverse effects on 
beneficial uses of groundwaters, land or surface waters will result; or 
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c) backfilling of mine shafts with tailings where it can be demonstrated that 

no adverse effects on beneficial uses of groundwaters, land or surface 
waters will result. 

(EPA Vic 1994). 
 
In New South Wales all liquid industrial waste is sent to a treatment plant and then the 
sludge is sent to land fill. Deep or shallow well injection of industrial waste is not 
permitted in New South Wales (EPA, NSW, pers. comm.). 
 
Two thirds of Queensland has artesian water underground and therefore has a total ban on 
injected waste to ensure groundwater quality is maintained. Queensland has a policy that 
states ‘industrial waste has to be treated and stabilised first, prior to disposal’. The 
industrial  waste is sent to a treatment plant which stabilises the waste to dry cement and 
then is sent to a secure landfill (Queensland Env & Heritage pers. comm.). 
 
Deep or shallow well injection of waste is not permitted in Tasmania. The Tasmanian 
Department of Environment and Land Management has established a policy Guidelines for 
Re-use of Wastewater in Tasmania. This policy was based on guidelines developed by 
Victoria on waste water stabilisation by irrigation (Greg Dowson pers. comm.). The 
principle is that effluent reuse is not to be viewed as an alternative ‘disposal’ option to 
discharge to receiving waters but rather as the utilisation of a resource which would 
otherwise be wasted (DELM 1994). 
 
The Australian Capital Territory's Environment Land and Planning Department does not 
have a written policy on waste disposal by injection well. The Department's general policy 
is that the procedure of disposal of industrial waste via injection wells is generally not 
acceptable (Ian Woolcock pers. comm.). 
 
The South Australian EPA (EPA, SA) does not have a written policy on waste disposal by 
injection well. The Department's general policy is that the procedure of disposal of 
industrial waste via injection wells is generally not acceptable (Peter Newland pers. 
comm.). 
 
The Northern Territory's Department of Land, Planning and Environment has no written 
policy on waste disposal by injection. There are no waste injection wells operating in the 
Northern Territory (Rob Curtis pers. comm.). 
 
 
Western Australia 
 
The groundwater of Western Australia is vested in the Crown and subject to State 
legislation (Banyard 1989). The Western Australian EPA released a Draft Environmental 
Protection (State Groundwater) Policy in December 1997. The purpose of the policy is to 
protect declared environmental values and beneficial uses of critical groundwater areas of 
the State. Contamination of groundwater is controlled through a combination of State Acts. 
The health legislation is used to control the siting and operation of waste disposal facilities. 
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Water supply legislation limits polluting activities in public wellfield recharge areas and 
the environmental protection and dangerous goods legislation generally control activities in 
recharge areas. Activities that generate waste are controlled through licensing or by permit 
or by land use controls and regulations (Banyard & Davidson 1990). 
 
Groundwater is an important current and future drinking water source for WA. It is 
essential  to maintain desirable water quality for a range of community needs including 
potable water supplies and the maintenance of sensitive wetland ecosystems (Bawden 
1991). 
 
Perth has a variety of naturally occurring ecosystems that are also dependent on 
groundwater for their healthy maintenance. Many areas of native vegetation and wetlands 
rely on shallow depth to groundwater for survival and this has placed severe limitations on 
the location of production bores and on the use of groundwater for urban, industrial, 
agricultural and recreational purposes (Davidson 1995). 
 
Groundwater beneath industrial areas in the Perth Basin is especially prone to 
contamination because most industrial centres in the region are located in areas with a 
shallow water table, and a number of groundwater pollution incidents have been recorded 
in these areas (Appleyard 1990, Hirschberg 1989). 
 
The sandy soils and shallow water table beneath industrial areas present problems for the 
disposal of industrial waste. Much of the industrial waste is currently being disposed of at 
landfill sites or in special liquid waste facilities. In one case, liquid waste from an 
agricultural chemical plant is being disposed of by deep well injection into a saline aquifer 
(Appleyard 1990). 
 
 
WA DEP and EPA views in the past 
 
There are no known published DEP or EPA Bulletins specifically related to well injection 
of waste. 
 
In February 1990, the Chairman of the EPA released a note that stated: 
 

any future proponent (of deep well injection) would need to demonstrate to the 
Environmental Protection Authority and the public, using test data, that deep 
well injection would be safe on a proposed site before the Environmental 
Protection Authority would determine whether or not the method of disposal is 
acceptable. 

 
The DEP wrote to the Department of State Development (now Department of Industry and 
Resources) in November 1992 stating: 
 

the DEP is of the view that new well injection should not be contemplated for 
the disposal of industrial wastes. 
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In March 1995, the EPA reiterated: 
 

(a) potable groundwater aquifers should not be used for the disposal of waste; 
and 
(b) as a general guide, there is a presumption against non-potable 
groundwater aquifers being used for waste disposal. 
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APPENDIX 4 
 
 
DIFFICULTIES WITH DEEP AND SHALLOW WELL INJECTION 
OF LIQUID WASTE 
 
In deep and shallow injection wells, it is very difficult to: 
a) determine characteristics of the receiving structure; 
b) predict fate of injectate; 
c) audit volume or quality of injectate; 
d) track or measure movement of injectate; 
e) remediate or remove contaminant if a problem is imminent or has occurred; and 
f) verify or audit achievement of performance parameters. 
 
a) Characteristics of the receiving structure 
 
Identifying suitable sites for underground injection operations is not an easy task, because 
it is difficult, if not impossible, to accurately characterise subsurface geology and 
consequently assess the capability of a subsurface environment to permanently contain 
waste. Required for the task is a thorough knowledge of a range of geological parameters 
such as the geologic/ hydrologic environment, structural geology, the physical and 
chemical properties of the formation rocks, and the chemical characteristics of the 
subsurface fluids (Gordon & Bloom 1986).  
 
Characterising the large-scale geologic relationships of a given site normally requires 
detailed descriptions of subsurface rock units by stratigraphic position, rock type, thickness 
and areal distribution. In addition to these data, any geologic structures such as folds, 
domes and basins, fractures and joint patterns, and faults must be completely described and 
mapped (Sullivan 1983, Gordon & Bloom 1986). Determining the petrophysical, or 
physical and chemical, properties of the individual confining and receiving formations 
involves characterising for each rock unit its mineral composition, porosity, permeability, 
compressibility, density and subsurface stress. These data are critical for evaluating the 
ability to inject liquids at a given rate and the ability of confining strata to prevent the 
unintended migration of waste liquids out of the injection zone, and for determining the 
structural stability of each rock unit to hydraulic fracturing (Sullivan 1983, Gordon & 
Bloom 1986).  
 
Problems can arise in the identification of suitable sites. Whereas the general rock type, 
distribution, and structural configuration of a formation potentially capable of accepting 
industrial liquid waste may be known, little or no information may be available on the 
petrophysical properties of that formation or on the composition of its contained fluid 
(Mankin 1982, Gordon & Bloom 1986). Such parameters, however, are critical to the 
effective injection of fluids and to their safe containment (Shoener 1983, Gordon & Bloom 
1986).  
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In addition, the collection of both geologic and petrophysical information depends upon 
rock cores obtained during well drilling, well records of adjacent boreholes, down-hole 
logging methods and geophysical surveys. The information derived from these sources at 
the depths to which wastes are being injected may be detailed but, at best, can provide little 
more than one-dimensional snapshots of the subsurface at different points. The zones 
between these points are depicted by extrapolation relying heavily on assumptions of 
homogeneity in rock characteristics and geology from one point to the next (Warner & 
Lehr 1977, Gordon & Bloom 1986). While assumptions of homogeneity may be consistent 
with actual geology in certain areas, variations in rock characteristics and even larger 
geologic features can occur in the space of a few feet. Indeed, the probability of such 
deviations is high. The limited capability to interpret the subsurface is one reason for the 
considerable uncertainty associated with deep well injection (Gordon & Bloom 1986). 
 
Predicted fate of injectate 
 
No assessment of the long term capability of the injection zone to isolate the waste is fully 
adequate without an understanding of the ultimate fate of the injected contaminants in the 
subsurface environment (Gordon & Bloom 1986). 
 
A compatibility evaluation should determine whether the constituents in the waste stream 
will react with the subsurface minerals or fluids and plug the pores of the injection zone 
and whether they will ultimately damage the integrity of the injection zone or confining 
layers creating the potential for waste migration (Gordon & Bloom 1986, Bachu et al 
1990). Also, clay minerals among larger grains may swell owing to injection of certain 
wastes and thus reduce pore space. As a result of such plugging, the operator may be 
tempted to increase the injection pressure to a dangerous threshold, which could cause 
failure of tubing, packers, and other equipment, or could induce fractures in cement and 
confining strata (LaMoreaux & Vrba 1990). 
 
On the other hand, chemical reactions may increase the porosity and permeability by 
dissolving certain minerals and opening new passages that were not anticipated in the 
original design. Such channelling may enable toxic materials to escape. Therefore, the 
mineral and fluid content of the reservoir must be analysed carefully, and laboratory 
studies of the interaction between these materials and the waste must be carried out before 
injection is started. Problems of incompatibility may often be minimised or overcome by 
treatment of the waste before injection (LaMoreaux & Vrba 1990). 
 
One conclusion reached from the Kerr report (1987) is that the basic compatibility test 
conducted by mixing waste fluids and reservoir fluids does not always give meaningful 
results. The test must be conducted under reservoir conditions. Precipitates, if formed in 
the compatibility test, may or may not plug the well depending upon the precipitate formed 
(Kerr 1987). 
 
Because of the slow reaction times for low temperature water-rock interactions, computer 
modelling may be used to evaluate the geochemical effects (Bachu et al 1990). 
Underground flow and containment of injected waste can be quantified by the use of 
mathematical computer models if the geology is adequately characterised (Miller et al 



Final Guidance Statement No. 4  March 2003 
Deep and Shallow Well Injection of Liquid Industrial Waste 
 

 27  

1986). As pointed out in the section on characteristics of receiving structure, the collection 
of both geologic and petrophysical information depends upon rock cores obtained during 
well drilling, well records of adjacent boreholes, down-hole logging methods and 
geophysical surveys. The information derived from these sources at the depths to which 
wastes are being injected may be detailed but, at best, can provide little more than one-
dimensional snapshots of the subsurface at different points (Warner & Lehr 1977, Gordon 
& Bloom 1986). Predicting the fate of the underground flow and containment of injected 
waste is therefore difficult. 
 
In 1983, Dow Chemical Co. abandoned the use of deep wells for hazardous waste disposal 
because ‘it couldn't be sure what would eventually happen to the wastes’ (Main 1983). For 
the most part, what is known about the fate of chemicals in the subsurface has largely been 
pieced together from experience or deduced from the results of research concerning 
contaminant fate at the surface. Very little research has been conducted on chemical fate at 
the actual depths to which wastes are being injected and little is known about what happens 
to wastes once they are injected (Gordon & Bloom 1986). 
 
Demonstrating the fate of injected wastes requires a knowledge of the behaviour of each 
waste after it enters the subsurface environment. The interaction of a particular waste with 
other injected wastes, with reservoir fluids, and with reservoir solid materials, such as clay, 
silicates, and carbonates must be known. Unfortunately, hazardous wastes are complex 
mixtures of materials, and their combination with other mixed waste streams increases the 
potential number of interactions factorially. Furthermore, since subsurface environments 
often take years to reach chemical and biological equilibrium, predicting exactly what will 
happen may be nearly impossible (Kerr 1987). 
 
Auditing quality and quantity of injectate 
 
Auditing the quality and quantity of the injectate adequately involves large resources from 
regulatory bodies. 
 
Tracking or measuring movement of injectate 
 
The ability to protect underground sources of drinking water by monitoring well-head 
injection rates and annulus pressure to determine ‘significant leaks’ has not been 
demonstrated. Some leaks in the well itself can occur without being detected because they 
are too slow to be detectable by the monitoring devices. Slow leaks in the confining layers 
have never been shown to be detectable by wellhead monitoring devices (Gordon & Bloom 
1986). 
 
Monitoring wells should be required in numbers sufficient to document waste movement, 
composition and pressure within the injection zone and confining zone and to document 
pressure changes and waste migration toward resource-bearing strata (Gordon & Bloom 
1986). 
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It is difficult to demonstrate that, when modelling flows, the waste would not reach a point 
of discharge, either vertically or horizontally, and therefore not cause any detrimental 
health, water resource or environmental impacts for a period of 10,000 years.  
 
A site which could meet a 10,000 year time period would both provide containment for a 
substantially longer time frame, and allow time for geochemical transformations which 
render the waste non-hazardous or immobile. The model must show that leakage will not 
occur in that time frame. There is a considerable body of evidence suggesting that waste 
will degrade to non-hazardous constituents or otherwise be attenuated well within a 10 
000-year time frame. Modelling does not show exactly what will occur, but rather what 
conditions will not occur. Refs 9, 10,11,12,13,14,15 of (Federal Register 1988). 
 
Remediation or removal of contaminants if a problem is imminent or has occurred 
 
Clean-ups of contaminated groundwater can reduce high hazards, but in most instances can 
not be restored to drinking water standards in a reasonable time frame (WA Legislative 
Assembly 1994).  
 

Attempts throughout the world at aquifer remediation where the goal has been 
to return a water supply aquifer to a state where it meets drinking water 
standards, have almost without exception been a failure. If not an outright 
failure, they have made so little progress that expectation is for success not to 
be achieved in this century and maybe not in the next one. 

 (Freeze & Cherry 1989)  
 

The cost of aquifer protection by minimising possibilities for spills, leaks, or 
improper disposal on aquifers is generally much smaller than the cost of 
studying, designing, litigating, and remediating aquifers after contamination in 
the aquifer is found. We should move towards investment in current water 
resource protection by the prevention of leaks, spills, and improper disposal. 
In this way, investment today will reap the benefits tomorrow. 
(Freeze and Cherry 1989) 

 
The most common method of groundwater clean-up practised in Western Australia is 
‘pumping and treating’. This usually includes, extraction of contaminated groundwater 
from the aquifer, treatment of the extracted water and disposal of the contaminants and 
recharge of the treated water. However, this expensive process does not guarantee success 
(WA Legislative Assembly 1994). A United States Environmental Protection Agency 
(USEPA) evaluation study found that complete and final restoration of groundwater using 
‘pump and treat’ technology was achieved at only one of nineteen sites it examined (United 
States General Accounting Office 1991). 
 
The cost of cleaning up contaminated sites is generally high, with clean-up of service 
station leakages in Perth, currently the most common clean-up activity, costing  well in 
excess of $100 000 per site (WA Legislative Assembly 1994). 
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Gathering information on the extent of a contaminant plume inevitably involves borehole 
drilling to obtain the spatial variations of contaminant concentration. Site investigation 
drilling is costly. For example, in 1993 the Water Authority spent in excess of $50 000 on 
drilling costs to determine the extent of a contaminated groundwater plume leaching from 
an old liquid waste site and thought to be threatening proposed production bores in 
Mirrabooka (WA Legislative Assembly 1994). 
 
Verifying or auditing achievement of performance parameters set 
 
To verify achievement of performance parameters set, the proponent would have to 
produce evidence, requiring many monitoring wells on-site and off-site. 
 
Auditing the achievement of performance parameters set involves large resources from 
regulatory bodies. 
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APPENDIX 5 
 
 
LIST OF HAZARDOUS WASTES AND CHARACTERISTICS 
 
 
List 1 - Hazardous Wastes 
 
Waste stream or wastes having as constituents Basel or 

OECD no. 
Hazard 
no. 

ANZECC 
no. 

Acidic solutions or acids in solid form Y34 H8 B100 to 
B180 

Animal effluent and residues (abattoir effluent, poultry and 
fish processing wastes) 

Various ex 
AC260 

 K100 K180 
K200 

Antimony; antimony compounds Y27 H11 H12 D170 
Any congener of polychlorinated dibenzo-furan Y43 H6.1 

H11 H12 
M170 

Any congener of polychlorinated dibenzo-p-dioxin 
 

Y44 H6.1 
H11 H12 

M180 

Arsenic; arsenic compounds Y24 H6.1 
H11 H12 

D130 H170 

Asbestos Y36 H11 H13 N220 
Basic solutions or bases in solid form Y35 H8 C100 to 

C140 D280 
Beryllium; beryllium compounds Y20 H11 D160 
Cadmium; cadmium compounds Y26 H6.1 

H11 H12 
D150 

Ceramic-based fibres with physico-chemical characteristics 
similar to those of asbestos 

RB020 H11 N230 

Copper compounds Y22 H12 D190 
Chromium compounds Y21 H11 H12 D140 
Clinical and related wastes; that is wastes arising from 
medical, nursing, dental, veterinary, or similar practices, and 
wastes generated in hospitals or other facilities during the 
investigation or treatment of patients, or research projects 

Y1 H6.2 R100 R110 

Cyanides Y33 Y38 H6.1 A310 M210 
Ethers Y40 H3 H11 G100 
Halogenated organic solvents Y41 H3 H6.1 

H11 
G130 G140 
G150 G170 

Inorganic fluorine compounds excluding calcium fluoride 
other than sludge 

Y32 H11 D110 

Lead; lead compounds Y31 H6.1 
H11 H12 

D220 

Mercury; mercury compounds (including equipment 
containing mercury) 

Y29 H6.1 
H11 H12 

D120 D121 

Metal carbonyls Y19 H11 D100 
Organohalogen compounds including chlorofluorocarbons 
and halons 

Y45 AC150 
AC160 

 G110 to 
G150 G180 
M160 

Organic phosphorus compounds Y37 H6.1 
H11 H12 

H110 M190 

Organic solvents excluding halogenated solvents Y42 H6.1 G110 G120 
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H11 M130 
Phenols, phenol compounds including chlorophenols Y39 H3 H6.1 

H11 H12 
M150 

Radioactive wastes not covered by other legislation  H11 H12 T150 
Residues from industrial waste treatment/disposal operations 
(including washdown waters from industrial plant cooling 
towers) 

Y18 Process 
specific 

L120 L150 
N160 N190 
N205 N210 

Selenium; selenium compounds Y25 H6.1 
H11 

N240 

Surface active agents (surfactants), containing principally 
organic constituents and which may contain metals and 
inorganic materials 

AC250 H8 M250 

Tannery wastes (including leather dust, ash, sludged and 
flours) 

Y12 Y21 
AC180 

H6.1 K140 K141 

Tellurium; tellurium compounds Y28  D250 
Thallium; thallium compounds Y30 H11 D180 
Triethylamine catalysts for setting foundry sands AC140 H6.1 M230 M240 
Vanadium compounds AA060 H11 M270 
Waste chemical substances arising from research and 
development or teaching activities which are not identified 
and/or are new and whose effects on human health and/or the 
environment are not known 

Y14  T100 

Wastes of an explosive nature not subject to other legislation Y15 H1 E120 
Waste from heat treatment and tempering operations 
containing cyanides 

Y7 H11 H12 A100 to 
A130 

Waste from the manufacture, formulation and use of wood-
preserving chemicals 

Y5 H11 H12 H180 H190 

Waste mineral oils unfit for their original use Y8 H12 J100 J140 
J150 

Waste oil/water, hydrocarbons/water mixtures or emulsions Y9 H12 J110 J120 
J130 

Waste containing peroxides other than hydrogen peroxide RC040 H5.1  
Waste from the production, formulation and use of biocides 
and phytopharmaceuticals 

Y4 H12 H100 to 
H170 

Waste from the production, formulation and use of inks, dyes, 
pigments, paints, laquers and varnish (including textile 
effluent and residues) 

Y12 Waste 
specific 

F100 F120 
F140 F160 
F180 

Waste from the production, formulation and use of organic 
solvents 

Y6 H11 H12 G160 G170 
G180  

Waste from the production, formulation and use of 
photographic chemicals and processing materials (including 
silver and silver compounds) 

Y16 H12 D260 D261 
T120 

Waste from the production, preparation and use of 
pharmaceutical products 

Y1 Y2 Waste 
specific 

R120 R130 
R140 

Waste from the production, formulation and use of resins, 
latex, plasticisers,glues and adhesives (including 
formaldehyde, isocynates and methacrylate compounds) 

Y13 H12 F110 F130 
F150 F170 
F190 F200 
M130 M220 
M270 

Waste, substances and articles containing or contaminated 
with polychlorinated biphenyls (PCBs), polychlorinated 
naphalenes (PCNs), polychlorinated terphenyls (PCTs) and/or 
polybrominated biphenyls (PBBs) 

Y10 Y43 
Y44 

H11 H12 M100 M110 
M120 M170 
M180 

Waste resulting from surface treatment of metals and plastics Y17 H12  
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Waste tarry residues arising from refining, distillation, and 
any pyrolytic treatment 

Y11 H11 H12 J160 

Zinc compounds Y23 H4.3 
H11 H12 

D230 

Notes: The ANZECC No. corresponds with the current ANZECC guidelines. The Hazard No. corresponds 
with that in List 3. 
 
 
List 2 - Controlled Wastes 
 
Waste stream or wastes having as constituents ANZECC No. 
  
Animal and vegetable oils and derivatives, including tallow, containing 
another substance or substances on the list 

K110 K120 K150 
K170 

Barium compounds D290 
Boiler blowdown sludge L110 
Boron compounds D310 
Caustic neutralised wastes containing metallic constituents C130 
Chlorates  
Cobalt compounds D200 
Containers and drums which have contained a hazardous substance N100 N110 
Contaminated soils N120 
Detergents M250 
Encapsulated, chemically-fixed, solidified or polymerised wastes N160 N170 N180 
Filter cake N190 
Fire debris and fire washwaters L130 N140 
Fly ash N150 
Heterocyclic organic compounds containing, oxygen, nitrogen or 
sulphur 

M140 

Highly odorous organic chemicals (including mercaptans and acrylates) M260 
Inert sludges/slurries e.g. clay, ceramic suspensions T130 
Inorganic sulphides D330 
Nickel compounds D120 
Nightsoil K131 
Non halogenated organic chemicals M130 
Non toxic salts D300 
Perchlorates  
Phosphorus compounds excluding mineral phosphates D320 
Septic tank sludge K130 
Sewage sludge and residues K132 
Spent catalyst N130 
Tyres T140 
Vegetable and food processing waste K120 K160 K170 

K180 
Vehicle washwaters with or without detergents including machinery 
washwaters 

L100 L101 

Wool scouring wastes K190  
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List 3 - Hazardous Characteristics 
 
UN 
Class 

Hazard No. Hazardous Characteristics 

1 H1 Explosive 
  An explosive substance or waste is a solid or liquid substance or waste( or 

mixture of substances or wastes) which is in itself capable by chemical 
reaction of producing gas at a temperature and pressure and at such a speed as 
to cause damage to the surroundings. 

3 H3 Flammable Liquids 
  The word “flammable” has the same meaning as “inflammable”. Flammable 

liquids are liquids , or mixtures of liquids, or liquids containing solids in 
solution or suspension (for example, paints, varnishes, lacquers, etc., but not 
including substances or wastes otherwise classified on account of their 
dangerous characteristics) which give off flammable vapour at temperatures 
of not more than 60.5 degrees Celsius, closed-cup test, or not more than 65.6 
degrees Celsius, open-cup test. (Since the results of open-cup tests and of 
closed cup tests are not strictly comparable and even individual results by the 
same test are often variable, regulations varying from the above figures to 
make allowances for such differences would be within the spirit of the 
definition). 

4.1 H4.1 Flammable Solids 
  Solids or waste solids, other than those classified as explosives, which under 

conditions encountered in transport are readily combustible, or may cause or 
contribute to fire through friction. 

4.2 H4.2 Substances or wastes liable to spontaneous combustion 
  Substances or wastes which are liable to spontaneous heating under normal 

conditions encountered in transport, or to heating up in contact with air, and 
being then liable to catch fire. 

4.3 H4.3 Substances or wastes which, in contact with water, emit flammable gases 
  Substances or wastes which, by interaction with water, are liable to become 

spontaneously flammable or to give off flammable gases in dangerous 
quantities. 

5.1 H5.1 Oxidising 
  Substances or wastes which, while in themselves not necessarily combustible, 

may, generally by yielding oxygen, cause or contribute to , the combustion of 
other materials. 

5.2 H5.2 Organic peroxides 
  Organic substances or wastes which contain the bivalent -O-O- structure are 

thermally unstable substances which may undergo exothermic self-
accelerating decomposition. 

6.1 H6.1 Poisonous (acute) 
  Substances or wastes liable either to cause death or serious injury or to harm 

human health if swallowed or inhaled or by skin contact. 
6.2 H6.2 Infectious substances 
  Substances or wastes containing viable micro-organisms or their toxins which 

are known or suspected to cause disease in animals or humans. 
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8 H8 Corrosives 
  Substances or wastes which, by chemical action, will cause severe damage 

when in contact with living tissue, or in the case of leakage, will materially 
damage, or even destroy, other goods or the means of transport; they may also 
cause other hazards. 

9 H10 Liberation of toxic gases in contact with air or water 
  Substances or wastes which, by liberation with air or water, are liable to give 

off toxic gases in dangerous quantities. 
9 H11 Toxic (delayed or chronic) 
  Substances or wastes which, if they are inhaled or ingested or if they penetrate 

the skin, may involve delayed or chronic effects , including carcinogenicity. 
9 H12 Ecotoxic 
  Substances or wastes which if released present or may present immediate or 

delayed adverse impacts to the environment by means of bioaccumulation 
and/or toxic effects upon biotic systems. 

9 H13 Capable of yielding another material which possesses H1-H12 
  capable by any means , after disposal, of yielding another material, e.g., 

leachate, which possesses any of the characteristics listed above. 
* UN Class corresponds to the hazard classification system included in the United Nations 
Recommendations on the Transport of Dangerous Goods 
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APPENDIX 6 
 

GENERIC FLOW DIAGRAM FOR THE GUIDANCE STATEMENT 
PROCESS 
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