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1. INTRODUCTION

1.1 Functions of the BPT Working Group

1. Following receipt by the Supervising Scientist for the Alligator Rivers
Region of a document submitted by Energy Resources of Australia Ltd (ERA) and
Ranger Uranium Mines Ply Ltd, entitled Application of Best Practicable
Technology (BPT) to Water Management System (September 19B5), the Minister
for Arts, Heritage and Environment established a Working Group which comprised:

. Supervising Scientist for the Alligator Rivers Region (Chairman).

. Representatives of the NT Department of Mines and Energy.

. Representatives of ERA and Ranger Uranium Mines.

2. The functions of the Working Group were:

(a) To facilitate agreement between the Supervising Scientist and the NT
Department of Mines and Energy in consultation with ERA on:

the best water management system for Ranger in the long term,
based on technical considerations (not excluding any significant
option) in terms of the requirements of Best Practicable
Technology;

the best water management system for Ranger in the short term
(not excluding direct discharge to Magela Creek of RRZ water) to
overcome the present excess water and operating problems;

the best water management system for Ranger in the short term
(excluding direct discharge to Magela Creek of RRZ water) to
overcome the present excess water and operating problems;

the best water management system for Ranger in the long term
based on technical considerations (excluding direct discharge to
Magela Creek of RRZ water) in terms of the requirements of Best
Practicable Technology.

(b) To facilitate the seeking of views of the Co-ordinating Committee for
the Alligator Rivers Region once agreement has been reached on the
above matters and before final advice is provided to Ministers.

3. The Ranger BPT Document (Application of Best Practicable Technology
(BPT) to Water Management System) and a subsequent document, the Ranger
Water Management System Five Year Plan (September 1986) provided the basic
working documents.

4. The assessment of BPT in the present Report has been made by reference to
the definition of BPT laid down in the Environmental Requirements (ERs); the ERs
are part of the requirements attached as conditions to the authority to mine in the
Ranger Project Area issued by the Commonwealth under Section 41 of the Atomic
Energy Act.
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4Best practicable technology* is that technology from time to time relevant
to the Ranger Project which produces the minimum environmental pollution
and degradation that can reasonably be achieved having regard to -

(a) the level of effluent control achieved, and the extent to which
environmental pollution and degradation are prevented, in mining and
milling operations in the uranium industry anywhere in the world,

(b) the total cost of the application or adoption of that technology
relative to the environmental protection to be achieved by its
application or adoption,

(c) evidence of detriment, or of lack of detriment, to the environment
after the commencement of the Ranger Project,

(d) the physical location of the Ranger Project,

(e) the age of equipment and facilities in use on the Ranger Project and
their relative effectiveness in reducing environmental pollution and
degradation, and

(f) social factors including possible adverse social effects of introducing
new technology.

However, since the functions of the Working Group defined by the Minister
(paragraph 2) restricted the assessment to technical considerations, no assessment
of BPT with respect to social factors ((f) above) was made. All other factors
outlined above were considered.

5. Die Working Group formally met on 14 November 1985, 6 February 1986,
13 June 1986 and 24 November 1986. Expanded Working Group meetings were
held with representatives of the NLC and ANPWS on 15 November 1985,
6 February and 24 November 1986. The matter has also been extensively
discussed between Working Group support staff, and also in meetings of the
Co-ordinating Committee for the Alligator Rivers Region on 10-11 December
1985 and 26 February, 18 June and 25-26 November 1986.

1.2 Development of the Ranger water management system

6. Die management of water to ensure an adequate supply for operations and
to minimise the potential for dispersing possible contaminants was, from the start,
recognised as one of the most important environmental tasks in the development
of Ranger. The original design proposals, which were the subject of the Ranger
Uranium Environmental Inquiry (RUED, included collection of all run-off from
disturbed areas within the vicinity of the mine and mill, and segregation of the
run-off water dependent upon its quality. It was proposed that in those years
when excess water accumulated - i.e. water which could not be contained in
existing storage without interrupting mining operations - the less contaminated
waters were to be released via a pipeline to Magela Creek, tinder suitable
controls, during periods of flood. Accumulation of excess water was expected
only after a series of unfavourable Wet seasons and it was assessed that discharges
might need to be made perhaps every three or four years.
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7. These proposals were accepted by the RUE1, though with some
reservations. Because, at the time of the Inquiry, BO little was known about the
environment of the Region, and because the detection of adverse long-term
changes in aquatic ecosystems was considered likely to prove difficult, the RUE1
recommended that a basic aim of the water management program at Ranger
should be to ensure that the total amount of contaminants released from the
operations were minimised. The Inquiry recommended that Ranger should
implement all practicable ^modifications to the water management program to
reduce the quantities of contaminants released, whether by run-off or by
deliberate releases, both during and after mining. In addition, RUE! recommended
that the water' management system be established initially in a manner allowing
no intentional releases to the environment, and that this system be maintained
until it was shown that releases of contaminated water would have to be made.

8. Anticipating thai releases might prove unavoidable, the RUEI recommended
that the necessary scientific studies be carried out to enable appropriate criteria
and standards to be developed for the regulation and control of releases. In
addition, broad principles that should be applied to the control of such discharges
were proposed.

9. The RUEI made a number of other recommendations dealing specifically
with the Ranger project aimed at improving the design of the proposed operation
as presented in the Ranger Environmental Impact Statement to reduce its
environmental impact. These recommendations formed the basis of the conditions
and restrictions attached to the authority issued by the Commonwealth
Government (under section 41 of the Atomic Energy Act) which authorised the
Ranger operation to proceed. These conditions are known as the "Environmental
Requirements'.

10. By an exchange of letters between the then Prime Minister and Chief
Minister of the Northern Territory (July 1978) it was agreed that regulation of
uranium mining in the Region would be carried out to the maximum extent
possible under the laws of the Northern Territory, with the Supervising Scientist
exercising a supervisory, co-ordinating and research role.

11. Day-to-day licensing and regulation of uranium mining in the Region is
carried out, for the most part, under the NT Uranium Mining (Environment
Control) Act 1979 which is administered by the NT Department of Mines and
Energy. Under this Act, the Northern Territory is required, in the authorisation of
Ranger operations, to have primary regard for the Environmental Requirements.
Control of water is the subject of Environmental Requirements 7 to 12.

12. The essentials of the water management system at Ranger are described in
Attachment A to the present Report. An important regulatory mechanism for the
control of water within the mine site is the establishment of a Restricted Release
Zone (RRZ) which delineates areas at the mine site from which no water may be
released except under specified conditions and with the written approval of the
NT supervising authority. The only method of release of water from the RRZ
available under the existing Environmental Requirements is by way of the outlet
structures of retention pond 1 (RP1) and retention pond 2 (RP2).

13. The Environmental Requirements specify that the supervising authority
(which is the NT Minister for Mines and -Energy) shall determine standards with
which any approved release shall comply, and set down broad principles which the



•upervising authorities shall have regard to in developing those standards
(Attachment A to the Ranger Environmental Requirements).

14. In addition, Clause 7(j) of the Environmental Requirements requires that
approval for releases from RP2 chall not be given unless:

(i) the flow rate in Magela Creek at the discharge point exceeds 20 cubic
metres per second,' and

(ii) there is a continuous flow of water between Jabiru and the northern
end of.the Magela floodplain and there is a high probability that this
will last long enough for discharges to reach the estuary;

and that the authorisation giving approval for the release shall specify the
following:

(a) the 'approved rate of discharge,

(b) the concentration of contaminants in water to be discharged,

(c) the total quantity of contaminants to be released in any one discharge
and in any one year (being a year commencing on 1 September and
ending on 31 August), and

(d) the length of the approved period of continuous discharge.

15. Ranger's water management plan (as detailed in April 1979) was approved
by the NT supervising authority on 18 July 1979. In accordance with the RUEI
recommendation that studies of the water management system should continue
with the aim of reducing the quantities of contaminants that might be released to
Magela Creek, a condition of this approval was that Ranger examine further the
design of its water management system and, in particular, assess the
practicability and cost-effectiveness of:

constructing additional evaporative/storage ponds;

accelerating the program of construction of the tailings dam;

reducing the use of bore water for the treatment of uranium ore;

increasing the use of contaminated water for the treatment of uranium
ore, and reducing water usage from the water management retention

. pond no 1 and the waste rock dump settling pond for the treatment of
uranium ore;

improving the segregation of contaminated water and uncontaminated
water;

. minimising the percolation of rain through low grade ore stockpiles; and

minimising the collection into the piped seepage collection system, for
stages subsequent to construction of the tailings dam, of rain water
which falls on the downstream slopes of the tailings dam embankments.



While these studies were being carried out Ranger was authorised to manage its
water as a "zero release of contaminants' system.

16. These assessments have been addressed by Ranger in various reports,
proposals and correspondence with the NT supervising authorities over subsequent
years. They have been considered by members of the Working. Group in preparing
the present Report. Ranger continues to operate under a Consolidated
Authorisation A 82/3 (re-issued August 1983) which has not permitted releases of
water from the RRZ, although it does allow for the authorisation of releases by
the NT Minister for Mines and Energy should he believe them to be necessary. In
correspondence with the Supervising Scientist in March 1983, the then NT Minister
for Mines and Energy advised that it was his firm intention that the Ranger Water
Management System should continue to be operated es a 'no release of
contaminants system'.

17. The RUEI recommendations have been followed and the project was
established and has been maintained to the present without approval having been
given for releases of RRZ water to Magela Creek. This has led to a slow
accumulation of water within the RRZ and the need to use the mine pit for
storage of excess water. By the 1985-86 Wet season the water stored in the pit
had become a threat to orderly mine development and ore production.

18. Under its original water management plan Ranger would have discharged
the excess water to Magela Creek at times of high flows during the Wet season.
Approval to do this, however, was not formally sought because agreement had not
been reached between Co-ordinating Committee members on the role direct
Magela discharges should play, among other means of water disposal and storage,
in Ranger's water management system.

19. By October 1985 Ranger had assessed a variety of means for reducing the
volume of water stored in the RRZ and set out what it considered was the most
effective and environmentally benign combination of water disposal methods
available to it. The report of this assessment was entitled 'Application of Best
Practicable Technology (BPT) to Water Management System' (September, 1985).

20. In summary, Ranger proposed that BPT for water management should
comprise a hierarchy of actions with those listed higher being exercised first,
before proceeding progressively to the use of the lower order disposal methods if
this were necessary to maintain an adequate water balance for the site. The
proposed hierarchy was:

Continuation of measures already taken to reduce the rate of
accumulation of water within the RRZ (generally, the minimisation of
catchment areas, maximisation of tailings water recirculation, and
irrigation within the RRZ with RP2 and pit water).

Treated water disposed of by land application.

Treated water released to Magela Creek.

Untreated water disposed of by land application.

Untreated water released to Magela Creek.
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• Untreated water stored in the tailings dam.

Flood the pit.

21. After initial consideration of the BPT document, the Supervising Scientist
and the NT supervising authority believed that the document gave too much
attention to analysis of the water management system in the short term
(approximately two years) and was inadequate for an assessment of BPT as applied
to water management in the long term.

22. Determination of BPT over long periods (such as the life of the Ranger
operation) is difficult because of future changes to the operation expected over
the next few years. For example, the development of orebody No. 3 (expected in
the early 1990s), and changes in tailings management wil) each have implications
for water management. In formulating the mine five year plan consideration was
given to the development of orebody No. 3, but, at this stage, a detailed
assessment of how the water management system should be modified to best cope
with these changes cannot be made.

23. For these reasons the Working Group agreed that Ranger should present a
five year plan to cover the period 1986-1991 which would be used, in conjunction
with the original BPT document, to assess best practicable technology for water
management at Hanger for that period. Thus, considerations in the present report
specifically exclude the development of orebody No. 3 and a new assessment will
be required at a later stage when the data are available to enable a proper
technical assessment to be made.

24. The Ranger *BPT Document1 - Application of Best Practicable Technology
(BPT) to Water Management System (September 1985) - and the Ranger 'Five Year
Plan1 - Ranger Water Management System Five Year Plan (September 1986)
provided the basic working' documents for assessment by the BPT Working Group.
Other relevant analyses, background material and information made available to
Working Group members have also been taken into account in their deliberations.

1.3 Comparison with systems developed for other uraiut'm mines in the Region

25. The possible need for direct release of RRZ waters from the Ranger mine
site is often questioned by comparing the Ranger water management system with
that of QML at Nabarlek and those proposed by Pancontinental at Jabiluka and
Denison at Koongarra. These systems were designed on the basis of no release
during the operational phase. There are a number of factors, peculiar to each
project, which influence the likely water balance within the RRZ and the possible
needs for occasional release to maintain a reasonable balance.

26. At Nabarlek, a comparatively small project, all ore was mined in a period of
about 5 months and was stockpiled prior to completion of the construction of the
mill and before operation of toe plant. The mine pit has later served as the
tailings repository. Thus, during the operational phase of the mill at Nabarlek
there was no need for access to the mine pit during the Wet season, and no Wet
season accumulation of water in the mine pit required transfer or disposal before
access could be obtained for Dry season mining. The operational program
designed for Koongarra is similar to that carried out at Nabarlek.
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27. The much larger size of the Ranger mine made an accelerated mining
program of the kind used at Nabarlek impractical. The much lower grade of ore
(approximately one tenth that at Nabarlek) f bo means that surface stockpiles of
ore and lower grade 'material' are very much larger,: thus leading to an increase in
the area and catchment of the RRZ.

28. The Pancontinental Jabiluka oiebodies could be mined by either opencut or
underground mining techniques. In the feasibility studies for that project, the
problem for the water management system which would have been occasioned
with an open pit was a major factor in the decision to develop the mine by
underground methods.

29. The underground development virtually eliminates the catchment of rainfall
and runoff into the mine; it also reduces the mining of below cutoff-grade ore and
therefore the stockpiling of such material on the surface. Below cutoff-grade ore
must be removed from the pit volume in an open cut mine, as at Ranger, and
stored within the RRZ, leading to increased site area and hence the volumes of
water which must eventually be disposed of from the RRZ.

30. The unique feature of the Ranger mine is that it is, by necessity, a large
open cut mine with an operational lifetime of many years. Simple comparisons of
its water management system with other mines are not valid.
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1. PERFORMANCE OF THE EXISTING RANGER WATER MANAGEMENT
SYSTEM

2.1 Past performance

1.1.1 Description of the water management system

31. An important regulatory procedure facilitating control of the release of
water from the mine site was the delineation of a Restricted Release Zone (RRZ)
at the site from which water might be released only under specified conditions and
with the written approval of NT supervising authorities.

At Ranger, the RRZ means in effect any area where material containing
greater than 0.02% uranium is mined, stockpiled, stored or handled and
the catchment draining rainfall from such an area. The limits of the
RRZ are subject to alteration from time to time as approved or required
by the NT supervising authority.

32. The water retention storages within the current Ranger RRZ are described
at Attachment A and include retention ponds 2 and 3, the mine pit (Pit J), a
temporary borrow pit (Pit A/B) and the tailings dam. Figure 1 at Attachment A is
a plan of the main elements of the Ranger water management system. The
present storage capacity of RP2, RP3 and the borrow pit are:

. RP2 670 ML - Dry season

470 ML - Wet season

. RP3 55 ML

Borrow pit 830 ML

Note: 1 ML = 1 megalitre = 1 million litres = 1000 m3

The mine pit and the tailings dam provide emergency storage capacity of several
thousand megalitres. Access to the pit, however, is required for the mining
operation and the use of the tailings dam for mine water storage should be
minimised both because of rehabilitation requirements and because it is poor
management practice to convert relatively good quality water to water of poor
quality through unnecessary contact with tailings (see paras 35, 45-51).

33. Ranger's water management system has provided for overflow from
retention pond 1 and releases from retention pond 4 (both of which are outside the
RRZ). Chemical and physical water quality criteria and standards have been
developed and applied by the NT supervising authorities to these releases. To date
the volumes that have passed through retention pond 1 have averaged about 1000
ML/year; releases from retention pond 4 have averaged about 100 ML/year during
the Wet season.

34. At current production rates and with the current subaqueous tailings
deposition methods, each year about 900 ML of water is trapped within the
tailings. In order to maintain a balance of water in the tailings dam between all
inputs and outputs, including rainfall, evaporation; seepage and entrapment of
water in tailings, in an average year about 600 ML of water must be transferred
from other parts of the RRZ to the tailings dam. However, larger volumes have



been passed to the tailings dam over past years to maintain access to the mine am)
the borrow pit.

15. there is some flexibility in the volume of additional water that may be
transferred to the tailings dam, and this will lead to an Increase or decrease in the
volume of free water above the tailings (i.e. not entrapped within the tailings
slurry). A water depth of approximately 1 metre, representing About 1000 ML is
convenient for operation of the floating tailings distribution system. Although the
Ranger water management system was not designed as a no release of water (from
the RRZ) system it has operated, with difficulty, without such releases since start
up In 1980. This has been achieved In part by transferring excess water to the
tailings dam where a volume of tree water of about 3500 ML had accumulated in
1985 and 2500 ML In 1986. Action to reduce the accumulation of free water In
the tailings dam is necessary.

36. Actus'i performance of the water management system has varied from the
original design expectations In several ways with important consequences on the
water balance. Principal departures from the assumptions on Which the design
was based are:

. Rainfall experienced since mill start-up in 1981 has been greater than
the long-term (Oenpelli) average used for design purposes; also pond
evaporation has been less than expected. Average net annual
evaporation experienced appears to have been 0.36 m rather than the
0.79 m used in design.

. . The actual density of the settled tailings achieved under the current
(sub-aqueous) tailings managementsystem, is about 0.86 t/m3 instead of
the design estimate of 1.4 t/m3. tailings have therefore trapped
considerably larger volumes of water than was envisaged In the tailings
dam (from which, under the present Ranger authorisation, water may
only be disposed of by evaporation).

An analysis of the consequences of these changes to the water management
system will be presented in Section 2.1.4.

2.1.3 Analysis of past performance

37. On the basis of the observed performance of the water management system
over the past five years, Hanger has developed • model of the system which
accounts for the response of the various catchments to the rainfall, evaporation,
seepage and inter-catchment transfers that have occurred during this period, this
model may be used to predict the response of the system to extremes of rainfall
not yet experienced during the operational phase of the mine, h the present
Report, the- results obtained using this model are used to illustrate the past
performance of the water management system and also to predict its future
performance. The presentation is, of necessity, simplified but the essential
conclusions are in agreement with those from a more detailed analysis. For
example, the effects of the planned variation in production rate and of the gradual
reduction of the tailings water depth are not explicitly discussed here. These
effects, however, have been fully incorporated in the detailed modelling carried
out by Ranger and described in the Five Year Flan.



SS. In the BPT Document Ranger presents an analysis of the response of the
system in a year In which the rainfall and evaporation correspond to average
values. The conclusion Is that In such a year the system Is approximately In
balance; that is, there Is little net Increase over a full year In stored water ki the
RRZ excluding the tailings dam.

39. The Working Group has used the Ranger model and abo models developed by
OSS to estimate the probable increments in water accumulated within the RRZ
excluding the tailings dam over the period of the Wet season (as opposed to the
full year considered by Ranger). These volume increments nave been evaluated as
a function ofjftheir probability of occurrence using the rainfall data for Jabiru
collected over the past 16 years. Ihe results are:

Probability (%) 50 20 10 4 2

Annual Rainfall (mm) 1560 1810 1960 2090 2240

Volume Increment (ML) 1200 1800 2200 2500 2800

40. During the recent years of operation the storage volumes available were
principally RP2 (670 ML), and the borrow pit (830 ML), giving a total of 1500 ML.
in addition, the subaqueous tailings technique required, as indicated in
Section 2.1.1, the transfer of 600 ML to the tailings dam from the remainder of
the RRZ. The tote! effective storage* volume was, therefore, 2100 ML.

41. From the figures given in paragraph 39, it appears that the water
management system was capable of coping with annual rainfall events with •
probability of occurrence of up to 1 year in 10 (that is, a probability of 10%).

. For the purpose of making this estimate, it has been assumed that the
RRZ could be managed in such a way that the system was effectively
dry at the beginning of each Wet season. This has only recently been
the case as a result of the introduction of disposal by land irrigation
during the Dry season.

. The highest rainfall that has occurred since milling began was 1655 mm
during season 1983-84; this value corresponds to a probability of
occurrence of about 1 year in 3 (that is, a probability of 33%) and
therefore no release of water to the Magela Creek has proved necessary
to date.

2.1.3 Previous pressure on the system

42. The previous section might seem to imply that no pressures have existed on
the water management system during the past five years. This has, however, not

Throughout this report, the term ^effective storage1 of the RRZ is used to
describe the sum of the true storage volume available in the RRZ (excluding
the tailings dam) and that storage volume which becomes available through
the transfer of water to the tailings dam or reductions in the collection of
water.



-11-

been the case. Ranger has, before the last two Wet seasons, sought the
authorisation of discharge standards so that release to Magela Creek could be
authorised in the event of an above average Wet season.

43. The principal reason for this, however, was that during- the 1982-83 Wet
season, when no significant rain had occurred before mid-February 1983, Ranger
imported approximately 1000 ML of water Into the RRZ from Magela Creek. The
Company^ concern was that failure of the monsoon would leave the plant with
insufficient water to maintain the required minimum water cover over the tailings
during the subsequent (1963) Dry season. In the event, heavy late season rains led
to an approximately normal Wet season total rainfall and this action resulted in a
permanent store of water within the RRZ which, in the absence of any authorised
mode of discharge, placed the water management system under pressure.

44. The relatively dry Wet season of 1985-86 and the authorisation of discharge
of RRZ water by land irrigation (see Section 3.1) have enabled Ranger to remove
the accumulated excess from the RRZ ponds (excluding the tailings dam). Thus
the importation of water during 1982-83 now has little bearing on the future
development of Ranger's water management system.

1.1.4 Effects of changes since system design

45. It was noted in Section 2.1.1 that the actual performance of the water
management system is different from that envisaged at the design stage in two
principal ways:

. annual rainfall has been greater and pond evaporation less than
expected; and

. the settled tailings density is 0.86 t/m3 rather than the expected value
of 1.4 t/m".

It is important that the impact of these two effects, and their consequences for
future operations, be appreciated.

46. Ihe combination of the two effects has had little overall effect on the RRZ
excluding the tailings dam. The lower density of the tailings has led to an
increase in the volume of water required in the tailings dam to maintain saturated
tailings. This water has been obtained (in part) by transferring water, about
600 ML per annum, to the tailings dam from the remainder of the RRZ. This
transfer has substantially compensated the impact to the remainder of the RRZ of
the higher than predicted net rainfall in years of average rainfall.

47. The effect on the tailings dam has, however, been considerable in that both
effects have reduced the effective capacity of the tailings dam for the storage of
tailings, in addition, in years of higher than average rainfall, excess water has
been transferred to the tailings dam in order to maintain access to the mine and
the borrow pit. For these reasons, the frequency of raises to the tailings dam has
had to be increased.

48. All water in the tailings dam circuit becomes significantly contaminated,
whether free water or trapped water. This water must eventually be disposed of
in order to achieve stabilisation and rehabilitation of the final tailings
repository. The only method presently available to Ranger for disposal of this
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water is evaporation. The removal of water from saturated tailings by
evaporation alone is a flow process and could take many years In the climate of
Jabiru, significantly delaying the eventual rehabilitation of the site. The Working
Group is therefore agreed that, for the best protection of the environment both
during the operational phase and the decommissioning and rehabilitation period, a
goal of the water management system should be to reduce the accumulation of
water in the tailings circuit to the lowest practicable level.

49. It is, therefore, essential that the tailings dam should not be regularly used
to store water beyond its unavoidable minimum requirement and that high priority
should be given to reducing the present excess of free water in the tailings dam.
To achieve this, the approximately 600 ML/y of water which in a normal year and
with a balanced system could be passed to the tailings dam must be retained in the
other parts of the RRZ. This will diminish the available effective storage volume
in that system by 600 ML.

50. Consideration is being given to a change in the method of tailings deposition
from the present sub-aqueous saturated deposition to a semi-dry placement
method which would increase their density, thereby decreasing the annual volume
of the tailings and thus reducing the eventual size of the tailings dam. In addition,
this method of deposition would increase the shear strength of the deposited
tailings which will greatly facilitate their stabilisation and rehabilitation.
Semi-dry tailings deposition, by reducing the amount of water in the tailings dam,
would also assist to reduce the potential environmental impact of tailings
management during the operation phase. It would lead to a significant reduction
in the total holdings of the tailings water and would reduce seepage from the
tailings dam. This, in itself, is a significant environmental benefit.

51. However, whilst a change to semi-dry tailings management would have
these important consequences for long term water management, its gradual
introduction and the low value of settled density expected initially, imply that
there will be little impact on water management In the immediate future. In the
later years covered by this Report any impact is likely to be compensated by other
actions proposed by Ranger in the Five Year Flan, for example disposal of water
collected in seepage collector sumps and reduction in the permeability of the
outer slopes of the tailings dam. Thus, the decision to terminate the transfer of
600 ML per year to the tailings dam from the remainder of the RRZ in no way
pre-empts or prejudges any decision on the introduction of semi-dry tailings
management.

2.2 Future Performance

2.2.1 Banger Five Tear Flan 1986-1991

52. Ranger submitted the report 'Water Management System Five Year Plan* in
September 1986. This document presents the Company^ operating plan for each
year over the subsequent five year period in terms of weight of ore, below cut-off
grade material, and waste rock to be mined, ore to be milled, pit access
requirements, and available storage. It documents an analysis of the expected
performance of the water management system which has enabled the Working
Group to assess best practicable technology for water management at Ranger over
the next five years.
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53. Assessment of the future performance of the Ranger water management
system has been based upon the information given In the Five Year Plan. Some of
the essential figures that are relevant for this assessment are shown in Table 1.

Table 1. Mining, milling and storage figures for Ranger operation lfftfi-lMl

Year Ore mined Ore milled Max. Pit J Storage Borrow Pit Storage
(txlO3) (txlO3) (ML) (ML)

1986/87
1987/88
1988/89

1989/90
1990/91

2258
1900

1930
1790
1405

891
894
946

1419
1883

100
30

1200
300
250

830
830
0

0
0

54. The Company points out that this mine plan departs from the optimum
mining schedule which entails continuous mining throughout the Wet season.
Uninterrupted mining would necessitate access to all benches at all times with
only a sump of capacity 30 ML at the bottom of Pit J, but the proposed schedule
accepts a greater volume of water in the pit, ana therefore some interruption to
mining, in each year except 1987-88.

55. Other features of the plan which are of major significance for water
management are:

. subaqueous tailings deposition will continue for some period at least;

. tailings dam crest lifts are scheduled for 1988 and 1990; and

transfers of water to the tailings dam will be optimised.

56. The principal features of this plan which involve changes in the effective
storage capacity of the RRZ excluding the tailings dam, are:

. The termination of transfer to the tailings dam of a predicted 600 ML of
water each year for several years from the remainder of the RRZ until
the dam is in balance and then the evaporative potential will be
maximised within the constraints of tailings management;

- as noted in Section 2.1.4 this action is supported by the supervising
authorities.

Elimination of the borrow pit in 1988-89 resulting in the loss of 830 ML
of storage in the RRZ;

- this is an unavoidable action required to complete the mining of
orebody No. 1.

The net effect of these changes is the effective loss of 1400 ML of storage in the
RRZ excluding the tailings dam. This loss is offset to some extent in later yean
by the planned increase in milling rate to 1.9 million t/y, which will lead to an
increase in amounts of water entrapped within the tailings.
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2.2.2 ffredietiom for future performance

57. Ihe introduction of land irrigation as a means of discharge during the Dry
season (see Section 3.1) will allow the Company to achieve an effectively dry
system by the beginning of each Wet season, thus preventing the carry-over of any
excess water from one season to the next. Nevertheless, these reductions in
effective storage will lead to 'severe dislocation of the mining operations unless
changes are made to the water management system.

58. Termination of the annual transfer of 600 ML to the tailings dam will
reduce the effective storage from 2100 ML to 1500 ML. Examination of the data
presented in Section 2.1.2 on the predicted response of the system to rainfall
suggests that the volume of water accumulated will exceed 1500 ML with a
probability of approximately 2 years in 5. Access to the bottom of the pit during
the Wet season in these years could only be achieved by the provision of additional
storage capacity or by allowing some form of Wet season disposal of water.
Alternatively, water will have to be transferred to the mine pit (Pit J) with
increasing interruption to the mining schedule.

59. Modification of the optimum mining plan to allow a maximum pit storage of
100 ML (giving an effective RRZ storage of 1600 ML) over the next two years, as
proposed by the Company, reduces this probability somewhat, but not
significantly.

60. Loss of a further 830 ML of storage capacity by elimination of the borrow
pit in 1989 has a greater effect. Even after accommodating 300 ML of extra
water in the mine pit and increasing the production rate of tailings, as proposed
for 1989-90, there will still exist a probability of approximately 60% that
interruption to the mining program will occur in that year unless some form of
Wet season disposal is authorised or additional storage capacity is provided.

2.2.3 The need for change in the Ranger water management system

61. The analysis presented here shows that in all seasons where the rainfall did
not exceed that corresponding to a probability of 1 in 10, the existing water
management system at Ranger was adequate to cope with the influx of water into
the system during Wet seasons such that a tolerable mining schedule was achieved
without requiring Wet season disposal. Only the non-occurrence of such an
extreme season has enabled a policy of no release to be followed.

62. This situation will not be maintained in the future. Unless changes are
introduced to • the water management system to cope with the substantial
reductions that will occur in the effective RRZ storage, the production of ore at
Ranger will be seriously interrupted in all years where rainfall is above average
(i.e. about every other year).

63. The Ranger system must provide a means by which water can be removed
from the pit during the Wet season - and this can only be by transfer to other
storage within the RRZ or discharge from the RRZ in the Wet season. Unless the
available storage is very large it must be supplemented by an appropriate disposal
mechanism which is able to be exercised in either the.. Wet season or Dry season.
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3. ALTERNATIVES CONSIDERED FOR FUTURE WATER MANAGEMENT AT
RANGER - ~ ~

64. Many different methods of altering the water management system were
considered by Ranger in its BPT Document and by the Working Group in its
discussions. A number of these alternatives are listed in Table 2 together with
some of their principal characteristics. In the present Report, however, only the
five most important alternatives are discussed in detail. Three of these are
genuine disposal alternatives, namely:

land irrigation;

. direct release to Magela Creek; and

evaporation.

The other two alternatives are not disposal techniques but are possible adjuncts to
the above disposal methods. They are:

water treatment; and

provision of additional storage capacity.

3.1 Disposal by land irrigation

65. Land irrigation (also referred to as land application) is a method of
disposing of wastewater by infiltration into soil and by evapotranspiration. Heavy
metal contaminants and radionuclides are substantially immobilised in the top few
centimetres of soil, while sulphate, ammonia, nitrate and phosphate are absorbed,
broken down or dissipated by various natural processes.

Because heavy metal contaminants are retained and confined in a known
area, actions to reduce the effect of any contaminant or to rehabilitate
the area could be taken if proved necessary.

There are several ways of applying water to the land such as flood
irrigation or ditch irrigation but the Company has proposed the use of
commercially available agricultural spray nozzles mounted on risers, the
water being applied at a rate such that no surface runoff occurs during
th e irrigation period.

66. A number of trials of land irrigation have been undertaken by Ranger during
1985-86 accompanied by comprehensive monitoring and inspection programs to
study the effects on vegetation and groundwater.

To date, little environmental effect has been observed beyond the
application zone.

. Measurements confirm the retention of radionuclides and heavy metals
in the soils of the application area.



TaMe 2. Summary of prindpal characteristics of water management options

Significant features and
^performance criteria

Water ^ ^ " v ^ ^
management ^*v-»»>>
options

Land application of
treated water

Land application of
untreated water

Direct release of
treated water

Direct release ot
untreated water

Evaporation pond

Enhanced evaporation

Additional storage
within RRZ

Well injection

Pit seepage
interception

RRZ area reduction

Pipeline to coastal
outlet

Additional contaminant
segregation

Storage in tailings
dam

Is the option
feasible based

on existing
knowledge
site data?

Yes

Yes

Yes

Yes

No

No

Yes

No

Yes

Yes

Yes

Yes

Yes

s the option
a genuine
disposal

echnology?

Yes

Yes

Yes

Yes

Yes

Yes

No

Yes

N/A

N/A

Yes

N/A

No

In what
repository

are the
ontaminants

largely
retained?

RRZ & RPA

RPA

RRZ ft
leyond RPA

Beyond RPA

RRZ

RRZ

N/A

RPA

RRZ

RRZ

Seyond RPA

RRZ

RRZ

Degree of
li nutation

due to
presently

easible rate
of disposal

Medium

Low

Low

Low

High

High

Medium

High

N/A

N/A

Low

N/A

Medium

Volumes Perceived
potentially
manageable
over time .

High >lxl06m3/yr
Med 0.5-1x10*

Low <D.5xlO6/yr

Medium

High

Medium

High

Medium

Medium

Medium

Low

Medium

Low

High

N/A

Medium

Perceived
social

acceptability

High

Medium

Low

Low

High

High

High

Medium

High

High

Low

High

High

Cost of
implementation
and operation

Low<$l million
Med $1-5 million
Nigh >$5 million

Medium

Low

Low

Low

High

High

High

Medium

High

Low

High

Low

High

Potential to
reduce

long-term
environmental

liability

High

Medium

High

High

Low

Medium

Low

Unknown

High

High

High

High

Low

Availability of option
under extreme wet
weather conditions

(e.g. cyclone
activity)

Annual delayed

Annual delayed

Delayed.to ensuing
Wet "season

Immediate

Deferred

Deferred

Deferred

Deferred

N/A

N/A •

Immediate

N/A

Deferred

H/A • Not applicable

RM - Ranger Project Area
Source* Ranger BPT document, 1M5
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During early trials of the land irrigation technique it was required to
collect and retain surface runoff from the application area until
chemical analysis showed that the water was within authorised quality
criteria. These criteria, for excising the area from the RRZ, were
established on a calculated and conservative basis to ensure that the
receiving waters in streams draining the land application areas would
not be significantly .affected by any solutes in the runoff arising from
the irrigation.

Surface water quality measurements indicate that while most of the
applied trace metals and radionuclides are trapped in the soil horizon,
runoff water contains higher concentrations of some constituents than
natural rainfall runoff. However, these concentrations were lower than
the RRZ excision standards which were designed to ensure that the
runoff presented no environmental hazard to the Magela Creek
ecosystem or to human diet based on aquatic organisms.

The area may then be excised from the RRZ for the Wet season and no
directing earthworks or sumps are necessary to collect and hold the
eventual runoff.

67. On the basis of the trials conducted to date, it appears that land irrigation
is an environmentally acceptable method for the disposal of RRZ water, at least
for a period of a few years. Hence, approval has been given for Ranger to irrigate
RP2 water over about 35 hectares during the Dry season at 10 mm/day rate of
application. The capital cost of this disposal system is estimated at about
$0.5 million since it was able to use the existing pump and pipeline system. An
additional area of similar size could cost in excess of $1 million. Depending upon
the timing of significant early Wet season rains this existing system might dispose
of about 750 ML of water in any year. Possible increases in the application rate
will be considered in the light of experience gained in the present trial operations.

68. Land irrigation is essentially only available as a means of disposal during
the Dry season. The volume of water going into the pit in seasons of high rainfall
would seriously interfere with mining in the Wet season. The time required to
dispose of accumulated excesses by land irrigation alone could extend well into
the Dry season so that ore may not be able to be mined for several months in
years of well above average rainfall.

69. Results of the trials to date and available empirical data on geochemical
behaviour of metals in soils suggest that land irrigation could become the primary
Dry season disposal method for Ranger RRZ water. However the effects of its
routine use on a scale sufficiently large to provide an assured long-term disposal
capacity in the. conditions prevailing at Ranger, have not yet been fully assessed.
Collaborative research between OSS and CSIRO is focussed on the effectiveness
of the technique and will enable predictions to be made on the likely
environmental impacts if land irrigation is practised on a particular site over
several decades. Long term monitoring of trials being conducted at Ranger will
also provide useful information.

3.2 Disposal by direct release to Magela Creek

70. While the land irrigation method of disposal is adequate to provide a
balanced water management system on an annual basis and to allow access to the
pit for mining in average rainfall years (or somewhat above average) it has been
shown in Section 2.2.2 that it cannot serve effectively in years of signficantly
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jhigher than average rainfall. In Buch years a method for disposing of water during
the Wet season is required.

71. Ranger's original plans for the project included the occasional discharge
(perhaps every 3 or 4 years) of some of the rainfall run-off held.in the RRZ,
directly to Magela Creek, at times of high flow in the creek. The concept was
reviewed by the RUEI and accepted in the Commission's recommendations subject
to a number of restrictions and controls in addition to a requirement tfiat the
supervising authorities carry out the research and environmental studies necessary
to develop appropriate water quality discharge criteria and standards. (See
Section 1.2.)

72. The concept of release of wastes to streams, whereby dilution, dispersion,
degradation and transport quickly reduce ambient concentrations of added
substances to safe levels is one accepted throughout the world as constituting a
good, and in most cases the best, process for satisfactorily dealing with wastes. It
is a practice recognised and accepted by public health authorities everywhere, as
well as by such international bodies concerned with human and environmental
health as the Organisation for Economic Co-operation and Development (OECD),
the Food and Agricultural Organisation of the United Nations (UNFAO) and the
World Health Organisation (WHO). The Supervising Scientist and NT supervising

: authorities have conducted research into the Magela system and have established
appropriate criteria and standards and agreed to certain internationally based
protocols prescribing pre-release biological testing procedures for direct water
releases which would protect the environment and humans from potentially
harmful effects arising from such releases.

73. . Thus the control regime proposed by the Supervising Scientist goes further
than the imposition of water quality discharge standards. These are not
considered sufficient to ensure a high level of protection to aquatic ecosystems
and have been supplemented by a regimen of pre-release biological screening
tests. The full control regime has been accepted by the NT and was discussed in
the Annual Report of the Supervising Scientist for 1984-85. The regime has the
following elements:

(a) Establish, on the basis of existing scientific and technical information,
a set of interim receiving water quality standards that will, as far as
possible, provide a reasonable degree of protection to the
environment.

. These standards may be translated into authorised discharge
standards or formulae taking into account the dilution capacity of
the receiving waters.

. Appropriate standards and a discharge formula (Authorised
Discharge Standards) have now been agreed between the OSS and
the NT. (The established standards are shown in Table 3.)

. These standards have been developed on the basis of a very
conservative criterion which ensures that, for most constituents,
departure from the natural range of concentrations in the creek
will be very small. For uranium, the recommendation is based on
toxicological measurements made on local species of fauna with an
additional factor of safety being applied to account for untested
species.
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(b) Test the water to be discharged, before release, to determine the
dilution with receiving water necessary to achieve a defined degree of
protection.

. Toxicity testing protocols exist internationally and the ARRR1 has
developed (and is continuing to further develop) detailed test
methods for specific application in the Alligator Rivers Region.

. These tests have -sensitive end points based on complex
life-processes (such as growth and reproduction) and will establish
the dilution factor at which no adverse response occurs for the
most sensitive of a range of aquatic species from different phyla.

. The lowest maximum no-effect-level for the species tested will be
reduced by a safety factor to give the dilution factor on which
discharge will be based.

(c) Carry out in-stream biologies! monitoring both during and after
releases to detect any adverse effects resulting from the release.

(d) If an effect is detected, its significance will be assessed and, if
necessary, the authorised release conditions adjusted to ensure that
environmental detriment remains the minimum that can reasonably be
achieved.

Physico-chemical water quality standards are useful as guidelines for planning
purposes but will be supplemented in the control of actual releases by pre-release
biological screening tests and a post-release monitoring program.

74. The chemical composition of the waste water proposed for release is
characterised by naturally occuring elements and compounds. For this reason, the
Working Group accepts the intrinsic safety of dilution and does not anticipate that
any adverse effects will occur as long as dilution is adequate. Known effects can
be documented and readily controlled; any unpredicted effects will be revealed by
careful monitoring. It is therefore proposed that research investigations and
scientific monitoring of the Magela ecosystem should continue for as long as any
direct releases are likely. It is never possible in any branch of science or
technology to predict with certainty that an unforeseen effect will not occur.
However, the authorities are confident that with suitable monitoring of stream
fauna, any unpredicted effects will be detectable before harm can occur, allowing
any necessary corrective measures to be applied.

75. The RRZ water identified for pc ;ible release comprises those waters
stored in RP2, the mine pit and the borrow area. It must be stressed that tailings
water or process water has not been proposed for release, nor is it ever likely to
be (unless, perhaps, subjected to some effective form of water treatment).

Under present planning release would be via the pipeline from RP2 to
Magela Creek, which has an existing maximum discharge capacity of
about 30 ML/day.
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Table 3. Receiving water quality standards for release of Ranger mine site
waters to Magela Creek

Parameter

Concentrations

pH
Turbidity
Dissolved oxygen
Calcium
Magnesium
Sulphate
Molecular NH3(N)
Nitrate/nitrite (N)
Fluoride
Suspended solids
Total organic carbon
Iron
Phosphate (PO4)
Copper
Lead
Zinc
Cadmium
Chromium
Manganese
Uranium

Radionuclides
total alpha

Additional load limit

Uranium-(238+234)
Thorium-230
Radium-226
Lead-210
Polonium-210
Cadmium
Copper
Lead
Manganese
Zinc
Phosphate (P)
Nitrate (N)

Units

NTU
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
yg/L
yg/L
yg/L
yg/L
yg/L
yg/L
yg/L

Bq/L

GBq/yr
GBq/yr
GBq/yr
GBq/yr
GBq/yr

tonne/yr
tonne^r
tonne^r
tonne fyr
tonne^r
tonne^r
tonne/yr

DME
receiving

water
standards
(maxima)

5-7
(120)

6.0
2
2

20
0.020
1.00

(0.13)
(70)

(5)
(1.8)

(0.06)
(4)
(4)

(28)
(0.3)
(1.2)

50
5

0.1

DME
Maximum
allowable
addition

1.5
-

1.3
1.0

19.0
0.015

0.6
0.02
0.75

4
1.1

0.01
0.6
0.7

5
0.1
1.4
24

3.8

—

88
170

13
8
7

1.3
90

8
6

200
2.8
4.4

Note: Radionuclide limits are subject to summation of fractions of individual
limits with sum to be less than unity.
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Under the existing Environmental Requirements release wxnild only be
permitted when flow in Magela Creek is greater than 20 m3/s and flow,
within the Creek system, is such that there is a high probability that the
discharges would reach the estuary of the East Alligator River.

- The discharge control regime developed by OSS does not specify a
minimum flow rate; in the Creek; what must be achieved is a
minimum dilution and this might be attained by reducing the
discharge rate depending on flow rate in the Creek.

The volume of excess water that could be disposed of by direct release
would depend on the actual flow above 20 m3/s in Magela Creek,
pumping rate and the minimum dilution required;

In addition there are limits set on the total quantity of some
constituents that may be released in one year.

76. An analysis of flow patterns in Magela Creek indicates that in an average
year flow exceeds 20 m /see for about 50 days a year and discharge at 30 ML/day
as proposed by Ranger could enable the disposal of approximately 1,500 ML/yr.
Releases are of course only expected in above average rainfall years and in such
years the period for possible release is extended and the dilution achievable in the
stream is much greater, because of the increased flows. An examination of the
historical water quality data for RP2 and the mine pit indicates that compliance
with the agreed receiving water standards is likely to be achieved at discharge
pumping rates up to 30 ML/day and Creek flow rates in excess of 20 m /see.
Hence, the direct release option appears to have the capacity to handle excess
water catchment in above average rainfall years. Assessment of the precise
capability of the direct release alternative in terms of total volume dischargeable
per year will only be known when the release program is initiated and the results
of the pre-release biological testing program are available.

77. Even though releases to Magela Creek, under the proposed control regime,
are not expected to cause detectable changes to species composition and diversity
in the aquatic ecosystem, it is possible that effects might be evident in individual
organisms near the release point before mixing and dilution processes become
effective. Observations made during the release of RP4 water during the 1984-85
Wet season indicated a temporary effect on reproductive behaviour of freshwater
mussels downstream of the pipe outlet, but there was no indication of effects
outside the mixing zone. Mussels are known to stop breeding naturally at, for
example, times of high water flow, so the observed effect could simply have been
a response to "different" water and not to toxic conditions.

78. The Australian National Parks and Wildlife Service (ANPWS) has in the past
maintained that no release of RRZ waters to Magela Creek should be permitted
until it was shown to be required as a constitutent part of long term BPT for
water management at Ranger. The Service has, however, agreed that if such
releases were to prove necessary the standards and control regime proposed by the
Supervising Scientist (outlined in paragraph 73) would be acceptable.

79. The Northern Land Council (NLC) representing the local Aboriginal people
maintains that there should be no releases of water from the Ranger RRZ to
Magela Creek unless there are extreme climatic circumstances or the composition
of. the water is similar to that of Magela Creek. The main concerns expressed by
the NLC are discussed in the following paragraphs.
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80. The NLC has criticised the criteria and standards developed for the control
of water releases to Magela Creek* on the grounds that the receiving water
standards, such as those in Table 3, consider only individual constituent elements
and compounds in isolation and not in combination; and that the release criteria
are based on limited biological tests.

81. It is true that the use of individual constituent standards (though a common
practice in Australia and overseas) takes no account of possible synergistic effects
between components when they are mixed, and that it is not possible, on the basis
of water quality standards alone, to predict with certainty the ecological effects
of the wide range of possible mixtures. In addition such tabulations of water
quality standards refer only to the constituents it is believed may be present in
the waters to be discharged. No account is able to be taken of the presence of
unsuspected or unknown constituents.

82. It is for these reasons the control regime that has been proposed requires
that, before release, the actual water to be released must be tested on a range of
aquatic animals at a number of dilutions with the actual creek water into which
the effluent is to be discharged. In this way (and by introducing an appropriate
safety factor) the dilution necessary to avoid defined acute and chronic effects on
aquatic organisms can be determined. This pre-release biological testing is to be
supplemented by comprehensive biological monitoring of the Magela ecosystem to
establish the adequacy of the release controls and the absence of long term
chronic effects of the discharges.

83. The NLC. also points to the fact that a release of water from RP4 in 1985
produced detectable biological effects which could be considered to be adverse.
The biological response referred to by the NLC was the inhibition of reproductive
behaviour in mussels located near the point of discharge of RP4 water in 1985.
This was a temporary reaction and normal behaviour returned within days after
the release ceased. The reaction only occurred in mussels within the mixing zone
where concentrations are higher, near the discharge outlet. The cause of this
effect is not known - nor has it been possible to reproduce it - but such temporary
impacts confined to such a restricted area are not considered significant. The
post-release ecological monitoring program will aim to detect any subtle
significant effects beyond the mixing zone.

84. Traditional owners also appear to believe that because 'no release of
contaminants' water management systems were designed for other uranium
deposits in the Region (Nabarlek, Jabiluka and Koongarra), Ranger should also be
able to achieve a no release system. Reasons why such comparisons are invalid
are discussed in Section 1.3. The essential difference between the Ranger
operation and the others is the presence of an active open mining pit. The volume
of water that accumulates in the pit must be controlled - i.e. removed during the
Wet season to some other part of the RRZ, or disposed of - otherwise mining will
be interrupted.

85. Further, the Bureau of the NLC does not accept that dilution of a
contaminated effluent can render it environmentally acceptable and believes that
any water released should be of a quality similar to the natural average Magela
Creek waters. This, however, does not take account of. the fact that the natural
quality of water in the Magela derives from mixing and dilution of widely varying
qualities of water from different sub-catchments, some of which when it first
joins the stream would not comply with the NLC proposed criteria. The
interactions between various constituents in the mixed stream, precipitation and
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absorption and biological uptake and exchange processes become Important
factors In establishing the final quality of the stream and biUabong waters.

16. The Working Group considers that these concerns of the NLC have no
substance and that the NLC has not provided technical evidence that detriment
might result.

1.3 Diapoaal by evaporation :

17. Lou of water from the RRZ by evaporation is a significant component of
the water balance in all situations. Reference to evaporative disposal means a
system where all water in excess of requirements is transferred to an evaporation
pond (constructed within the RRZ) whose surface area is chosen large enough to
allow disposal by evaporation only. The method is effective only in places where
the annual evaporation rate exceeds the annual rainfall rate by a sufficient margin
to compensate for the larger catchment-area, presented by the pond with Its
walls, than the area from which evaporation may take place.

88. Ranger, in 1979, as part of the consultation associated with the approval of
its water management system was required to carry out investigations into the
possibility of a system having no means of disposal of RRZ water other than
evaporation; and to establish a suitable site for a sufficiently large evaporation
pond and the availability of suitable construction materials for such a dam. The
Company also undertook, if necessary, to build an evaporation pond after 1985 for
operation after 1986 (assuming average climatic conditions in the meantime) if no
better economic and environmentally acceptable alternative for water disposal
had been approved by the supervising authority.

89. While a nominal 80-100 ha pond was assessed in 1979 it is now evident that
this would not be adequate to maintain a safe and balanced system for the Ranger
RRZ without recourse to additional disposal mechanisms. The higher annual
average rainfall and the lower annual evaporation actually being experienced
compared with the values used in the design assessment (see Section 2.1.2) are
responsible for this underestimation of required pond area.

90. The analysis presented by Ranger in the BPT Document concluded that a
suitable evaporation pond would cover an area of about 350 ha and cost upwards of
$15 million to build.

. Such a pond is over three times the area of the tailings dam and would
more than double the size of the existing RRZ.

There is a 1 year in 10 chance that rainfall will exceed lake
evaporation, in such years the pond would be a net accumulator of
water rather than disposing of it.

91. An important factor in considering the evaporation option is that it is least
available as a disposal method when most required, i.e. when excesses are
greatest. Natural evaporative disposal techniques require provision of adequate
surge storage for wet years, for disposal in drier times.

12. The building of additional pondage would give rise to increased erosion rates
over three or four years until the walk and borrow areas had been fully stabilised,
would lead to the destruction of natural vegetation and wildlife habitats, and
would require extensive and expensive rehabilitation. Erosion would again be
difficult to control during the period of decommissioning and rehabilitation.
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93. A strong argument against the use of a large evaporation pond as a method
of water disposal arises from a comparison of its environmental consequences with
those of a competing disposal option - land irrigation. While land irrigation may
give rise to some deleterious effects on the vegetation on the plot, the building of
an evaporation pond would result in the total destruction of the vegetation on *
large area. Any effect on groundwater quality or on increased concentrations of
contaminants in the top soil layer 'would be similar in both methods of disposal.
Additional environmental damage would occur in the case of an evaporation pond
in the form of erosion and sedimentation due to the construction of the retaining
walls. In addition to this inferior performance from an environmental point of
view, the cost of an evaporation pond would be greater than $15M whilst the cost
of the present land irrigation construction was $0.5 M.

94. The Working Group concludes that construction of new evaporation pondage
is not an environmentally effective method of disposing of excess water. It fails
the tests for BPT on many grounds, including effectiveness, practicability and cost
as well as creating significant environmental problems in both the short and longer
term.

3.4 Water treatment as an adjunct to disposal

35. The use of various water treatments, to reduce contaminant concentrations
in at least some of the retained waters, in conjunction with other disposal
methods, has been considered for some time by Ranger and the NT supervising
authorities. Water treatment does not in itself dispose of water, or of the
contaminants, however. In fact many treatment processes while removing some
constituents from the product water add others that themselves have potential
adverse environmental effects.

96. During 1985-86 Ranger investigated the possibilities of modifying an
existing water treatment plant to improve the quality of RRZ water before
removal from the RRZ. While appreciable decreases in some potential
contaminants (e.g. uranium and manganese) were obtained, others (e.g. radium)
were not sufficiently reduced, and there were increases in concentrations of
sodium, iron and chloride in the treated water.

97. Ranger had proposed to transfer the treated water to RP4, outside the
RRZ, for possible release, with the normal run-off collected in that pond, to
Magela Creek. That plan foundered because of objections by the NLC to the
release of RP4 water containing treated RRZ water to Magela Creek, and doubts
about the regulatory propriety (because of the way in which the Environmental
Requirements are formulated) of transferring any water from the RRZ for any
other purpose than discharge via the pipeline to Magela Creek.

9B. The role of water treatment in the Ranger water management system is
kept under review. Water treatment is not necessary to ensure that RRZ water
can comply with the authorised discharge standards agreed between NT and OSS,
when released to the Magela, although a greater volume of water might be able to
be released if the concentration of certain constituents were reduced. Nor Is
treatment likely to be necessary to render RRZ water environmentally acceptable
for land application. Water treatment was under consideration because of the
general RUEI injunction (which is incorporated in the Environmental
Requirements) that in developing water release standards the total amount of
contaminants to be released from the operations should be •minimised1. Hie
minimisation principle was invoked by the RUEI, In part at least, because of the
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paucity of Information about the environment of the Region at the time of the
Inquiry. The Working Group would argue that sufficient Is now known to enable
the need to minimise contaminant releases - at least for non-radioactive
constituents - to be de-emphasised; compliance with the proposed release control
regime should provide a high degree of confidence that the environment will be
protected in the long term as well as the short, in the case of radioactive
constituents the need remains to. ensure that all exposures to members of the
public are kept to as low a level asxan reasonably be achieved.

3.S Additional storage ss an adjunct to disposal

99. The provision of additional storage capacity is not, in contrast with an
evaporation pond, a method of disposal. Such storage might, however, be used as
buffer capacity:

to store water during the Wet season which would subsequently be
discharged during the Dry season by land irrigation;

to store water which has been processed by a water treatment plant
throughout the year for discharge either by land irrigation during the
Dry season or by direct discharge during the Wet season.

The need for water treatment has not been accepted by the Working Group. For
this reason only the first of these uses will be considered here.

100. Storage of water for disposal by land irrigation would provide a mechanism
for limiting the frequency at which direct release to the Magela Creek would be
required. The Working Group has used the results obtained in modelling the
response of the water management system to determine the additional storage
volumes which would be required in order to limit the frequency of release to
1 year in 10 and 1 year in SO (probabilities of 10% and 2% respectively). The
former figure corresponds to the situation that obtained during the first five years
of operation. The latter figure corresponds essentially to a policy of no release.

101. The volume of any supplementary storage required to limit the frequency of
direct discharges can be significantly changed by storing some excess water in the
pit and accepting some interference to mining. The extent of such interference
will depend upon the level reached by the water and the time for which it must be
held. Clearly any delay or impediment to mining must increase Ranger's costs. If
production losses exceeding a few days output occurred additional major capital
equipment such as loaders and trucks, together with increased manpower, might
be required to maintain the necessary mining rate. The increased equipment and
workforce could however be entirely non-productive for some periods because of
excess water in the pit.

102. Nevertheless, the Working Group considers that the cost of occasional
short-term interference to mining can be traded off against the cost of some
additional storage and/or stream release and may be an acceptable component
option in BPT for water management at Ranger. The costs of adopting such an
option must be considered in the light of the cost and environmental impacts of
other modifications such as enlarging RP2 or constructing additional new storage,
which may be required to limit the frequency of direct releases to some
nominated level.

103. An analysis has been carried out to assess the necessary additional net
storage required to limit direct discharges is either 10% or 2% of years for the
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case where no interruption to the mining schedule proposed in the Five Year Plan
(see Table 1) is accepted or, alternatively, where interruption occurs in the
months of February, March and April. In the latter caBe, interruption for the full
three month period would only occur in years where rainfall approaches that
corresponding to the design limit in each ease, i.e. 1 year in 10, or 1-year fn SO.
The results of this analysis are presented in Table 4.

Table 4. Additional net storage volumes required to reduce the probability of
direct creek release to 10% and 2%

10% case 2% case
Interruption to Storage volume Storage Volume
mining plan (ML) (ML)

None 1000 > 1500

February, March,
and April interrupted 500 1200

104. The volumes quoted only refer to the additional net storage volume required
to accommodate the Wet season accumulation in the existing RRZ. Further
detailed design would be required to evaluate the total volume of any new
retention pond taking into account the additional Wet season accumulation due to
the pond's own catchment. The area of RRZ occupied by these ponds would be
minimised to reduce the direct Wet season accumulation. The expected area for a
1000 ML net storage pond would be about 30-40 ha. Water accumulated during the
Wet season would be disposed of by land application during the Dry season.

105. The primary factor which influences the required area for land application
is the total Wet season accumulation in the RRZ which in turn depends upon the
frequency at which releases are permitted. At land application rates as presently
authorised an area of approximately 50 ha is required if a 10% probability of
discharge is accepted and approximately 75 ha is required to limit direct discharge
to a probability of 1 year in 50.

106. Further use of this analysis will be made in Sections 5 and 6 of this
Report. The following points can, however, be made here with respect to
consideration of this alternative as a component part of BPT.

Alteration of the existing system to provide an effective increase in
storage volume of about 500 ML may be achievable (deepening RP2,
collecting pit seepage - see Section 5.2) without a significant increase in
the RRZ area and with only minor environmental impact. Thus,
obtaining a reduction in the frequency of direct release to the Magela to
about 1 year in 10 may be achieved by the combination of the provision
of this extra storage and the acceptance of some further interruption of
the mining plan (in addition to that represented in Table 1) in years of
high rainfall.

A further reduction in the limit on the probability of release to
1 year in 50 can only be achieved by the construction of a new storage
pond with a volume considerably in excess of 1000 ML. Such an action
would be accompanied by erosion and sedimentation, would require
considerable capital expenditure, and would increase the overall
rehabilitation requirements at Ranger.
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4. CONCLUSIONS ON THE ACCEPTABILITY OF ALTERNATIVES WITHIN BPT

107. Land irrigation. On the basis of studies carried out by Ranger and OSS it is
concluded by the Working Group that the use of land irrigation is an
environmentally acceptable method for the disposal of excess water, at least In
the short term. Further work is continuing on the assessment of the long term
acceptability of the method. It is noted that this technique is primarily applicable
during the Dry season (although its use during the Wet season has yet to be fully
assessed) and that it would be complementary to any acceptable Wet season
disposal technique.

108. Direct release to Magela Creek. The need for a disposal method which is
available during the Wet season has been highlighted in the present Report on
several occasions. Direct release to Magela Creek is a method which has been
carefully assessed by the Supervising Scientist and the NT supervising authorities,
taking into account the great environmental significance of Kakadu National
Park. It is concluded that direct release is an environmentally sound and
responsible practice. Adequate controls exist in the form of standards and
biological testing procedures to ensure that no unacceptable detriment will occur
to the ecology of the Region. It is the view of the Working Group that any
decision to prohibit the use of this disposal method would not be justifiable on
scientific or technical grounds and would result in a water management system
that was less than optimal for the protection of the bio-physical environment.

109. Evaporation. The evidence available to the Working Group on the costs,
practicability and environmental impact of the method of disposal by evaporation
has led to the conclusion that the use of evaporation as a sole method of disposal
is certainly not consistent with the application of best practicable technology.
This conclusion is important since this method is the only one by which total
contaminant retention could be attempted.

110. Water treatment. The treatment of water is not necessary to ensure that
RRZ waters comply with the OSS/NT standards for release. Nor is treatment
necessary for land irrigation. A possible future requirement for water treatment
may arise if biological testing of waters to be released shows that the dilution
required would severely limit the volume of water which could be released to
Magela Creek, or if it could be shown that a reduction in radiation exposure could
be reasonably achieved.

111. Additional storage. The provision of additional storage may be considered
to be a component of BPT if the frequency of releases needs to be reduced and
this can be done at reasonable financial cost and with little environmental
impact. The construction of large new retention ponds is not, however, considered
to be consistent with BPT.

112. The Working Group agrees that extended interruptions to mining are not
consistent with BPT if reasonable means are available for the disposal of excess
water. The Working Group accepts that both direct release to the Magela Creek
under appropriate controls and use of land irrigation are environmentally
acceptable. Further, use of either disposal mechanism alone would not be
practicable without the introduction of large additional water storage.

113. The complementary use of land irrigation during the Dry season and direct
release of water to Magela Creek during the Wet season constitutes best
practicable technology as applied to water management at Ranger.
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S. POSSIBLE FUTURE IMPROVEMENTS OR MODIFICATIONS

5.1 Frequency of release to Magela Creek

115. The analysis presented in Section 2.2.2 of the probable future performance
of the existing water management system, assuming the acceptance of the mine
plan proposed by Ranger and the availability of land irrigation as a disposal option,
showed that the probability of direct release to Magela Creek being required is
high; about 2 in 5 overall but with a 60% chance of release occurring in 1989/90.

116. While the Working Group is satisfied that direct release of RRZ waters to
Magela Creek can be carried out without detrimental effects on the environment
or man, reservations have been expressed about possible cumulative and long-term
consequences of frequent releases to the Creek over long periods.

117. The current OSS standards address the radiological consequences of release
for members of the public by estimating the dose received by a hypothetical group
of Aboriginal people whose diet is derived mainly from local traditional foods.
The annual permissible load of releasable radionuclides is based on the assumption
that release will be an annual occurrence and no member of the public will receive
a radiological dose greater than one seventieth of the internationally
recommended lifetime dose limit, in any one year (that is, lmSv/y). However,
while the Working Group is confident that annual individual exposures will be
below the dose limit, it is a basic principle of radiological protection that
exposures should be kept as far below this limit as can reasonably be achieved, the
so-called ALARA principle. The collective radiological exposures of people
associated with a release are also so small that it would not be 'reasonable' in the
sense of ALARA to require additional expenditure, or the adoption of measures
having even small additional environmental cost, to reduce collective exposure
further, i.e. radiation protection is essentially optimised.

118. The long-term ecological risk is evaluated in a different manner. The
dilution factors necessary to meet the receiving water standards and dictated by
pre-release biological testing result in an effective annual limit to the seasonal
discharge. The discharged loads that would result from releasing every year even
at this limit are a very small fraction of the materials that have accumulated in
the Magela floodplain from natural deposition. Long-term cumulative effects
from non-radioactive constituents at the highest possible frequency of discharge
would therefore be most unlikely.

119. Thus the Working Group is confident that no short or long-term effects on
man or the environment will arise, and believes there is no scientific or technical
justification for reducing the frequency of releases.

120. Nevertheless, the value ascribed to the National Park downstream from
Ranger and the sensitivity of the Aboriginal people to any perceived risk of
contamination of their traditional food supplies may suggest a cautious approach
to stream discharges. So far, release of mine effluent has been restricted to the
waters from retention pond 4 which is outside the RRZ. For RRZ waters, the
Working Group recognises that it could be considered prudent to reduce the
frequency of release, at least for the initial few years, while the regulatory
regime that has been developed to control discharges to Magela Creek is tested in
practice. The adequacy of the formulation of the conditions of release, the
manner in which water quality information and the pre-release biological
screening tests are best incorporated in the operational procedures leading up to
release, and possible practical difficulties in the implementation of regulatory
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requirements and in the demonstration of compliance by the Company all need to
be assessed in the light of experience, h addition, the adequacy of the
pre-release biological testing will no doubt need to be demonstrated and validated
by post release monitoring in the field, before public confidence in the control
regime is established.

121. Por these reasons, the Working Group has evaluated methods of reducing
the probability of release in order to determine whether a lower probability could
be achieved at reasonable cost. This evaluation was carried out by considering
both no alteration to the proposed mine plan and some additional interruption to
the plan.

5.2 Modification involving change to the mine plan

122. While the Company's ambition to gain uninterrupted access to the mine pit
throughout each Wet season may be a reasonable goal, the Supervising Scientist
and the Northern Territory Government believe that acceptance of occasional
interruption or interference to mine production in the months of February, March
and April can achieve a significant reduction in the frequency of direct discharges
at lower environmental and economic penalties than alternatives such as the
construction of additional storage dams. For this reason, the Working Group has
used the results presented in Section 3.5 of the present Report to evaluate the
impact of some of the proposals made by Ranger for future modification of the
system described in its Five Year Plan.

123. The two principal proposals that were considered were:

. reduction of seepage flow into the pit by interception of groundwater
outside the, possibly redefined, RRZ,

- the estimated reduction in water volume accumulated is
150 ML/year;

deepening of RP2,

- the estimated gain in storage volume is 360 ML.

It should be noted that these are new proposals not yet backed up by detailed
submissions from the Company and which have not, therefore, been the subject of
detailed technical assessment by the supervising authorities. Ranger however is
confident that the excavation of RP2 will present no difficulties and will proceed
if approved by the supervising authorities.

124. The effective gain in storage volume which would result from satisfactory
implementation of these actions (System B in Table 5) would be 500 ML. From the
data presented in Section 3.5, it is concluded that, provided some occasional
interruption of mining during the months of February, March and April is
accepted, implementation of these proposals could reduce the probability of
requiring release to 1 year in 10.

125. The deepening of RP2 would cost an estimated $1.5M. The environmental
detriment is small since no additional land area is required and construction of
new retaining walls is not necessary. For these reasons, the Working Group
considers that, if the measure is assessed to be technically sound, the proposal
should be considered as suitable within the context of BPT.
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126. Ranger proposes to lodge an application for approval to deepen RP2 at the
end of January 1987. Construction can only be undertaken during the Dry season
after the pond is dry. It will take 10-15 weeks and must be completed by early
November 1987 but achievement of this goal will clearly depend on being able to
de-water the pond by the end of June. Evaporation and land irrigation will cope
with the residual water from an average Wet season, but supplementary means of
removing water from the pond will be necessary if annual rainfall exceeds that
expected with about a 1 year in 5'probability.

127. It is noted that the probability of release, if the modifications proposed in
the Ranger Five Year Plan are made to the water management system and mining
plan, will be about the same as has applied during the first five years of mining
(see Section 2.1). For this reason, the Working Group considers that a probability
of release of about 1 year in 10 is a reasonable goal at which to aim.

5.3 Modification without change to the mine plan

128. Die results presented in Section 3.5 show that, if no further interruption to
the Five Year Mine Plan is acceptable, the additional net storage volume which
would be required to achieve a reduction in the probability of release to 1 year in
10 is 1000 ML.

129. As indicated earlier, any new pondage must also provide the capacity to
retain all rainfall and run-off which it collects during the Wet season. The gross
capacity of a pond will depend upon its location and the combination of surface
area and depth which may be necessary to achieve an acceptable design but the
gross capacity of any new dam could exceed the net capacity added to the RRZ by
25-50%. Any final disposal system, such as land irrigation, would also have to
have its capacity increased by the same amount.

130. An effective increase in net storage volume of 1000 ML could not be
achieved by methods proposed by the Company in its Five Year Plan. Thus, to
achieve a reduction in release frequency to 1 year in 10 without any change in
mine plan, an additional storage pond would have to be constructed. In this case
there would be no justification for proceeding with the deepening of RP2 and the
total volume of the new storage pond, including the consideration of rainfall
within its own catchment, would be in excess of 1000 ML (perhaps 1300 to
1500 ML).

131. The capital cost of such a project (System C in Table 5) might be $7-9M,
and additional costs for rehabilitation could be approximately $2-3 M. In addition,
an observable environmental impact would result from the effects of erosion and
sedimentation for several years during both the construction phase and
rehabilitation phase.

132. For these reasons, the Supervising Scientist and the NT Government are of
the view that building new storage in order to maintain the mining plan and a low
frequency of release should be avoided if possible. It is the view of the Working
Group that an increase in the frequency of discharge would be environmentally
preferable to building additional storage.
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S.4 Conclusions on possible future modifications and improvement*

133. The Working Group is confident that no short or long-term ecological
effects will arise if waters released to Magela Creek are sufficiently diluted and
that collective radiological exposures of people are so small* that radiation
protection is essentially optimised. Nevertheless, the value ascribed to the
National Park downstream from. Banger and the sensitivitity of the aboriginal
people to possible contamination' of their traditional food supplies are such that
the Working Group accepts that it could be considered prudent to reduce the
frequency of releases to Magela Creek at least for the initial few years. It
believes, however, that such a reduction in frequency would only be justified if it
can be achieved at low cost and with little additional environmental detriment.

134. Evaluation of the modifications proposed by Ranger in the Five Year Plan
has shown that implementation of two of these, namely the deepening of RP2 and
the interception of seepage into the upper benches of the mine pit, would lead,
together with an acceptance of occasional interruption to the mine plan, to a
reduction in the probability of release to about 1 year in 10. In addition, the costs
involved in their implementation and the environmental impact associated with
them are expected to be small.

135. For these reasons, the Working Group considers that a probability of release
to Magela^ Creek of about 1 year in 10 would be a reasonable goal at which to aim.

Such modifications to the water management system could not be
operational until the Wet season of 1987-88. In order to ensure access
to - RP2 to enable it to be deepened during the Dry season of 1987,
release to Magela Creek could be required in the 1986-87 Wet season if
the annual rainfall is somewhat less severe than one year in ten, namely,
a probability of occurrence of about one year in five.

136. It was also concluded that the construction of a new storage pond in order
to maintain the mine plan and to achieve the above reduction in the frequency of
release would not be justified on the grounds of cost and environmental impact.
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6. CONSEQUENCES OF A PROHIBITION OF DIRECT RELEASE TO MAGELA
CREEK

137. In addition to seeking agreement on what would be .the best water
management system for Ranger, the Working Group was requested to consider
what would be the best alternative management system if the option for direct
releases to the Magela were excluded.

6.1 Hie meaning of too release to Magela Creek1

138. In the extensive reviews of water management issues at Ranger, the
Working Group and indeed all members of the Co-ordinating Committee have
accepted that the greatest problems arise in trying to accommodate the range of
extremes that can be experienced in the climate of the Alligator Rivers Region.
There has been an awareness that while individual components of a system can be
designed and built with a high level of predictability, the behaviour of a system
with complex interrelationships between a number of natural systems and man-
made structures, operating under extreme conditions - ie outside the range of
actual experience - is less certain. Any prediction of the probability of 'extreme1

events is itself likely to be considerably in error.

139. The desired integrity of a system when faced with an extreme event is to be
assessed ̂  in terms of the probability of the event occurring, the probability that
the system will fail under that event and the impacts that might follow such a
failure.

140. While there is almost no chance whatever of a weather event causing an
overflow of the tailings dam at Ranger, it is not practicable to ensure that some
amounts of the much less contaminated surface runoff in the RRZ will not escape
under an extreme weather event. Thus, the pond structures are equipped with
spillways in order to protect their integrity against effects of overflow, even
though they are not expected to overflow. Water that escapes under the
conditions prevailing at the time of such a high rainfall event will be extensively
diluted with rainwater, and the surrounds of the RRZ would be inundated with
very high flows of water. In these circumstances there would be no effects of
contaminants but without the spillways there could be serious damage to the ponds
and the environment.

141. Consistent with this view, the Working Group proposes that if, for any
reason, direct releases of water to Magela Creek are not accepted as a normal
part of Ranger's water management, the engineering design guide for the water
management system should be a limit on the frequency of release of 1 year in 50
rather than a requirement that there be no releases under any circumstances.
That is, a "no release1 system should be interpreted in engineering terms as a
design intended to prevent releases except in extreme circumstances which should
not occur more frequently than an average of 1 year in 50. There is only about a
50% chance that such a need would occur during the 30 year life of the mine.

6.2 Modifications involving change to the mine plan

142. The design of a system which would ensure that release to Magela Creek
was no more frequent than 1 year in 50 would depend on the extent to which
interruption of the mining program could be tolerated. If, as was considered in
Section 5.1, occasional interruption to the mining plan could be. tolerated during
the months of February, March, and April, a system could be designed based upon



-33-

the construction of an additional storage pond into which all pit water could be
pumped at the end of the Wet season, and from which discharge by land irrigation
could take place during the Dry season. The analysis presented in Section 3.5
indicates that the required net storage volume of such a pond (System D in
Table 5) would be about 1200 ML (gross capacity about 1500 - 1800 ML). The area
under land irrigation throughout the Dry season would be 75 ha at an application
rate of 10 mm/day.

143. The area of land within the RRZ which would be required for such a pond is
estimated at 30-40 ha. The capital cost of construction of the pond and expanded
irrigation system would be approximately $10-llM and additional costs at the
time of rehabilitation are estimated at $3M. The environmental impact of such a
construction would be unavoidable as it would be a major undertaking
accompanied by erosion and sediment transport. Most of the capacity of such a
system might never be required throughout the life of the project.

144. An alternative to the construction of a storage pond would involve a
significant increase in the land irrigation area (System £ in Table 5). The design
philosophy would be based on the acceptance of interruption to the mine plan
during the months of February, March and April so that the Wet season surge
could be accommodated in the pit and followed by discharge from the pit onto the
land during the early months of the Dry season.

145. The estimated area of land required to be equipped for spray irrigation in
order that access to the pit be achieved by mid-August is 160 ha. This assumes an
application rate of 10 mm per day. Such an area is not available in the vicinity of
the existing discharge pipeline so that a new pipeline would be required. The
estimated cost of provision of this pipeline and setting up the area for irrigation is
approximately $2.5 M.

146. The costs involved in rehabilitation if required (removal of say the top 10
cm of soil, replacement by fresh topsoil and revegetation) of an area as large as
160 ha would be considerable. Such requirements can only be assessed once the
longer term impacts of land irrigation have been determined.

147. If land irrigation alone were chosen (i.e., without the provision of any
additional storage) interruption to the mining program during the Wet season
months would be a more frequent occurrence and in extreme years the length of
the interruption would be at least 6 months. Such a choice would, therefore,
cause a significant lengthening of the time taken to mine orebody No. 1, with
consequential costs to the Company. In extreme years there could be a cessation
of milling operations as well as of the mining of ore. For these reasons the
Working Group does not consider this (i.e., System £) as an acceptable alternative.

6.3 Modifications without change to the mine plan

148. A system to accommodate a 1 in 50 Wet season without any change to the
mine plan cannot be designed without the provision of additional storage capacity
(System F in Table 5). Possible errors involved in predicting the required storage
become large when considering such extreme events, but present estimates
indicate a need for an additional net storage volume of about 2000 ML.

149. The environmental consequences arising from the construction of such a
pond are similar to those outlined in the previous section for a smaller pond.
However the availability of suitable sites, and suitable construction materials for
larger ponds is by no means certain and the environmental impacts could be
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significantly greater. Similarly, the direct economic costs to Ranger for
construction and eventual rehabilitation (viz $15-16 million) would be significantly
greater than for smaller ponds.

6.4 Conclusions of Working Group for a ho release' system

150. If a prohibition on direct release to the Magela Creek were imposed as a
constraint on the operation of the water management system at Ranger, the
Working Group recommends that the Company should carry out a detailed design
study on a system based on:

the provision of appropriate water storage for Wet season catchment in
all but extreme conditions (less frequent than 1 year in 50);

the discharge of all excess stored water by land application during the
Dry season; and

possible acceptance of occasional interruption to mining by water held
in the mine pit during the Wet season.

151. The necessary net. capacity of the additional pondage would depend upon the
extent to which the Company could accept occasional interruption to mining, if
the mine pit was also used in part for storage in wetter years. It is probable, in
this case, that since major new construction would be required anyhow, a pond
sufficiently large to minimise further interference to the mine plan would be the
preferred decision. Such a decision should, however, await the completion of
appropriate design studies.

152. The net storage volume of such a pond is expected to be around 2000 ML
and the required area for land application is expected to be about 75 ha. If
interference to mining were accepted, a pond of 1200-1500 ML could be adequate,
but the costs of additional equipment and the problem of maintaining ore
production would be considerable.

153. In either case the estimated cost of adoption of this policy would probably
be in the range $13-16 million including rehabilitation and its execution would
have significant undesirable environmental impact.

154. Other penalties associated with any policy which might lead to interruption
in mining but whose impact is not easy to cost, include:

increased production costs which would affect the reserve of
economically winnable resources, and the viability of developing
orebody No. 3 if pursued in a time of depressed markets; and

effect on the Australian economy which would result from any loss of
production leading to national income foregone - reduced export
income, company taxation, royalties and like payments.

- Long-term interruption of mining could lead to a Company earnings
loss of about one million dollars per day.
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"Itole S. Summary descriptions of alternative water management systems

System

(Ref
Report
Section)

'BPT1 (Option
(4 and 7.2)

A
(3.3)

B (Option 1)
(5.2)

C
(5.3)

D (Option 3?)
(6.2)

E
(6.2)

F (Option 3?)
(6.3)

Additional
RRZ area

(ha)*

1)
0

350

0

25

30

-

45

Additional
Storage

(ML)
(Net)

0

14000

500

1000

1200

-

2000

Description

Land
trig
Area
(ha)

35

-

50

50

75

160

75

•

Interruption
to Mining

rare

none

occasional

none

occasional

regular

none

Magela
Release

Frequency
(%)

40

0

10

10

2

2

2

* Indicative areas only
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7. SUMMARY OF CONCLUSIONS AND RECOMMENDATIONS OF THE
WORKING GROUP

7.1 Background

155. In this Report an assessment is made of best practicable technology (BPT)
as applied to the water management system of Ranger Uranium Mines for the
period 1986-1991. A specification of BPT cannot be made for the indefinite
future because major changes in operation of the mine may occur, for example the
development of orebody No. 3, and these changes could have an impact on future
water management. The detailed impact of the development of orebody No 3
cannot yet be assessed because adequate information on market requirements, the
hydrogeology of the orebody, and the consequent mine plan are not yet available,
and it would be unrealistic to expect that such information should be available at
this stage. It is for these reasons that the period of detailed assessment has been
limited to the next five years.

156. For the purposes of the Report, BPT is considered to be that technology
from time to time relevant to the Ranger Project which produces the minimum
environmental pollution and degradation that can reasonably be achieved having
regard to a number of technical factors including practice in uranium mining
elsewhere in the world, cost, evidence of detriment or lack of it, project location,
and the age and effectiveness of equipment and facilities at Ranger. Social
factors were specifically excluded from consideration.

157. The Working Group was asked, essentially, to assess the best water
management system at Ranger under two constraints: with no prohibition on the
release of RRZ water to Magela Creek, and with such releases proscribed. The
imposition, a priori, of a constraint on any method of disposing of water
introduced from the outset a non technical and arbitrary element into the
assessment and prejudices an objective evaluation of best practicable
technology. In this section of the Report, a summary of the conclusions reached
by the Working Group is presented together with recommendations in the form of
three options to be considered by the Minister.

7.2 Best practicable technology in water management at Ranger

158. The existing water management system at Ranger, which was designed to
include the possible release of water from the restricted release zone (RRZ) to
Magela Creek, has operated since milling began in 1981 in such a way that, under
the conditions that existed during early years of the operation and with some
interruptions to an ideal mining schedule, the probability of such a release being
required has been about 1 in 10. The rainfall pattern which has occurred since
1981 has been such that no such release was essential, although the mine
operations would have been less seriously inconvenienced at times had some
releases been permitted.

159. During the period 1986-1991 the main changes that will occur at Ranger and
can be identified now, and which have a bearing on the operation of the water
management system are:

a reduction of 600 ML/year in the volume of water which is transferred
to the tailings dam from the remainder of the RRZ until the present
excess of water in the tailings dam has been adequately reduced;
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. a reduction of 830 ML/year In the storage capacity of the RRZ due to
the unavoidable removal of the division between the mine pit (J) and the
borrow pit (A/B); and

an increase in the rate of mining and production of yellowcake.

In addition, a change to sub-aerial tailings deposition is possible within the next
five years but this will have little impact on water management in the immediate
future and any impact in later years is likely to be compensated by other as yet
unevaluated actions proposed in the Five Year Plan.

160. Analysis of the probable future performance of the water management
system shows that, unless major changes are introduced to the system to cope
with the influx of water during the Wet season, there will be substantial
interruption to the production of uranium at Ranger.

161. The costs that would be borne by the Company, resulting from interference
to mining, are not easily quantifiable. In addition to direct engineering costs,
penalties associated with factors such as failure to meet available shipping
schedules or to supply at contracted delivery dates would need to be taken into
account. Nevertheless, Ranger has indicated a direct cost approaching $0.5
million per month if mining were prevented but the mill was able to continue to
operate with stockpiled ore. If however, repeated or extended delays to ore
production led to a mill shutdown, the value of lost production, at present rates,
could be of the order of $25 million per month. There would also be associated
social dislocation.

162. Assessment of the alternative methods available for water management has
led the Working Group to the following conclusions:

. Direct release to' Magela Creek can be an environmentally sound and
responsible practice; under the proposed control regime no short or
long-term ecological effects will arise and there will be no harm to
people.

. Land irrigation is an environmentally acceptable method of water
disposal at least in the short term and further research on its long-term
acceptability should continue.

The use of evaporation as a sole method of disposal is not consistent
with the application of BPT.

The treatment of water is not necessary to ensure that waters to be
discharged to Magela Creek comply with the proposed control regime;
nor is treatment necessary prior to land irrigation.

. The addition of storage to the RRZ should only be considered if it could
be done at low cost and with little environmental impact, and if, for any
reason, the volume of water able to be released is limited, or
restrictions were placed on the frequency of direct release.

163. The principal conclusion of the Working Group is that best practicable
technology for water management at Ranger (if non-technical considerations are
excluded) is a water management system based upon the disposal of excess RRZ
water by controlled release, as necessary, to Magela Creek during the Wet season
supplemented by land irrigation during the Dry season.
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Qption 1. No prohibition on release to Magela Creek.

164. The Working Group recommends therefore that, under the application of
BPT, the water management system at Ranger be altered to incorporate:

. direct release of excess water accumulated within the RRZ, but
excluding the tailings dam, to Magela Creek during the Wet season
subject to the control regime agreed between the Supervising Scientist
and the Northern Territory Government and outlined in paragraph 73 of
this Report; and

. discharge of any excess water remaining within the RRZ at the end of
the Wet season, but excluding water in the tailings dam, by land
irrigation during the Dry season subject to the control regime specified .
in authorisations issued under the UMEC Act.

7.3 limitation on the frequency of release to Magela Creek

165. The Working Group recognises that there is some unwillingness to accept
that water release to Magela Creek can be rendered harmless to the environment
of the Park; any environmental risk, even if small, is considered by some to be
unacceptable for a region as valuable as Kakadu National Park. The Working
Group also acknowledges that the Aboriginal people of the Region are sensitive to
any possible risk of contamination of their traditional food supplies and again,
even if they were persuaded that properly controlled releases were harmless,
would be uneasy lest these controls were deficient or inadequately implemented.
The Working Group therefore recognises that it might be prudent to reduce the
frequency of direct releases to Magela Creek at least for the initial few years. It
believes, however, that such a reduction in frequency would only be justified if it
can be achieved at low cost and the measures necessary to reduce the frequency
can be introduced with little environmental impact. Though a decision to impose
a limitation on the frequency of release has no scientific or technical
justification, it would provide time between the first and subsequent releases for a
demonstration of the efficacy of the entire control regime associated with direct
discharge of RRZ water to Magela Creek.

166. Evaluation of modifications proposed by Ranger for consideration in the
Five Year Plan has shown that deepening of RP2 and interception of seepage into
the mine pit would lead, together with an acceptance of occasional interruption to
the mine plan, to a reduction in the probability of release to about 1 year in 10
(i.e. 10% probability). The associated costs and environmental impact are small.
For these reasons the Working Group concludes that, if a reduction in the
frequency of release is considered desirable, a suitable goal at which to aim would
be about 1 year in 10.

167. Implementation of the above modifications to the water management
system would require guaranteed access to RP2 for construction during a
substantial part of the 1987 Cry season. In order to ensure such access, without
substantial interruption to the mine plan or undesirable transfer of water to the
tailings dam, release to Magela Creek would be required in the 1986-87 Wet
season if the annual rainfall is moderately high, i.e. with a probability of
occurrence of about one year in five.
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Option 2. limitation on the frequency of release to BUgela Creek.

168. The Working Group recommends that, if it is considered desirable to limit
the frequency of releases to Magela Creek, the water management system at
Ranger be altered to incorporate:

an increase in the effective storage capacity of the RRZ by a minimum
of 500 ML during 1987 by the deepening of RP2, interception of seepage
into the mine pit, and/or other measures approved by the Supervising
Authority to achieve a release frequency target of about 1 year in 10;

occasional direct release (at a frequency of about 1 year in 10) of excess
water accumulated within the RRZ, but excluding the tailings dam, to
Magela Creek during the Wet season subject to the control regime
agreed between the Supervising Scientist and the Northern Territory
Government and outlined in paragraph 73 of this Report;

- it may be necessary, in order to deepen RP2, to release excess water
accumulated during the 1986-87 Wet season if the annual rainfall
during that season is somewhat less than 1 year in 10 (namely if
there is rainfall during 1986-87 with a recurrence probability
exceeding about one year in five); and

discharge of any excess water remaining within the RRZ at the end of
the Wet season, but excluding water in the tailings dam, by land
irrigation during the Dry season subject to the control regime specified
in authorisations issued under the UMEC Act.

7.4 Prohibition on release to Magela Creek

169. If, for any reason, direct releases of water to Magela Creek are not
considered acceptable as a normal part of Ranger's water management system,
the Working Group proposes that Yio release1 be interpreted in engineering terms
as release no more frequently than 1 year in 50.

170. The Working Group concludes that a feasible water management system
could be established to meet the above specification. It would be based on the
construction of an additional storage pond to accommodate the influx of excess
water during the Wet season and discharge of this water by land irrigation during
the subsequent Dry season.

171. The precise capacity required for such a pond would depend upon an
assessment of the economic balance between additional construction costs
involved in the provision of sufficient storage to ensure no interruption to mining
(net volume around 2000 ML) and the costs which might be incurred if the
possibility of occasional interruption were accepted (net volume around
1200 ML). In either case the estimated cost is expected to be in the range of
$13-16 million and observable environmental impact is expected.

172. Construction of such a new storage pond could not be completed before
November 1988. If either of the next two Wet seasons is significantly above
average there will be a need to accommodate excess water in the mine pit and/or
the tailings dam. The use ot the tailings dam for storage of large volumes of
water is not considered to be sound environmental management. The use of the
pit could interfere with mining.



Option 3. Prohibition of release to Magela Creek.

173. The Working Group recommends that if, for any reason, it is decided that
discharge of RRZ water to Magela Creek should be proscribed, the water
management system at Ranger should be altered to incorporate:

. an increase in the-ef fective storage capacity of the RRZ, by the end of
1988, to accommodate all excess water which would accumulate during
the Wet season in all years where the annual rainfall is less than that
corresponding to a probability of occurrence of 1 year in 50;

. discharge of such excess water, but excluding water in the tailings dam,
by land irrigation during the Dry season subject to the control regime
specified in authorisations issued under the UMEC Act; and

. the use of the mine pit and/or tailings dam during the Wet seasons of
1986-87 and 1987-88 to accommodate any excess water which might
accumulate during these years before the additional storage capacity is
available.

174. The Working Group emphasises that the adoption of this option does not
constitute best practicable technology from a scientific and technical point of
view; its adoption would result in a system which is environmentally inferior to
one incorporating occasional releases to Magela Creek and it would be at an
additional cost to the Company of some $13-16 million.
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ATTACHMENTA

BANGER WATER MANAGEMENT SYSTEM

Water management system
Figure 1 shows the main features of the water management system at Ranger.

The system is designed to retain within the RRZ any water that may have come into
contact with material containing more than 0.02% uranium, and to control other water In
such a way as to limit erosion .of disturbed land and limit or prevent the flow of silt from
disturbed land into the Magela 'Creek system.

The major water control structures within the RRZ are the tailings dam, the mine
pit and retention ponds 2 and 3 (RP2 and RP3). RP2 has a capacity of about 700 000
cubic metres and contains relatively clean plant run-off water. The quality of RP2 water
is such that it has been colonised by fish and other aquatic organisms.

Retention pond 2 covers approximately 19.6 hectares. Its catchment includes
about 100 hectares of the total RRZ area of 283 hectares. It is the primary source of
feed water for the mining and milling operations and receives water from a variety of
catchments either by direct inflow or by pumping. Under the current water management
system RP2 water is not discharged to the Magela Creek system, but may be disposed of
by land application within the RRZ.

Retention pond 3, a small pond within the confines of RP2, is intended to improve
the ability to segregate contaminated waters within the RRZ. It receives run-off from a
catchment of eleven hectares that includes the primary crusher area and adjacent
stockpiles. Water pumped from the mine pit can also be held in RP3, rather than RP2,
prior to use in the mill process circuit.

Outside the RRZ, retention ponds 1 and 4 (RP1 and RP4) act as silt traps, allowing
sediment to settle out prior to water entering Coonjimba and Djalkmara creeks
respectively. RP1 covers an area of up to about 17.6 hectares, and has a catchment of
about 285 hectares. The catchment, which before construction of the pond fed
Coonjimba Billabong, includes the disturbed areas to the north of the tailings dam. RP1
provides a sediment control zone for the protection of Coonjimba Creek and Billabong.

During each Wet season RP1 is normally left .to overflow at the spillway without
intervention. Occasionally, to give sediments a longer time to settle it is partially
emptied by siphoning and pumping in the Dry season. An average of about one million
cubic metres of water per year flows over the RP1 spillway to Magela Creek via
Coonjimba Creek. Although this flow is natural and the water has not been in contact
with 'material', the quality of the water is regularly monitored by Ranger.

Retention pond 4 is a sediment trap which collects run-off water from the waste
rock pile. The quality of the water is generally good, and the NT supervising authorities
have approved the discharge of RP4 water via a pipeline to the Magela Creek providing
that monitoring shows it to meet certain standards. In the 1985-86 Wet season 84 500
cubic metres were pumped via the pipeline to Magela Creek.

Mine pit
The open cut at Ranger has been developed in two separate areas, one referred to

as Pit J which has been the main source of ore for the project, and the other referred to
as the borrow area1 which has been the main source of waste rock for construction
material, principally for the tailings dam. With minor exception most of the waste rock
mining is also essential to provide access to deeper ore zones within the mine. This
development has allowed Ranger to leave a residual, unmined bank between the borrow
area and Pit J which has provided some flexibility in water management in that
considerable volumes of excess water can be stored in one section of the pit without
impeding operations in the other. Earlier mine plans had envisaged that the two areas
would have merged into one during 1986, however recent modifications to the plan will
allow a degree of separation to continue for another year or two.
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