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active leak detection and repair, to better meter management and to better management of water pressures (some of these measures are introduced in more details below). Pressure management is in many cases the
single intervention which makes the greatest difference in the shortest
time, as water pressures in our distribution systems in South Africa have
tended to be excessive, and it has been established that there is a more or
less linear correlation between water pressure and the volumes of water
leakage. In fact, the South African government has taken a strong stance
PO8$8%.CZJTTVJOHUIF/P%SPQDFSUJöDBUJPOQSPHSBNNFGPSNVOJDJpalities. In the course of this certification, municipalities will have to demonstrate how they perform in six performance categories, including:
t8$8%.4USBUFHZ 1MBOOJOHBOE*NQMFNFOUBUJPO
t"TTFU.BOBHFNFOU
t5FDIOJDBM4LJMMT
t$SFEJCJMJUZ
t$PNQMJBODFBOE1FSGPSNBODF
t-PDBM3FHVMBUJPO
t$VTUPNFS$BSF
The combination of the cost of water losses, the country’s need to save
water as well as the governmental requirements constitute a considerBCMFESJWFSGPSNVOJDJQBMJUJFTUPFNCBSLPO BEEJUJPOBM 8$8%.NFBTures. Such measures, in particular pressure management and leak detection are, nowadays, a fairly specialised field and most municipalities in
South Africa do not possess the necessary technical skills to carry out this
work in-house.
The solution is to contract out certain measures to external contractors
or service providers. The purpose of the model contract document is to
provide municipalities with a template for the employment of specialists to assist with this work including a performance-oriented element
with a financial bonus linked to the value of the water which is saved.
5IF4USBUFHJD8BUFS1BSUOFST/FUXPSL 481/ 1 XJUITVQQPSUGSPNUIF(*;
5SBOTCPVOEBSZ8BUFS1SPHSBNNFJO4"%$2, has produced a model perGPSNBODFCBTFE8$8%.DPOUSBDUUIBUQSPWJEFTBCBTJDUFNQMBUFXIJDI
conforms to current (as at 2014) South African legislative requirements
BOECFTUQSBDUJDFJOUFSNTPG8$8%.PQUJNJTBUJPO
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ABSTRACT
PGBMMCVMLXBUFSTVQQMJFEUPUIFCFUUFSBENJOJTUFSFENVOJDJQBMJUJFT
in South Africa is wasted either through physical leakage or through the
mismanagement of metering and billing systems.
This paper will describe the results and experience gained from a perGPSNBODFCBTFE8$8%.DPOUSBDUBOEXJMMHPPOUPEFTDSJCFUIFNPEFM
contract documentation that has been developed by the Strategic Water
1BSUOFST/FUXPSL 481/ XJUITVQQPSUGSPNUIF(*;5SBOTCPVOEBSZ8BUFS 1SPHSBNNF JO 4"%$5IJT EPDVNFOUBUJPO JT EFTJHOFE UP BTTJTU NVOJDJQBMJUJFTUPBQQPJOUBTQFDJBMJTU8$8%.DPOUSBDUPSVTJOHBöOBODJBM
bonus linked to the benefits that are achieved. The model contract provides a basic template which conforms to current South African legislative requirements and best practice.
The model contract allows for options for different performance based
incentives and provides a contractual basis on how this can be tendered
and applied. This approach can ensure a cost effective outcome due to
the contractor being invested in the best possible outcome thus ensuring
that creative, innovative and proactive measures are applied.
The Model Performance Based Contract pack includes:
t.PEFM5FOEFSBOE$POUSBDU%PDVNFOU
t.PEFM#JMMPG2VBOUJUJFT
t(VJEFMJOFTGPSVTJOHUIFEPDVNFOUBTXFMMBTGPSNPOJUPSJOH
and evaluation.

CASE STUDY – EMFULENI LOCAL MUNICIPALITY
Background
Emfuleni Local Municipality lies within the Orange-Senqu river basin adKBDFOU UP JUT NBJO USJCVUBSZ  UIF7BBM 3JWFS5IF EFNBOE PO UIJT JNQPStant water resource already exceeds its sustainable supply. Municipalities
BDSPTT(BVUFOHBOECFZPOEQVSDIBTFUIFJSQPUBCMFXBUFSGSPN3BOE8BUFSXIPTFTPVSDFPGTVQQMZJTUIF7BBM3JWFS5IFNVOJDJQBMJUJFTUIFOQSPvide this water to residential and commercial customers but non-revenue
XBUFS /38 QFSDFOUBHFTBDSPTTUIFTZTUFNTBSFIJHI SBOHJOHGSPN
UPPWFS&NGVMFOJIBEBO/38JOFYDFTTPGFRVBUJOHUPBMPTTPG
NPSFUIBO̓NJMMJPO̓N of water per annum. Like many municipalities,
Emfuleni did not have the necessary capacity, instruments or resources to
implement the required water conservation and demand management
actions. This not only threatens the water supply of the residents, but also
poses water risks to businesses, restricting economic development and
adding to the strain on the available resource.
Sasol Limited has considerable sizable operations that are dependent
POUIFXBUFSTVQQMJFEGSPNUIF7BBM3JWFSBOEJUIBEBMSFBEZNBEFTJHnificant investments to reduce its water use and to improve its water security. It faced diminishing returns as the costs for further improvements
were increasing compared to additional gains in water saving. The need

BACKGROUND
South Africa is a semi-arid, water scarce country and many of the country’s water resources are already fully allocated to different domestic,
agricultural and industrial uses. Any further growth in water demand (beyond the 20 year planning horizon) will necessitate expensive measures
such as the construction of new dams and long distance water transfer
schemes from outside the borders of the catchment, or even the country,
or from desalination plants at the coast in order to maintain the current
MFWFMTPGHSPXUI"UUIFTBNFUJNFJUJTFTUJNBUFEUIBUBCPVUPGBMM
bulk water used in municipalities is wasted through either physical leakage (25%) or through the mismanagement of metering and billing systems (12%). These values are an estimate based on data obtained from
KVTUPWFSIBMGPGUIFNVOJDJQBMJUJFTJOUIFDPVOUSZSFQSFTFOUJOHPGUIF
total municipal water consumption. The other municipalities do not have
sufficient data to determine what percentage of their water supply is lost
and for what reasons.
*O UIJT DPOUFYU 8BUFS $POTFSWBUJPO BOE8BUFS %FNBOE .BOBHFNFOU
8$8%.  JOUFSWFOUJPOT IBWF CFDPNF DSJUJDBMMZ JNQPSUBOU JO PSEFS UP
address these water losses. It is generally far more cost effective to fix
leaks and reduce the wastage of water than it is to build a new dam and
transfer scheme from a neighbouring catchment or to upgrade a Water
5SFBUNFOU1MBOUBOEJUTBTTPDJBUFESFTFSWPJST8$8%.NFBTVSFTDPWFSB
range of interventions, including social interventions such as community
education regarding household water efficiency and losses, to the overhauling of billing systems, to the review of the tariffs charged for water, to

5IF4USBUFHJD8BUFS1BSUOFST/FUXPSLJTBDPMMBCPSBUJPOCFUXFFOUIF%FQBSUNFOUPG8BUFSBOE4BOJUBUJPOBOENBKPSQSJWBUFTFDUPSXBUFSVTFST
2
5IF (*; QSPHSBNNF JT KPJOUMZ GVOEFE CZ UIF (FSNBO  6OJUFE ,JOHEPN BOE
Australian governments.
1
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In the financial year 2011/12 it purchased some 82 million m of potable
XBUFSGSPN3BOE8BUFSBUBDPTUPGBSPVOE3̓NJMMJPO)JTUPSJDBMUSFOET
showed that the annual growth in water demand for the municipality was
CFUXFFOBOEQFSBOOVN/PO3FWFOVF8BUFS /38 WBMVFTGPS
UIFNVOJDJQBMJUZXFSFJOUIFSBOHFUPSFTVMUJOHJOMPTTFTPGUIF
PSEFSPG̓NJMMJPO̓NQFSZFBSFRVBUJOHUPBDPTUPG3̓NJMMJPOQFS̓ZFBS
The Evaton/Sebokeng area was identified by the municipality as being
the priority area for the focus of the project. It represented about 40% of
the total water consumption of the municipality and water consumption
was been charged on a deemed-use basis as a result of few meters being
read. This resulted in extremely low payment levels being recorded for
the area meaning that any reduction in water consumption would create
a direct saving in cost to the municipality.
The priorities of the project were to:
treduce physical water losses in the prioritised areas through pressure
management and the repair of leaking household water systems
tprovide education and awareness to the community regarding water
conservation issues
ttrain and develop community plumbers who would be recruited locally.

FIGURE 1 Comparison of baseline demand and actual water consumption
to comply with possible imposed water-reduction targets was seen as a
significant threat to the company and the security of its water supply had
been identified as a risk to future operations.
It was therefore seen as good business sense to redirect these investments to help other users make larger savings. This approach would then
lead to significant water savings, and at the same time reduce water risks,
both to Sasol and to all users of the resource, including the municipalities.
Project Partnership
5IFOFFEUPPòFSBTTJTUBODFUP&NGVMFOJXBTKPJOUMZJEFOUJöFECZ(*;BOE
Sasol who agreed to approach the municipality on the matter. Following
BTFSJFTPGOFHPUJBUJPOT &NGVMFOJ 4BTPMBOE(*;FOUFSFEJOUPB.FNPSBO
dum of Understanding (MoU) to implement a Water Conservation and
8BUFS%FNBOE.BOBHFNFOU 8$8%. QSPKFDU6OEFSUIJT.P6 JOJUJBM
TFFEGVOEJOHPG3̓NJMMJPOXBTNBEFBWBJMBCMFUISPVHIUIF4"%$5SBOT
CPVOEBSZ 8BUFS .BOBHFNFOU 1SPHSBNNF NBOBHFE CZ (*; BOE 4BTPM
BMTP NBEF 3̓ NJMMJPO BWBJMBCMF5IF .VOJDJQBMJUZ JO UVSO BHSFFE UP SJOH
fence the savings created by the reduction in water use to be re-invested
to augment the partnership seed funding and to continue with the water
conservation interventions. The underlying principle of the project cooperation was that the seed funding would be used to initiate the project
and create financial savings for Emfuleni. These savings would then be
utilized to continue and grow the project thus providing Emfuleni with
a self-funding process that would allow them to further address water
MPTTQSPCMFNT5IFGVOEJOHGSPN(*;BOEUIF4"%$5SBOTCPVOEBSZ8BUFS
Project would contribute to reducing the demand on the Orange-Senqu
river basin and the funding from Sasol would contribute to the improvements in their level of water security.

Contract
Using a performance based contract, a full competitive tender and evaluation process was undertaken by Sasol and the services of an experienced Managing Consultant were procured. The principle of the contract
was that the Managing Consultant would be paid for its time (at a lower
than normal rate) and for all expenses incurred as per a priced bill of
quantities. Additionally a performance bonus would be paid as follows:
tfor up to a 10% saving in water costs – 10% of the saving
tfor between 10% and 25% saving – 20% of the saving between 10%
and 25%
tthe performance bonus level was capped at 25%.
The first priority of the project was to establish the water use baseline for
the area based on a history of the bulk water supply. A supply area was
JEFOUJöFEXIJDIXBTTFSWFECZUISFF3BOE8BUFSNFUFSFETVQQMZQPJOUT 

Project Scope
&NGVMFOJIBTBQPQVMBUJPOPGBQQSPYJNBUFMZ̓JO̓IPVTF
holds. It also supports considerable industry and commercial operations.
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PWFS3̓NJMMJPO5IFDPNQBSJTPOPGUIFQSPKFDUXBUFSEFNBOECBTFMJOF
with the actual monthly consumption is shown in Figure 1.
"HBJOTUUIFEJSFDUTBWJOHTPG3̓NJMMJPOPWFSUIFUXPZFBSMJGFPGUIF
QSPKFDU  UIF UPUBM QSPKFDU DPTU XBT 3̓ NJMMJPO PG XIJDI 3̓ NJMMJPO XBT
DPOUSJCVUFE CZ (*;  3̓ NJMMJPO CZ 4BTPM BOE UIF CBMBODF PG 3̓ NJMMJPO
was paid by the Municipality out of the savings achieved. The cash flow
showing expenditure versus cost savings is shown in Figure 2.
The cash flow graph above shows the importance of the seed funding
that covered the initial cost of the work that had to be implemented before the first positive savings were realised.
The initial requirements were to look at priority areas covering some
20 000 properties in Phase 1. The Managing Consultant eventually adESFTTFE PWFS ̓  QSPQFSUJFT BOE XBT DPOTUBOUMZ JEFOUJGZJOH BSFBT
where further savings could be achieved.
In addition to the direct measurable results mentioned above, there are
a number of indirect benefits:
tUIFMFWFMPGBXBSFOFTTBOEVOEFSTUBOEJOHPGUIFOFFEUPDPOTFSWF
water has increased in the target areas
tUIFIPVTFPXOFSTBSFTUBSUJOHUPUBLFSFTQPOTJCJMJUZGPSöYJOHMFBLTJO
their houses themselves
tUIJTQSPKFDUIBTQBWFEUIFXBZGPSUIF.VOJDJQBMJUZUPSPMMPVUJNQSPWFE
metering and billing practices in the sense that the community is now
more aware of their use and, through the curbing of unnecessary high
usage, their potential bills have been reduced
tGPSNBMVQTLJMMJOHBOEFNQMPZNFOUPQQPSUVOJUJFTGPSMPDBMSFTJEFOUT
were created by the project
tUIJTQSPKFDUIBTBMTPJNQSPWFEUIFDBQBDJUZPGUIF.VOJDJQBMJUZUP
execute large water conservation and demand management projects
in their jurisdiction
tUIFXBTUFXBUFSUSFBUNFOUXPSLTTFSWJOHUIJTBSFBIBTQSFWJPVTMZ
been assessed as being hydraulically overloaded as well as receiving a
diluted quality of effluent that is not optimal for processing purposes;
a major factor in this is the volume of potable water entering the

FIGURE 2 Cash flow showing project cost vs. value of water savings
(4PVSDF831$POTVMUJOH&OHJOFFST)
the project area formed the main constituent part of this area. This allowed the use of the historical supply records as well as providing independent third-party meters and meter reading to obtain monthly supply
figures to the area.
Given that this historical supply information was available over a multiyear period it was possible to extrapolate the existing water consumption data to create a baseline for the measurement of savings over the
duration of the project period. After excluding certain outlier numbers
from the calculation, a straight line fit into the actual consumption figures
gave an agreed baseline that indicated an annual growth in consumption
of around 5%. It should be noted that the baseline is not a single fixed
figure but is a line on a graph that reflects the 5% annual growth on a
month to month basis. This line was also converted to a specific monthly
forecast of the anticipated water consumption without the effect of the
8$8%.JOUFSWFOUJPO
Results Achieved
Through the use of the Performance Based approach, the appointed
Managing Consultant was “invested” in the project. It was in their interest
to identify problem areas and to come up with solutions to address them
and to maximise the savings achieved.
The combined effect of the interventions for the two financial years
covered by the project resulted in a reduction in water use of 6.85 million mBHBJOTUUIFCBTFMJOFoBTBWJOHPG3̓NJMMJPOPOUIFNVOJDJQBM
water bill over the two years.
More importantly, however, for the last six months of the project the
anticipated demand of 21 million m was reduced to an actual consumpUJPO PG ̓ NJMMJPO̓ N  B SFEVDUJPO PG  3FMBUJOH UIJT UP UIF OFYU
financial year (2014/15) this will create a reduction in water demand of
BUMFBTU̓NJMMJPO̓N and a reduction in water costs to the Municipality of
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The key concept of a performance based contract is the
use of performance-based incentives to provide the speDJBMJTU8$8%.DPOUSBDUPSXJUIBöOBODJBMCPOVTMJOLFE
B
%DVHOLQH9ROXPHSRUMHFWLRQPRQWKWRHQG
kl
to the value of the water which is saved through the
8$8%.NFBTVSFTFNQMPZFE"QQSPQSJBUFMZVTFE TVDI
C
([SHFWHG(I¿FLHQF\*DLQ
%
incentives can ensure the most cost effective outcome.
This is because the contractor is not just performing
D
([SHFWHGVDYLQJLQZDWHU
kl
a service but is invested in the outcome of that service
and will therefore be that much more creative, innova(
Performance Bonus Rate
5NO
tive and proactive to ensure that the best possible outcome is achieved.
F
([SHFWHG3HUIRUPDQFH%RQXV
R
The model contract contains options for the use of performance based incentives and provides a contractual
G
Total Tender Price
R
basis on how this can be tendered and applied.
"T UIF ESBGUJOH BOE BENJOJTUSBUJPO PG 8$8%. DPOH
9$7
R
tracts is more specialised than the drafting of convenI
Total Tender Price incl VAT
R
tional water supply construction contracts, this model
contract sets out an appropriate process and documenSet by Municipality
tation for both the tender and the final contract.
Tendered Rate or Amount
It is, however, important that the person responsible
for compiling the final tender and contract documents is
FIGURE 3 Example of calculation of tender amount
someone with a good background and knowledge on such work and its
application within the water environment. The Model Performance Based
sewerage system due to leaks and wastage. A reduction in such leaks
Contract document pack is available free of charge in electronic format
and wastage will improve the operating conditions of the waste water
and contains the following documents:
treatment plant
tTBTPM BTUIFQSJWBUFTFDUPSQBSUOFS IBTCFFOSFDPHOJTFEBTBMFBEFSBOE
Model Tender and Contract Document
major role player in the principles of water stewardship and developThis is issued in Word format so that each user can add specific contract
ment partnership projects, both internationally and locally, by public
data and can also adjust the documentation (if necessary) to suit both the
authorities and institutions as well as by their peers.
requirements of the contract and any specific requirements of the issuing
authority. The basis of the pricing of the tender provides a schedule that
Lessons Learned
allows each submitted tender price to be compared on an equal basis. It
t5IFBCJMJUZUPEFUFSNJOFUIFCBTFMJOFPGXBUFSVTFJTJNQPSUBOUUPCFBCMF
also allows for a mix of both reimbursable items as well as a performance
to accurately determine the water savings achieved
based fee.
t8IFSF B NVOJDJQBMJUZ JT QVSDIBTJOH XBUFS GSPN B UIJSE QBSUZ  UIJT BMThe contract uses the General Conditions of Contract for Construction
lows for a simple calculation of the monetary value of the savings beWork (GCC), Second Edition, 2010, published by the South African Instituing achieved as well as providing an independent quantification of the
actual water use
tion of Civil Engineering, as the basis for the contractual arrangements
t6OFYQMBJOFENPOUIMZøVDUVBUJPOTJOEFNBOEXJMMPDDVSBOEXJMMDPNand the tender uses the Standard Conditions of Tender as issued by the
$POTUSVDUJPO*OEVTUSZ%FWFMPQNFOU#PBSE DJEC 
plicate the measurement of savings. The conversion of meter readings
The format of the Model Tender and Contract is as follows:
to average daily figures will reduce the impact of different meter readtPart T1 Tendering Procedure
ing periods on this but it will always be necessary to look at consumptPart T2 3FUVSOBCMF%PDVNFOUT
tion figures over a three or six month period. It is also beneficial to have
tPart C1 "HSFFNFOUTBOE$POUSBDU%BUB
check meters running on the main supply points
tPart C2 1SJDJOH%BUB
t$PNNVOJUZFOHBHFNFOUUISPVHIUIFBXBSFOFTTBOEFEVDBUJPODPNtPart C3 Site Information
ponents is a key element of the programme and should not be ignored;
tPart C4 Scope of Works
t5IF DPSSFDU BQQMJDBUJPO PG QSFTTVSF NBOBHFNFOU JT BO JOUFSOBUJPOBMMZ
tPart C5 Generally Applicable Specifications
accepted practice that can have a significant impact on reducing water
tPart C6 Particular Project Specifications.
losses through leaks and wastage – this is particularly the case in SouthIn addition to the above the following additional documents are
ern Africa where pressures are generally higher than necessary
also included:
t5IFNBJOGPDVTBSFBPGUIJTQSPKFDUXBTUPXPSLXJUIUIFDPNNVOJUZJO
tStandard Conditions of Tender (Construction Industry Developrespect of education and awareness as well as to repair in-house leaks.
This was achieved. For such work to be sustainable, however, it will evenment Board) - These are the standard Conditions of Tender as applied
in South Africa. These standard conditions can be amended through
tually require the introduction and enforcement of metering and paythe insertion of special clauses in Part T1 of the Model Tender and
ment systems which is a potential confrontational issue and therefore
$POUSBDU̓%PDVNFOU
better dealt with as a separate exercise.
tStandard Set of Returnable Schedules required in the Municipal
Sector in South Africa - The South African municipal sector is required
THE MODEL PERFORMANCE BASED CONTRACT
to conform to a rigorous process as part of its Supply Chain ManageFlowing out of the testing and experience from the Emfuleni project, the
4USBUFHJD8BUFS1BSUOFST/FUXPSL PGXIJDI4BTPMJTBQBSUOFS SFRVFTUFE
ment regulations. This process is designed to protect municipalities
(*;UPBTTJTUJOEFWFMPQJOHB.PEFM1FSGPSNBODF#BTFE$POUSBDUXIJDI
from corruption, promote the use of BBBEE companies and ensure that
DPVMECFVTFECZNVOJDJQBMJUJFTUPFTUBCMJTIBQQSPQSJBUF8$8%.DPOa fair and balanced process is used in assessing and awarding tenders.
The normal returnable documents that are used are included in this
tracts that would build on the success of the work at Emfuleni.
Ref.
A

Item

Total from BoQ

IMESA

Unit
R

Amount
5 000 000 Total of Reimbursable Items
Predicted water use without
63 165 870
:&'0FRQWUDFW
Assumed saving % for
10
tender purposes
Assumed saving in water
6 316 587
XVLQJWKHLQURZ& %[&
Rate tendered for
0.75
Performance Bonus
Based on assumed saving
4 737 440
DQGWHQGHUHGUDWH '[(
Performance bonus plus
9 737 440
5HLPEXUVDEOHLWHPV $)
1 363 242
11 100 682 Total Tender
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section for use where necessary in tenders. In many
cases, municipalities will have their own formats for such
schedules and where appropriate, these should be used
rather than the standard forms included here.
Model Bill of Quantities
A formatted Model Bill of Quantities is provided as an Excel
spreadsheet. This contains typical sections and items that
XPVMECFBQQMJDBCMFUPBSBOHFPG8$8%.JOUFSWFOUJPOT
The user is required to select those that are applicable and
it may also be necessary to include additional items. The
Bill of Quantities deals with work that will be paid for on
a reimbursable or measurement basis. It is the skill of the
user to decide what work will be covered on this basis and
what work (if any) will be included in the performance
based portion of the contract.

Establish needs
Water balance
Blue Drop
compliance

Identify priority
areas

Non-revenue water

Define the initial
scope of work

Collate & document
base data

FUNDING
ARRANGEMENTS

Own funds

Guideline for the use of the Model Performance Based
Tender and Contract
5IF (VJEFMJOF %PDVNFOU QSPWJEFT JOGPSNBUJPO GPS UIF
user of the Model Tender and Contract on when the performance based contract is important and how it should
be structured.
Also included are worked examples of the determination of the tender price to include the method of measuring the financial effect of the performance bonus as well
as how to determine performance based payments during
the contract.

MOU

Private/sector
donor funding

Government funds

Finalise funding
arrangements

Final scope of work

Prepare Tender

Guideline for Monitoring and Evaluation
A further guideline is provided as to how the Performance Based Contract should be monitored and evaluated both during the contract and
on completion.

Initiate
Procurement

Finalise PBC
Arrangements

Assess and
Evaluate

Award

FIGURE 4 Implementation process for a Performance Based Contract
management of freshwater resources. Water stewardship helps governments, companies, investors and others understand their water footprints
and become better water stewards. Beyond water footprints and reducing the impact of individual water users, companies are being urged to
look outside their own operations and to become involved in advocating,
supporting and promoting better water resource governance and utilisation - for the benefit of all people and nature.
On this basis, there is an opportunity for cash strapped municipalities
to seek help from local companies and to offer them the opportunity to
assist in supporting the local community in terms of water security for all.
With a relatively small contribution these companies can help fund the
TUBSUVQDPTUTPGB1FSGPSNBODF#BTFE8$8%.DPOUSBDU

Selected Lessons from International Experience
A number of interesting examples from other countries are presented in
this section. These case studies can inform current thinking although recognition has to be given the varying conditions in the different countries.
1VCMJD1SJWBUF1BSUOFSTIJQTo1SBDUJDF/PUF
There are very strict rules in South Africa about municipalities entering
into contracts that are too long in duration or that attempt to transfer
high levels of risk to the private sector. This practice note discusses the
factors that would turn a Performance Based Contract into a Public Private Partnership and defines the implications for such an occurrence.

CONCLUSION
In the Model Performance Based Contract, municipalities now have a tool
that will help them to be able to prepare an appropriate tender and contract to employ a specialist service provider to assist them in reducing the
wasteful component of their water use. The results of such contracts will
BEEUPUIFJSFòPSUTUPDPNQMZXJUIUIFMBUFTU/P%SPQSFRVJSFNFOUTBT
well as contributing to a reduction in their water consumption.
The option also exists to obtain assistance from a private sector company that is committed to water stewardship to help fund the initial work
of the programme with a view of creating a self-sustaining operation for
the municipality to continually reduce its water wastage or over-use.

IMPLEMENTATION
The process diagram shown as Fig. 4 gives an indication of the actions
that would typically be required for a municipality to implement a
8$8%.DPOUSBDU5IJTQSPDFTTTIPVMECFGPMMPXFEJSSFTQFDUJWFPGXIFUIer a performance based contract is being used or not.
FUNDING MODELS
The involvement of the private sector in the implementation of a Performance Based Contract is not a pre-requisite. It would be perfectly reasonable for a municipality to undertake such work using its own funds to
kick start the project, most of which could be expected to give positive
returns within a three year cycle.
It is, however, important to remember that nearly every business sector
is water-dependant in some way or another. Water stewardship within a
company goes beyond being an efficient commercial water user. It means
that companies should be contributing to the responsible, sustainable
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AUSTRALIAN LEGISLATION: The Australian legislation calls for the removal of dissolved solids to a level that is environmentally acceptable
before it can be released. It also calls for containment of all salts removed
GSPNUIF30QSPDFTTBTJUDBOOPUCFSFMFBTFEJOUPUIFFOWJSPONFOU5IJTJT
UFSNFEB;FSP-JRVJE%JTDIBSHF ;-% BOETBMUGPSNBUJPOGSPNUIFCSJOF
SFMFBTFE CZ UIF 30 QSPDFTT JT FYUSFNFMZ FYQFOTJWF BOE TQFDJBM FRVJQment has to be used.
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Dr Hendrik van Rhijn
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ABSTRACT
BACKGROUND: Both South Africa and Australia (as well as other countries) have vast reserves of methane gas trapped either in coal or shales
up to 1 km or more below the surface. Some of these seams are not pervious (tight gas) and need to be fracced (fracturing is also used) to release
the gas. This is a process where high pressure water, sand and fracturing
fluids are injected into the wells to open up the coal or shale to release
the gas. Unfortunately in most instances because of the depth of the gas
it is at a level where groundwater is present which has to be pumped
down to a level where the gas can be release to the surface.

CONCLUSION: It takes huge investments from gas companies to take the
Governments and the community along the journey and prove conclusively that this type of development does not have an adverse impact on
the environment.

THE ISSUE
Coal and shale seam gas reserves are likely to make a major contribution to future energy needs. However, the new technology for exploiting
these reserves, termed hydraulic fracturing or fracturing raises several environmental issues. Australia and South Africa has significant exploitable
reserves of natural gas from coals and shale seams, primarily located in
UIFDPBMCBTJOTJO2-%BOE/48 "VTUSBMJB CVUXJUIQSPEVDUJPOQPUFOtial in most states and territories. Commercial production commenced
JO"VTUSBMJBJOXJUITMPXQSPEVDUJPOHSPXUIGPSJUTöSTUEFDBEF"T
with the development of other extractive resource industries, the sustainable development of the sector requires balanced consideration of

ISSUES: The method for fracturing because of previous bad publicity has
raised the following concerns from the farming community:
tBQPTTJCMFSFEVDUJPOJOBWBJMBCMFHSPVOEXBUFSGPSGBSNJOHBDUJWJUJFT
tUIFGSBDUVSJOHøVJETVTFENJHIUDPOUBNJOBUFUIFBWBJMBCMFHSPVOEXBUFS
or aquifers, making it unfit for farming activities
tBTNPTUPGUIFTFQSPEVDFEXBUFSTDPOUBJOEJTTPMWFETPMJETCFDBVTFPG
the coal or shale from which it has been released from, it has to be treatFEXJUIIJHIDPTUTZTUFNTTVDIBT3FWFSTF0TNPTJT 30 UPFOBCMFJUUP
be reused for farming activities or released in streams.
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its environmental, social and economic impacts, benefits and costs. Activities associated with the development of natural gas from coals seams
will affect the environments in which it occurs. Potential environmental
issues such as groundwater depletion, produced water management,
surface disruption from activities associated with the drilling of wells and
the construction of pipelines, and chemical use associated with well drilling and hydraulic fracturing must be managed to minimise environmental impacts.
Australian governments are focused on achieving a balance between
developing a world-class industry, protecting the environment, water resources and human health while delivering opportunities and benefits
to the Australian community. It is the responsibility of governments to
understand and address both the risks and community perceptions involved in the development of natural gas from coal and shale seams and
adopt positions that address and respond equally to these risks and perceptions. Governments should aim to provide policies and regulations
that encourage the growth of the industry within a regime of relevant,
enforced conditions and legislation to protect the environment, human
health and facilitate social development and sustainability.

the fluid injection under pressure creates fractures in the coal or shale
seam where the well is perforated.
For a vertical well treatment, a fracture might typically extend to a
distance between 20 and 250 metres from the well. The fractures grow
slowly; for example the initial average velocity may be less than 10 metres per minute and slow to less than 1 metre per minute at the end of the
treatment. The ‘proppant’ in the hydraulic fracturing fluid acts to keep the
fracture open after injection stops, and forms a conductive channel in the
coal through which the water and gas can travel back to the well. After
the fracturing is complete, the majority of the hydraulic fracturing fluid is
brought back to the surface over time and treated before being reused
or disposed of in accordance with the regulations applying in that jurisdiction. Well integrity standards include arrangements for hydraulic fracturing and are the key mechanism for managing potential impacts. The
impacts that arise generally relate to potential aquifer interconnectivity,
intersection of induced fractures with existing faults/fractures and/or existing wells, and the potential for chemical contamination.
Prior to obtaining an authorisation to undertake hydraulic fracturing
activities, legislation requires operators to:
tQSPWJEFEFUBJMTPGUIFJSQSPQPTFEIZESBVMJDGSBDUVSJOHPQFSBUJPOT
including the location of wells
tEFUBJMUIFDIFNJDBMTUPCFVTFEBOEUIFUPYJDJUZPGJOHSFEJFOUT
and mixtures
tEFWFMPQBSJTLBTTFTTNFOUUIBUNVTUCFDBSSJFEPVUGPSBOZXFMMQSJPSUP
it being hydraulically fractured to ensure that the activity is managed
to prevent environmental harm.

WHAT IS FRACTURING
The methane, formed both by biogenic processes as well as the thermal
decomposition of organics, becomes trapped within the high surface
area pore networks within the coal. The recovery process involves drilling
typically up to 1000 m (and deeper, e.g. 2000 m for shale gas) to locate
naturally occurring fractures within the formation and increasing the porosity within the formation to provide conduits for gas migration.
Hydraulic fracturing has been widely used in Australia for more than
40 years to increase the rate and amount of oil and gas extracted from
reservoirs. The process of hydraulic fracturing is applied to a minority of
operations in Australia.
A sound understanding of the geology, hydrology, hydrogeology and
geomechanics is essential to plan the fracturing process and ensure
fracture stimulation activities are conducted in a safe manner that protects communities, the environment and water resources. Baseline and
ongoing monitoring underpin evidence-based decision-making which
ensures that actions taken by regulators and operators on hydraulic fracturing are accountable and enduring.
Hydraulic fracturing is also known as fracture stimulation, fraccing or
fracking. Hydraulic fracturing is the process through which fractures are
produced in geological formations. Most commonly, a fluid made up of
water, sand and additives is injected under high pressure through a perforated cased well into a geological formation. The pressure caused by

FIGURE 3 Schematic diagram of the differences between Unconventional and Conventional gas extraction

FIGURE 2 4DIFNBUJDEJBHSBNPGUIFIZESBVMJDGSBDUVSJOHQSPDFTT +VOFFU
al 2012)

Some commonly-used chemical additives and their uses in hydraulic
fracturing fluids include:
tHFMMJOHBHFOUT DPNNPOMZHVBSHVN DSPTTMJOLFST BOEøPDDVMBOUTo
additives used to increase the viscosity of the fracturing fluid as it is
pumped under pressure into the crack and joints in the coal, to allow
more proppant to be carried into fractures
tCSFBLFSToXIJDIEJTTPMWFUIFIZESBVMJDGSBDUVSJOHHFMTTVDIBTHVBS
gum so that the fractures can transmit water and gas to the well
tGSJDUJPOSFEVDFSTBOEDMBZDPOUSPMMFSToDIFNJDBMTVTFEUPSFEVDFBOZ
friction between the fracturing fluid and the bore casing and to control
any swelling in clay
tCBDUFSJDJEFToTVDIBTTPEJVNIZQPDIMPSJUFBOETPEJVNIZESPYJEF 
which are used to control the introduction of outside bacteria to the
coal seam which may restrict gas flow to the well
tTVSGBDUBOUToTVDIBTFUIBOPMBOEUIFDMFBOJOHBHFOUPSBOHFPJM XIJDI
are used to increase fluid recovery from the fracture
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tTDBMFBOEDPSSPTJPOJOIJCJUPSTBOEJSPODPOUSPMMFSToUPQSFWFOUUIF
build of scale and rust in the bore
tBDJETBOEBMLBMJToBDJETJOKFDUFEUPEJTTPMWFDBMDJUFGSPNXJUIJOUIF
natural cracks and joints in the coal before the fracturing fluids are
injected and to balance the acidity of the hydraulic fracturing fluid; and
tNPOJUPSJOHJTPUPQFToJTPUPQFTPDDBTJPOBMMZVTFEUPNPOJUPSUIF
growth of the factures in the coal seam.

tUIFGPSNBUJPOPGMPCCZHSPVQTBOEPOHPJOHBDUJWJUJFT
tDPNNVOJUZMFHBMBDUJPO
tFYUFOTJWFDBNQBJHOTJOWPMWJOH57 SBEJP JOUFSOFU SBMMJFT MFUUFS
box drops
tDPODFSUT
tMBOEPXOFSTCMPDLJOHMBOE
tDBMMTGPSBOJOWFTUJHBUJPOTJOUPUIFJNQBDUTPGGSBDLJOHBOE$4(

INFLUENCE ON THE COMMUNITY
Coal seam gas reserves represent a major contribution to energy needs,
however, gas recovery by hydraulic fracturing (fracking or fraccing), requires careful management to minimise any possible environmental
effects. Although the industry is adapting where possible to more benign fracking chemicals, there is still a lack of information on exposure
to natural and added chemicals, and their fate and ecotoxicity in both
the discharged produced and flow-back waters. Geogenic contaminants
mobilised from the coal seams during fracking may add to the mixture of chemicals with the potential to affect both ground and surface
water quality.
The potential impact of developments to extract natural gas from coal
seams has on groundwater resources is a significant source of community concern. The issues that arise can be broadly categorised as depletion and contamination of water resources, each of which could affect
existing groundwater users, inter-aquifer connectivity, groundwater to
surface water interactions and groundwater-dependent ecosystems. The
responsible management and use of chemicals in operations associated
with the production of natural gas from coal seams and potential human
health and environmental impacts are key concerns for many communities and a high priority for governments and industry. Industry has developed and continues to research environmentally benign chemicals
and formulations for use in operations. Governments are working with
industry to better understand potential impacts on human health and
the environment through the national chemical assessment process.

Surveys completed in Australia for the Centre for Coal Seam Gas (CSG)
GPVOEUIBUPGSFTQPOEFOUT
tQFPQMFMBDLLOPXMFEHFPG$4(CVUXFSFJOUFSFTUFEJOöOEJOHPVUNPSF
tUIPTFXIPLOFXBMPUBCPVU$4(XFSFMJLFMZUPJOEJDBUFUIBUJTXBTIBWing a positive impact on the State, those who knew a little indicated
that CSG was having a negative impact
tQFPQMFTQFSDFQUJPOTXFSFHVJEFECZTUPSJFTJOUIFNFEJBSBUIFSUIBO
balanced factual Information
tEFTQJUFUIFMBDLPGLOPXMFEHFQFPQMFXFSFOPUDPOöEFOUUIBU
the environmental impacts of CSG were well managed, regulated
and understood.
The growth of fracking and the CSG industry has led to the establishment
of regulations around:
tMBOEBDDFTT
tTPDJBM*NQBDUNBOBHFNFOUBOEFOHBHFNFOU
tIPVTJOH
tTUSBUFHJDDSPQQJOHMBOE
t$4(XBUFSNBOBHFNFOU
The government has undertaken a number of initiatives including:
tVOEFSUBLJOHFYUFOTJWFDPNNVOJUZSPBETIPXTBOENFFUJOHT
tDSFBUJOHB$4(&OGPSDFNFOU6OJU
tFTUBCMJTIJOHB(BTöFMET$PNNJTTJPOBOEDPNNVOJUZSFGFSFODFHSPVQT
tFTUBCMJTIJOHB-BOE"DDFTT*NQMFNFOUBUJPO$PNNJUUFF
tEFQMPZJOHUFDIOJDBMTQFDJBMJTUTUPEJSFDUMZMJBJTFXJUIDPNNVOJUJFT
tTFOBUFIFBSJOHT
tJOEFQFOEFOUFYQFSUTDJFOUJöDDPNNJUUFFT

ENVIRONMENTAL ISSUES
The selection of a CSG water beneficial use route or disposal route is
largely dependent on the proximity of the CSG producer to disposal or
beneficial use locations, the cost and complexity of the treatment process (if required) and whether or not water from several producers or
sites. The production of coal seam gas (CSG) involves the pumping of
water from coal formations to reduce water pressure and release the gas.
This can affect overlying and underlying aquifers because of interconnectivity between the formations. A regional groundwater flow model was
constructed to predict the impacts of current and planned CSG development on water pressures in aquifers.
As with any large mining or industrial operation, consideration needs to
be given to the environmental effects of fracking. The number of hydraulic fracturing products is not trivial. It has been suggested that in the US,
CFUXFFOBOE PJMBOEHBTTFSWJDFDPNQBOJFTVTFENPSFUIBO
̓QSPEVDUTDPOUBJOJOHTPNFDIFNJDBMT 64)PVTFPG3FQSFTFOUBtives Committee 2011). The number used in coal seam gas fracking is considerably less, and in Australia, the Australian Petroleum Production and
Exploration Association Limited recently released a list of 45 chemicals
that supposedly comprised for that time, ‘all chemicals used in Australian coal seam gas fracking fluids’ (Australian Petroleum production and
Exploration Association Ltd 2010).
In Australia, regulatory agencies can require companies to provide
details of proprietary chemicals used in fracking, and as a consequence
many coal seam gas companies have proactively listed such chemicals

FIGURE 4 Community protests against fracturing
In Australia communities have responded with (See Figure 4):
t(VFSSJMMBTUZMFQSPUFTUT
t$PPSEJOBUFEHSBTTSPPUHSPVQT
t4BWWZ XFMMSFTPVSDFENFEJBDBNQBJHOTBOEXFCTJUFT GPSFYBNQMF
t"VTUSBMJBo-PDLUIF(BUF"MMJBODFMPDLUIFHBUFPSHBV
t#SJUBJO o 'SBDL 0ò GSBDLPòPSHVL BOE /P %BTI GPS (BT OPEBTIGPSHBT
org.uk
t$BOBEBo4UPQ'SBDLJOH0OUBSJPTUPQGSBDLJOHPOUBSJPXPSEQSFTTDPN
t64" o "NFSJDBOT "HBJOTU 'SBDLJOH BNFSJDBOTBHBJOTUGSBDLJOHPSH BOE
Food and Water Watch foodandwaterwatch.org
t(MPCBM'SBDLEPXOoHMPCBMGSBDLEPXOPSH
Thus like other locations, community concerns around fracking in
2VFFOTMBOEBOE/48IBTMFEUP

IMESA



1" 1 & 3 4

BOE.BUFSJBM4BGFUZ%BUB4IFFUT.4%4T JOTPNFDBTFT POUIFJSXFCTJUFT
%BUBBSFBMTPBWBJMBCMFJOQVCMJDBMMZBWBJMBCMF&*$T"MJTUJOHPGDPNNPOMZ
used fracking chemicals from these sources is as discussed previously,
however their use is rapidly changing with a view to choosing more environmentally friendly chemicals.
The detection of benzene in discharge waters has led to bans on the
use of BTEX compounds (benzene, toluene, ethylbenzene and xylenes)
in fracking fluids. Other geogenic contaminants include metals and raEJPOVDMJEFT $IFVOHFUBM 3JDFFUBM &DPMPHJDBMMZ4VTUBJOBCMF
%FWFMPQNFOU &4%  JT XJEFMZ VTFE JO TUBUF BOE GFEFSBM MFHJTMBUJPO UIBU
SFHVMBUFTBDUJWJUJFTTVDIBTNJOJOHBOEFOWJSPONFOUBMJNQBDUT&4%BJNT
to balance the environmental, economic and social costs and benefits of
a proposed activity. However, the appropriate balance can be difficult to
achieve when there is uncertainty about the costs and benefits of particular developments.
3JTLNBOBHFNFOUJTBOFDFTTBSZBEEJUJPOUPUIFQSFDBVUJPOBSZQSJODJple. The application of the precautionary principle should be a proportionate and reasonable response to:
tUIFMFWFMPGQPUFOUJBMJNQBDU FHUIFQSJODJQMFJTNPTUBQQMJDBCMFUP
potential catastrophic or irreversible harm)
tUIFMJLFMJIPPEPGBQPUFOUJBMJNQBDUPDDVSSJOH JTUIFSJTLQMBVTJCMFBOE
reasonably likely to occur)
tUIFDPTUTPGSFHVMBUPSZBDUJPO BOEUIFPQQPSUVOJUZDPTUPG
not proceeding.
Environmental legislation provides a robust mechanism to manage proKFDUTBUUIFTUBUFBOEGFEFSBMMFWFM5IFUISFF-/(QSPKFDUTDVSSFOUMZVOEFS
DPOTUSVDUJPOJO2-%IBWFBQQSPYJNBUFMZ̓TUBUFDPOEJUJPOTBOENPSF
UIBOGFEFSBMDPOEJUJPOTFBDI

LEGISLATION
In Australia all underground assets such as coal, gas, gold etc. is owned by
the Government and not the farmer. Also most of the CSG field are below
some of the most productive farms in Australia which makes it difficult
to explore for gas whilst not be detrimental to the farming operations.
Under the Queensland regulatory framework, petroleum and gas tenure holders have rights and responsibilities in relation to the extraction
of groundwater in the process of producing petroleum and gas. These
responsibilities are to ‘make good’ impairment of private groundwater
supplies caused by the water extraction activities and to carry out monitoring and other management activities.
In practice, different approaches to the management of produced water operate in Australia although natural gas from coals seams is currently
POMZQSPEVDFEJO2-%BOE/485IFSFBSFNPWFTJO/48 7*$BOE4"UP
ensure that the extraction of water during petroleum operations is incorporated into water resource planning mechanisms, often by licensing
the use of water through the allocation of water entitlements within a
planning regime to ensure the sustainable management of Australia’s
water resources.
Australia’s existing development planning framework requires environmental impact approvals from the relevant state or territory and under
Commonwealth legislation if they impact on matters of national environmental significance.
For operations, the regulator should ensure that the environmental impact assessment process includes consideration of:
tESJMMJOHPQFSBUJPOTXIJDIJODMVEFTXBUFSSFTPVSDFQSPUFDUJPO OPJTF
management and dust minimisation
tQPUFOUJBMJNQBDUTPGPQFSBUJPOTUPFYUSBDUOBUVSBMHBTGSPNDPBMTFBNT
on the hydrogeological environment (ideally through a numerical
groundwater flow model developed with consideration of the Australian Groundwater Modelling Guidelines - subject to peer review and
independent audit) and provide for ongoing monitoring to determine
any changes that may impact existing users and the environment

tUIFSFRVJSFNFOUTGPSPOHPJOHNPOJUPSJOH FWBMVBUJPO BOESFQPSUJOHPG
hydraulic fracturing activities including the use of chemicals (storage,
handling, processing, transport, and disposal) with respect to potential
human health or environmental impacts
tUIFJNQMFNFOUBUJPOPGJNQBDUNJUJHBUJPODPOUSPMTBOEDPNQMJBODF
with relevant legislation, standards, and codes of practice as part of
the operation.
Queensland (Qld) stipulates that operators are required to undertake a
risk assessment to identify the risks that may occur during well construction, operation and abandonment within the state’s Code of Practice
for Constructing and Abandoning Coal Seam Gas Wells. As previously
mentioned, applications for site specific activities in Qld must provide
the following information: the quantity of water that is expected to be
produced; the flow rate at which the water is expected to be produced;
the quality of the water; and the proposed management strategies (in accordance with the Coal Seam Gas Water Management Policy 2012).
This information is collectively known as the water management plan.
Operators are also required under the Water Act 2000 to undertake baseline monitoring, spring surveys where applicable, and prepare and submit an underground water impact report which includes a water management strategy and spring impact management strategy.
/48IBTTJNJMBSSFRVJSFNFOUTBTQBSUPGJUT"RVJGFS*OUFSGFSFODF1PMJDZ 
which requires applicants to address potential water impacts (including
aquifer compaction, deterioration of ambient water quality and significant soil erosion). In all jurisdictions, the management of risks associated
with chemicals used in activities to extract natural gas from coal seams
is stipulated in safety management plan requirements through both
the environmental management plan requirements and health and
safety legislation.
Australia’s legislative approach to well integrity has been developed
from extensive experience in onshore and offshore oil and gas production. It is based on international best practice for well design, construction, maintenance and rehabilitation.

WATER TREATMENT AND DISPOSAL
Water and salt management are major issues associated with coal seam
HBTQSPEVDUJPO "--$POTVMUJOH 5IFXBUFSQVNQFEJOUPXFMMT o
0.6 ML per well) for hydraulic fracturing returns to the surface as the presTVSFJTSFEVDFE 3VUPWJU[FUBM 5IFDIFNJTUSZPGUIJTXBUFSJTBMUFSFE
as it interacts with the coal seam minerals. In addition, there is water associated with the coal deposits that becomes mobilised as part of the
drilling operation. This is generally termed produced water or formation
water. It is typically quite saline as well as containing other constituents,
both inorganic and organic, of the minerals and coal with which it has
been associated in the deposits.
The water used in fracking mixes with produced water during the fracking process, with the composition gradually becoming more characteristic of the produced water. The industry typically refers to ‘flow-back water’
as the water produced within a few days of the fracking, and ‘produced
water’ after that, even though it may still have characteristics of both
types of water. Volumes of produced water can be up to 100 kL day per
well, but this typically diminishes over the lifetime of a well which may be
BTMPOHBTZFBST 3FGFSUP'JHVSF 
/BUVSBMHBTJTIFMEJODPBMTFBNTCZXBUFSQSFTTVSF"TXBUFSJTQVNQFE
from the coal seams (a process called depressurisation), the pressure is
lowered and the gas is released. As water pressure is reduced, gas flow increases and water flow rates decrease from each well, typically to around
a quarter to a third of the initial flow over a period of a few months to
a few years, depending on the hydrogeological conditions of the seam.
The volume of produced water extracted from each well can vary considerably between wells and regions. The quality of produced water also
varies significantly, from near potable to brackish (moderately saline).
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potential for gas migration into water bores. In Australia, the CSG Water
Management Policy encourages the beneficial use of recycled produced
water as a preferred management option. Beneficial uses of treated produced water identified include substitution for water for existing irrigation schemes, new irrigation use, with a focus on sustainable irrigation
projects, livestock watering and release to the environment in a manner
that improves local environmental values.
*O/48 UIF"RVJGFS*OUFSGFSFODF1PMJDZPVUMJOFTQSFGFSSFEEJTQPTBMPQtions to include reinjection to an aquifer, discharge to a river, on-selling
to a nearby industry, agricultural development or potable water supply.
Any option requires treatment of produced water to an appropriate water quality standard to have minimal impact on any proposed receiving
land and waters. Consideration must also be given to pollution issues,
which are regulated under the Protection of the Environment Operations
"DU /48 *OBDIBOHFGSPNQBTUQSBDUJDFT KVSJTEJDUJPOTXJUIUIF
most significant developments have moved to either completely ban or
prevent the use of evaporation dams unless there is no feasible alternative. In addition to removing the risk of spills or uncontrolled discharges
in the event of flooding, the policy is directed toward maximising the potential beneficial use of produced water and minimising the impact of
the production of natural gas from coal seams on other water users in the
short and long term.
Water quality from CSG dewatering:
tUZQJDBMMZ5%4WBMVFT̓NHƐ to 10 000 mg/Ɛ
tUZQJDBMMZIJHI4PEJVN #JDBSCPOBUF DBSCPOBUFBOEDIMPSJEFJPOT
tIJHI"MLBMJOJUZBOEQ)

Typically, produced water is of a quality that significantly restricts its potential use or disposal unless treated.

FIGURE 5 Typical gas and water flow in production of natural gas from
coal seams (QWC 2012b)
The development of natural gas from coal seams and associated potential impacts on groundwater resources is a significant source of community concern. The issues that arise can be broadly categorised as depletion and contamination of water resources, each of which could affect
existing groundwater users; inter-aquifer connectivity; groundwater to
surface water interactions; and groundwater-dependent ecosystems.
The key inter-related issues for water management are associated with:
tEFQSFTTVSJTBUJPOPGDPBMTFBNTQPUFOUJBMMZBòFDUJOH
surrounding aquifers
tDPOUBNJOBUJPOPGTVSGBDFXBUFSPSHSPVOEXBUFS
tNBOBHFNFOU SFDPWFSZ TUPSBHF USBOTQPSU USFBUNFOUBOEEJTQPTBM PG
produced water and post-treatment wastes and by-products
tCFOFöDJBMVTFPGQSPEVDFEXBUFS JODMVEJOHSFJOKFDUJPO
tTBGFEFDPNNJTTJPOJOHPGXFMMTFOTVSJOHMPOHUFSNBRVJGFSJOUFHSJUZ
In addition to lowering groundwater pressures and water levels in bores,
the large-scale depressurisation of the coal seams has the potential to
release gas into water bores that have been drilled through the coal
seams. However, in many cases the water bores tend to be relatively shallow (that is, less than 100 metres) compared to wells, which will limit the

Significant species:
t$BUJPOTo, $B .H # 4S#B
t"OJPOTo4J0 ' #S
t)JHI4PEJVN"ETPSQUJPOSBUJP
What can be produced from these ions:
t4PEJVN$IMPSJEF
t4PEJVN$BSCPOBUF
t4PEJVN#JDBSCPOBUF
t$BMDJVN$BSCPOBUF
t.BHOFTJVN$BSCPOBUF .BHOFTJVN)ZESPYJEF

FIGURE 6 Conceptual CSG water management strategy
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FIGURE 7 Salt recovery facility using enhanced selective crystallization
GPS/B$MSFDPWFSZQSPDFTTøPXEJBHSBN

from where the associated water originated and/or piping of brine to distant aquifers or depleted gas fields. Salt recovery of sodium carbonate/
bicarbonate salts and/or sodium chloride may be undertaken via various
means, with the most likely method incorporating mechanical vapour
compression evaporation and crystallisation.

t4NBMMFS RVBOUJUJFT  4USPOUJVN TVMQIBUF  TUSPOUJVN DBSCPOBUF  CBSJVN
sulphate etc.

CONCLUSION
It can be concluded that although technical feasible to conduct environmentally sensitive fracturing ( depend on specific site conditions) it is the
community that has to be convinced that the fracturing process can be
done without any detriment to their farms, houses and ground water assets. This is a long and protracted journey and takes several years to be
resolved to the satisfaction of all parties involved. From an Australian perspective it only works if the community and possibly the Government are
taken along the journey from the start as all minerals and metals below
the surface belongs to the Governments and not to the land owners.

Beneficial use of the treated water:
t"RVBDVMUVSF
t$PBMXBTIJOH
t%VTUTVQQSFTTJPO
t*OEVTUSJBMVTF
t*SSJHBUJPO
t-JWFTUPDLXBUFSJOH
Specific application for water is available under the Environmental ProtecUJPO 8BTUF.BOBHFNFOU 3FHVMBUJPO4QFDJöDBQQMJDBUJPOSFRVJSFE
GPS1PUBCMF1VCMJDXBUFSTVQQMZ"MTP30QFSNFBUFGPS'MPPE$MFBOVQ
/FFE UP NBOBHF FYDFTT  QSPEVDFE PS BTTPDJBUFE XBUFS JNQMJFT NBOaging both the “pure “water itself and dissolved ions (salts) it contains.
Tendency to focus on the immediate problem, water first and then think
BCPVU IPX UP NBOBHF UIF TBMUT "MNPTU BMXBZT 3FWFSTF 0TNPTJT JT SFRVJSFEUPUSFBUUIFQSPEVDFEXBUFS QPUFOUJBMMZ&%3DBOBMTPCFVTFE CVU
generally salinity too low for economic thermal desalination as first step).
Partial treatment and blending may be an option (See Figure 6).
3FWFSTF0TNPTJTJTBQSFEJDUBCMFQSPDFTTQSPWJEFEDPOTUBOUGFFEDPOditions are achieved. Pre-treatment is a critical design issue. Probable a
need exist for up front buffering /storage to aid consistency. There will a
CSJOFTUSFBNUPCFNBOBHFE 4FF'JHVSF 
Several Possibilities to manage the brine stream:
tEJTQPTBMBTCSJOF UPPDFBO
tVTFBTCSJOF GFFETUPDL
tJSSJHBUFMPXTBMJOJUZPSCMFOEFE
tJOKFDUJPOXIFSFOPEFUSJNFOUBMJNQBDU
tEFFQXFMMXIFSFDPOUBJONFOUDBOCFBTTVSFE
tCMFOEBOEJOKFDUJOUPBRVJGFS
The range of possible products increased if additional chemicals added.
The top minimisation technologies in terms of cost-effectiveness and
robustness include enhanced recovery reverse osmosis, solar evaporation ponds and mechanical evaporation/crystallisation. The recovery of
salt and deep well injection appears to be the front runners in terms of
providing a sustainable and cost-effective disposal route for brine. Brine
injection may be accomplished by injecting into deep wells in the immediate vicinity of the CSG production area, injection into the coal seams
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