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Recovering degraded groundwater in the Angas—-Bremer basin

through community action
Bryan Harris!

Recovering a groundwater basin degraded by salinity caused by
an overdraft is difficult and involves significant conflict with the
community. This paper discusses how a successful reduction in the
overdraft of the Angas-Bremer Basin, South Australia, is being
achieved through an innovative management program developed
with extensive community involvement.

The Angas-Bremer Basin is 50 km southeast of Adelaide
adjacent to Lake Alexandrina. It developed rapidly as a irrigation
area in the early post-war period before the intreduction of
groundwater management legislation.

Groundwater salinity increases became evident during the
1960s and 1970s. Development was finally stopped in 1979, when
formal management controls were introduced. By this stage,
jrrigation areas on the basin margins had ceased praduction duc to
encroaching high groundwater salinities.

Groundwater salinities continued to rise, and in 1987 positive
action was finally taken to recover the situation.

The management strategy developed in 1987 involved the
establishment of a new partnership between the water agency and
the community water resources management committee. In this
new partnership. the committee and the community accepted the
responsibility for dealing with the problem, and the water agency
adopted a supporting and facilitating role in the management
process.

An innovative five year management plan incorporating
substantial restructuring with accompanying incentives was devel-
oped through this process and was endorsed by the community after
considerable debate. This plan has fulfilled its aims and has now
been updated by the community buitding on the success achieved
over the past five years.

The development of thc Angas-Bremer management strategy
iltustrates the effectiveness of community involvement in imple-
menting the major adjustments required to recover seriously
degraded water resources.

Introduction

Location and setting

The Angas—Bremer irrigation area is 50 km southcast of
Adelaide, Lake Alexandrina, and the Mt Lofty Ranges

(Fig. 1)-

its name derives from two ephemeral streams, the Angas
and the Bremer Rivers. These arise in the Mt Lofty Ranges
and drain through the irrigation area to Lake Alexandrina,
the terminal lake of the River Murray.

The area has a well-developed irrigation industry compris-
ing vines, almonds, vegetables, pasture and lucerne. The
principal town is Langhorne Creek.

The Angas—-Bremer area has warm dry summers and cool
moist winters. Average rainfall is 392 mm per annum at
Langhorne Creek, reflecting its location in the rain shadow
on the eastern slopes of the Mt Lofty Ranges. Average
annual pan evaporation is approximately 1100 mm.

Irrigation development

The Angas—Bremer basin developed rapidly as an irrigation
area during the period from the mid-1950s through the
1960s and 1970s. By the mid-1980s over 2500 ha were
under irrigation (Fig. 2).

The predominant crop is lucerne which accounts for over
60% of the irrigated area, followed by vines, potatoes,
pasture and almonds.

Groundwater is the principal source of irrigation water. A
number of properties near Lake Alexandrina have surface
water licences to divert from the lake, and many land-
owners adjacent to the Angas and Bremer rivers divert from
these streams during the late winter/spring period when
flow and salinity conditions are suitable.

1 Engineering and Water Supply Department, GPO Box 1751,

Adelaide S.A. 5001.

Investigations

Concerns were being expressed by landholders about the
long-term capacity of the basin to meet the needs of
irrigation by the mid-1960s. Hydrogeological investiga-
tions by the South Australian Department of Mines and
Energy (SADME) commenced at about that time and
continued for almost a decade. The resulis were presented
in reports by Waterhouse (1977) and Waterhouse & others
(1978).

Further hydrogeological reviews were undertaken by
J.A. Recd (Engineering and Water Supply Department) in
the mid-1980s, which further refined the interpretation of
the aquifer characteristics and groundwater availability.
Although the results were not published. they were
incorporated into the management reviews undertaken at
the time.

SADME has continued to monitor the aquifer system,
develop practical approaches for aquifer recharge and
progressively update the hyvdrogeological understanding of
the basin.

Management

In the mid-1980s, the groundwater overdraft in Angas-Bre-
mer irrigation area in South Australia appeared 1o be an
intractable problem. It is now being redressed through a
community-based water resources committee whose pre-
sent aim is to have substantially overcome this problem by
1997. This committee has tackled this problem in an
innovative and determined manner. Its approach and
achievements should encourage other communities con-
fronting difficult resource management problems.

This paper briefly describes the hydrogeclogy and the
progressive deterioration of the basin through unrestricted
irrigation development. The main purpose is to outline how
the community-based water resources committee addressed
this difficult issue, considering also the elements for
successful community involvement in addressing difficult
problems.
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Figure 1. Angas—Bremer irrigation area, locality plan,
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Figure 2. Angas-Bremer irrigation areas, Januvary 1986.

Surface water resources

The Angas and Bremer rivers arise in the southeastern
slopes of the Mt Lofty Ranges and flow across the gently
sloping plains of the irrigation district to Lake Alexandrina,
the principal terminal lake of the River Murray (Fig. 2).

As both streams are ephemeral, useful low-salinity flows
(i.c. salinity less than 1000 mg/L) which can be diverted
for irrigation are not usually available until well after the
onset of winter rains, usually in mid to late winter or spring.

Flow varies considerably and both streams can flood after
intense rain periods.

The Bremer River is used by riparian irrigators to flood
irrigate vineyards and orchards during the relatively short
periods of high flow and low salinity occurring in the late
winter to spring period. This practice is not managed
formally, but has been developed by the community
through custom and practice.

Groundwater resources

Hydrogeology

The Angas—Bremer Proclaimed Region occurs on the
southwestern margin of the Murray Basin, between the
Mt Lofty Ranges and Lake Alexandrina (Fig. 1). The
Murray Basin is 'a major Tertiary sedimentary basin
extending over central eastern South Australia, northern
Victoria, and southwestern New South Wales.

The geology of the Angas—Bremer area is illustrated on the
geological section (Fig. 3). Basement rocks belonging to
the Kanmantoo Group underlie the basin and outcrop along
the northern and western boundaries.

The lowermost sediments in the basin are sands and clays
of the Buccleuch Group. They are overlain by the Murray
Group Limestone, which is in turn blanketed by Quaternary
clays and silts with thin lenticular sands.

The principal aquifer in the region is the Murray Group
Limestone. It is a confined aquifer and is known as
Aquifer B. The sands within the overlying Quaternary
sediments form a shallow aquifer system, known as
Aquifer A. The latter is a much poorer aquifer in compari-
son with Aquifer B, not only in yield but also in water

quality.

Groundwater is able to move from one aquifer system 1o
the other, depending on the difference in head between the
two systems and the permeabilitics and thicknesses of the
intervening clay layers.

Aquifer parameters

Aquifer testing has been carried out at three locations in
the basin. In 1970, the Department of Mines and Energy
conducted two tests, one at Langhorne Creek, the other
in the lower reaches of the Bremer River. Further testing
was carried out in 1982, approximately 2 km east of the
lower Bremer River, as part of an artificial recharge
experiment.
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Figure 3. Angas-Bremer irrigation area: geological section along Bremer River, looking east.

Aguifer B propertics calculated from these tests are as
follows:

Site

Average transmissivity (m2id)

Langhorne Creek
Lower Bremer River
Artificial Recharge Site

Examination of well records and information from local
irrigators indicate that the aquifer zones adjacent to the
rivers are often more transmissive compared with the
general regional aquifer transmissivity. This is possibly
due to karstic conditions.

The lower Bremer River site, where a high transmissivity
was measured, appears to be within one of these localised,
more permeable zones and is therefore not considered to be
representative for regional estimation purposes. Transmis-
sivities of 500 m2/d in the Langhorne Creek area and
700 m%d for the main portion of the basin have been
adopted for assessment. It is recognised that transmissivity
is probably considerably less than 500 m2/d in the area
northwest of Langhorne Creek.

Groundwater levels

Contours of groundwater levels in Aguifer B in 1950 are
presented on Figure 4. The contours show groundwater
movement in a southeasterly direction towards Lake
Alexandrina.

Groundwater pumping since 1950 has changed the above

water level pattern considerably. Figure 5 shows the
groundwater contours in February 1986, during the peak of
the irrigation scason, where it can be seen that a
well-developed cone of drawdown has developed over the
irrigation area.

There is arecovery of groundwater levels during the winter
months. However, the winter groundwater levels shown on
Figure 6 illustrate that recovery is incomplete. Pumping
during the irrigation season clearly has a major impact on
groundwater levels and movement in the basin,

Groundwater salinity

Contours of groundwater salinity in Aquifer B during the
period 1950-1957 are presented on Figure 7. The best
quality groundwater occurred in the Langhorne Creek area
along the Bremer River and along the Angas River just
south of Angas Plains. Poorer quality groundwater was
recorded east of the Bremer River and west of the Angas
River. High groundwater salinities also occurred in the
region between the two rivers.

A significant feature in the above groundwater salinity
plans is the presence of the Jowest salinity groundwater
along the two rivers. This indicates that the principal
sources of low salinity recharge to the aquifer systems are
the Angas and Bremer rivers.

The likely mechanism of stream recharge is illustrated on
Figure 8. Infiltration through the stream bed and adjacent
floodplains enters Aquifer A. Lateral movement through
the Aquifer A system is impeded by the lenticular nature
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Figure 4. Angas-Bremer irrigation area: Aquifer ‘B’ groundwater levels, 1950.

of the sand lenses and the relatively low horizontal
hydraulic gradient. There is a resulting tendency for
groundwater in the Aquifer A system to continue moving
downwards into Aquifer B.

Contours of groundwater salinity in Aquifer B in 1986 are
shown on Figure 8. Comparison with the salinity contours
of the 1950s (Fig. 7) reveal a similar pattern; however, it
can be seen that many areas of the basin have experienced
large increases in salinity, principally the area west of the
Angas River, the area east of the Bremer River, and the
region between the two rivers.

Recharge

Local recharge to the aquifer system is derived from
rainfall and streamflow. Estimates have been derived by:

« assessment of groundwater throughflow in 1950 prior to
significant irrigation development, and

* modelling of the aquifer system behaviour.

The groundwater contours in 1950 reflect regional ground-
water flow prior to significant irrigation development
(Fig. 3). Groundwater outflow within the 3000 mg/L
contours between Mosquito Creek and Milang (Fig. 7)is
estimated using Darcy’s Law to be approximately

4200 ML/ . This calculation assumes a transmissivity of
700 m?/d.

Modelling of the aquifer system behaviour indicates that
recharge from the two streams within the proclaimed region

is in the range from 2000 to 4000 ML/y. >
5 < un 4uk ,all;y W,&%Z

Additional replénishment is now derived from private
recharge wells along the Angas and Bremer rivers, which
has increased to around 1000 ML/y at present.

1t is concluded that recharge to low salinity portions of the
basin is low and is not greater than about 5000 ML/y.

Groundwater use

This is discussed in more detail later in this report.
Groundwater use prior to the introduction of a new
management plan in 1988 was estimated to be approxi-
mately 21 000 ML/y.

Comparison of groundwater use and recharge

It can bc seen from the above that groundwater use
exceeded recharge by a factor of several times in the
mid-1980s. The stress caused to the basin was evident
through the development of a cone of depression in the
potentiometric surface and in rising groundwater salinities.
Groundwater salinities are increasing because of lateral
and vertical migration of saline water into the cone of
depression developed in the zone of good quality ground-
water.
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Figure 5. Angas-Bremer irrigation area: Aquifer ‘B’ groundwater levels, February 1986.

Basin management

Recognition of the problem

The initial signs of stress, such as declining water levels
and increasing groundwater salinity, became evident
during the mid-1960s. This led 1o requests by the
community for investigations and monitoring, which
culminated in a comprehensive hydrogeological report by
Waterhouse & others in 1978, The report concluded that
estimated extraction exceeded basin recharge by a factor of
about four.

The evidence of stress was very obvious, particularly on
the fringes of the irrigation area where groundwater salinity
had increased above crop limits and had forced a number
of irrigators to leave the industry. The main core of the
irrigation area, however, remained largely unaffected and
expansion of irrigation development continued.

Although legislation to manage groundwater overdraft
problems became available in South Australia in 1967, the
community at that time did not favour government
intervention unless the situation had reached the stage
which by today’s standards would be regarded as extreme,
i.e. widespread degradation clearly evident with many
users affected.

The introduction of new legislation in 1976, i.e. the Water
Resources Act, introduced community involvement as a
key element of water resources management. This provided
the basis for involving the community in managing the
resource.

An advisory committee with membership drawn from the
district was appointed in 1979 to consider the technical
report and management issues. They recommended that the
area be proclaimed under the Act to prevent further
expansion of groundwater use. Proclamation was effective
in 1980.

At proclamation, the initial allocation to irrigators was
based on historical use with recognition of financial
commitment to any expansion of irrigation at the time of
proclamation. The assessment procedure for financial
commitment at that time was not as stringent as it is today,
and allocations to many irrigators included an allowance
for what is more correctly described as an ‘intention’ rather
than a firm commitment based on financial expenditure on
irrigation equipment, land preparation, etc.

This resulted in the total allocation exceeding actual
estimated use by about 33%. Actual use at this stage was
derived from estimated crop application requirements.

The community at the time of the proclamation probably
held some hope that perhaps the situation would not turn
0ut to be as bad as anticipated and that they would be able
to continue irrigation without having to make any adjust-
ment. Some individuals, however, were able to gain at
proclamation by exploiting the allocation process, because
it was clear that their land values would be higher if a water
allocation was attached to it.

The principal activity of the committee initially was
assessing claims by landholders for water entitlements.
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Figure 6. Angas—Bremer irrigation area: Aquifer ‘B’ groundwater levels, August 1987.

This created some wrangles with the water managers over
policy interpretation and administrative responsibilities. It
can be said of those days that the bureaucrats were not fully
comfortable with the concepts of local advisory mecha-
nisms, which meant sharing their administrative powers.
The local committee, on the other hand, were a little
inexperienced and somewhat distrustful of the water
managers who they perceived were interfering too heavily
in local matters.

This is in the past — and by the mid-1980s the committee
had successfully pressed for the installation of water meters
and had considered the potential for reducing water use
through alternative crops particularly as lucerne irrigation
accounted for 80% of total use. It was concluded that there
was little potential, because the prevalent soil and water
quality conditions restricted options for large-scale restruc-
turing of irrigation activities through this approach.

Preparing the management plan

In 1987, the committee and the department determined that
they could not continue to preside over the demise of the
basin. A discussion paper prepared for the committee by
the department canvassed the broad options available,
which included reductions in allocations, allocation buy-
backs, artificial recharge, and exchanging groundwater
allocations for surface water allocations from Lake Alex-
andrina. The concept of a government funded scheme to
deliver water from Lake Alexandrina to replace groundwa-
ter use and to recharge the aquifer was rejected in the paper
as unacceptable, because the low gross margin of the

principal users of water, lucerne and pasture made this
option unfeasible.

By this stage, the water managers had reached the
conclusion that there might be a chance that this difficult
issue could be resolved through local community involve-
ment and ownership of the problem. This approach was
implicit in the discussion paper prepared for the committee.

After some debate, the committee accepted this approach
and from then on the role of government officers changed
from the directive approach to a supporting role to the
committee and the community.

At the first meeting with the community in April 1987, the
proposal was received with considerable hostility by the
community, particularly as one action of the strategy, i.e.
to remove the unused portions of allocations, was not
negotiable, It was evident from the meeting that the
community did not fully appreciate the gravity of the
situation in the basin and some had expected the govern-
ment to finance a rescue operation for the community. The
meeting was preoccupied with the allocation cuts and did
not consider the other parts of the strategy which, although
aimed at reducing allocations, provided some useful
incentives to licensees.

Consequently, a second meeting was held one month later.
This provided an opportunity to circulate a carefully
prepared explanation of the hydrogeology to the commu-
nity and to discuss the issues with key stakeholders in the
community before the meeting.





[image: image8.png]174 BRYAN HARRIS

STRATHALBYN

Groundwater Salinty

<1500 mgiL

1500-3000 mg/L

mEL

3000 mgit
4 Skm
|
191184433

Figure 7. Angas-Bremer irrigation area: Aquifer ‘B’ salinity contours, 1950-7.

At the second meeting there was better discussion of the
basin problems and of the overall strategy. Some hostility
and anger remained, but the technical factors were never
questioned again.

During the following six months, the committee refined
their strategy in consuliation with community interest
groups. An action group opposed to the committee’s
strategy campaigned actively for a government rescue of
the area and the scene was set for a showdown at the
concluding public meeting in October.

By this time, the future management strategy for the basin
and the opposing options had been well canvassed in the
district, and at the conclusion of the meeting the commu-
nity voted overwhelmingly in favour of the committee’s
proposals.

The approved management plan included the following
clements:

* Reduction in allocations based on highest use since
proclamation,

* Additional reduction in allocations varying from 15 to
30% depending on size of allocation. The overall
average reduction was targeted at 20% and was
implemented over the ensuing three seasons.

* Opportunity to exchange groundwater allocations at the
pre-reduction levels for surface water allocations from
Lake Alexandrina (River Murray). This was a conces-

sion, as there is a general moratorium on River Murray
allocations. The local water resources committee nego-
tiated this with their counterpart River Murray Commit-
tee.

* The ability to retain 50% of the metered volume of
artificial recharge through recharge wells for use over
the following three seasons.

* The ability to retain 50% of the unused portion of their
licences each year for use in the following three seasons.
This was aimed at providing flexibility to irrigators to
accommodate seasonal variations in a situation of
reducing allocations.

¢ Reduction in allocation of 5% on sale of property.

Successful outcome

The plan has been successful in reducing actual use from a
level of about 20 000 ML/annum, i.e. four times recharge,
to around 10 900 ML/annum, i.e. twice recharge. Total
allocation has been reduced from 29 611 to 19 525 ML
over the same period. In this process, many individual
irrigators and the district as a whole have benefited from
artificial recharge initiatives instatled by individual irriga-
tors. Other irrigators have exchanged their groundwater
entitlements for surface water entitlements in accordance
with the management strategy. The reduction in groundwa-
ter allocations was accommodated by irrigators partly
through improved irrigation efficiency. The majority of
licensees, however, were able to adjust without great
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Figure 8. Angas—Bremer irrigation area: Aquifer ‘B’ salinity contours, 1986.

difficulty . because their original allocations were based on
generous irrigated crop water application rates as the
results of water metering have shown.

The district has now developed a revised plan which builds
on the success of the original 1987 strategy. The aim of the
present plan is to achieve a balance between groundwater
use and recharge within five years. Features of this plan
include:

* Progressive reduction in allocation of 15% over three
years.

¢ Continuation of the ability to exchange groundwater
atlocations for surface water allocations and to trade
these surface water entitlements anywhere along the
River Murray in South Australia.

¢ Continuation of the reduction of up to 15% in allocation
or sale of property.

¢ Continuation of the recharge credit system.

The plan has been endorsed by the community without
controversy.

The committee's longer term aim at the conclusion of the
plan is to gain complete self-management status with local
cost recovery to support their activities.

The Water Resources Act has provided for community
involvement in water resources management since 1976.

Howcver, the culture of public administration took some
time to adjust to this concept. It has been necessary for
water managers to acquire new skills in order to realise the
potential of public involvement for achicving improved
waler management and minimising or resolving conflict.

The groundwater system is not yet in balance. In fact, it
will be necessary for aquifer recharge to exceed withdraw-
als to ensure recovery and sustainability of the svstem in
the long term.

However, the community bave taken the hard decisions to
place this resource on the long road to recovery. Positive
signs of recovery should be apparent by the end of the
decade.

Factors for achieving successful outcomes

This case study illustrates several key factors for achieving
positive oulcomes in water resources management. They
are:

(1) Community involvement in planning and decision
making. This requires:

An open process involving the free flow of information
between the wide range of represented interests.

The willingness of water managers to listen and heed
community comment, and to be prepared to share authority
with the public. The command and control management
approach should be minimised or avoided.
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Management approaches which impart the greatest
flexibility for user decision making and which inter-
nalise management issucs. Local advisory and self-
management as well as market mechanisms, such as
pricing and transferability of entitlements, support this
approach.

Proactive management. Although the aim of most
governments is to minimise regulatory controls on its
citizens, natural resource systems will require manage-
ment intervention at some critical stage of develop-
ment. The art of natural resources management is to
intcrvene before the damage is done. This requires
knowledge of the resource system as we have already
discussed, although it is often difficult to determine the
sustainable limits of a natural system without actual
experience of the system when it is under stress. It also
requires extensive marketing and leadership in the face
of hostility from opposed interests.
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