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Executive summary
During the 1999–2000 Wet season, a leak occurred in the tailings water return pipe at the
Ranger uranium mine in the Alligator Rivers Region of the Northern Territory. The first
indication to the authorities that a leak had occurred was in a facsimile message from Energy
Resources of Australia (ERA), the mine operator, to the Office of the Supervising Scientist
(OSS) on the afternoon of Friday 28 April 2000. This message advised that approximately 2000
cubic metres of tailings water (process water) had leaked from a pipe in the Tailings Dam
Corridor of the Ranger site between late December 1999 and 5 April 2000. The facsimile
message was also sent by ERA to the Northern Territory Department of Mines and Energy
(NTDME), Northern Land Council (NLC) and the Department of Industry, Science and
Resources (DISR).

Water in the tailings dam at Ranger is pumped from the dam back to the mill through the
Tailings Water Return Pipeline for use in the process plant. The primary containment system
is the pipeline itself. A secondary containment system is in place to protect the environment
from any adverse effects arising from a failure anywhere along the pipeline. This secondary
containment system consists of a bunded roadway that collects any spilled water and directs it
to a sump, the Tailings Dam Corridor Sump. Water that is collected in this sump is returned to
the mill water management system. Should both the primary and secondary containment
systems fail, a third barrier for the protection of the environment is in place in the form of
constructed wetland filters which are designed to partially remove contaminants from the
water as it passes through the filter system.

Although a leak had been reported, no indication was given that the secondary containment
system may have been breached. Indeed, the report stated that no infringement of the Ranger
General Authorisation had occurred. On receipt of the facsimile, the OSS contacted ERA to
clarify the circumstances surrounding the incident. The Department of Industry Science and
Resources also sought advice from ERA on the nature and the timing of the leak. During
telephone conversations between OSS and ERA staff, information on water quality at a
number of sites was provided which indicated that a proportion of the process water had
entered the Very Low Grade Corridor Road Culvert (VLGCRC) built under the Tailings Dam
Corridor, and hence had escaped the secondary containment system consisting of bunds and a
sump, designed to collect any spillages from the pipes in the tailings corridor.

Based on this information, the Supervising Scientist concluded that a breach of the
Environmental Requirements had occurred and immediately notified the office of the Minister
for the Environment and Heritage. On Sunday 30 April, the Supervising Scientist provided a
formal brief to the Minister on the incident. Following receipt of this brief, the Minister
requested that the Supervising Scientist investigate the incident and provide a report to him. A
similar request was received from the Minister for Industry, Science and Resources who is
responsible for the administration of the Atomic Energy Act 1953 under which approval has
been given for ERA to operate the Ranger Mine. This report is in response to these requests.

In preparing this report, the Supervising Scientist has consulted all the major stakeholders
including ERA, NTDME, NLC and the Gundjehmi Aboriginal Corporation. On technical
aspects of the assessment, a report was prepared by ERA in close cooperation and
consultation with staff of the Supervising Scientist and the NTDME. In addition ERA
commissioned a report from a specialist pipeline inspection company, Intico, on the condition
of pipes in the Tailings Corridor and the Supervising Scientist commissioned a review from
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Sinclair Knight Merz on the adequacy of the design, operation and maintenance of the tailings
corridor system. NTDME also prepared a report on the incident.

The issues that needed to be addressed were:

• The origin of the leak and the adequacy of remediation measures taken to prevent similar
occurrences in the future

• The extent to which the people and the environment of Kakadu National Park have been
adversely affected by the leak

• The extent to which Energy Resources of Australia has complied with the reporting
requirements specified in the Environmental Requirements that apply to the Ranger
operation.

A number of other issues arose in the course of the investigation.

The main findings of the investigation are summarised below.

Origin of the leak and adequacy of remediation measures
It has been established that the volume of water that leaked from the tailings water return
pipeline was about 2000 cubic metres during the 1999/2000 wet season. Of this, only a small
fraction, about 85 cubic metres, entered the culvert which flows to the Corridor Creek
Wetlands. The remainder was collected in the tailings corridor sump and returned to the water
management system.

The cause of the leak was corrosion and subsequent failure of three bolts that secure the
jointing of two flanges in the pipeline. The principal cause of corrosion was the burial, under
moist conditions for up to 6 months of the year, of the relevant section of the pipeline under
silt derived from erosion in the vicinity of the tailings corridor roadway. A contributing factor
to the failure may have been the use of undersized bolts.

The gradual burial of the pipeline and the absence of measures to remediate the situation are
attributable to a reduction in the standard of maintenance carried out by ERA in the pipeline
corridor in recent years. The failure of the mine inspection program carried out by the
Northern Territory Department of Mines and Energy and, to a lesser extent, that of the Office
of the Supervising Scientist, to observe and require remediation of the buried section has also
been a contributing factor to the leak.

The failure of the pipeline to contain tailings water would not of itself normally have resulted
in the discharge of this water to the external environment. That the leaked water did reach the
external environment is due to a failure of the bunded corridor system to fully contain any
spilled water. The cause of this failure was that the engineered structure between the roadway
and a culvert that drains water from the nearby waste rock dump was not impermeable.

The statutory monitoring program has been found to be deficient in two ways. First, other
than visual inspection, it has not been designed to include monitoring locations within
secondary containment systems that would indicate the failure of primary containment
systems. In the present case, no statutory reporting of the quality of water in the tailings
corridor sump is required under the Ranger General Authorisation. If the routine analysis of
ammonium ion and manganese in corridor sump water had been required, the existence of a
leak in the pipeline may well have been detected several months before it was found and
rectified. Second, there is no systematic monitoring program designed to check the integrity
of the secondary containment systems. If these monitoring systems had been in place, the
current incident could well have been avoided.



ix

The original leak in the pipeline has been repaired and the complete pipeline has been tested
to determine its integrity. The system is now operating satisfactorily. The silt that buried the
pipeline has been removed and steps implemented to ensure that no build-up of silt will occur
in the future. A concrete slab has been installed at the section of roadway that passes over the
culvert to prevent infiltration in the future. A full review of the Tailings Dam Corridor has
been recommended with particular emphasis on the efficacy with which it performs the task
of providing secondary containment.

Impact on people and the environment
Assessments of possible ecological impact arising from the leak have been carried out both
using actual monitoring data and by modelling.

An examination of the chemical monitoring data at the gauging station on the Magela Creek
upstream of the point at which the Creek enters Kakadu National Park shows that no change
occurred during 1999/2000 in the concentrations of the principal constituents of concern
compared to similar observations in previous years. The concentrations of all constituents
were within the natural range observed previously. Similarly, biological monitoring at the
gauging station and at a point upstream from the minesite shows no difference in the response
of animals exposed to water at the downstream and the upstream sites. Even at the monitoring
site at Georgetown Billabong, which is located on the mine project area downstream from the
source of the leak but upstream of the confluence of Georgetown Creek and Magela Creek, no
increase in the concentration of any of the principal solutes was detectable.

Modelling of the possible ecological impact was carried out by calculating the likely increase
in concentrations at the gauging station using information derived in this study on: the
maximum possible volume of leaked tailings water, the most probable value for this volume,
the measured concentrations of solutes in tailings water, measured rates of attenuation of
solutes in the constructed wetland filter systems and the flow rates in Magela Creek. Even if
one ignores the losses in the wetland filters and uses the maximum possible volume of leaked
tailings water, the calculated increase in the concentration of all consituents is much lower
than the naturally observed concentrations at this point.

We have concluded that the leak of tailings water had no adverse ecological impact on
Kakadu National Park.

The radiological impact was assessed using the information derived in this study on the
quantity of water released and the concentrations of radionuclides in tailings water together
with the results of the past research program of the Supervising Scientist on the dispersion of
radionuclides in the surface water system and the uptake of radionuclides in animals and
plants. The maximum conceivable dose received by members of the public as a result of the
leak is lower than the public dose limit by more than a factor of 1000. The best estimate of the
dose received is lower by a further factor of 30. Even these estimates ignore the reduction in
dose resulting from absorption of radionuclides in the wetland filter system.

The overall conclusion reached is that the leak of tailings water into the external environment
has had a negligible impact on people and the environment.

Compliance with reporting requirements
Under the Environmental Requirements, ERA must directly and immediately report any
breach of the Environmental Requirements and any mine-related event which:

(a) result in significant risk to ecosystem health; or
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(b) have the potential to cause harm to people living or working in the area; or

(c) are of or could cause concern to Aboriginals or the broader public.

It has been concluded that ERA did not comply with this requirement on two grounds: (i) the
leak of tailings water to the external environment is a breach of Environmental Requirement
3.4, and (ii) there should have been no doubt that such a leak would have been of concern to
the local Aboriginal people and the broader public.

The reasons for the lack of reporting have been the subject of an internal ERA investigation and
the Supervising Scientist has received correspondence from, and has discussed with, the Chief
Executive of ERA the outcomes of the review. ERA believes that there was no deliberate intent
to deceive or dissemble. Rather, two principal factors are believed to have contributed to the
omission. First, recent changes in staffing at Ranger have resulted in the absence of a senior
scientist with the ability to effectively identify, interpret and rectify environmental incidents.
The lack of interpretive ability was a key factor in the lack of recognition that the data which
were available to ERA staff implied that tailings water had reached the external environment.
Second, there is a lack of recognition by the Ranger Management Team of the needs and
expectations of stakeholders that resulted in emphasis being placed on the absence of
environmental impact rather then the issue of whether or not the incident would be of concern to
Aboriginal people.

From his discussions with senior ERA personnel, the Supervising Scientist is satisfied that
there was no deliberate attempt to deceive the authorities. He accepts the conclusions of ERA
and has made recommendations to address the deficiencies identified.

Other issues
In the course of this investigation into the leak of tailings water during the 1999/2000 Wet
season, evidence has been obtained that water with the characteristics of tailings water was
probably discharged into the same culvert during the 1998/1999 Wet season. Due to time
constraints, the cause of this discharge has not been fully established. A possible explanation
that is being investigated is that tailings water associated with a leak in the tailings pipeline on
13 December 1998 seeped in to the VLGCRC during the 1998/99 Wet season. While the
Supervising Scientist is concerned that the probable presence of tailings water in the
VLGCRC went undetected until now and that a full explanation for its origin is not yet
available, he is satisfied that the 1998/99 leak caused no harm to people or the environment of
Kakadu National Park. ERA should complete a comprehensive investigation of additional
sources of contaminants in the VLGCRC, including previous tailings spills in the Tailings
Dam Corridor, and provide a report to the Minesite Technical Committee.

During the past few years, there has been an increase in public expressions of concern about
the ability of the Supervising Scientist to provide reliable assurances to the public when he
has to rely heavily on information and monitoring data provided by ERA and/or by the
Department of Mines and Energy which is seen primarily as a proponent of mining. These
concerns have heightened following the reporting of the tailings water leak. In particular, the
Mirrar, traditional owners of the land containing both the Ranger and the Jabiluka projects,
expressed their concerns on this issue at a recent meeting with the Supervising Scientist. We
have concluded that, in order to keep pace with these changing expectations on the
independent nature of the assessments carried out by the Supervising Scientist, the
Supervising Scientist should ensure that there is an adequate and independent on-site audit
program, and develop and implement an environmental monitoring program. These programs
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should focus on the potential off-site environmental consequences arising from operation of
the Ranger mine and mill.

There are difficulties with the current requirements for the reporting of incidents at Ranger.
First, they often require a judgement by ERA staff on whether or not the incident would give
rise to concern by Aboriginal people or the general public. Such judgements may be difficult
to make. Second, the demand for a completely open and transparent system of reporting often
results in an unjustified but very genuine concern, even fear, on the part of traditional owners.
Guidelines need to be developed to clarify the reporting requirements in a way that will, while
retaining the transparency of the current system, reduce the element of judgement needed and
assist in minimising undue concern for Aboriginal people and the broader community.

Recommendations
The recommendations arising from this investigation are listed below.

Recommendation 1

ERA should undertake a full review of the Tailings Dam Corridor with particular
emphasis on the efficacy with which it performs the task of providing secondary
containment. The Terms of Reference for the Review should be approved by the
Supervising Scientist.

Recommendation 2

All Recommendations on maintenance procedures in the Tailings Dam Corridor
made in the Sinclair Knight Merz Review of the Tailings Dam Corridor should be
implemented.

Recommendation 3

ERA should strengthen the Ranger Management Team to ensure that there is an
effective interface with external stakeholders and that decisions are made quickly to
meet the expectations of the stakeholders.

Recommendation 4

ERA should take immediate take steps to put in place an employee training program
designed to ensure that all employees appreciate the need to keep the authorities
informed of any event that could be perceived to be of concern to the local Aboriginal
people or the broader community, not just incidents that are acknowledged
infringements of the Ranger General Authorisation or the Environmental
Requirements.

Recommendation 5

The Supervising Scientist should offer to assist ERA in the above training program.
In particular, the Supervising Scientist should provide a briefing to ERA employees
on issues of significance in this report, and any other issues that are considered to be
of concern to members of the public.

Recommendation 6

ERA should upgrade the environment protection staff structure at Jabiru to ensure
that the company has the on site ability to effectively identify, interpret and rectify
environmental incidents.
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Recommendation 7

ERA should complete a comprehensive investigation of the additional sources of
manganese, including previous tailings spills in the Tailings Dam Corridor, and
provide a report to the Minesite Technical Committee.

Recommendation 8

The Minister for Industry Science and Resources should consider what action should
be taken in response to the established breach of Environmental Requirements 3.4
and 16.1 taking into account:

• The radiological and ecological impact arising from the leak of tailings water to
the environment has been negligible

• The leak resulted from poor maintenance practices in the Tailings Dam Corridor

• The view of the traditional owners of the Ranger Project Area is that Aboriginal
people will only believe that the Government takes their concerns seriously if
substantive action is taken.

Recommendation 9

The statutory environmental monitoring program should be extended to enhance its
capacity to provide early warning of unplanned releases of contaminants. This
extension should include the establishment of additional monitoring locations within
secondary containment systems that would indicate the failure of primary
containment systems.

Recommendation 10

The Minesite Technical Committee should review the inspection and monitoring
system at Ranger to establish and implement measures that will detect failures in the
secondary containment systems and structures.

Recommendation 11

ERA should provide the Supervising Scientist and the Supervising Authorities with
all research data as they become available rather than at the end of research
projects. Protocols should be developed for the appropriate use of research data.

Recommendation 12

The Northern Territory Department of Mines and Energy should undertake a
comprehensive review of its site inspection regime in the light of deficiencies
identified in this report, and design and implement a new proactive inspection regime
within a risk management framework.

Recommendation 13

The Supervising Scientist should ensure that there is an adequate and independent
on-site audit program related to potential off-site environmental consequences
arising from operation of the Ranger mine and mill.

Recommendation 14

The Supervising Scientist should develop and implement a routine environmental
monitoring program whose focus should be the provision of advice on the extent of
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protection of the people and ecosystems of Kakadu National Park. A component of
the program could also provide support to the on-site audit program referred to in
Recommendation 13.

Recommendation 15

The Working Arrangements between the Commonwealth and the Northern Territory
regarding the regulation of uranium mining activities in the Alligator Rivers Region
should be reviewed and amended to take into account changes in the activities of the
Supervising Scientist arising from this report.

Recommendation 16

The Mine Site Technical Committee should develop guidelines clarifying
requirements for the reporting of incidents which retain the transparency of the
current system, are consistent with Environmental Requirement 16.1, reduce the
need for the exercise of judgement by staff of ERA and will assist in minimising
undue concern for Aboriginal people and the broader community.

Recommendation 17

The Working Arrangements between the Commonwealth and the Northern Territory
regarding the regulation of uranium mining activities in the Alligator Rivers Region
should be reviewed and amended to require the Department of Mines and Energy
and the Supervising Scientist to immediately inform each other of any information
they may acquire independently which could be of environmental significance.
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Investigation of tailings water leak at the Ranger
uranium mine

1  Introduction
During the 1999–2000 Wet season, a leak occurred in the tailings water return pipe at the
Ranger uranium mine in the Alligator Rivers Region of the Northern Territory. The first
indication to the authorities that a leak had occurred was in a facsimile message from Energy
Resources of Australia (ERA), the mine operator, to the Office of the Supervising Scientist
(OSS) on the afternoon of Friday 28 April 2000. This message advised that approximately 2000
cubic metres of tailings water (process water) had leaked from a pipe in the Tailings Dam
Corridor of the Ranger site between late December 1999 and 5 April 2000. The facsimile
message was also sent by ERA to the Northern Territory Department of Mines and Energy
(NTDME), Northern Land Council (NLC) and the Department of Industry, Science and
Resources (DISR).

Water in the tailings dam at Ranger is pumped from the dam back to the mill through the
Tailings Water Return Pipeline for use in the process plant. The primary containment system
is the pipeline itself. A secondary containment system is in place to protect the environment
from any adverse effects arising from a failure anywhere along the pipeline. This secondary
containment system consists of a bunded roadway that collects any spilled water and directs it
to a sump, the Tailings Dam Corridor Sump. Water that is collected in this sump is returned to
the mill water management system. Should both the primary and secondary containment
systems fail, a third barrier for the protection of the environment is in place in the form of
constructed wetland filters which are designed to partially remove contaminants from the
water as it passes through the filter system.

Although a leak had been reported, no indication was given that the secondary containment
system may have been breached. Indeed, the report stated that no infringement of the Ranger
General Authorisation had occurred. On receipt of the facsimile, the OSS contacted ERA to
clarify the circumstances surrounding the incident. The Department of Industry Science and
Resources also sought advice from ERA on the nature and the timing of the leak. During
telephone conversations between OSS and ERA staff, information on water quality at a
number of sites was provided which indicated that a proportion of the process water had
entered the Very Low Grade Corridor Road Culvert (VLGCRC) built under the Tailings Dam
Corridor, and hence had escaped the secondary containment system consisting of bunds and a
sump, designed to collect any spillages from the pipes in the tailings corridor.

Based on this information the Supervising Scientist concluded that a breach of the
Environmental Requirements had occurred and immediately notified the office of the Minister
for the Environment and Heritage. On Sunday 30 April, the Supervising Scientist provided a
formal brief to the Minister on the incident. Following receipt of this brief, the Minister
requested that the Supervising Scientist investigate the incident and provide a report to him. A
similar request was received from the Minister for Industry, Science and Resources who is
responsible for the administration of the Atomic Energy Act 1953 under which approval has
been given for ERA to operate the Ranger Mine. This report is in response to these requests.

In preparing this report, the Supervising Scientist has consulted all the major stakeholders
including ERA, NTDME, NLC and the Gundjehmi Aboriginal Corporation. On technical
aspects of the assessment, a report was prepared by ERA in close cooperation and
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consultation with staff of the Supervising Scientist and the NTDME. In addition ERA
commissioned a report from a specialist pipeline inspection company, Intico, on the condition
of pipes in the Tailings Corridor and the Supervising Scientist commissioned a review from
Sinclair Knight Merz on the adequacy of the design, operation and maintenance of the tailings
corridor system. NTDME also prepared a report on the incident.

This report describes the outcomes of the investigation and makes recommendations to
address deficiencies identified in the environmental management systems at Ranger and in the
supervisory and regulatory regimes applied to Ranger by the Supervising Scientist and
NTDME. The ERA and NTDME reports are at Appendices 2 and 5 of this report. The SKM
report is available on request from the Supervising Scientist.

2  Description of the leak

2.1  Location
The leak occurred at a flange joint in the 250 mm diameter Tailings Water Return Pipeline
which transports water from the tailings dam to the processing plant at Ranger. Figure 1 is a
photograph of the flange joint after it was repaired. The Tailings Water Return Pipeline
(TWRP) is approximately 2.5 km long and runs alongside the Tailings Dam Corridor road
within a bunded area on the Ranger site (the Tailings Dam Corridor) designed to collect and
contain any spillages that occur. The Tailings Dam Corridor drains to a sump near Pit 1 (the
Tailings Dam Corridor Sump). Water collected in this sump is pumped, as required depending
on rainfall, to a retention pond on the Ranger site.

Also located in the Tailings Dam Corridor are other pipes for the transport of tailings and
tailings water (process water) between the tailings dam, Pit 1 and the process plant. Figure 3
is a schematic representation of the pipelines in the Tailings Dam Corridor.

Between the process plant and a point some 120 m from the tailings dam, the TWRP consists
of a steel pipe with a diameter of approximately 250 mm. At this point, the steel pipe joins a
steel reinforced flexible ‘plastic’ pipe to accommodate an upward bend in the TWRP, and the
pipeline passes under a road culvert (the Access Road Culvert). The flexible section then
connects to 250 mm steel pipe which completes the pipeline between the tailings dam and the
process plant. It was the flange joint at the eastern end of the flexible section of the TWRP,
which was just to the west of the Access Road Culvert under which the TWRP passes, that
leaked. At the time, this flange joint was buried at a depth of approximately 50 cm due to silt
build-up in the culvert under the road.

Buried by silt near the leaking flange joint, and also passing under the Access Road Culvert,
was a disused pipe segment approximately 10 m long. One end of the disused pipe segment
was located within one or two metres of the leaking flange. The top of the other end of the
disused pipe segment abutted the surface within the Tailings Dam Corridor on the eastern side
of the Access Road Culvert. A photograph of this end of the disused pipe segment after it was
uncovered is shown in Figure 2. Figure 4 is a schematic representation of the Access Road
Culvert showing the TWRP and the disused pipe segment.

Tailings water which escaped from the leaking flange traveled underground for one or two
metres, entered one end of the disused pipe segment flowing within it to emerge at the
opposite end before upwelling to the surface. Once on the surface, the tailings water joined
the surface flow of rainfall runoff within the Tailings Dam Corridor. Surface water within the
Tailings Dam Corridor flows to the Tailings Dam Corridor Sump. It has now been established
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that a proportion of the water seeped into the VLGCRC which flows under the Tailings Dam
Corridor, approximately 250 m from the leaking flange. Figures 5 and 6 are schematic
representations of the Tailings Dam Corridor at the VLGCRC. Figures 7 and 8 are
photographs of the VLGCRC looking south and north respectively.

Figure 1  Photograph of the flange joint in the Tailings Water Return Pipeline that transports water from
the tailings dam to the processing plant after it was repaired

Figure 2  End of the disused pipe segment after it was uncovered
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Figure 5  Schematic representation of the Tailings Dam Corridor at the VLGCRC
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Figure 7  VLGCRC looking south

Figure  8  VLGCRC looking north
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2.2  Duration
ERA has advised the Supervising Scientist that remedial work on the TWRP was completed
on 4 April 2000, and that the leak was confirmed to have stopped on 5 April 2000. It is more
difficult to determine precisely when the leak commenced, however, there is strong evidence
to suggest that it commenced in February 2000. Monitoring undertaken by ERA in the
VLGCRC during the course of a research project identified manganese concentrations of
751 µgl-1 and 6077 µgl-1 on 25 January and 2 February 2000 respectively. These data
represent an abrupt increase in the concentration of manganese measured in the VLGCRC.
Manganese is present in relatively high concentrations in tailings water, approximately
1 000 000 µgl-1, making it a useful indicator of the presence of tailings water. However,
during the course of this investigation, further information has emerged that indicates that
there are additional sources of manganese that contribute to the total load of manganese in the
VLGCRC. These additional sources are briefly discussed in section 2.6.

Because of the presence of other sources of manganese, alternative indicator solutes were
considered to trace the movement of tailings water. Ammonium is present in tailings water at
high concentrations (530 mgl-1). There is no significant natural source of ammonium on the
Ranger site making it a very reliable indicator of the presence of tailings water. Water
samples taken by ERA from the VLGCRC, and from points downgradient of the VLGCRC
had not been analysed for ammonium as it is not one of the standard suite of analytes. ERA
identified archived samples taken from the VLGCRC between January and April 2000 and
analysed them for the presence of ammonium. The sample taken on 9 February 2000
contained ammonium at typical background concentrations, 0.009 mgl-1 (milli grams per
litre). The sample, taken on 23 February 2000 contained ammonium at a much higher
concentration of 0.3 mgl-1. This is strong evidence that no detectable quantities of tailings
water entered the VLGCRC prior to 9 February 2000. This leads to the conclusion that the
elevated concentrations of manganese measured in the VLGCRC prior to 9 February 2000
originated from a source other than the tailings water leak.

During rainfall events, the flow of water in the Tailings Dam Corridor would be significant
and tailings water which leaked from the TWRP would reach the VLGCRC quickly, certainly
in less than one hour. After a day or so without rain, the flow would be expected to stop as the
water in the Tailings Dam Corridor formed a series of isolated pools. Examination of the
rainfall record reveals that 34 mm of rain was recorded at Ranger on 7 February 2000.
Rainfall on 8, 9 and 10 February 2000 was 9 mm, 4 mm and 34 mm respectively. Had the
TWRP been leaking significantly on 7 February, ammonium would probably have been
present in the sample of water taken from the VLGCRC on 9 February 2000. Given the
relatively low rainfall on 8 February, it is possible that the TWRP was leaking on this date
and that the tailings water had not reached the VLGCRC by 9 February 2000. These data lead
to the conclusion that the TWRP started leaking on or after 8 February 2000.

There is also evidence that the TWRP was not leaking during the 1999 Dry season. The
pipelines in the Tailings Dam Corridor are inspected by ERA staff three or four times per
shift. Had the leak commenced prior to the onset of the wet season in November 1999, the
moist patch of earth resulting from the leak would have been clearly visible in contrast to the
dry earth surrounding it. An examination of ERA inspection records by the OSS indicated that
the pipelines in the Tailings Dam Corridor were inspected as required. Considering the
frequency of inspections, it is very unlikely that the leak commenced in the Dry season and
was not identified.
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2.3  Water Volume
ERA estimated (Appendix 2) that 2000 m3 (cubic metres) of tailings water leaked from the
TWRP based upon the water flow measured at the end of the disused pipe segment after it was
exposed.  That flow, measured by ERA on 29 March 2000, was 0.3 ls-1 (litres per second). The
flow measured by ERA at the exposed end of the disused pipe may be used to estimate with a
reasonable level of confidence the volume of tailings water which entered the surface flow
within the Tailings Dam Corridor via the disused pipe segment. Assuming that the flow through
the disused pipe segment was 0.3 ls-1 between 8 February 2000 and 5 April 2000, the total
volume emerging from the disused pipe over the period of the leak was approximately 1500 m3.

However, ERA did not measure the flow rate at the source of the leak, that is the flange in the
TWRP. This leads to uncertainty in estimating the total volume of the leak as some of the
tailings water may not have entered the disused pipe segment, and thus may not have been
included in the flow rate measured by ERA.

The leak occurred at a point in the TWRP where there was a depression in the ground surface.
That depression acted as a silt trap and, over a period of eighteen months to two years, filled
with silt, burying the TWRP. When the TWRP started leaking, the silt would have become
saturated and the depression would have approximated a silt-filled bath. Rainfall runoff would
also have contributed to the saturation of the silt. The end of the disused pipe segment rested
on or near the natural ground surface at the base of the depression. The disused pipe segment
was certainly the primary conduit for the drainage of water from the saturated silt.
Considering the proximity of the end of the disused pipe segment to the source of the leak,
and its extremely high hydraulic conductivity compared to the ground, it has been concluded
that effectively all of the tailings water which leaked from the TWRP would have drained
through it. Nevertheless, for the purposes of making conservative estimates of potential
environmental impact, a slightly higher figure of 2000 m3 has been assumed in this report. It
is assumed that the additional 500  m3 of tailings water moved through the silt covering the
leaking flange and entered the surface flow within the Tailings Dam Corridor.

2.4  Identification of the leak
In December 1999, ERA commenced the DW3A water disposal trial to test the capability of the
Corridor Creek constructed wetlands to remove contaminants from the water column. This trial,
endorsed by the Minesite Technical Committee, involves the pumping of water from a de-
watering bore (DW3A) located between Retention Pond 2 and Pit 3 onto the Very Low Grade
(VLG) waste rock stockpiles to the east of the tailings dam. The water then flows within a drain
across the VLG waste rock stockpiles, and under the Tailings Dam Corridor through the
VLGCRC.  ERA commenced weekly monitoring of water in the VLGCRC on 22 December
1999. These data were collected as part of a research project and were not reported to the
authorities.

On 25 January and 2 February 2000, analysis of water samples collected by ERA from the
VLGCRC revealed manganese concentrations of 751 and 6077 µgl-1 respectively.  The
concentration of manganese in the sample collected by ERA on 9 February was 504 µgl-1,
which is still significantly elevated compared to samples collected between 22 December
1999 and 25 January 2000. Elevated manganese concentrations of between 1827 µgl-1

(sample collected 16 February) and 9532 µgl-1 (sample collected 8 March) persisted
throughout February and March. On 13 March 2000 ERA staff held initial internal
discussions regarding the elevated manganese concentrations and determined the need to
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identify its source. Table 1 summarises the actions taken by ERA in the investigation and the
repair of the leak, as subsequently reported to the Supervising Scientist.

Table 1  Summary of actions taken by ERA in the identification of the leak

Date ERA Action

28 March 2000 ERA staff observed a small upwelling of water in the western end of the Tailings Dam
Corridor. A sample of this water was collected by ERA and subsequent analysis showed
manganese concentrations of 840 000 µgl-1.

29 March 2000 Minor excavation at the site of the upwelling identified a disused pipe segment as the
source of the water. The flow of water from the end of the disused pipe segment was
measured at 0.3 ls-1.

ERA staff closely inspected the Tailings Dam Corridor between the tailings dam and the
VLGCRC. A water logged area to the west of the end of the disused pipe segment from
which the water was flowing was identified and found to contain high conductivity water.
ERA staff concluded that the leak was associated with the syphon line between the tailings
dam and pit 1. The syphon break valve was removed completely.

Water samples were taken from the water logged area, the VLGCRC, a pool of water
upstream of the VLGCRC, and the Tailings Dam Corridor to the east of the VLGCRC.

The Ranger Management Team was notified of a suspected leak of process water from the
syphon line.

30 March – 2 April
2000

On 30 March, water samples were taken from the water logged area, the VLGCRC, drips
from the roof of the VLGCRC, a pool of water upstream of the VLGCRC, and downstream
of the VLGCRC.

The flow from the disused pipe segment was observed not to have abated. The complete
removal of the syphon break valve was confirmed indicating that the syphon line was not
the source of the leak.

3 April 2000 The TWRP was identified as the only possible source of the water. Work orders were
lodged for the excavation of the TWRP. The TWRP was shut down.

Water samples were taken from the pool of water upstream of the VLGCRC, and from the
drain in the top of the VLG waste rock stockpiles in which DW3A water was flowing.

4 April 2000 The TWRP was excavated. Three bolts in a flange of the TWRP were observed to have
corroded and pulled through the bolt holes. The bolts were replaced.

5 April 2000 The TWRP was returned to service and the leak was confirmed to have stopped.

2.5  Cause of the leak
A significant aspect of the leak is that it occurred in a section of the TWRP that had become
buried over a period of approximately 18 months to two years under about half a metre of silt.
The leak was not immediately identified because the buried section of the TWRP was not able
to be inspected. Also buried at the same point in the Tailings Dam Corridor were the syphon
line which transfers tailings water from the tailings dam to pit 1, and the Tailings Water
Transfer line which transfers tailings water from pit 1 to the tailings dam. The buried sections
of these pipes were also not able to be inspected.

In addition to preventing the rapid identification of the leak in the TWRP, its burial is likely to
have contributed towards the corrosion of the bolts, and consequently the initiation of the leak
itself. The buried section of the pipe would have been in contact with water present in the silt
which covered it. It is reasonable to assume that the silt was moist throughout the 1998/99 and
1999/00 wet seasons. Hence, the buried section of the TWRP is likely to have been in contact
with water, and consequently in an environment conducive to corrosion, for at least six
months since mid 1998. In comparison, the remainder of the TWRP on the surface would
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have only been in contact with water during rain and for the relatively short period after rain
required for water on the pipeline to evaporate.

The burial of the TWRP is also likely to have played a role in the development of the leak.
The leak probably started as a very low flow weep. The tailings water would have saturated
the silt surrounding the flange and, given its acidity (pH of 4 to 4.4) and high conductivity
(15 000 to 18 000 micro Siemens per centimetre), exacerbated any corrosive processes
already underway resulting in the failure of three flange bolts.

The report on the Review of the Tailings Dam Corridor by Sinclair Knight Merz
commissioned by the OSS notes the use of undersized bolts and concludes that their use may
have been a contributing factor in the the leak. Undersized bolts would be more prone to
failure than correctly sized bolts, especially if their integrity was compromised by corrosion.

The leak was caused by the failure of three bolts in a flange joint due to corrosion. The burial
of the TWRP at the point of the leak is likely to have been a significant contributing factor to
the initiation and progression of the corrosion of the bolts. The use of undersized bolts may
have been a contributing factor.

2.6  Additional sources of manganese
During the course of this investigation, additional information has emerged which indicates
that there are two other sources which have contributed to the total solute load in the
VLGCRC. Research data collected by ERA during the 1998/99 Wet season show manganese
concentrations in the VLGCRC of over 20 000 µgl-1 in December 1998. Re-analysis of
archived water samples taken from the VLGCRC in 1998/99 by ERA show significantly
elevated concentrations of ammonium. The presence of ammonium in the VLGCRC is
evidence that tailings water was present in the VLGCRC at the time. A review of records has
identified spills of tailings and tailings water within the Tailings Dam Corridor upgradient of
the VLGCRC. It has been concluded from these data that tailings water probably seeped into
the VLGCRC from the Tailings Dam Corridor in 1998/99 as well as in 1999/00.

However, preliminary analysis indicates that tailings water could not account for the
concentrations of manganese measured in the VLGCRC in 1998/99. The ERA report
(Appendix 2) presents data which indicate that seepage through the VLG waste rock
stockpiles is the other principal source of manganese.

Monitoring data for the 1998/99 wet season demonstrates that these additional sources of
manganese have not had any detectable impact on Kakadu National Park. Concentrations of
contaminants are all consistent with historic levels and within natural variability. The analysis
of environmental impact associated with the 1999/2000 leak presented in section 3 of this
report is also applicable to any discharges that may have taken place during the 1998/1999
Wet season. The clear conclusion is that the environmental impact was negligible.

This report focuses on the leak of tailings water from the TWRP which was repaired on
4 April 2000. While the Supervising Scientist is concerned that the 1998/99 research data
were not reported and the issues investigated at the time, to include a substantive examination
of the additional sources of manganese would have resulted in an unacceptable delay in the
production of the report on the 1999/2000 tailings water leak. These additional sources of
manganese are the subject of ongoing investigations and will be the subject of further reports
to the Minesite Technical Committee.
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3  Assessment of Environmental Impact

3.1  Contaminant Transport Pathway
The surface water pathway between the source of the tailings water leak at the Ranger Mine and
the entry point to Kakadu National Park is shown in figure  9.

Tailings water which escaped from the TWRP entered a disused pipe segment, one end of
which was buried within one or two metres of the leaking flange. It flowed within this disused
pipe segment emerging at the surface within the Tailings Dam Corridor. Tailings water is also
assumed to have moved through the silt covering the leaking flange, reaching the surface within
the Tailings Dam Corridor. The tailings water then joined the surface flow of rainfall runoff
within the Tailings Dam Corridor, which reports to the Tailings Dam Corridor Sump. A
proportion of the water in the Tailings Dam Corridor seeped into the VLGCRC which runs
underneath the Tailings Dam Corridor.

Water in the VLGCRC flows into the Corridor creek artificial wetlands, then into Corridor
creek which is bunded with spillways in three locations creating ponds on the upstream side of
each bund. The purpose of the artificial wetlands is to remove contaminants from the water
which passes through them. The bunds, and their associated ponds are the Brockman Bund, the
Mine Bore L Bund, and the Sleepy Cod Dam Bund. Corridor Creek flows into Georgetown
creek incorporating Georgetown Billabong and then into Magela creek. Magela creek enters
Kakadu National Park approximately 7000 m downstream of this point. The total length of the
transport pathway between the leaking flange joint in the TWRP and Kakadu National Park is
approximately 12 km.

3.2  Ecological impact assessment based on monitoring
The principal monitoring point for the Ranger mine is at the gauging station (GS8210009)
located on Magela Creek just before the creek enters Kakadu National Park (Figure 9). At this
point a statutory chemical monitoring program is conducted by ERA and a non-statutory
biological monitoring program (which was developed and conducted by eriss until 1996) is
conducted by ERA in cooperation with eriss. The results obtained in these programs have been
used to assess the ecological impact of the leak of tailings water on Kakadu National Park.

The water chemistry data for the principal constituents of interest (Manganese, Uranium,
Sulphate, Magnesium) and electrical conductivity at GS8210009 are shown as time series
data in figures 10–14. The data clearly demonstrate that no discernable change in water
quality occurred during the 1999/2000 wet season compared with any previous year.

A summary of comparisons between upstream and downstream sites and between the 1999–
2000 wet season and previous wet seasons is given in table 2. The following conclusions can be
drawn:

• there is no evidence that as a result of the process water leak there was any deterioration
of water quality in Magela Creek downstream of Ranger.

• the relatively high rainfall of the 1999–2000 wet season resulted in a lower dissolved
solids content in Magela Creek water compared to the average.
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Manganese Concentrations at GS8210009 (1980-2000)
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Figure 10   Manganese concentrations at GS8210009 (1980–2000)

Uranium Concentrations at GS8210009 (1980-2000)
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Figure 11   Uranium concentrations at GS8210009 (1980–2000)
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Sulphate Concentrations at GS8210009 (1980-2000)
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Figure 12   Sulphate concentrations at GS8210009 (1980–2000)

Magnesium Concentrations at GS8210009 (1980-2000)
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Figure 13   Magnesium concentrations at GS8210009 (1980–2000)
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Electrical Conductivity at GS8210009 (1980-2000)
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Figure 14  Electrical conductivity at GS8210009 (1980–2000)

Table  2  Summary statistics for the compositions of waters in Magela Creek upstream and downstream
of Ranger

Site/Time Statistic pH EC (µS/cm) Mg (mg/l) SO4 (mg/l) Mn (µg/l) U (µg/l)

Upstream
1999–00

Mean±σ 5.99±0.48 9.6±2.9 0.39±0.24 0.34±0.58 4.57±7.24 0.06±0.03

Median 6.00 9.7 0.41 0.22 2.08 0.05

Downstream
1999–00

Mean±σ 5.99±0.48 12.1±5.6 0.53±0.41 0.78±1.10 4.79±6.19 0.09±0.14

Median 6.10 11.1 0.47 0.56 2.93 0.05

Upstream
1980–99

Mean±σ 6.18±0.33 16.1±1.4† 0.63±1.51† 0.62±1.16 5.76±1.9†2 0.62±2.35

Median 6.20 16.0 0.64 0.27 5.6 0.10

Downstream
1980–99

Mean±σ 6.13±0.38 20.2±13.3 0.98±0.65 1.68±2.59 9.20±9.20 0.26±0.71

Median 6.10 18.0 0.80 0.79 6.70 0.13

† Derived from log values

Creekside monitoring is used by eriss and, in the past three years, by ERA to provide early
detection of adverse effects in Magela Creek arising from dispersion of mine waste waters
from Ranger. In this form of monitoring, effects of mining are evaluated using lethal and sub-
lethal responses of captive organisms exposed to effluent waters. The responses of two test
species are measured over a four-day period:

• reproduction (egg production) in the freshwater snail, Amerianna cumingii, and

• survival of black-striped rainbowfish, Melanotaenia nigrans, larvae.

Lewis (1992) and Humphrey et al (1995) report on the relatively high sensitivity of snails of
the genus Amerianna to uranium and Ranger retention pond (2) waters. Fish larvae are
generally not as sensitive to uranium as invertebrates (such as snails) although Bywater et al
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(1991) found that larval black-striped rainbowfish were about as sensitive as other fish
species tested.

The principle of the creekside tests is to expose test species simultaneously to a continuous
flow of either control (upstream of the mine site) or test (downstream of the mine site,
GS8210009) waters for four days. During this time, pairs of snails are free to lay ‘egg masses’
upon their holding chambers while the numbers of fish in replicate tanks are observed on a
daily basis. At the end of each 4-day trial, the mean number of egg cases per snail pair and
mean number of fish surviving per replicate, are noted for each of the upstream and
downstream sites.

In the 1999–2000 wet season, a number of creekside trails were conducted collaboratively by
ERA and eriss. The timing of these trials is listed in table 3.

Table 3  Dates of creekside trials conducted in the 1999-2000 wet season

Dates of creekside trials

Freshwater snails Larval fishes

9-13/12/99 4-8/1/00

24-27/2/00 21-25/2/00

29/2-3/3/00 6-10/3/00

16-19/3/00 14-18/3/00

The results of the creekside trials are plotted as part of a continuous time series of such data in
figure 15A for fish survival data, and in figure 15B for snail egg production. When data from
the upstream site are subtracted from those at the downstream site, a set of ‘difference’ values
can be derived – as shown in figure 15. These difference values may be compared statistically
for different parts of the time-series. For example, the 1999–2000 difference data may be
compared with those from previous years; if they differ significantly, using a Student’s  t test,
it may indicate a mine-related change (Humphrey et al 1995). Such statistical tests were
conducted on the data shown in figure 15. The results showed no significant difference in the
‘difference’ values of 1999–2000 data compared with data from previous years (P>0.05).
(Note that in the first fish trial (fig 15a), there is poor survival at the upstream control site.
The data for this trial are included to illustrate the high survival at the downstream site (and
hence no adverse effects arising from mine waste waters at this time.) The data for this trial
were not included in the statistical analyses referred to above.)

From these results, it is concluded that there were no adverse effects of mine waste waters on
any of the test species over the 1999–2000 wet season. This finding is consistent with the
chemical results presented previously.

Given the absence of any detectable impact at GS8210009, it is worthwhile examining the
chemical monitoring data collected at Georgetown Billabong which is located on the mine
project area downstream from the source of the leakage (Figure 9) but upstream of the
Georgetown Creek confluence with Magela Creek. At this point the dilution of leak derived
solutes by runoff waters from undisturbed catchments would be less by at least  factor of ten.
The monitoring results for all the solutes of concern are provided in the attached ERA report
(Appendix 2, Figures 11, 12, 13 and 14). Again no increase in the concentrations of any of the
solutes was detectable in Georgetown Billabong. It can be concluded that, even this close to
the mine, no environmental impact arose as a result of the leak of tailings water during the
1999/2000 wet season.
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3.3  Ecological impact assessment based on modelling
The potential ecological impact of the leak of tailings water can also be assessed by
estimating the increase in concentrations of tailings associated solutes at gauging station
GS8210009 as a result of the leak. This has been done using the following information:

• the volume of tailings water which leaked from the TWRP and entered the Tailings Dam
Corridor (2000 m3)

• estimates of the contaminant loads which seeped from the Tailings Dam Corridor into the
VLGCRC

• estimates of the reduction in contaminant loads which reached GS8210009 as a result of
processes which remove contaminants from water as it passes through wetlands

• calculation of the increase in concentration of each contaminant at GS8210009 based
upon the calculated contaminant load and the volume of water in which it would have
been diluted.

3.3.1  Seepage into the Culvert
The ammonium concentration data measured in the VLGCRC have been used to estimate the
volume of water that seeped into the VLGCRC. The concentration of ammonium in tailings
water is known (530 mgl-1), as is the volume of water that flowed through the VLGCRC. The
ratio of the concentration of ammonium in tailings water to the concentration of ammonium in
the VLGCRC water represents the dilution of tailings water by DW3A water and rainfall
runoff. If the total flow through the VLGCRC is divided by the dilution, the result is an
estimate of the volume of tailings water in the VLGCRC.

The relevant data are presented in table 4, taken from ERA 2000.

Table 4  Calculation of Tailings Water Load in the VLGCRC

Date Ammonium
concentration in the

VLGCRC (mgl-1)

Dilution factor
(530 / ammonium
concentration in

VLGCRC)

Total flow through
the VLGCRC over
the 24 hour period

(m3)

Calculated flow of
Tailings Water through
the VLGCRC over the

24 hour period
(Flow/Dilution Factor)

(m3)

9 Feb 2000 0.009 Background

23 Feb 2000 0.3 1767 266 0.15

8 Mar 2000 1.5 353 289 0.82

29 Mar 2000 1.3 408 421 1.03

19 Apr 2000 1.5 353 420 1.18

5 May 2000 0.36 1472 456 0.31

The data show the increase of seepage of tailings water into the VLGCRC during February,
reaching a steady state in March and April, then falling in May. Although the leak was
repaired on 4 April 2000, tailings water was not completely flushed from the system by
5 May 2000.

There are only six data points over a four month period so the data must be interpreted with
caution. However, the data enable a reasonable estimate to be made of the total volume of
tailings water which seeped into the VLGCRC using conservative assumptions. The data in
table 4 indicate that tailings water seeped into the VLGCRC at a rate of approximately 1 m3
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per day between 8 March 2000 and 19 April 2000. Assuming that tailings water seeped into
the VLGCRC at this rate over the entire 85 day period between 9 February 2000 and 5 May
2000, the total volume of tailings water which seeped into the VLGCRC is 85 m3. This may
well be an overestimate of the volume since the data indicate that the seepage rate of tailings
water was significantly less than 1m3 per day during February, early March and early May.

3.3.2  Sources of solutes in Corridor Creek
There are a number of sources of water which enter the constructed wetlands of Corridor
Creek. At the entry point to the wetlands, water is derived from:

• overland flow and subsurface seepage from the southern catchment of the very low grade
(VLG)/low grade (LG) and waste rock stockpiles, and

• DW3A bore (ie Pit #3 dewatering water) discharge which drains from the top of the waste
rock stockpile mainly by surface flow.

Downstream of this entry point, flow within the wetlands is augmented by Pit #1 dewatering
water from mine bore L (MBL). The typical compositions of DW3A, MBL and mixed DW3A
and waste rock seepage waters during January–May 2000 are summarised in table 5. The
volume contribution from waste rock seepage and its composition is not known and is currently
being investigated by ERA. However, the largest contribution to flow within the wetland
catchment comes as runoff of high water quality from the surrounding undisturbed catchment.

Table 5  The composition of waters considered in the environmental impact assessment

Parameter DW3A MBL Process water

pH 8.1–8.5 7.8–7.9–4. 4.0–4.4

EC (µS/cm) 1100–1200 440–460 15 000–18 000

Mg (mg/l) 150–280 59–68 2400–3700

Mn (µg/l) <1–7.3 <1 710 000–1 100 000

Ra (Bq/l) ~11

SO4 (mg/l) 390–1000 10–24 13 000–14 000

U (µg/l) 14–18 200–220 900–1300

3.3.3  Dilution and attenuation of contaminants within the wetlands
Changes in the concentration of Mn, SO4 and U in response to distance traveled through the
wetlands subsequent to process water entering Corridor Creek are shown in figure 16.
Sulphate behaves conservatively1 in wetland systems at Ranger. That is, sulphate is not lost
from the water column (attenuated) due to chemical or biological processes. The relative
change in the concentration of sulphate can be used as an estimate of dilution during transport
through a surface water system. Figure 16 shows that over a 2.6 km path length down
Corridor creek, the concentration of sulphate reduces by a factor of approximately 25. This
can all be assumed to be due to dilution. The decrease in concentration of the other
contaminants beyond a factor of 25 is due to attenuation.

                                                     
1 Previous work (Klessa et al 1998) on the RP1 constructed wetland filter has shown that the possible removal of

SO4 by reduction, adsorption or by plant uptake has a negligible effect on concentration.
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Figure 16  Mean changes (March–April 2000) in the concentration of contaminants as a function of path
length through the Corridor Creek wetlands (note the logarithmic scale)

Considering that dilution accounts for a reduction in the concentration of all contaminants by
a factor of 25 over a distance of 2.6 km down Corridor creek, Mn and U are indicated to be
attenuated by 90% and 80% respectively. That is, approximately 90% of the Mn and 80% of
the U are removed from the water column as the water travels through a distance of 2.6 km
down Corridor creek. These estimates are in good agreement with previous studies at Ranger2

which have shown that around 70–90% of Mn and 50–80% of U are attenuated when mine
water is passed through wetland filters.

In the absence of data for 226Ra (radium 226), research3 in two different wetland systems
suggests an attenuation factor of 2. Hence over a 2.6 km distance, the activity of 226Ra would be
expected to fall by around a factor of 50; a factor of 25 due to dilution and a factor of 2 due to
attenuation.

It should be noted that further attenuation of the non-conservative contaminants (Mn, U, Ra)
would be expected prior to the water reaching Kakadu National Park. At a distance of 2.6 km
downstream of VLGCRC, Corridor creek flows into Georgetown creek. The water has yet to
travel approximately another 9 km in the Georgetown and Magela creeks before it enters
Kakadu National Park. Consequently, significantly less than 10% of the Manganese, 20% of
the Uranium and 50% of the Radium which entered the VLGCRC would have entered
Kakadu National Park.

3.3.4  Estimates of the concentration of contaminants in Magela Creek
Since there is some uncertainty on the volume of process water which entered Corridor Creek,
the following exercise provides a series of predicted concentration increases at GS8210009
assuming conservative behaviour for all contaminants. In it, the volumes of process water
used to calculate the export of contaminants are 85 m3 (ie the estimated volume which entered
Corridor Creek) and 2000 m3 (ie the total volume of process water which leaked into the

                                                     
2 LeGras & Klessa 1997; Klessa et al 1998 –based on the RP1 constructed wetland system.
3 Akber et al 1992; Ryan (pers comm) based on work at Djalkmara Billabong and the RP1 constructed wetland

filter respectively.
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Tailings Dam Corridor). Catchment areas on route downstream from Corridor Creek,
Georgetown Billabong (4.6 km from source) and GS8210009 (10 km from source) were used
to calculate dilution effects. Results are given in table 6.

Table 6  Average predicted increases in concentration of dissolved contaminants at GS8210009 based
upon scenarios of no chemical attenuation of contaminants and process water leaks of 85 m3 and 2000
m3, compared to the historical mean during mining at Ranger (1980–1999)4

Contaminant 85 m3 2000 m3 Historical mean at GS8210009 ±standard deviation
(number of samples)

Mg 0.8 µg/l 18 µg/l 985±650 µg/l (n = 545)

Mn 0.15 µg/l 3.5 µg/l 9.2±9.2 µg/l (n = 489)

NH4 0.1 µg/l 2.4 µg/l 28±66 µg/l (n = 142)

226Ra 0.003 mBq/l 0.064 mBq/l 7.1±8.7 mBq/l (n = 237)

SO4 3.8 µg/l 90 µg/l 1680±2587 µg/l (n = 417)

U 0.0002 µg/l 0.006 µg/l 0.26±0.71 µg/l (n = 564)

For the purposes of these calculations, it has been assumed that no attenuation of
contaminants has taken place. This conservative approach has been taken as there is limited
data on the attenuation which occurred in the wetlands. This allows an assessment of the
absolute worst case scenario described by all 2000 m3 of tailings water entering the VLGCRC
and no attenuation taking place.

Of particular note are the relatively small effects of the process water leak on the composition of
Magela Creek at GS8210009 despite the adoption of the most conservative approach (ie the
worst case scenario with all 2000 m3 of process water entering Magela Creek and no attenuation
of contaminants). Additionally, predicted increases fall well within historical variation and
therefore can not be detected.

In summary, even assuming a completely unrealistic worst case scenario, the predicted
increases in the concentration of contaminants upstream of the point where Magela Creek
enters Kakadu National Park are small compared to historical average concentrations and are
well within natural variation.

3.3.5  Comparison with toxicological data
Based on existing laboratory toxicological data, the maximum (conservative) predicted
increase in manganese downstream of Ranger (at GS8210009) of 3.5 µg/l above background
concentrations, would have no adverse impact on aquatic biota. The draft ANZECC &
ARMCANZ water quality guideline trigger value for manganese, to be applied to areas of
high conservation value, is 200 µg/l (ANZECC & ARMCANZ in press), well above
manganese concentrations reported at GS8210009 and those predicted as a result of the
process water leak. The trigger value was derived from toxicity data for over ten aquatic
species, with toxicity values ranging from 440 µg/l to 4,540,000 µg/l. The fact that the
predicted increase in manganese concentration at GS8210009 fell well within the natural
temporal variation also indicates that adverse biological impacts are not of concern.

The other major chemical contaminants of concern, uranium, magnesium and sulphate, were
also not elevated sufficiently to elicit adverse biological impacts. As stated above, the predicted
increases in all major contaminants were well within the natural temporal variation, and thus,
                                                     
4 Klessa DA (2000)



24

biological impacts would not be expected. A site-specific uranium trigger value of 3 µg/l has
been derived for Magela Creek downstream of Ranger, based on local species toxicity data. As
with manganese, this value is well above recorded uranium concentrations at GS8210009 and
those predicted as a result of the process water leak. Limited local species toxicity data has been
gathered for magnesium, indicating that toxic effects would not be observed below around 7000
µg/l (Rippon et al 1998), while local and overseas toxicity data for sulphate have shown no
adverse effects below 100 000 µg/l (Goetsch & Palmer 1997, Rippon et al 1998). Again, both
values are well well above the respective magnesium and sulphate concentrations reported at
GS8210009 and those predicted as a result of the process water leak.

In summary, based on toxicological data, the predicted minor elevations in the concentrations
of the major chemical contaminants as a result of the process water leak would not result in
adverse biological impacts.

3.4  Radiological impact assessment
The critical group for a radiological impact assessment of the incident is the group of
Aboriginal people living near Mudginberri billabong (downstream of Ranger) and deriving
food and water from the Magela creek system. The principal assessment method for
radiological assessment uses the results of past research on radionuclide dispersal and uptake
in local aquatic species to calculate of the maximum dose which could have been received by
members of the critical group. While this method is scientifically sound, the NLC and the
Gundjehmi Aboriginal Corporation have requested further reassurance in the form of
measurements of radionuclide content in the edible flesh of fish and freshwater mussels
collected from Mudginberri billabong in May 2000. These measurements are underway.

3.4.1  Calculation of the maximum dose which could have been received
Considerable research has been carried out by the Supervising Scientist over the past two
decades to enable a reliable assessment of radiation dose received in such a situation. This
includes research carried out on the transport of radionuclides in the Magela Creek system
and bioaccumulation into the aquatic food chain. This research has been recently reviewed
(Martin 2000), and the methods for calculation of dose recommended in that review have
been used here.

Estimates have been made of the amount of radioactivity which reached the Magela Creek
system as a result of the incident. It is estimated that the amount of tailings water which was
discharged into the Tailings Dam Corridor was 2000 m3 over approximately two months.
Based upon Ranger’s monitoring data for tailings water over the past two years, the average
concentrations of each of U-238 (uranium 238) and Ra-226 (radium 226) have been estimated
to be 11 Bq/litre (Becquerels per litre). Routine monitoring of the other naturally occurring
radionuclides is not carried out for tailings water but eriss research data are available for
samples collected prior to 1992. These data were used to give estimates of 0.2 Bq/litre for Th-
230 (Thorium 230), 12.0 Bq/litre for Pb-210 (Lead 210) and Po-210 (Polonium 210), and 4.9
Bq/litre for Ac-227 (Actinium 227).

Based on the above, and the assumption that no radionuclides were removed in the wetland
filter, the estimated doses to a member of the critical group at Mudginberri for the year
following the release are:

• 0.8 µSv (micro Sieverts) for an adult and 0.9 µSv for a 10-year old child averaged over
the year following the incident, for a release of 2000 m3 of water.
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• 0.03 µSv for an adult and 0.04 µSv for a 10-year old child averaged over the year
following the incident, for a release of 85 m3 of water.

Thus the maximum conceivable dose received by members of the critical group as a result of
the leak is lower than the public dose limit of 1000 µSv per year by more than a factor of
1000. The best estimate of the dose received, based upon the released volume of 85 m3 of
tailings water, is lower by a further factor of 30. Even these estimates ignore the reduction in
dose resulting from absorption of radionuclides in the wetland filter system.

It can be concluded, therefore, that radiation exposure of members of the public as a result of
the leak of tailings water during the 1999/2000 Wet season was negligible.

3.4.2  Measurements of radionuclides in fish and mussels from Mudginberri billabong
Following notification that the incident had occurred, collections of fish and freshwater
mussels from Mudginberri billabong were carried out by eriss personnel. Samples of the
edible flesh have been processed for radionuclide analysis. The results obtained will be
compared with analyses carried out previously by eriss and other researchers. Because of the
time-consuming nature of such analyses, only preliminary results for Ra-226 and Po-210 for a
few samples are available at this stage. These results are summarised in table 7.

Table 7  Results of the Preliminary Analysis of Fish taken from Mudginberri Billabong

Sample Ra-226 (mBq/kg1 flesh) Po-210 (mBq/kg flesh)

Fork-tailed catfish #2 14 ± 40 210 ± 20

Fork-tailed catfish #3 − 480 ± 50

Fork-tailed catfish #4 90 ± 20 −

Fork-tailed catfish #5 160 ± 50 −

1 milli Becquerel per kilogram

Results from a study carried out by eriss in the 1980s of flesh of Mudginberri fork-tailed
catfish gave mean concentrations for Ra-226 of 100 mBq/kg (standard deviation 50; 5
samples) and for Po-210 of 280 mBq/kg (standard deviation 120; 6 samples). Based on these
results, there is no indication of a significant change in concentrations of either Ra-226 or Po-
210 between the two sets of samples.

To give an indication of the relevance of these figures, the expected dose resulting from
ingestion of fish flesh based upon the highest concentrations recorded in the above table have
been calculated. The total annual consumption of fish assumed for an adult in the diet of the
critical group is 40 kg per year. Consumption of 40 kg of flesh containing 160 mBq/kg Ra-
226 and 480 mBq/kg Po-210 would result in a radiation exposure of 24 µSv. This is a factor
of 40 below the internationally agreed limit for exposure members of the public. It should also
be noted that this exposure is of natural origin and not as a result of the leak of tailings water.

4  Review of the Tailings Dam Corridor
The Supervising Scientist contracted Sinclair Knight Merz Pty Ltd (SKM) to review the
Tailings Dam Corridor at the Ranger Mine. The objective of the review was to:

• assess the suitability of key aspects of the design,

• assess the suitability of current operating, maintenance and system development regimes
and responsibilities, and
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• make recommendations as appropriate.

The SKM Report is available from the Supervising Scientist on request.

4.1  Suitability of the design of the tailings dam corridor
The SKM Report concluded that the fundamental design and operation of the Tailings Dam
Corridor was appropriate at the time of initial construction and operation, and is still
appropriate. However, the report made a number of recommendations related to the design of
the Tailings Dam Corridor. Those recommendations are summarised below.

• Investigate the widening of the western end of the Tailings Dam Corridor to reduce the
risk of a pipe leak resulting in contaminated water falling outside of the Tailings Dam
Corridor.

• Investigate the effect on the Tailings Dam Corridor of the presence of the 500 mm
polyethylene pipes in regard to the possible impedance of flow in the drain, and the
progressive erosion and degeneration of the drain due to thermal movement of the
polyethylene pipes.

• The specifications of the overflow pipe installed between the Tailings Corridor Sump and
pit 1 should be reviewed to ensure that overflow capacity is adequate considering the
design storm event.

• Investigate the permeability of the Tailings Dam Corridor.

• All locations where the original Tailings Dam Corridor has been significantly altered
should be reviewed to determine whether those alterations have compromised the
integrity of the Tailings Dam Corridor.

• The design of the concrete slab installed by ERA in the Tailings Dam Corridor over the
VLGCRC as a remedial measure should be reviewed to confirm that it is properly keyed
and will not result in undermining of the slab by storm flow in the drain.

The last three of these recommendations are the most significant. Up to 85 m3 of tailings
water is calculated to have seeped from the Tailings Dam Corridor into the VLGCRC
between 9 February and 5 May 2000. In addition to tailings water for which ammonium has
been used as a tracer, rainfall runoff would have also seeped into the VLGCRC. Assuming
that 2000m3 of tailings water leaked from the TWRP into the Tailings Dam Corridor, 4.25%
of the tailings water seeped into the VLGCRC. It is reasonable to assume that the same
proportion of the rainfall runoff that entered the Tailings Dam Corridor upgradient of the
VLGCRC would also have seeped into the VLGCRC.

The total rainfall at Ranger between 9 February and 5 May 2000 was 850.2 mm. The
catchment of the Tailings Dam Corridor upgradient of the VLGCRC is 1.25 ha. Using an
average runoff coefficient of 0.3 for this catchment, the volume of rainfall runoff which
would have entered the Tailings Dam Corridor upgradient of the VLGCRC was 3200 m3.
Assuming that 4.25% of this water also seeped into the VLGCRC, the total volume of water
which seeped onto the VLGCRC between 9 February and 5 May, including tailings water was
220 m3.

The uncertainties associated with this figure are relatively high. Regardless of those
uncertainties, seepage rates of this order of magnitude justify a full review of the Tailings
Dam Corridor with particular emphasis on the efficacy with which it performs the task of
providing secondary containment.
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4.2  Suitability of the operation and maintenance of the Tailings Dam
Corridor
The principle finding of the SKM Report regarding the operation and maintenance of the
Tailings Dam Corridor is that the maintenance of the Tailings Dam Corridor, in terms of
cleaning and grading etc, has not in latter years been to the same standards which prevailed
during the early stages of mine development. Figure 17 is a photograph of the Tailings Dam
Corridor taken from above the VLGCRC looking in an easterly direction. However the Report
notes that ERA has recognised the need to improve the maintenance of the Tailings Dam
Corridor and is putting measures in place to rectify the situation. Figure 18 shows the same
section of the Tailings Dam Corridor after remedial works had been completed including the
installation of a concrete pad over the culvert. Figures 19 and 20 show the area of the leak
before and after remedial works.

Significant issues detailed in the SKM Report are summarised below.

• Responsibility for maintaining pipelines in the Tailings Dam Corridor is split between the
Mill Maintenance group and the Engineering Services Group. The Mill Maintenance
group wishes to pass its responsibility for maintenance of the tailings pipeline to the
Engineering Services Group.

• The ultrasonic inspection of the TWRP and the tailings pipelines by Intico has not found
any evidence of metal wall thickness reduction. However, the method employed does not
allow the examination of the ends of the pipes near joints or the examination of the
polyethylene lining in the tailings lines. Evidence presented to SKM indicates that
degradation of the lining in the tailings lines is not likely to be an issue at present. The
condition of pipe ends in the tailings lines is thought to be good. The condition of pipe
ends in the TWRP is suspect.

• Some flange guards in the tailings pipelines and the TWRP are not correctly fitted and at
places in the TWRP, are not fitted at all.

• Some recently installed sections of the TWRP have been painted on the outside instead of
the inside.

• The most vulnerable aspect of the pipelines are the joints.

• Undersized bolts are suspected to have been used at the flange joint in the TWRP that
failed.

• Redundant pipework remains in the Tailings Dam Corridor from previous operations.

• Grading of the Tailings Corridor Road has resulted in material being pushed into the
pipetrack area causing the pipelines to be partially or fully buried in places (grading was
not a significant contributor to the burial of the TWRP at the point of the leak).

• The maintenance practice of applying herbicides to the Tailings Dam Corridor to prevent
the growth of grass around the pipelines has ceased resulting in the extensive growth of
grass and weeds around the pipelines. Some cold burning has been used to control grass
however this practice carries with it a risk of damaging the internal linings of pipes,
compromising their integrity.

• There is some evidence that the side embankment heights/integrity might in a few
locations not be as originally designed.

• The pipelines in the Tailings Dam Corridor are located very close to waste rock stockpiles
in places. There is a risk of falling rocks from the stockpile damaging the pipelines.
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Figure 17  Tailings Dam Corridor looking east before remedial works

Figure 18  VLGCRC culvert after remedial works had been completed showing concrete pad over the
culvert (looking east)
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Figure 19  Tailings Dam Corridor pipelines in the vicinity of the leak before remedial works
(looking west)

Figure 20  Tailings Dam Corridor pipelines in the vicinity of the leak after remedial works
(looking west)
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The recommendations made in the SKM Report relevant to the operation and maintenance of
the Tailings Dam Corridor are summarised below.

• Prepare a formal maintenance program and procedures covering all aspects of the
Tailings Dam Corridor including grading of the Tailings Dam Corridor Road.

• Review the roles and responsibilities of ERA departments regarding maintenance of the
Tailings Dam Corridor.

• Review technical drawings, and the procedures for the amendment of technical drawings
of the Tailings Dam Corridor to ensure an up to date set is always available.

• Based on a review of all available information on the tailings pipelines, determine if the
investigation of the tailings lines polyethylene lining is justified.

• Progressively strip and paint the pipe ends on the TWRP to prevent deterioration and
reduce the risk of joint failures.

• Inspect all flange joints to ensure that all bolts are of the correct size.

• Visually inspect all joints which have been buried for signs of corrosion.

• Check and properly fit guards on all flange joints.

• Emphasise in procedures, and to maintenance staff, the importance of carefully handling
pipe ends during assembly of Victualic coupling joints. Provide documentation and
training to staff.

• Ensure that Victualic couplings of an appropriate quality continue to be supplied.

• Identify all pipework not currently being used and establish whether or not it should be
made permanently redundant. Establish a program to remove all redundant pipework as
soon as practical.

• Inspect bunds at the perimeter of the Tailings Dam Corridor to confirm that they are
consistent with the original design intent.

• Ensure that the Tailings Dam Corridor clean up operation recently undertaken has
returned all corridor levels, drainage and other features as appropriate to original
specifications.

• Safely remove all grass which has developed in the Tailings Dam Corridor.

• Initiate a regular supervised herbicide application program to prevent re-growth of grass
in the Tailings Dam Corridor.

• Investigate options to reshape/cut back the waste rock stockpile at the western end of the
Tailings Dam Corridor in order to reduce the risk of falling rocks damaging the adjacent
pipelines.

• Consider the installation of magnetic flowmeters in pipelines to detect major leaks which
could have a significant impact if they occurred some time before the next inspection.

It is clear from the SKM Report that the maintenance of the Tailings Dam Corridor by ERA
has not been adequate in recent years. The degeneration of the standard of maintenance must
be considered a contributing factor to the leak in the TWRP.

The pipelines in the Tailings Dam Corridor were installed above ground so that they may be
readily inspected and maintained. Where an access road was required to cross these pipelines,
the Access Road Culvert was installed through which the pipelines pass, and over which the
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access road is built. The purpose of the culvert is to allow rainfall runoff to pass under the
access road, and also to maintain the integrity of the Tailings Dam Corridor. It also retains
access to the pipelines which would otherwise have been buried under the access road.

Over a period of 18 months to two years, silt was allowed to build up in the Access Road
Culvert burying a small part of these pipelines. The maintenance and inspection regime
applied by ERA to the pipes in the Tailings Dam Corridor includes a visual inspection three
or four times per shift. The gradual covering of a section of the pipelines should have been
identified by these visual inspections. Action should then have been taken by ERA to prevent
any further siltation of the pipelines, and to remove any silt which prevented visual
inspections of the pipelines. These actions were not taken representing a failure of the ERA
maintenance and inspection regime for the pipelines in the Tailings Dam Corridor. Had these
actions been taken, the leak, if it occurred at all, would have been identified and repaired
before significant quantities of tailings water had escaped the TWRP.

An examination of the Tailings Dam Corridor inspection records maintained by ERA indicates
that inspections were made as required. It is interesting to note however the entry recorded on 4
April 2000, the date on which the TWRP was being repaired. The entry was “All lines OK”.
Whilst this may be technically correct in that the TWRP was not leaking, the entry does not
reflect the significant deviation from normal operation of the TWRP which applied at that time.
Such minimalist record keeping renders such inspection records of limited use.

5  Discussion on issues arising from the investigation
This investigation of the leak from the Tailings Water Return Pipeline has demonstrated that
the environmental consequences of the leak were negligible both for the health of people
living downstream from the mine and for the ecosystems of Kakadu National Park.
Nevertheless, the investigation has raised a number of issues that need to be addressed if the
standard of environmental performance which has been achieved in the past at Ranger is to be
maintained in the future. These issues are addressed in this section.

5.1  Design and Maintenance of the Tailings Dam Corridor
As part of this investigation the Supervising Scientist conducted a review, through Sinclair
Knight Merz Pty Ltd (SKM), of the design of the tailings dam corridor and of the adequacy of
ERA’s operation and maintenance program in the corridor.

The SKM Report concluded that the fundamental design and operation of the Tailings Dam
Corridor was appropriate at the time of initial construction and operation, and is still
appropriate. However, the report made a number of recommendations related to the design of
the Tailings Dam Corridor. The principal issue raised is the extent to which the corridor
fulfills its role as an impermeable secondary containment system. A full review of the
Tailings Dam Corridor is required to determine the extent to which the Corridor meets this
requirement.

Recommendation 1

ERA should undertake a full review of the Tailings Dam Corridor with particular
emphasis on the efficacy with which it performs the task of providing secondary
containment. The Terms of Reference for the Review should be approved by the
Supervising Scientist.
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The principal conclusion of the SKM review on the operation and maintenance of the
Corridor is that the standard of maintenance has deteriorated and does not meet the standard
achieved in earlier years of the operation. A number of recommendations were made for
improvements in the maintenance regime. The same conclusion has been reached in ERA’s
internal management review “Significant Incident Investigation Report – Process Water Pipe
Leak at ERA” (Appendix 3). The latter report concluded that, when the tailings lines were
decommisioned at the western end of the corridor (the location of the leak) and tailings were
pumped directly to Pit  1, the perceived hazard and the response to it by ERA reduced. This
reduced perception of the hazard led to a poorer maintenance regime and was a direct
contributor to both the leak itself and to the delayed identification of the source of the leak.

Recommendation 2

All Recommendations on maintenance procedures in the Tailings Dam Corridor
made in the Sinclair Knight Merz Review of the Tailings Dam Corridor should be
implemented.

5.2  ERA response to the incident
The Ranger Management Team was aware on 29 March 2000 that there was a significant
probability that tailings water had escaped to a surface water system which flows to the
environment. ERA now recognises that this was a reportable incident but, for some reason,
the Management Team considered the issue at the time and chose not to report it. ERA has
conducted a review of management actions throughout the period of this incident. It
concluded that there was no deliberate intent to deceive or dissemble. Rather, the underlying
reason is likely to have been a lack of recognition by the Ranger Management Team of the
needs and expectations of stakeholders.

Recommendation 3

ERA should strengthen the Ranger Management Team to ensure that there is an
effective interface with external stakeholders and that decisions are made quickly to
meet the expectations of the stakeholders.

This lack of recognition of the needs of stakeholders appears to permeate down through the
organisation at ERA Ranger mine. There appears to be a considerable reluctance on the part
of staff to pass on information that could be of importance not only to the NTDME and the
OSS but also to senior management at ERA. This may stem from a perception, somewhat
justified by past experience of public responses, that the reporting of incidents produces a
primarily political response rather than an objective assessment of significance. ERA needs to
take steps to improve the awareness of all of its staff to ensure that the open and transparent
system of reporting to which it is committed is implemented.

Recommendation 4

ERA should take immediate take steps to put in place an employee training program
designed to ensure that all employees appreciate the need to keep the authorities
informed of any event that could be perceived to be of concern to the local Aboriginal
people or the broader community, not just incidents that are acknowledged
infringements of the Ranger General Authorisation or the Environmental
Requirements.
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Recommendation 5

The Supervising Scientist should offer to assist ERA in the above training program.
In particular, the Supervising Scientist should provide a briefing to ERA employees
on issues of significance in this report, and any other issues that are considered to be
of concern to members of the public.

An issue of concern in the ERA response to its discovery of enhanced concentrations of
manganese in the culvert is that it does not appear to have been appreciated by the staff
involved that the principal source of manganese on the mine site is the tailings circuit. This
observation should have immediately triggered a concern that there could be a failure not only
in the process water/tailings circuit but also a failure of the secondary containment system.
Similar deficiencies in interpretative ability was demostrated in other ways until much later in
the investigation when senior scientific staff from EWL (Earth Water Life Sciences, ERA’s
environmental consultants) were consulted on the problem.

ERA has advised that notification of stakeholders was prepared on 10 April 2000 but was not
sent until 28 April due to “a sequence of internal delays (the Easter and ANZAC day break
and the assumption that no process water had escaped off site)”. How ERA came to the
conclusion that no process water had escaped off site, (which we interpret as loose wording
referring to contaminants in the process water, which is the issue) considering the monitoring
data in the VLGCRC available to it, is not well established. Whilst ERA would have been
aware at the time that only a small proportion of the contaminants in the process water could
have reached Kakadu National Park, it should not have assumed that no contaminants had
escaped off site.

The notification which was provided on 28 April 2000 (Appendix 1) was inadequate. It made
no mention of the elevated manganese concentrations in the VLGCRC nor did it allude to the
possibility that process water was the cause of those elevated concentrations. Had OSS not
made further inquiries of ERA by phone that afternoon, it is possible that the most important
aspects of this incident would never have been revealed.

There is a clear need for ERA to strengthen its scientific interpretative capacity. The ERA
management review (Appendix 3) supports this conclusion.

Recommendation 6

ERA should upgrade the environment protection staff structure at Jabiru to ensure
that the company has the on site ability to effectively identify, interpret and rectify
environmental incidents.

From the date of the public announcement of the occurrence of the incident, 2 May 2000,
ERA has cooperated to the fullest extent possible with the authorities. The scientific rigour of
the investigation of the incident led by EWL has been patently obvious and ERA has taken up
all of the suggestions of the Supervising Scientist to undertake new and different analyses of
archived samples in an attempt to understand some of the complicated processes that had
clearly taken place during the 1989/1999 and 1999/2000 wet seasons. The report provided by
ERA (Appendix 2) has been invaluable to the OSS in preparing this report.

While we now have a sufficient understanding of the leak of tailings water during the
1999/2000 wet season to prepare this report, there remain some outstanding issues. Principal
among these is the need to continue work on the other sources of Mn in the Tailings Dam
Corridor and the culvert during the 1998/1999 wet season. Work reported to date indicates
that tailings affected waters were present in the culvert during that year. While this report has
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concluded that this would not have given rise to harm to people or ecosystems downstream,
the issue needs to be fully investigated and resolved.

Recommendation 7

ERA should complete a comprehensive investigation of the additional sources of
manganese, including previous tailings spills in the Tailings Dam Corridor, and
provide a report to the Minesite Technical Committee.

5.3  Breach of the Commonwealth’s Environmental Requirements
An assessment is required of whether or not ERA has been in breach of the  Commonwealth’s
Environmental Requirements (ERs) for the Ranger uranium mine. The relevant ER for the
control of process water is reproduced below.

3.4 Process water must be totally contained within a closed system except for:

(a) losses through natural or enhanced evaporation;

(b) seepage of a quality and quantity that will not cause detrimental environmental
impact outside the Ranger Project Area; and

(c) subject to clauses 3.1, 3.2 and 3.3, process water which has been treated to
achieve a quality which:

i) conforms to a standard practice or procedure recommended by the
Supervising Scientist; and

ii) is not less than that of the water to which it is to be discharged.

It is clear that the tailings water escaped the Tailings Dam Corridor as seepage into the
VLGCRC. Section 3 of this report discusses the environmental impact of this seepage. The
conclusions drawn in that section would certainly support the view that the seepage was of a
quantity and quality that will not cause detrimental impact outside of the Ranger Project Area.
So a cursory review of the leak may, considering ER 3.4(b), lead to the conclusion that it is
not a breach of the ERs.

However, the intent ER 3.4(b) is to acknowledge that the large water retaining structures such
as the retention ponds and the tailings dam on the Ranger site were designed and constructed
in a manner which can not absolutely prevent seepage from occurring. Seepage which is
monitored from these large water retaining structures does not represent a failure of any kind
as long as the seepage remains below acceptable levels, which these water retaining structures
were designed to achieve.

The leak of tailings water from the TWRP is quite different to the situation described above.
In this case, the TWRP failed, spilling tailings water into the Tailings Dam Corridor.
Containment in the Tailings Dam Corridor also failed, allowing a significant quantity of the
tailings water to enter the VLGCRC. ER 3.4(b) is therefore not applicable as it is not intended
to allow failures of infrastructure designed to contain process water. Consequently, this
incident constitutes a breach of ER 3.4.

The relevant ER on reporting of incidents is:

16.1 The company must directly and immediately notify the Supervising Authority, the
Supervising Scientist, the Minister and the Northern Land Council of all breaches
of any of these Environmental Requirements and any mine-related event which:

(a) results in significant risk to ecosystem health; or
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(b) which has the potential to cause harm to people living or working in the area;
or

(c) which is of or could cause concern to Aboriginals or the broader public.

Whether ERA should have formally reported the increased concentrations of manganese in
the VLGCRC to OSS, NTDME, ISR and the NLC in early February 2000 is debatable. It
would have been prudent to at least informally advise OSS of the observed concentrations by
telephone as soon as the results of the analysis were known to ERA. However, on 29 March
2000, the Ranger Management Team was informed of a suspected leak of tailings water
(process water) in the Tailings Dam Corridor which was known by ERA at the time to be a
likely source of elevated concentrations of manganese measured in the VLGCRC since early
February 2000, which eventually flows to the environment.

Thus, the Ranger Management Team was aware on 29 March 2000 that there was a
significant probability that tailings water had escaped to a surface water system which flows
to the environment. Even considering the environmental insignificance of the event which has
now been demonstrated, any reasonable person should have judged the release of process
water to the VLGCRC which eventually flows to the environment to be an issue that could
cause concern to Aboriginal people living downstream of the Ranger uranium mine.
Therefore, ERA was required by ER 16.1 to immediately report the incident to the OSS,
NTDME, ISR and NLC. The fact that such a notification was not made immediately puts
ERA in breach of ER 16.1.

The Supervising Scientist has concluded, therefore, that ERA has been in breach of
Enviromental Requirements 3.4 and 16.1.

The views of the Mirrar are important in the context of this discussion. The Supervising
Scientist consulted the Mirrar at a meeting of the Gundjehmi Aboriginal Corporation on
13 June 2000. The purpose of the meeting was to enable to Mirrar to be advised of the details
of the leak investigation, particularly the effects on people and the environment, and to seek
feedback from the Mirrar on their concerns and expectations.

The Mirrar advised that what mattered to the Aboriginal people was that tailings water is
dangerous, they had been promised that it would be contained and that this promise had been
broken. All the assurances of the scientists did not matter to the people - what they care about
is that dangerous water has been allowed to leak. They further advised that they want the
Government to demonstrate that it takes the concerns of the Aboriginal people seriously.

Recommendation 8

The Minister for Industry Science and Resources should consider what action should
be taken in response to the established breach of Environmental Requirements 3.4
and 16.1 taking into account:

• The radiological and ecological impact arising from the leak of tailings water to
the environment has been negligible

• The leak resulted from poor maintenance practices in the Tailings Dam Corridor

• The view of the traditional owners of the Ranger Project Area is that Aboriginal
people will only believe that the Government takes their concerns seriously if
substantive action is taken.
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5.4  Statutory Environmental Monitoring Program
An important issue in the assessment of the tailings water leak is the the fact that the data that
initiated investigations were research data, not routine monitoring data. These data were not
provided to the OSS or other members of the Minesite Technical Committee. As described
earlier in this report, the statutory monitoring data which were provided to the authorities did
not provide any indication of the leak.

The statutory environmental monitoring program is designed to quantify the loads and
concentrations of contaminants which leave the Ranger Project Area and are attributable to
mining operations on the site. They enable the comparison of water quality data with
appropriate standards and also enable the identification of trends in water quality which, long
before standards might be exceeded, would allow appropriate management action to be taken
where trends of concern become evident. The program has not been designed to detect leaks
in pipelines on the site. This incident has demonstrated that there is a need to improve the
scope of the statutory environmental monitoring program.

The philosophy underlying the environment protection systems in place at Ranger is that it is
recognised that a major industrial operation cannot operate without failures of plant and
equipment at some time during the operational period and that, to ensure that the environment
beyond the minesite is protected, barriers must be in place to contain contaminants in the
event of failure. Wherever possible, therefore, significant potential sources of contaminants at
the Ranger Uranium mine are managed using multiple levels of containment. For example,
tailings water is transported within the TWRP (primary containment). The TWRP runs within
the Tailings Dam Corridor (secondary containment). The Tailings Dam Corridor is designed
so that water within it, including water which may have leaked from the TWRP, reports to the
Tailings Dam Corridor Sump. The Tailings Dam Corridor Sump is designed to overflow into
Pit 1. Any potentially contaminated water which escapes the Tailings Dam Corridor and
enters Corridor Creek passes through wetlands (tertiary containment) which polish the water.
This system of environment protection is illustrated in the schematic diagram in figure 21.

Primary containment level

Secondary containment level

Tertiary containment level

Figure 21  Schematic diagram illustrating the environment protection philosophy at Ranger

The current statutory monitoring program involves sampling of water at Georgetown Billabong,
at a point upstream of Ranger (MCUS), and at GS8210009 upstream from the point at which the
Magela Creek enters Kakadu National Park. These points are beyond the last level of
containment. This is appropriate considering the purpose for which the Statutory Monitoring
Program was designed. However, one of the lessons to be learned from this investigation is that
it is now necessary to review the statutory monitoring program to determine the practicality of
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including appropriate monitoring within the secondary and tertiary levels of containment. For
example, in the case considered in this report, monitoring of ammonium ion and manganese in
the Tailings Dam Corridor Sump would have provided an early warning of failure of a primary
containment structure in the Corridor. Similarly, the research data which first indicated that
there may have been a leak of tailings water were data for water beyond the second level of
containment (the Tailings Dam Corridor) but within the third level of containment (upstream of
the Corridor creek wetlands). This incident has demonstrated the value of environmental
monitoring closer to potential sources of contamination. Such an extension to the Statutory
Environmental Monitoring Program would provide an additional early warning capability
within a formal reporting framework.

Recommendation 9

The statutory environmental monitoring program should be extended to enhance its
capacity to provide early warning of unplanned releases of contaminants. This
extension should include the establishment of additional monitoring locations within
secondary containment systems that would indicate the failure of primary
containment systems.

A second issue that arises in this context is the question of how failures in the secondary
containment structures are to be detected prior to failure of the relevant primary containment
structure. In the current case, the engineered structure between the tailings dam road and the
culvert had clearly been permeable for some time, possibly since its installation. This failure
was not detectable until the primary barrier (the pipeline) failed because no system is in place
to detect failures in the secondary containment system. This needs to be rectified.

Recommendation 10

The Minesite Technical Committee should review the inspection and monitoring
system at Ranger to establish and implement measures that will detect failures in the
secondary containment systems and structures.

The use of research data collected by ERA and its consultants requires assessment. Had the
research data been provided to the OSS and the other members of the Minesite Technical
Committee when they became available, OSS would have been in a position to commence its
own inquiries. This may have led to the identification of the source in a more timely manner.

There are sensitivities associated with the provision and use of research data. Research scientists
are inclined to guard research data closely until it has been fully analysed and published, with
appropriate discussion, in the scientific literature or in a report to the client in the case of
research completed under contract. The primary concerns are the misinterpretation of an
incomplete dataset, and the loss of intellectual property. These are valid concerns. Nonetheless,
the provision of research data to the OSS as it becomes available should be required. Protocols
can be developed on the use of such data to ensure the protection of IP rights.

Recommendation 11

ERA should provide the Supervising Scientist and the Supervising Authorities with
all research data as they becomes available rather than at the end of research
projects. Protocols should be developed for the appropriate use of research data.

It should be noted that ERA has identified this issue and, in his letter to the Supervising
Scientist of 19 May 2000 (Appendix 4), the Chief Executive of ERA has undertaken to
provide research data to the authorities as it becomes available.
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5.5  Inspection of the Ranger Uranium Mine
The Ranger uranium mine is subject to a regulatory system which is unique in Australia. The
mine operates under an authority issues pursuant to Section 41 of the Atomic Energy Act
1953. The Environmental Requirements for the mine are stipulated in that authority. The
Northern Territory Department of Mines and Energy (NTDME), as the regulatory authority
for mining activities in the Northern Territory, is responsible for administering regulatory
processes underpinned by Northern Territory Legislation. Those regulatory processes include
the issue of the Ranger General Authorisation (RGA) which defines regulatory requirements,
the assessment and approval of various operational manuals, compliance audits and
inspections of Ranger operations by Inspectors appointed under relevant Northern Territory
legislation, and check monitoring. In summary, NTDME is responsible for the day to day
regulation of the Ranger uranium mine.

The Supervising Scientist is responsible for supervising the environmental aspects of mining
operations at Ranger with particular reference to the Commonwealth’s Environmental
Requirements (ERs) for the Ranger Uranium Mine. The ERs address all potential
environmental hazards associated with the Ranger operations but, unlike the RGA issued by
NTDME do not constitute detailed regulatory requirements. Rather, the ERs focus on
environmental protection outcomes, and stipulate in broad terms the processes which must be
followed to meet defined Primary Environmental Objectives. Whereas NTDME undertakes
site inspections and compliance audits to determine whether requirements under its legislation
are being met, the Supervising Scientist undertakes Environmental Performance Reviews
(EPRs) to determine whether requirements under the ERs are being met.

Working Arrangements agreed by the Commonwealth and Northern Territory Governments
delineate the responsibilities of NTDME and the Supervising Scientist and establish
consultative processes which allow both parties to meet their responsibilities without
significant duplication of effort. The Working Arrangements were revised in 1995 following
the expression of concern that the Supervising Scientist was duplicating the work of the
NTDME. Prior to this revision, staff of the Supervising Scientist conducted regular
inspections of the mine site and provided reports to ERA. Thus, the current Working
Arrangements reflect the then government’s view that the Supervising Scientist should  focus
on environmental outcomes and that the Northern Territory should be responsibile for all day
to day aspects of regulating of uranium mining activities in the ARR.

Despite the level of government scrutiny to which Ranger is subject, as is very briefly
described in the preceding paragraphs, the gradual burial of the TWRP by silt was not
identified as an issue requiring remedial action. Compliance inspections of the Ranger site
undertaken by NTDME should have recognised the burial of the TWRP, and resulted in an
instruction to ERA to undertake appropriate remedial work. NTDME inspections should also
have identified shortcomings in the maintenance of the Tailings Dam Corridor, such as the
presence of disused pipe segments, partial burial of pipelines, and some vegetation growing
around the pipelines which should have been removed. NTDME has both the responsibility
and the authority to require ERA to improve performance when required.

NTDME inspectors visit the Ranger site regularly but NTDME does not have in place a
regular program of inspection specific to the Tailings Dam Corridor. Inspections of the
Tailings Dam Corridor are made by NTDME inspectors on an exceptions basis. That is, the
Tailings Dam Corridor is inspected in response to issues which arise such as following a
reported leak from a pipeline. The lack of a structured proactive inspection regime for the
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Tailings Dam Corridor is identified as a deficiency in the NTDME regulatory system which
compounded the deficiencies in the ERA inspection and maintenance program.

It is recognised, however, that the Ranger Uranium mine is a large industrial facility, and that
detailed and frequent inspections of every part of every unit of infrastructure on site would
require resources that are not available to Government regulators. Consequently, the
inspection regime should be based on the risk to the environment and human health posed by
the failure of site infrastructure. In relation to the Tailings Dam Corridor, this incident and
previous incidents over the last twenty years have demonstrated that those risks are very
small. Hence it is appropriate that the Tailings Dam Corridor not be subject to the same level
of scrutiny as, for example, is the tailings dam.

Recommendation 12

NTDME should undertake a comprehensive review of its site inspection regime in
the light of deficiencies identified in this report, and design and implement a new
proactive inspection regime within a risk management framework.

OSS and NTDME undertake joint inspections of the Tailings Dam once per year. The most
recent Tailings Dam Inspection prior to the occurrence of the leak was in August 1999. These
inspections address the operation, integrity and stability of the Tailings Dam and also involve
consultants as required. Whilst these joint NTDME/OSS inspections focus on the Tailings
Dam in significant detail, they also include a cursory inspection of the Tailings Dam Corridor.
The environmental risk associated with a failure of a pipeline in the Tailings Dam Corridor is
negligible compared to the risk associated with a failure of the Tailings Dam itself. This has
been clearly demonstrated by the TWRP leak which, as discussed in section 3, has not had
any adverse impact on Kakadu National Park. Considering the need to allocate resources
within a risk management framework, it is appropriate that the Tailings Dam component of
these inspections are far more rigorous than the Tailings Dam Corridor component.
Nonetheless, the burial of the TWRP was not noted by officers of either the OSS or NTDME
during these inspections.

Environmental Performance Reviews (EPRs) undertaken by OSS focus on environmental
protection outcomes and are not designed to address in detail the maintenance of on-site
infrastructure. Consequently, it is not surprising that the EPRs did not reveal the burial of the
TWRP. However, each EPR includes an inspection of key sites on the Ranger Project Area
and OSS officers would have driven over the Access Road Culvert and the buried section of
TWRP. Even taking into account the OSS focus on environmental protection outcomes rather
than the maintenance of on-site infrastructure, the failure of OSS to observe the burial of the
TWRP, and to raise the issue with NTDME and ERA must be considered a shortcoming.

The above delineation of the supervisory and regulatory responsibilities between the
Supervising Scientist and NTDME appears to have met the expectations of key stakeholders
and the general public for a number of years after its introduction in 1995. During the past
few years, however, perhaps because of the recent focus on Jabiluka, there has been an
increase in the expressions of concern about the ability of the Supervising Scientist to provide
reliable assurances to the public when he has to rely heavily on information provided by the
mining company and/or by the Department of Mines and Energy which is seen primarily as a
proponent of mining. These concerns have heightened following the reporting of the tailings
water leak and will, no doubt, heighten again following the release of the information
contained in this report.
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In order to keep pace with these changing expectations on the independent nature of the
assessments carried out by the Supervising Scientist, the Supervising Scientist should ensure
that there is an adequate and independent on-site audit program related to potential off-site
environmental consequences arising from operation of the Ranger mine and mill.

Recommendation 13

The Supervising Scientist should ensure that there is an adequate and independent
on-site audit program related to potential off-site environmental consequences
arising from operation of the Ranger mine and mill.

5.6  Environmental monitoring programs
Similar concerns to those described above have been expressed by the public about the
reliance by the Supervising Scientist on data from ERA in the provision of assessments to the
Parliament and the public on the extent to which the environment and people are protected
from the effects of uranium mining at Ranger. In simple but blunt terms, the public does not
trust the mining company. This has been made abundantly clear in public statements by
various interested parties following the announcement of the leak of tailings water.
Importantly, the Mirrar made this point strongly to the Supervising Scientist at his meeting
with the Gundjehmi Aboriginal Corporation on 13 June 2000.

The primary reason for the existence of the Supervising Scientist is to enable credible and
independent assurance to be given, when justified, to the Australian community on the extent
to which the environment of the Alligator Rivers Region is being protected from the effects of
uranium mining. The independence of the Supervising Scientist is enshrined in the provisions
of the EP(ARR) Act. However, under the current monitoring regime, the Supervising
Scientist is often unable to provide the level of credibility demanded by the public because the
primary data used in environmental assessments are provided by ERA. For these reasons, it
has been concluded that the Supervising Scientist should develop and implement a routine
environmental monitoring program. The program should not simply duplicate that required of
ERA. The focus of the program should be the provision, within the context of the
Environmental Requirements, of advice on the extent of protection of the people and
ecosystems of Kakadu National Park. A component of the program could also provide support
to the on-site audit program referred to above. No amendments to the Environment Protection
(Alligator Rivers Region) Act 1978 would be required to enable the implementation of this
monitoring program.

Recommendation 14

The Supervising Scientist should develop and implement a routine environmental
monitoring program whose focus should be the provision of advice on the extent of
protection of the people and ecosystems of Kakadu National Park. A component of
the program could also provide support to the on-site audit program referred to in
Recommendation 13.

Recommendation 15

The Working Arrangements between the Commonwealth and the Northern Territory
regarding the regulation of uranium mining activities in the Alligator Rivers Region
should be reviewed and amended to take into account changes in the activities of the
Supervising Scientist arising from this report.
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5.7  Reporting of Incidents
There are acknowledged difficulties with the current reporting system for incidents at the
Ranger Mine. As outlined in section 5.3, ERA is required to report all breaches of the
Environmental Requirements and any mine-related event which

(a) results in significant risk to ecosystem health; or

(b) which has the potential to cause harm to people living or working in the area; or

(c) which is of or could cause concern to Aboriginals or the broader public.

One difficulty is that where there has been no clear breach of the ERs, staff of ERA are
required to make a judgement on whether an issue could be of concern to Aboriginal people
or the broader community. There is always a risk that ERA’s judgement will not be consistent
with the that of other stakeholders. This appears to have been a contributing factor to the lack
of reporting of the current incident.

A further difficulty arises from competing interests in the reporting objectives. On the one
hand, the importance of the environment that surrounds the Ranger mine, Kakadu National
Park, has resulted in the Commonwealth Government’s demand that a completely open and
transparent system of reporting exists. This has resulted in the formal reporting of more than
one hundred incidents over the life of the mine. An assessment of these incidents by the
Supervising Scientist has shown (Johnston and Needham 1999) that only one of these
incidents was of ecological significance.

On the other hand, the very reporting of the incidents has, independent of their environmental
significance, given rise to genuine concerns for members of the public, particularly the local
Aboriginal population. In the case of the incident that is the subject of this report, it has been
clearly demonstrated that no harm to people or downstream ecosystems occurred.
Nevertheless, the Supervising Scientist has been advised that Aboriginal people in the region
are “fearful” of contamination in water due to the TWRP leak and that they will not consume
foods obtained from Mudginberri Billabong.

A possible approach that will retain the transparency of the current system but not give rise to
undue but genuinely felt concern is one that is based upon the environmental protection
philosophy discussed in section 5.4 and depicted schematically in figure 21. Provided
Recommendation 10 is implemented, that is the integrity of secondary containment structures
is assured, the failure of a primary containment structure clearly cannot give rise to an
environmental impact nor should such a possible impact be of concern to Aboriginal people
or the broader community. Such an incident need not, therefore, be formally reported under
ER 16.1 and need not be recorded by the Supervising Scientist in his Annual Report to
Parliament.

However, all such incidents should be reported, outside the framework of ER 16.1, to the
members of the Mine Site Technical Committee to ensure that the regulator and the Supervising
Scientist can assess the adequacy of remedial action taken to correct the failure and to ensure
that the integrity of the primary containment structure has been restored. This would be an
improvement on the current system from the regulatory perspective because many incidents in
this category have not been reported, quite legitimately, over life of the mine.

Recommendation 16

The Mine Site Technical Committee should develop guidelines clarifying
requirements for the reporting of incidents which retain the transparency of the
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current system, are consistent with Environmental Requirement 16.1, reduce the
need for the exercise of judgement by staff of ERA and will assist in minimising
undue concern for Aboriginal people and the broader community.

When considering reporting arrangements it is important not to overlook reporting between
NTDME and OSS. The Working Arrangements state that there should be frequent and
detailed communication between the Supervising Scientist and NTDME. They also state that
NTDME is responsible for ensuring that the mining company directly and immediately notify
NTDME, the Supervising Scientist, DISR and the NLC of any environmental event or
incident which has the potential to cause concern to Traditional Owners or the broader public.
The Working Arrangements do not, however, require NTDME or the Supervising Scientist to
inform each other of any information they may acquire independently which could be of
environmental significance. This is a deficiency in the Working Arrangements.

In this instance, NTDME officers observed black precipitate indicative of the presence of
manganese in the VLGCRC on 2 February 2000. The officers recognised this to be unusual
prompting them to collect water samples from the VLGCRC for analysis. This information
was not passed by NTDME to the Supervising Scientist until investigations commenced after
ERA notified OSS of the incident on 28 April 2000. Had the Working Arrangements required
NTDME to report this observation to the OSS, OSS would have been in a position to
commence its own inquiries and the leak may have been identified in a more timely manner.

Recommendation 17

The Working Arrangements between the Commonwealth and the Northern Territory
regarding the regulation of uranium mining activities in the Alligator Rivers Region
should be reviewed and amended to require the Department of Mines and Energy
and the Supervising Scientist to immediately inform each other of any information
they may acquire independently which could be of environmental significance.

6  Conclusions
This report has been prepared in reponse to requests from the Minister for the Environment
and Heritage and the Minister for Industry Science and Resources.  Its purpose has been to
investigate and report on the leak of water from the Tailings Water Return Pipe at the Ranger
uranium mine during the 1999/2000 wet season with specific reference to:

• The origin of the leak and the adequacy of remediation measures taken to prevent similar
occurrences in the future

• The extent to which the people and the environment of Kakadu National Park have been
adversely affected by the leak

• The extent to which Energy Resources of Australia has complied with the reporting
requirements specified in the Environmental Requirements that apply to the Ranger
operation.

6.1  Origin of the leak and adequacy of remediation measures
It has been established that the volume of water that leaked from the tailings water return
pipeline was about 2000 cubic metres during the 1999/2000 wet season. Of this, only a small
fraction, about 85 cubic metres, entered the culvert which flows to the Corridor Creek
Wetlands. The remainder was collected in the tailings corridor sump and returned to the water
management system.
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The cause of the leak was corrosion and subsequent failure of three bolts that secure the
jointing of two flanges in the pipeline. The principal cause of corrosion was the burial, under
moist conditions for up to 6 months of the year, of the relevant section of the pipeline under
silt derived from erosion in the vicinity of the tailings corridor roadway. A contributing factor
to the failure may have been the use of undersized bolts.

The gradual burial of the pipeline and the absence of measures to remediate the situation are
attributable to a reduction in the standard of maintenance carried out by ERA in the pipeline
corridor in recent years. The failure of the mine inspection program carried out by the
Northern Territory Department of Mines and Energy and, to a lesser extent, that of the Office
of the Supervising Scientist, to observe and require remediation of the buried section has also
been a contributing factor to the leak.

The failure of the pipeline to contain tailings water would not of itself normally have resulted
in the discharge of this water to the external environment. That the leaked water did reach the
external environment is due to a failure of the bunded corridor system to fully contain any
spilled water. The cause of this failure was that the engineered structure between the roadway
and a culvert that drains water from the nearby waste rock dump was not impermeable.

The statutory monitoring program has been found to be deficient in two ways. First, other
than visual inspection, it has not been designed to include monitoring locations within
secondary containment systems that would indicate the failure of primary containment
systems. In the present case, no statutory reporting of the quality of water in the tailings
corridor sump is required under the Ranger General Authorisation. If the routine analysis of
ammonium ion and manganese in corridor sump water had been required, the existence of a
leak in the pipeline may well have been detected several months before it was found and
rectified. Second, there is no systematic monitoring program designed to check the integrity
of the secondary containment systems. If these monitoring systems had been in place, the
current incident could well have been avoided.

The original leak in the pipeline has been repaired and the complete pipeline has been tested
to determine its integrity. The system is now operating satisfactorily. The silt that buried the
pipeline has been removed and steps implemented to ensure that no build-up of silt will occur
in the future. A concrete slab has been installed at the section of roadway that passes over the
culvert to prevent infiltration in the future. A full review of the Tailings Dam Corridor has
been recommended with particular emphasis on the efficacy with which it performs the task
of providing secondary containment.

6.2  Impact on people and the environment
Assessments of possible ecological impact arising from the leak have been carried out both
using actual monitoring data and by modelling.

An examination of the chemical monitoring data at the gauging station on the Magela Creek
upstream of the point at which the Creek enters Kakadu National Park shows that no change
occurred during 1999/2000 in the concentrations of the principal constituents of concern
compared to similar observations in previous years. The concentrations of all constituents
were within the natural range observed previously. Similarly, biological monitoring at the
gauging station and at a point upstream from the minesite shows no difference in the response
of animals exposed to water at the downstream and the upstream sites. Even at the monitoring
site at Georgetown Billabong, which is located on the mine project area downstream from the
source of the leak but upstream of the confluence of Georgetown Creek and Magela Creek, no
increase in the concentration of any of the principal solutes was detectable.
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Modelling of the possible ecological impact was carried out by calculating the likely increase
in concentrations at the gauging station using information derived in this study on; the
maximum possible volume of leaked tailings water, the most probable value for this volume,
the measured concentrations of solutes in tailings water, measured rates of attenuation of
solutes in the constructed wetland filter systems and the flow rates in Magela Creek. Even if
one ignores the losses in the wetland filters and uses the maximum possible volume of leaked
tailings water, the calculated increase in the concentration of all consituents is much lower
than the naturally observed concentrations at this point.

We have concluded that the leak of tailings water had no adverse ecological impact on
Kakadu National Park.

The radiological impact was assessed using the information derived in this study on the
quantity of water released and the concentrations of radionuclides in tailings water together
with the results of the past research program of the Supervising Scientist on the dispersion of
radionuclides in the surface water system and the uptake of radionuclides in animals and
plants. The maximum conceivable dose received by members of the public as a result of the
leak is lower than the public dose limit by more than a factor of 1000. The best estimate of the
dose received is lower by a further factor of 30. Even these estimates ignore the reduction in
dose resulting from absorption of radionuclides in the wetland filter system.

The overall conclusion reached is that the leak of tailings water into the external environment
has had a negligible impact on people and the environment.

6.3  Compliance with reporting requirements
Under the Environmental Requirements, ERA must directly and immediately report any
breach of the Environmental Requirements and any mine-related event which:

(a) results in significant risk to ecosystem health; or

(b) which has the potential to cause harm to people living or working in the area; or

(c) which is of or could cause concern to Aboriginals or the broader public.

It has been concluded that ERA did not comply with this requirement on two grounds: (i) the
leak of tailings water to the external environment is a breach of Environmental Requirement
3.4 and (ii) there should have been no doubt that such a leak would have been of concern to
the local Aboriginal people and the broader public.

The reasons for the lack of reporting have been the subject of an internal ERA investigation and
the Supervising Scientist has received correspondence from, and has discussed with, the Chief
Executive of ERA the outcomes of the review. ERA believes that there was no deliberate intent
to deceive or dissemble. Rather, two principal factors are believed to have contributed to the
omission. First, recent changes in staffing at Ranger have resulted in the absence of a senior
scientist with the ability to effectively identify, interpret and rectify environmental incidents.
The lack of interpretive ability was a key factor in the lack of recognition that the data which
were available to ERA staff implied that tailings water had reached the external environment.
Second, there is a lack of recognition by the Ranger Management Team of the needs and
expectations of stakeholders that resulted in emphasis being placed on the absence of
environmental impact rather than the issue of whether or not the incident would be of concern to
Aboriginal people.
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From his discussions with senior ERA personnel, the Supervising Scientist is satisfied that
their was no deliberate attempt to deceive the authorities. He accepts the conclusions of ERA
and has made recommendations to address the deficiencies identified.

6.4  Other issues
In the course of this investigation into the leak of tailings water during the 1999/2000 Wet
season, evidence has been obtained that water with the characteristics of tailings water was
probably discharged into the same culvert during the 1998/1999 Wet season. Due to time
constraints, the cause of this discharge has not been fully established. A possible explanation
that is being investigated is that tailings water associated with a leak in the tailings pipeline on
13 December 1998 seeped in to the VLGCRC during the 1998/99 Wet season. While the
Supervising Scientist is concerned that the probable presence of tailings water in the
VLGCRC went undetected until now and that a full explanation for its origin is not yet
available, he is satisfied that the 1998/99 leak caused no harm to people or the environment of
Kakadu National Park. ERA should complete a comprehensive investigation of additional
sources of contaminants in the VLGCRC, including previous tailings spills in the Tailings
Dam Corridor, and provide a report to the Minesite Technical Committee.

During the past few years, there has been an increase in public expressions of concern about
the ability of the Supervising Scientist to provide reliable assurances to the public when he
has to rely heavily on information and monitoring data provided by ERA and/or by the
Department of Mines and Energy which is seen primarily as a proponent of mining. These
concerns have heightened following the reporting of the tailings water leak. In particular, the
Mirrar, traditional owners of the land containing both the Ranger and the Jabiluka projects,
expressed their concerns on this issue at a recent meeting with the Supervising Scientist. We
have concluded that, in order to keep pace with these changing expectations on the
independent nature of the assessments carried out by the Supervising Scientist, the
Supervising Scientist should ensure that there is an adequate and independent on-site audit
program, and develop and implement an environmental monitoring program. These programs
should focus on the potential off-site environmental consequences arising from operation of
the Ranger mine and mill.

There are difficulties with the current requirements for the reporting of incidents at Ranger.
First, they often require a judgement by ERA staff on whether or not the incident would give
rise to concern by Aboriginal people or the general public. Such judgements may be difficult
to make. Second, the demand for a completely open and transparent system of reporting often
results in an unjustified but very genuine concern, even fear, on the part of traditional owners.
Guidelines need to be developed to clarify the reporting requirements in a way that will, while
retaining the transparency of the current system, reduce the element of judgement needed and
assist in minimising undue concern for Aboriginal people and the broader community.

A full set of recommendations has been made to address the issues identified above.
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VWRFNSLOH�WKDW�UHSRUWV�WR�WKH�FXOYHUW�

• ZDWHU�IURP�ERUH�':�$�EHLQJ�GLVFKDUJHG�DFURVV�WKH�WRS�RI�WKH�ZDVWH�URFN�VWRFNSLOH�
DQG

• VHHSDJH� RI� SURFHVV� ZDWHU� WKURXJK� WKH� URRI� RI� WKH� FXOYHUW� XQGHUO\LQJ� WKH� WDLOLQJV
SLSHOLQH�FRUULGRU�

7KH� DYDLODEOH� GDWD� ZHUH� VXPPDULVHG� LQ� WKH� ,QWHULP� 5HSRUW� WKDW� ZDV� WDEOHG� DW� WKH� 07&
PHHWLQJ�RQ�0D\���WK����$�QXPEHU�RI�UHTXHVWV�ZHUH�PDGH�E\�VWDNHKROGHUV�GXULQJ�GLVFXVVLRQV
DW�WKH�PHHWLQJ���5HOHYDQW�LQYHVWLJDWLRQV�ZHUH�LQLWLDWHG�DQG�WKH�UHVXOWV�REWDLQHG�WKXV�IDU�DUH
GLVFXVVHG�LQ�WKLV�6HFRQG�7HFKQLFDO�5HSRUW�

$�PDS�KDV�EHHQ�SURGXFHG�WR�VKRZ�WKH�ORFDWLRQ�RI�KLVWRULFDO�WDLOLQJV�VSLOOV�DQG�SURFHVV�ZDWHU
OHDNV� DORQJ� WKH� WDLOLQJV� FRUULGRU� URDG� DQG� GUDLQ� EDFN� WR� ������ � 6FUXWLQ\� RI� (5$� ILOHV� KDV
LQGLFDWHG� WKDW� VRPH� WDLOLQJV� VSLOOV� DQG� SURFHVV� ZDWHU� OHDNV� ZHUH� UHFRUGHG� LQ� ����� LQ� WKH
YLFLQLW\�RI� WKH�UDPS�DQG�FXOYHUW�RQ� WKH�HDVWHUQ�ZDOO�RI� WKH� WDLOLQJV�GDP�� �$OWKRXJK�QRW�DQ
LQIULQJHPHQW� RI� WKH� HQYLURQPHQWDO� UHTXLUHPHQWV� EHFDXVH� LW� ZDV� FRQWDLQHG� ZLWKLQ� WKH
FRUULGRU� GUDLQ�� QRWLILFDWLRQ� WR� WKH� VWDNHKROGHUV� RI� RQH� VXFK� VSLOO� �'HFHPEHU� ���� ������ZDV
PDGH�E\�(5$�RQ�'HFHPEHU����������

,Q� OLJKW�RI� WKLV� LQIRUPDWLRQ� �ZKLFK�ZDV�QRW� UHFRJQLVHG�DW� WKH� WLPH� WKH� ,QWHULP�5HSRUW�ZDV
EHLQJ�ZULWWHQ���WKH�KLJK�0Q�FRQFHQWUDWLRQV�DW�D�PRQLWRULQJ�VLWH�DERXW����PHWUHV�GRZQVWUHDP
IURP� WKH� FXOYHUW� LQ� �������� DUH� D� SRWHQWLDO� LQGLFDWRU� RI� SURFHVV� ZDWHU� VHHSDJH� IURP� WKH
FRUULGRU� GUDLQ� WKURXJK� WKH� FXOYHUW�� � $QDO\VLV� RI� 1+��1� DQG� VXOIXU� LVRWRSHV� LQ� WKH� IHZ
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DUFKLYHG� VDPSOHV� WKDW� H[LVW� FRQILUPV� WKLV� DVVHVVPHQW�DQG� IXUWKHU� LQYHVWLJDWLRQV�KDYH�EHHQ
LQLWLDWHG�

,Q�UHODWLRQ�WR�WKH�OHDN�QRWLILHG�RQ�$SULO���WK��������HVWLPDWHV�RI�GLOXWLRQ�RI�SURFHVV�ZDWHU�E\
UDLQIDOO� DQG� UXQRII� LQ� WKH� ORZ� IORZ� FXOYHUW� GUDLQ� WKURXJK� WKH� UHOHYDQW� WLPH� SHULRG� FDQ� EH
PDGH�IURP�1+��1�����5D�DQG�VXOIXU�LVRWRSH�GDWD���$PPRQLXP�LRQ�FRQFHQWUDWLRQ�GDWD�ZHUH
XVHG� WR� FDOFXODWH� D� GLOXWLRQ� IDFWRU� IRU� WKH� SURFHVV� ZDWHU� UHSRUWLQJ� WR� WKH� 9/*&5&
PRQLWRULQJ� VLWH�� 7KH� GDLO\� YROXPH� RI� SURFHVV� ZDWHU� HTXLYDOHQW� ZDV� WKHQ� HVWLPDWHG� E\
PXOWLSO\LQJ�WKH�GLOXWLRQ�IDFWRU�E\�WKH�PHDVXUHG�GDLO\�IORZ��,I�LW�LV�DVVXPHG�WKDW�WKH�VHHSDJH
RFFXUUHG� IRU� D� PD[LPXP� SHULRG� RI� ��� GD\V� �IURP� )HEUXDU\� �� WR� 0D\� ��� ������ EDVHG� RQ
DPPRQLXP�LRQ�GDWD���DQG�WKDW�WKH�DYHUDJH�GDLO\�VHHSDJH�UDWH�WKURXJK�WKH�FXOYHUW�ZDV��P�

RI�SURFHVV�ZDWHU��WKHQ�D�PD[LPXP�WRWDO�YROXPH�RI���P��RI�SURFHVV�ZDWHU�PD\�KDYH�VHHSHG
WKURXJK�WKH�FXOYHUW�DQG�UHSRUWHG�WR�WKH�9/*&5&�PRQLWRULQJ�VLWH���'XULQJ�WKLV�VDPH����GD\
SHULRG�D�WRWDO�RI�DSSUR[LPDWHO\�����������P��RI�ZDWHU�IORZHG�SDVW�PRQLWRULQJ�VLWH�*&��

$QDO\VLV�RI�PRQLWRULQJ�GDWD�LQ�WKH�DUWLILFLDO�ZHWODQG�ILOWHUV��DQG�GRZQVWUHDP�LQ�*HRUJHWRZQ
%LOODERQJ�DQG�0DJHOD�&UHHN�� VKRZV�FRQFOXVLYHO\� WKDW� WKHUH�ZDV�QR�HQYLURQPHQWDO� LPSDFW�
DQG� WKDW� FRQWDPLQDQWV� ZHUH� WUDSSHG� LQ� WKH� ILUVW� RI� WKH� DUWLILFLDO� ZHWODQG� ILOWHUV� RQ� WKH
PLQHVLWH�

6LJQLILFDQW�ZRUNV� KDYH� EHHQ� LPSOHPHQWHG� RU� SODQQHG� WR� SUHYHQW� D� UHSHDW� RI� WKLV� W\SH� RI
LQFLGHQW�� � )RU� H[DPSOH�� D� FRQFUHWH� VSRRQ� GUDLQ� KDV� EHHQ� FRQVWUXFWHG� DERYH� WKH� 9/*�/*
FXOYHUW� EHQHDWK� WKH� WDLOLQJV� FRUULGRU� GUDLQ� WR� HQVXUH� WKDW� LW� GRHV� QRW� OHDN�� � ,QYHVWLJDWLRQV
KDYH�EHHQ�DOVR�LQLWLDWHG�WR�HQVXUH�WKDW�WKH�WDLOLQJV�FRUULGRU�GUDLQ�DQG�EXQG�V\VWHP�RSHUDWHV
HIIHFWLYHO\�DV�D�WRWDO�FRQWDLQPHQW�V\VWHP�

3URWRFROV�DQG�SURFHGXUHV�IRU�REVHUYLQJ��ORFDWLQJ��GHVFULELQJ��UHSDLULQJ�DQG�DVVHVVLQJ�WDLOLQJV
DQG�SURFHVV�ZDWHU�OHDNV�KDYH�EHHQ�UHILQHG�DQG�DGGLWLRQDO�WUDLQLQJ�KDV�EHHQ�LPSOHPHQWHG�WR
HQVXUH�WKDW�DOO� UHOHYDQW� LQIRUPDWLRQ� LV� UHFRUGHG�DSSURSULDWHO\�� �:RUN�KDV�DOVR�FRPPHQFHG
RQ� D� UHSRUWLQJ� SURWRFRO� WKDW� FODULILHV� (5$ªV� UHTXLUHPHQWV� UHODWLQJ� WR� UHSRUWLQJ� WR
VWDNHKROGHUV�

(5$ªV� DELOLW\� WR� FRQWLQXH� WR� SURWHFW� WKH� VXUURXQGLQJ� HQYLURQPHQW� IURP� WKH� LPSDFWV� RI
XUDQLXP�PLQLQJ�FDQQRW�FRQWLQXDOO\�UHO\�RQ�WKH�EDFNXS�SURWHFWLRQ�V\VWHPV�GHVLJQHG�LQWR�WKH
5DQJHU�RSHUDWLRQ�� �7KH�FKDQJHV��SURFHGXUHV�DQG�SUDFWLFHV�UHVXOWLQJ�IURP�WKLV� LQYHVWLJDWLRQ
DUH�DLPHG�DW�HQVXULQJ�WKDW�WKH�SULPDU\�SURWHFWLRQ�V\VWHPV�SHUIRUP�WR�H[SHFWDWLRQV�



3UHSDUHG�IRU� 6XSHUYLVLQJ�6FLHQWLVW ��������
-RE�1R�����

�

� %$&.*5281'

$Q� LQFLGHQW�RFFXUUHG�DW� WKH�(5$�5DQJHU�0LQH� LQ�ZKLFK�D� OHDN� IURP�D�SURFHVV�ZDWHU�SLSH
ZLWKLQ� D� EXQGHG� FRQWDLQPHQW� DUHD� EHFDPH� DQ� LVVXH� RI� FRQFHUQ� WR� 7UDGLWLRQDO� ODQGRZQHUV
DQG�&RPPRQZHDOWK�DQG�7HUULWRU\�0LQLVWHUV���7KH�LQFLGHQW�ZDV�GDPDJLQJ�WR�WKH�UHSXWDWLRQ
RI�(5$�DQG�1RUWK�/LPLWHG�DQG�WR�LWV�UHODWLRQVKLS�ZLWK�NH\�VWDNHKROGHUV�

,QYHVWLJDWLRQV� LQ� SURJUHVV� KDYH� FRQVLGHUHG� LQ� GHWDLO� WKH� FKDLQ� RI� HYHQWV� JLYLQJ� ULVH� WR� WKH
LQFLGHQW��$�FKURQRORJLFDO�DFFRXQW�RI�WKHVH�HYHQWV�LV�DV�IROORZV�

7KH�SK\VLFDO�ORFDWLRQ�RI�WKH�SURFHVV�ZDWHU�OHDN��)LJXUHV�������ZDV�WKH�ZHVWHUQ�VHFWLRQ�RI�WKH
WDLOLQJV�FRUULGRU�EXQG��D�EXQGHG�FRUULGRU�FRQQHFWLQJ�WKH�PLOO�DQG�WDLOLQJV�GDP��GHVLJQHG�WR
DFW� DV� D� VHFRQGDU\� FRQWDLQPHQW� V\VWHP� IRU� SLSHV� FDUU\LQJ� WDLOLQJV� WR� WKH� GDP� DQG� UHWXUQ
SURFHVV�ZDWHU�WR�WKH�PLOO��7KLV�LQIUDVWUXFWXUH�GDWHV�EDFN�WR�WKH�EHJLQQLQJ�RI�PLOO�RSHUDWLRQV
�DOWKRXJK� WKH� SLSHOLQHV� KDYH� EHHQ� YDULRXVO\� UHSODFHG� RYHU� WLPH� GXH� WR� QRUPDO� ZHDU� DQG
WHDU��DQG�ZKLOH�WKH�WDLOLQJV�SLSHV�DUH�QR�ORQJHU�LQ�XVH�LQ�WKH�VHFWLRQ�ZKHUH�WKH�OHDN�RFFXUUHG�
WKH�VWHHO�SURFHVV�ZDWHU�SLSH�VWLOO�FDUULHV�SURFHVV�ZDWHU�IURP�WKH�WDLOLQJV�GDP�

,Q�'HFHPEHU������D� WULDO� �WKH�':�$�7ULDO��ZDV� LQLWLDWHG� WR� WHVW� WKH�DELOLW\�RI� WKH�&RUULGRU
&UHHN�FRQVWUXFWHG�ZHWODQG�VRXWK�RI�WKH�7DLOLQJV�FRUULGRU�EXQG�WR�DWWHQXDWH�VROXWHV�LQFOXGLQJ
KHDY\�PHWDOV�DQG�QLWUDWH��:DWHU�IURP�D�PLQH�GHZDWHULQJ�ERUH��':�$��ZDV�SXPSHG�WR�WKH
FDSSHG� YHU\� ORZ� JUDGH�ZDVWH� VWRFNSLOH� �9/*�ZDVWH� VWRFNSLOH�� WR� WKH� QRUWK� RI� WKH� WDLOLQJV
FRUULGRU� EXQG�� )URP� KHUH� LW� IORZHG� DFURVV� DQG� WKURXJK� DGMDFHQW� ZDVWH� URFN�� XQGHU� WKH
WDLOLQJV�FRUULGRU�YLD�D�FRQFUHWH�ER[�FXOYHUW��WKH�9/*�WDLOLQJV�FRUULGRU�FXOYHUW���DQG�LQWR�WKH
FRQVWUXFWHG�ZHWODQGV��:HHNO\�VDPSOHV�ZHUH�WDNHQ�DW�WKH�VRXWK�HQG�RI�WKH�FXOYHUW�WR�PRQLWRU
WKH�OHYHOV�RI�YDULRXV�VROXWHV�LQ�ZDWHU�HQWHULQJ�WKH�ZHWODQG�V\VWHP�

2Q� �� )HEUXDU\�� WKH� ':�$� WULDO� VDPSOH� VKRZHG� DEQRUPDOO\� KLJK�PDQJDQHVH� �0Q�� OHYHOV
�������SSE��� �7KH�IROORZLQJ�ZHHN�WKH�0Q�OHYHO�KDG�GURSSHG�EXW�ZDV�HOHYDWHG�DJDLQ� LQ� WKH
VDPSOHV�IURP�)HEUXDU\���WK�WR�0DUFK��WK�

2Q� 0DUFK� ��WK� DQ� LQYHVWLJDWLRQ� ZDV� LQLWLDWHG� DQG� YDULRXV� VDPSOHV� ZHUH� FROOHFWHG� ERWK
XSVWUHDP�DQG�GRZQVWUHDP�RI�WKH�9/*&5&�WR�WUDFN�GRZQ�WKH�VRXUFH�RI�WKH�HOHYDWHG�0Q�

2Q�0DUFK���WK��WRZDUGV�WKH�HQG�RI�WKH�ZHW�VHDVRQ��D�VPDOO�XSZHOOLQJ�RI�ZDWHU�ZDV�IRXQG�LQ
DQ� DUHD� WR� WKH�ZHVW� RI� WKH�9/*� WDLOLQJV� FRUULGRU� FXOYHUW��$W� WKLV� SRLQW��ZKHUH� WKH� SURFHVV
ZDWHU�SLSH�SDVVHG�EHQHDWK�D�URDG�FXOYHUW�DGMDFHQW�WR�WKH�IHQFH�DURXQG�WKH�WDLOLQJV�GDP��WKH
SLSH�KDG�EHFRPH�EXULHG�XQGHU�VLOW���([FDYDWLRQ�UHYHDOHG�WKH�VRXUFH�RI�WKH�XSZHOOLQJ�WR�EH�D
GLVXVHG�OHQJWK�RI�WDLOLQJV�SLSH�IURP�ZKLFK�ZDWHU�IORZ�ZDV�PHDVXUHG�DW�����O�VHF��%\�$SULO
�WK� WKH� VRXUFH� RI� WKH� ZDWHU� ZDV� LGHQWLILHG� DV� WKH� IODQJH� MRLQW� EHWZHHQ� IL[HG� DQG� IOH[LEOH
VHFWLRQV�RI� WKH�SURFHVV�ZDWHU�SLSH�RQ� WKH�RWKHU� VLGH�RI� WKH� URDG� FXOYHUW��7KHVH�SLSHV�ZHUH
DOVR�EXULHG� LQ� VLOW� DQG� WKH� OHDNLQJ�ZDWHU�ZDV�GUDLQLQJ�EHORZ� WKH� VXUIDFH�� LQWR� WKH�GLVXVHG
VHFWLRQ� RI� SLSH�� WR� HPHUJH� RQ� WKH� RWKHU� VLGH� RI� WKH� URDG� FXOYHUW�� 7KH� OHDN� ZDV� UHSDLUHG
LPPHGLDWHO\�

$�QRWLILFDWLRQ�IRU�WKH�LQFLGHQW�ZDV�SUHSDUHG�RQ�$SULO���WK�LQ�DFFRUGDQFH�ZLWK�D�FRPPLWPHQW
WR�DGYLVH�PDLQ�VWDNHKROGHUV�RI�XQSODQQHG�HYHQWV�� �+RZHYHU��GXH�WR�D�VHTXHQFH�RI� LQWHUQDO
GHOD\V� �WKH� (DVWHU� DQG� $Q]DF� GD\� EUHDN� DQG� WKH� DVVXPSWLRQ� WKDW� QR� SURFHVV� ZDWHU� KDG
HVFDSHG�RII�VLWH��WKH�QRWLILFDWLRQ�ZDV�QRW�VHQW�WR�VWDNHKROGHUV�XQWLO�$SULO���WK�� � ,Q�VXPPDU\
WKH�QRWLILFDWLRQ�DGYLVHG�WKDW�
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• DQ� HVWLPDWHG� ����� P�� RI� SURFHVV� ZDWHU� OHDNHG� LQWR� WKH� WDLOLQJV� FRUULGRU� GUDLQ� RYHU
DSSUR[LPDWHO\� WKUHH� PRQWKV�� IURP� ZKHUH� LW� ZRXOG� KDYH� IORZHG� WR� D� VXPS� DIWHU
FRQVLGHUDEOH�GLOXWLRQ�E\�UDLQZDWHU�

• WKHUH�ZDV�PLQLPDO�LPSDFW�RQ�ZDWHU�TXDOLW\�PHDVXUHG�DW�WKH�VXPS��ZKLFK�ZDV�SXPSHG
LQWR�WKH�ORZHU�TXDOLW\�53��GXULQJ�WKH�SHULRG�ZKHQ�WKH�OHDN�ZDV�XQLGHQWLILHG�

• WKH�GHOD\�LQ�UHSDLULQJ�WKH�SLSHOLQH�ZDV�GXH�WR�DQ�LQDELOLW\�WR�LGHQWLI\�WKH�VHHSDJH�GXULQJ
WKH�ZHW�VHDVRQ��DQG�WKDW

• WKHUH�ZDV�QR�LQIULQJHPHQW�RU�HQYLURQPHQWDO�GDPDJH�LQYROYHG�

8QIRUWXQDWHO\�� WKH� QRWLILFDWLRQ� GLG� QRW� LQFOXGH� DQ� DVVHVVPHQW� RI� ZDWHU� TXDOLW\� GDWD�� WKH
SRWHQWLDO� VLJQLILFDQFH�RI� WKH�HOHYDWHG�0Q� OHYHOV�DW�9/*&5&�QRW�EHLQJ�UHFRJQLVHG�E\�(5$�
DQG�KHQFH�ZDV�QRW�UHSRUWHG�WR�VWDNHKROGHUV��� �'LVFXVVLRQ�ZLWK�266�RQ�$SULO���WK�IROORZLQJ
LVVXH�RI�WKH�QRWLILFDWLRQ�UHVXOWHG�LQ�UHFRJQLWLRQ�RI�VWDNHKROGHU�FRQFHUQV�DERXW�WKH�SRVVLELOLW\
WKDW�VRPH�SURFHVV�ZDWHU�KDG�FRQWULEXWHG�WR�WKH�VROXWH�FRQFHQWUDWLRQV�PHDVXUHG�DW�WKH�ZDWHU
TXDOLW\�PRQLWRULQJ�VLWH�9/*&5&����7KH�UHJXODWRUV�QRWLILHG�(5$�DQG�1RUWK�RI�WKHLU�FRQFHUQV
ZLWK� WKH� ODFN� RI� GHWDLO� LQ� WKH� QRWLILFDWLRQ� DQG� D� SUHVV� UHOHDVH� ZDV� JHQHUDWHG� E\� (5$
DFNQRZOHGJLQJ�WKHVH�FRQFHUQV�

2Q�0D\��UG� �PRQLWRULQJ�GDWD� IURP�DQRWKHU� WULDO�FRQGXFWHG�E\�(:/�6FLHQFHV�D�\HDU�HDUOLHU
HPHUJHG�ZKLFK�VKRZHG�HYHQ�KLJKHU�OHYHOV�RI�PDQJDQHVH�DW�WKH�VDPH�PRQLWRULQJ�SRLQW��7KLV
FDVW�IXUWKHU�GRXEW�RYHU�ZKHWKHU�WKH�DEQRUPDO�UHDGLQJV�ZHUH�GXH�WR�WKH�SURFHVV�ZDWHU�OHDN
RU� FRXOG� LQVWHDG� KDYH� EHHQ� DVVRFLDWHG� ZLWK� OHDFKLQJ� IURP� WKH� 9/*� DQG� ZDVWH� URFN
VWRFNSLOHV����$�VHSDUDWH�LQYHVWLJDWLRQ�KDV�EHHQ�LQLWLDWHG�LQ�UHODWLRQ�WR�WKHVH�GDWD�

%\�0D\��WK��ZDWHU�TXDOLW\�VDPSOLQJ�ZLWKLQ�WKH�FXOYHUW��LQ�FRQMXQFWLRQ�ZLWK�D�K\GUDXOLF�ORDG
WHVW��GHPRQVWUDWHG� WKDW�ZDWHU� LQ� WKH� WDLOLQJV� FRUULGRU�GUDLQ� FRXOG� VORZO\� VHHS� WKURXJK� WKH
URRI�RI�WKH�FXOYHUW�EHQHDWK�WKH�WDLOLQJV�FRUULGRU�GUDLQ���7KLV�FRQILUPHG�WKH�SRVVLELOLW\�WKDW�D
VPDOO�YROXPH�RI�SURFHVV�ZDWHU�KDG�VHHSHG�LQWR�WKH�9/*�GUDLQ�DQG�UHSRUWHG�WR�WKH�9/*&5&
PRQLWRULQJ�VLWH�

$FWLRQV� UHVROYHG� DW� D� VSHFLDO� PHHWLQJ� RI� WKH� 5DQJHU� 0LQHVLWH� 7HFKQLFDO� &RPPLWWHH� RQ
7KXUVGD\�0D\���WK�WR�FODULI\�WKH�VFRSH�RI�WKH�LQYHVWLJDWLRQV�ZHUH�DV�IROORZV�

266�WR�SURYLGH�DQ�LQGHSHQGHQW�DVVHVVPHQW�RI�SLSHOLQH�LQWHJULW\��6.0�UHSRUW��

(5$� WR� SURYLGH� VWDNHKROGHUV� ZLWK� DQ� LQIRUPDWLRQ� PHPRUDQGXP� RQ� HDUWKZRUNV� EHLQJ
XQGHUWDNHQ�RQ�WKH�SURFHVV�ZDWHU�SLSHOLQH��UHSRUWHG�LQ�WKH�,QWHULP�5HSRUW��

(5$�WR�VXSSO\�D�GLVFXVVLRQ�SDSHU�RQ�FODULI\LQJ�UHSRUWLQJ�UHTXLUHPHQWV�WR�VWDNHKROGHUV��WKLV
UHSRUW��

(5$� WR� SURGXFH� D� SUHOLPLQDU\� UHSRUW� FRPSLOLQJ� WKH� GDWD� IURP� FXUUHQW� DQG� SDVW� VWXGLHV
UHOHYDQW�WR�DVVHVVLQJ�WKH�LQFLGHQW�E\���WK�0D\�������UHSRUWHG�LQ�WKH�,QWHULP�5HSRUW��

(5$� WR� SURGXFH� D� SURSRVDO� E\� ��WK� 0D\� ������ LQ� FRQVXOWDWLRQ� ZLWK� VWDNHKROGHUV�� RQ
LQYHVWLJDWLQJ�SRWHQWLDO� LPSDFWV�WR�HGLEOH�VSHFLHV� LQ�WKH�*HRUJHWRZQ�DQG�0DJHOD�V\VWHPV��LQ
SURJUHVV��

6WDNHKROGHUV�WR�FRPSLOH�UHOHYDQW�GDWD�IURP������¥�SUHVHQW�IRU�LQFOXVLRQ�LQ�WKH�UHSRUW�RQ�WKH
RXWFRPHV�RI���������&RUULGRU�&UHHN�UHVHDUFK�SURMHFW��LQ�SURJUHVV��
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(5$� WR� SURGXFH� D� SUHOLPLQDU\� LQWHUSUHWDWLYH� UHSRUW� RQ� WKH� LQFLGHQW� E\� ��WK� 0D\� ����
�UHSRUWHG�LQ�WKH�,QWHULP�5HSRUW��

(5$�WR�SURYLGH�UDZ�GDWD�WR�VWDNHKROGHUV�E\���WK�0D\�������DFWLRQHG���DQG

07&�WR�PHHW�RQ���WK�0D\������WR�GLVFXVV�(5$ªV�LQWHUSUHWDWLYH�UHSRUW��DFWLRQHG��

7KH�,QWHULP�5HSRUW�VXPPDULVHG�DQG�HYDOXDWHG�DOO�GDWD�DYDLODEOH� WR� WKH�GDWH�RI� WKH�6SHFLDO
07&�PHHWLQJ�RQ�0D\���WK���$�QXPEHU�RI�LQYHVWLJDWLRQV�ZHUH�LQLWLDWHG�IROORZLQJ�GLVFXVVLRQV
DW�WKDW�PHHWLQJ�DQG�DV�D�UHVXOW�RI�UHTXHVWV�PDGH�E\�VWDNHKROGHUV��LQFOXGLQJ�

• GHWHUPLQDWLRQ��LI�SRVVLEOH��RI�WKH�PD[LPXP�DPRXQW�RI�SURFHVV�ZDWHU�WKDW�OHDNHG
IURP�WKH�SLSH�LQWR�WKH�WDLOLQJV�FRUULGRU�EXQG�

• LGHQWLILFDWLRQ�RI�WKH�VRXUFH�RI�0Q�OHDFKHG�IURP�WKH�ZDVWH�URFN�VWRFNSLOHV�

• HYLGHQFH�WKDW�PLJKW�UXOH�RXW�WKH�SRVVLELOLW\�WKDW�WKHUH�KDV�EHHQ�D�FRQWLQXLQJ�OHDN
RI�SURFHVV�ZDWHU�RYHU�WKH�SDVW�FRXSOH�RI�\HDUV��SRWHQWLDOO\�LQGLFDWHG�E\�KLJK�0Q
DW�9/*&5&�LQ����������

• KLVWRULFDO�GDWD�RQ�WKH�ORFDWLRQ��DQG�VL]H��RI�SURFHVV�ZDWHU�DQG�WDLOLQJV�OHDNV�DORQJ
WKH�WDLOLQJV�FRUULGRU�URDG�

• LQIRUPDWLRQ�RQ�WKH�SUHGLFWDEOH�IXWXUH�EHKDYLRXU�RI�ZDVWH�URFN�VWRFNSLOHV�LI�KLJK
0Q��DV�REVHUYHG�DW�9/*&5&��LV�WR�EH�OHDFKHG�RXW�RI�WKHP�

• HYDOXDWLRQ�RI�GDWD�WR�GHWHUPLQH�WKH�H[WHQW�RI�DQ\�HQYLURQPHQWDO�LPSDFW�IURP�WKH
OHDN�

• DWWHPSW� WR� XQUDYHO� XQHTXLYRFDOO\� WKH� VRXUFH� RI�ZDWHUV� DW� 9/*&5&� WKURXJK� 6�
LVRWRSH�DQDO\VHV�RI�DUFKLYHG�VDPSOHV��LI�WKH\�H[LVW���DQG

• HVWDEOLVKPHQW�RI� D� WHFKQLFDO� VSHFLDOLVWV�JURXS� WR�PHHW� VHSDUDWHO\� IURP� WKH�07&
DQG�JXLGH�WKH�LQYHVWLJDWLRQV�DQG�GDWD�HYDOXDWLRQ�

7KH� UHVXOWV� RI� WKHVH� LQYHVWLJDWLRQV� WR� GDWH� DUH� VXPPDULVHG� DQG� HYDOXDWHG� LQ� WKLV� 6HFRQG
5HSRUW�

� ,1&,'(17�5(9,(:

7KH�,QWHULP�5HSRUW��0D\���WK��������H[DPLQHG�WKH�WHFKQLFDO�LVVXHV�VXUURXQGLQJ�WKH�SURFHVV
ZDWHU�OHDN�LQFLGHQW�LQ�$SULO������DQG�GUHZ�FRQFOXVLRQV�IURP�WKH�DYDLODEOH�GDWD���7KH�UHSRUW
DOVR� LGHQWLILHG� IXUWKHU� LQYHVWLJDWLRQV� WKDW� ZRXOG� FODULI\� D� QXPEHU� RI� LVVXHV� RI� FRQFHUQ� WR
VWDNHKROGHUV�

$� SDUDOOHO� LQYHVWLJDWLRQ� KDG� EHHQ� LQLWLDWHG� WR� H[DPLQH� WKH� LQFLGHQW� IURP� D� PDQDJHPHQW
V\VWHPV�DQG�RUJDQLVDWLRQDO�SHUVSHFWLYH���7KLV�KDV�EHHQ�FRPSOHWHG�DQG�D�UHSRUW�VXEPLWWHG�WR
WKH�&KLHI�([HFXWLYH�2IILFHUV�RI�1RUWK�/LPLWHG�DQG�(5$�/LPLWHG�
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� ,03$&7�$66(660(17

��� 5HWHQWLRQ�DQG�UHWDUGDWLRQ�RI�5XQRII�:DWHU�DW�5DQJHU�0LQH

)LJXUH��� LV�D�PDS�RI� WKH�ZDWHU�PDQDJHPHQW�V\VWHP�DW�5DQJHU�0LQH�� VKRZLQJ� WKH�ZHWODQG
ILOWHUV�DQG�UHWHQWLRQ�EDVLQV�WKDW�KDYH�EHHQ�FRQVWUXFWHG�WR�SURWHFW�WKH�VXUURXQGLQJ�OHDVH�DUHDV
IURP�PLQHVLWH�UXQRII���7KH\�LQFOXGH�

• 5HWHQWLRQ�3RQG����UXQRII�IURP�QDWLYH�ZRRGODQGV�DQG�ZDVWH�URFN�VWRFNSLOHV��

• 53��ZHWODQG�ILOWHU��IRU�WUHDWPHQW�RI�53��ZDWHU��

• 5HWHQWLRQ�3RQG����UXQRII�IURP�PLQH�DUHDV�DQG�RUH�VWRFNSLOHV��DQG�ZDWHU�IURP�3LW
����

• 'MDONPDUD� %LOODERQJ� �UXQRII� IURP� ORZ� JUDGH� RUH� VWRFNSLOHV� DQG� VHHSDJH� IURP
53���

• %URFNPDQ�ZHWODQG�ILOWHU��UXQRII�IURP�QDWLYH�ZRRGODQGV�DQG�*UDYHO�3LW��

• 0%/�ZHWODQG�ILOWHU��UXQRII�IURP�QDWLYH�ZRRGODQGV�DQG�%URFNPDQ�3RQG���DQG

• 6OHHS\�&RG�ZHWODQG�ILOWHU��UXQRII�IURP�QDWLYH�ZRRGODQGV�DQG�0%/�3RQG��

$V� FDQ� EH� VHHQ�� HFRV\VWHPV� VXFK� DV� *HRUJHWRZQ� %LOODERQJ� DQG� 0DJHOD� &UHHN� DUH
VXEVWDQWLDOO\�SURWHFWHG�E\�WKLV�FRPSOH[�RI�DUWLILFLDO�ZHWODQG�ILOWHUV��E\�GHVLJQ��IURP�PLQHVLWH
UXQRII�WKURXJK�WKH�9/*�GUDLQ���0RQLWRULQJ�VLWHV�DW�9/*&5&��*&%5��*&0%/��*&��DQG�6&'
SURYLGH�GDWD�RQ�ZDWHU�TXDOLW\�WKURXJKRXW�WKH�DUWLILFLDO�ZHWODQG�ILOWHU�V\VWHP���'RZQVWUHDP
DQG�FRQWURO�VLWHV�DUH�DW�*HRUJHWRZQ�%LOODERQJ�DQG�LQ�D�QDWXUDO�WULEXWDU\�FUHHN�WR�WKH�VRXWK�

��� &KDUDFWHULVDWLRQ�RI�3RWHQWLDO�6RXUFH�:DWHUV�DW�WKH�9/*&5&�6LWH

����� 2YHUYLHZ

7KHUH�DUH�D�QXPEHU�RI�SRWHQWLDO�VRXUFHV�RI�ZDWHU�WKDW�FDQ�UHSRUW�WR�WKH�9/*&5&�PRQLWRULQJ
SRLQW��DQG�HDFK�RI� WKHVH�PXVW�EH�FRQVLGHUHG�LQ�WKH�FRQWH[W�RI� WKH� OHYHOV�RI�PDQJDQHVH�WKDW
ZHUH�PHDVXUHG���7KHVH�VRXUFHV�DUH�

• UXQRII� DQG� VHHSDJH� IURP� WKH� FDSSHG� DUHD� RI� WKH� VRXWKHUQ� 9/*�/*� DQG� ZDVWH� URFN
VWRFNSLOHV�WKDW�UHSRUWV�WR�WKH�FXOYHUW�YLD�WKH�GUDLQ�DW�WKH�EDVH�RI�WKH�ZDVWH�URFN�

• ZDWHU�IURP�ERUH�':�$�EHLQJ�GLVFKDUJHG�DFURVV�WKH�WRS�RI�WKH�ZDVWH�URFN�VWRFNSLOH��DQG

• VHHSDJH�RI�WDLOLQJV�SURFHVV�ZDWHU�WKURXJK�WKH�URRI�RI�WKH�FXOYHUW�XQGHUO\LQJ�WKH�WDLOLQJV
SLSHOLQH�FRUULGRU�

7KH�ORFDWLRQV�RI�HDFK�RI�WKHVH�VRXUFHV�DUH�PDUNHG�RQ�)LJXUH���

7KH�GLIIHUHQW�FKHPLFDO�FRPSRVLWLRQV�RI�HDFK�RI�WKHVH�VRXUFH�ZDWHUV�FDQ�SRWHQWLDOO\�EH�XVHG
WR�SDUWLWLRQ�WKH�ORDGV�RI�VROXWHV��LQFOXGLQJ�0Q��EHWZHHQ�HDFK�RI�WKH�FRQWULEXWLQJ�VRXUFHV���,Q
SDUWLFXODU� WKH� SUHVHQFH� RI� KLJK� FRQFHQWUDWLRQV� RI� SDUWLFXODU� VROXWHV�� RU� WKH� SUHVHQFH� RU
DEVHQFH�RI�RQH�RU�PRUH�FKHPLFDOO\�FRQVHUYDWLYH� WUDFH� VROXWHV�� FDQ�EH�XVHG� WR� ILQJHUSULQW�D
VRXUFH�DQG�KHQFH�GHULYH�LWV�FRQWULEXWLRQ�WR�WKH�WRWDO�ORDG���4XDQWLWDWLYH�,&306�VFDQ�GDWD�IRU
VDPSOHV�RI�HDFK�RI�WKH�SRVVLEOH�VRXUFH�ZDWHUV�FROOHFWHG�ODWH�LQ�0DUFK�DQG�LQ�WKH�ILUVW�ZHHN�RI
0D\�DUH�SUHVHQWHG�IRU�UHIHUHQFH�LQ�7DEOH���
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����� 3URFHVV�:DWHU

$�W\SLFDO�PDMRU�DQG�PLQRU�LRQ�FRPSRVLWLRQ�RI�WDLOLQJV�SURFHVV�ZDWHU�LV�SURYLGHG�LQ�7DEOH��
IRU�UHIHUHQFH�SXUSRVHV���$�IXOO�,&306�VFDQ�KDV�DOVR�EHHQ�GRQH�IRU�D�VDPSOH�RI�ZDWHU�IURP�WKH
WDLOV� GDP� �VLWH� 7'::�� DQG� WKH� UHVXOWV� DUH� UHSRUWHG� LQ� 7DEOH� ��� � 3URFHVV� ZDWHU� LV
FKDUDFWHULVHG� E\� KLJK� FRQFHQWUDWLRQV� RI� PDJQHVLXP�� VXOIDWH�� PDQJDQHVH�� DQG� DPPRQLXP
LRQ�� 0DQJDQHVH�� DQG� HVSHFLDOO\� DPPRQLXP�� DUH� FRQVLGHUHG� WR� EH� VLJQDWXUH� DQDO\WHV� IRU
SURFHVV�ZDWHU������5D�LV�DOVR�UHODWLYHO\�HQULFKHG�LQ�SURFHVV�ZDWHU�

����� ':�$�:DWHU

$�WULDO�LQYROYLQJ�ZHWODQG�WUHDWPHQW�RI�ZDWHU�IURP�ERUH�':�$�ZDV�LQ�SURJUHVV�DW�WKH�WLPH
WKDW�WKH�HOHYDWHG�OHYHOV�RI�0Q�ZHUH�GHWHFWHG�DW�WKH�9/*&5&�VDPSOLQJ�SRLQW���%RUH�':�$�LV
WKH�PDLQ�GHZDWHULQJ�ERUH�IRU�3LW���DQG�LV�ORFDWHG�EHWZHHQ�53��DQG�WKH�HGJH�RI�3LW�����7KH
ERUH�ZDWHU�ZDV�SXPSHG�WR�D�VXPS�ORFDWHG�QHDU�WKH�53��ZHWODQG�ILOWHU�DQG�RQWR�WKH�UHFHQWO\
FDSSHG� DQG� UHYHJHWDWHG� DUHD� RI� 9/*�/*� VWRFNSLOHV�� DQG� ERXQGLQJ� ZDVWH� URFN�� WKDW
LQWHJUDWHV�WKH�HDVWHUQ�ZDOO�RI�WKH�WDLOLQJV�GDP�ZLWK�WKH�DGMDFHQW�ZDVWH�URFN�VWRFNSLOHV���7KLV
ZDWHU� XOWLPDWHO\� UHSRUWHG� DV� D� FRPELQDWLRQ� RI� VXUIDFH� UXQRII� DQG� VHHSDJH� WKURXJK� WKH
VWRFNSLOHV�WR�WKH�FXOYHUW�XQGHUO\LQJ�WKH�WDLOLQJV�SLSHOLQH�FRUULGRU�GUDLQ���$�W\SLFDO�PDMRU�DQG
PLQRU�LRQ�FRPSRVLWLRQ�RI�':�$�ZDWHU�LV�JLYHQ�LQ�7DEOH���

7KLV� VRXUFH� LV� FKDUDFWHULVHG�E\�DONDOLQH�S+�����������DQG�VXEVWDQWLDO�ELFDUERQDWH�DONDOLQLW\�
0DJQHVLXP�DQG�VXOIDWH�DUH�WKH�PDMRU�LRQV���7KH�FRQFHQWUDWLRQ�RI�0Q�LQ�WKLV�ZDWHU�LV�XVXDOO\
FORVH� WR�DQDO\WLFDO�GHWHFWLRQ� OLPLW� �����J�/��DQG�8�YDOXHV�DUH� ORZ� �a����J�/��� �7KH�PDMRU
HIIHFW� RI� ':�$� ZDWHU� FRQWDFWLQJ� WKH� ZDVWH� URFN� ZDV� DQ� LQFUHDVH� LQ� 8� FRQFHQWUDWLRQV
PHDVXUHG�DW�9/*&5&���7KLV�RFFXUUHG�EHIRUH�DQ\�HOHYDWLRQ�LQ�0Q�OHYHOV�ZDV�GHWHFWHG�DQG�LV
SUREDEO\� D� UHVXOW� RI� WKH� OHDFKLQJ� RI� 8� IURP� WKH� ZDVWH� URFN� E\� WKH� KLJKHU� S+�� KLJKHU
ELFDUERQDWH�UHJLPH�LQGXFHG�E\�WKH�':�$�ZDWHU���7KH�':�$�WULDO�ZDV�VWDUWHG�LQ�'HFHPEHU
������ �0RQLWRULQJ�RI� WKLV� WULDO��SULRU� WR� WKH�GHWHFWLRQ�RI� HOHYDWHG�0Q�� LQGLFDWHG� WKDW�������
IROG�DWWHQXDWLRQ�RI�8�ZDV�RFFXUULQJ�LQ�WKH�%URFNPDQ�ZHWODQG�ILOWHU��*&%5��)LJXUHV���DQG����
ZLWK�IXUWKHU�VXEVWDQWLDO�DWWHQXDWLRQ�LQ�WKH�0%/�ZHWODQG�ILOWHU��*&0%/��

����� 0RQLWRULQJ�6LWH�9/*&5&��GRZQVWUHDP�RI�WKH�FRUULGRU�GUDLQ�FXOYHUW

9/*&5&�GDWD�IRU�WKH���������ZHW�VHDVRQ

7KH�GHWDLOHG�ZDWHU�TXDOLW\�GDWD�SURGXFHG�WR�GDWH�IRU�WKH���������ZHW�VHDVRQ�DUH�UHFRUGHG�LQ
7DEOH�����7KH�PRVW�VDOLHQW�GDWD�DUH�WKH�WLPH�VHULHV�IRU�S+��FRQGXFWLYLW\�DQG�PDQJDQHVH���7KH
GDWD� IRU�S+�DQG�FRQGXFWLYLW\�GDWD� IRU�9/*&5&�IRU� WKH���������ZHW�VHDVRQ�DUH�FRPSDUHG
ZLWK�GDWD�RYHU�WKH�WZR�HDUOLHU�ZHW�VHDVRQV��IRU�PRQLWRULQJ�VLWH�*&65��LQ�*UDSK�����,W�FDQ�EH
VHHQ�WKDW�WKHUH�LV�D�IXQGDPHQWDO�GLIIHUHQFH�LQ�WKH�FKDUDFWHULVWLFV�RI�WKH�SORWV�IRU�HDFK�RI�WKH
WKUHH�ZHW�VHDVRQV�UHSUHVHQWHG���'XULQJ�WKH�ILUVW�ZHW�VHDVRQ�WKDW�GDWD�DUH�DYDLODEOH����������
WKH� S+� UHPDLQHG� DERYH� �� DQG� WKH� HOHFWULFDO� FRQGXFWLYLW\� UHPDLQHG� FORVH� WR� ���� �6�FP�
'XULQJ�WKH���������ZHW�VHDVRQ��TXLWH�GLIIHUHQW�EHKDYLRXU�ZDV�REVHUYHG�� �7KH�S+�GHFOLQHG
IURP���WR���DW�WKH�VWDUW�RI�WKH�ZHW�VHDVRQ�DQG�WKLV�FRLQFLGHG�ZLWK�D�ULVH�LQ�FRQGXFWLYLW\�IURP
���� WR� ����� �6�FP�� � 'HVSLWH� WKH� SHUVLVWHQFH� RI� WKHVH� ORZHU� S+� YDOXHV�� WKH� HOHFWULFDO
FRQGXFWLYLW\�VXEVHTXHQW�WR�-DQXDU\�PDLQWDLQHG�D�VWHDG\�GHFUHDVH�GRZQZDUGV�WR������6�FP
DW�WKH�HQG�RI�WKH�ZHW�VHDVRQ���7KLV�EHKDYLRXU�VWURQJO\�VXJJHVWV�D�§ZDVKRXW¨�RI�VROXEOH�VDOWV
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LQLWLDOO\� PRELOLVHG� E\� FRQWDFW� ZLWK� ORZHU� S+� ZDWHU�� � 7KHVH� GDWD� DUH� EHLQJ� LQYHVWLJDWHG
IXUWKHU�

7KH�EHKDYLRXU�RI�S+�DQG�FRQGXFWLYLW\�ZDV�YHU\�GLIIHUHQW�GXULQJ� WKH���������ZHW� VHDVRQ�
7KH�S+�ZDV�RQ�DYHUDJH�DOPRVW���XQLWV�KLJKHU�WKDQ�LQ���������DQG�WKH�HOHFWULFDO�FRQGXFWLYLW\
GLG�QRW� VKRZ� WKH� VWHHS� ULVH�DQG� IDOO� VHHQ� LQ� WKH�SUHFHGLQJ�\HDU�� � ,QVWHDG�� WKH� FRQGXFWLYLW\
URVH�WR�DWWDLQ�D�VWHDG\�SODWHDX�YDOXH���7KH�REVHUYHG�EHKDYLRXU�LV�XQGRXEWHGO\�D�IXQFWLRQ�RI
WKH�HIIHFW�RI�WKH�ODUJH�YROXPHV�RI�WKH�KLJK�S+�DQG�ELFDUERQDWH�DONDOLQLW\�':�$�ZDWHU�EHLQJ
GLVFKDUJHG�DFURVV�WKH�VXUIDFH�RI�WKH�ODQGIRUP���7KH�FRQVHTXHQFH�RI�WKLV�VXEVWDQWLDOO\�KLJKHU
S+�ZRXOG�EH�WR�UHGXFH�WKH�H[WHQW�RI�OHDFKLQJ�RI�0Q�IURP�WKH�ZDVWH�URFN�

7KH�WLPH�VHULHV�GDWD�IRU�0Q�LQ���������DQG���������DUH�RYHUODLQ�LQ�*UDSK�����,W�FDQ�EH�VHHQ
WKDW�QRW�RQO\�DUH�WKH�FRQFHQWUDWLRQV�RI�0Q�PXFK�ORZHU�GXULQJ����������EXW�WKH�VKDSH�RI�WKH
JUDSKV�IRU�WKH�WLPH�VHULHV�GDWD�DUH�YHU\�GLIIHUHQW���7KHUH�LV�DOVR�D�PXFK�ORQJHU�ODJ�IURP�WKH
VWDUW� RI� WKH� ZHW� VHDVRQ� XQWLO� FRQFHQWUDWLRQV� GR� VWDUW� WR� ULVH�� � 7KH� ULVH� WKDW� GRHV� RFFXU
SUHVXPDEO\� UHIOHFWV� WKH� VWDUW� RI� VHHSDJH� RI� SURFHVV� ZDWHU� WKURXJK� WKH� URRI� RI� WKH� FXOYHUW
RYHUO\LQJ�WKH�VWRFNSLOH�GUDLQ�

$� SUHOLPLQDU\� DQDO\VLV� RI� FRUUHODWLRQV� EHWZHHQ� WKH�PDMRU� DQG�PLQRU� LRQ� FRPSRQHQWV� KDV
EHHQ� H[DPLQHG� IRU� WKH� 9/*&5&� VLWH� WR� VHH� LI� WKH� VORSH� RI� WKHVH� OLQHV� FDQ� SURYLGH� DQ
LQGLFDWLRQ� RI� WKH� H[WHQW� RI� FRQWULEXWLRQV� IURP� GLIIHUHQW� VRXUFH� ZDWHUV�� � ([DPSOHV� DUH
SURYLGHG�RI�VFDWWHU�SORWV�RI�VXOIDWH�DJDLQVW�PDQJDQHVH�IRU�HDFK�RI�WKH���������DQG��������
GDWD�VHWV��*UDSKV���DQG����� �7KH�WZR�SORWV�DUH�TXLWH�GLIIHUHQW�LQ�FKDUDFWHU���)RU�WKH��������
GDWD��PRVW�RI�WKH�SRLQWV�DUH�WLJKWO\�FOXVWHUHG�DURXQG�D�VWUDLJKW�OLQH�UHODWLRQVKLS��LPSO\LQJ�D
FRQVWDQW� FRPSRVLWLRQ�RI� VRXUFH�ZDWHU� WKURXJKRXW� WKH�ZHW� VHDVRQ�� �7KH�SORW� IRU� �������� LV
YHU\�GLIIHUHQW�ZLWK� WKH�PDMRULW\�RI�SRLQWV� VFDWWHUHG� LQ� WKH�XSSHU� OHIW�KDQG�TXDGUDQW�RI� WKH
JUDSK�� �+RZHYHU�� D� QXPEHU� RI� SRLQWV� GR� OLH� FORVH� WR� WKH� VDPH� OLQHDU� UHODWLRQVKLS� VHHQ� LQ
��������� � 7KH� RYHUOD\� RI� WKH� WZR� GDWD� VHWV� �*UDSK� ��� UHLQIRUFHV� WKH� SRLQW� WKDW� PXOWLSOH
VRXUFHV� ZHUH� FRQWULEXWLQJ� WR� WKH� FRPSRVLWLRQ� RI� ZDWHU� GHWHUPLQHG� DW� 9/*&5&� GXULQJ
���������7KH�VFDWWHULQJ�RI�SRLQWV�LQ�WKH�XSSHU�OHIW�KDQG�TXDGUDQW�LV�SUREDEO\�D�IXQFWLRQ�RI
GLIIHUHQWLDO�GLOXWLRQ�RI�VHHSDJH�ZDWHU�E\�ZDWHU�IURP�':�$���7KH�KLJKHU�S+�DQG�DONDOLQLW\�RI
WKH�':�$�ZDWHU�ZRXOG� IXUWKHU� DFW� WR� UHGXFH� WKH� GLVVROYHG� FRQFHQWUDWLRQ� RI�0Q� E\� ERWK
IDFLOLWDWLQJ� LWV� DGVRUSWLRQ� RQ� URFN� VXUIDFHV� DV�ZHOO� DV� DFFHOHUDWLQJ� R[LGDWLRQ� RI� WKH� VROXEOH
0Q�,,��WR�SURGXFH�LQVROXEOH�0Q�,9��R[LGHV�

0HDVXUHPHQWV�WR�LGHQWLI\�WKH�VRXUFH�RI�WKH�SURFHVV�ZDWHU�VHHSDJH

,QYHVWLJDWLRQV� ZHUH� LQLWLDWHG� GXULQJ� $SULO� DQG� 0D\� WR� REWDLQ� PRUH� GHWDLOHG� FKHPLFDO
ILQJHUSULQW�GDWD�IRU�WKH�VRXUFHV�RI�ZDWHU�UHSRUWLQJ�WR�9/*&5&���7KH�VSHFLILF�VLWHV�VDPSOHG
IRU� WKLV� LQYHVWLJDWLRQ� LQ� WKH� YLFLQLW\� RI� WKH� URDG� FXOYHUW� DQG� DVVRFLDWHG� SLSHOLQH� FRUULGRU
LQFOXGHG�WKH�':�$�GLVFKDUJH�RQ�WRS�RI�WKH�FDSSHG�DQG�H[FLVHG�9/*�/*�VWRFNSLOH��WKH�9/*
VWRFNSLOH�GUDLQ�XSVWUHDP�RI�WKH�FXOYHUW��§GULSV¨�RI�ZDWHU�IDOOLQJ�IURP�WKH�URRI�RI�WKH�FXOYHUW
LQWR� WKH� 9/*� VWRFNSLOH� GUDLQ�� WKH� EXQGHG� SLSHOLQH� FRUULGRU� LWVHOI�� DQG� WKH� 9/*� VWRFNSLOH
GUDLQ�GRZQVWUHDP�RI� WKH� FXOYHUW� WR�ZKHUH� LW� HQWHUV� WKH�ZHWODQG� FUHDWHG� E\� WKH� %URFNPDQ
EXQG�

7KH�FRPSOHWH�,&306�GDWD�DQG�PDMRU�LRQ�FKHPLVWU\�REWDLQHG�IRU�VDPSOHV�FROOHFWHG�IURP�HDFK
RI�WKHVH�VLWHV�RQ�RU�DERXW�0D\��WK�DUH�FRPSLOHG�LQ�7DEOHV���DQG���UHVSHFWLYHO\���,W�ZDV�KRSHG
WKDW�WKH�,&306�GDWD�PLJKW�SURYLGH�D�FOHDU�GLVWLQFWLRQ�EHWZHHQ�WKH�ZDWHU�VRXUFHV�DQG�UHDGLO\
HQDEOH� WKH� YROXPH� RI� SURFHVV� ZDWHU� WKDW� HQWHUHG� WKH� VWRFNSLOH� GUDLQ� WR� EH� GHWHUPLQHG�
+RZHYHU�� LW� LV� DSSDUHQW� WKDW� PDQ\� RI� WKH� PRVW� SRWHQWLDOO\� XVHIXO� LQGLFDWRUV� ZHUH
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VXEVWDQWLDOO\�DWWHQXDWHG�GXULQJ�SDVVDJH�WKURXJK�WKH�FOD\�DQG�FHPHQW�OD\HUV�XQGHUO\LQJ�WKH
FXOYHUW���7KH�DGVRUSWLRQ�RI�PHWDOV�E\�FOD\V�DUH�ZHOO�GRFXPHQWHG��DQG�VXEVWDQWLDO�DWWHQXDWLRQ
RI�RWKHUZLVH�FRQVHUYDWLYH�LRQV�VXFK�DV�PDJQHVLXP�KDYH�EHHQ�REVHUYHG�LQ�UHFHQW�WHVWZRUN�RQ
FHPHQWHG�SDVWH�WDLOLQJV�

$PPRQLXP�,RQ�&RQFHQWUDWLRQ�'DWD
7KH�PRVW�FKDUDFWHULVWLF�VLJQDWXUH�VROXWH�IRU�SURFHVV�ZDWHU�LV�DPPRQLD���7KLV�VSHFLHV�KDV�QR
QDWXUDO� RULJLQ� RI� VLJQLILFDQFH� RQ� WKH� VLWH�� � 7KH� GHWHFWLRQ� RI� DPPRQLD� �LQ� WKH� IRUP� RI
DPPRQLXP�LRQ�DW�WKH�SUHYDLOLQJ�S+��LV�DQ�DEVROXWH�LQGLFDWRU�RI�SURFHVV�ZDWHU���7KH�IDFW�WKDW
HOHYDWHG� OHYHOV� RI� DPPRQLD�ZHUH�PHDVXUHG� LQ� WKH� VHHSDJH� GULSSLQJ� IURP� WKH� URRI� RI� WKH
FXOYHUW��DQG�WKDW�DPPRQLD�ZDV�PHDVXUHG�GRZQVWUHDP�RI�WKH�FXOYHUW��FRQILUPV�WKDW�D�VPDOO
DPRXQW�RI�SURFHVV�ZDWHU�GLG�VHHS�WKURXJK�WKH�SLSHOLQH�FRUULGRU�

1R�DPPRQLD�ZDV�GHWHFWHG�LQ�WKH�VWRFNSLOH�GUDLQ�DW�WKH�EDVH�RI�WKH�ZDVWH�URFN�VWRFNSLOH���7KLV
VXJJHVWV�WKDW�LW�LV�XQOLNHO\�WKDW�WKLV�VRXUFH�ZDV�LPSDFWHG�E\�SURFHVV�ZDWHU�VHHSDJH���+HQFH
WKH� HOHYDWHG� FRQFHQWUDWLRQV� RI�0Q�PHDVXUHG� DW� WKLV� ORFDWLRQ� DUH� OLNHO\� WR� KDYH� RULJLQDWHG
IURP�ZDVWH�URFN�

&RQFHQWUDWLRQV� RI� DPPRQLXP� LRQ� KDYH� EHHQ� PHDVXUHG� LQ� ZDWHU� VDPSOHV� FROOHFWHG� IURP
9/*&5&�GXULQJ�-DQXDU\�WR�$SULO�������7DEOH�������7KH�GDWD�SULRU�WR�)HEUXDU\��WK�DUH�VLPLODU
WR� WKH� FRQFHQWUDWLRQV�PHDVXUHG� LQ�1RYHPEHU�DQG�HDUO\�'HFHPEHU������DQG�DUH� FRQVLVWHQW
ZLWK� WKRVH� H[SHFWHG� IURP� OHDFKLQJ�RI�ZDVWH� URFN� FRQWDLQLQJ�EODVWLQJ� UHVLGXHV�� � 6WDUWLQJ�DW
)HEUXDU\� ��UG�� ����� WKH� YDOXHV� ULVH� WR� D� SODWHDX� RI� DERXW� ����PJ�/�1+��1�� � 7KH� ULVH�� DQG
XOWLPDWH�GHFOLQH��LQ�FRQFHQWUDWLRQV�RI�DPPRQLXP�LRQ�H[DFWO\�PDWFK�WKH�EHKDYLRXU�RI�0Q�DW
9/*&5&�

7KH�DPPRQLXP�FRQFHQWUDWLRQ�GDWD�LQ�7DEOH����UHODWLYH�WR�LWV�FRQFHQWUDWLRQ�LQ�SURFHVV�ZDWHU�
FDQ�EH�XVHG�WR�SURYLGH�DQ�HVWLPDWH�RI�WKH�FRQWULEXWLRQ�RI�SURFHVV�ZDWHU�WR�WKH�VROXWH�ORDG�DW
9/*&5&���7KLV�GLOXWLRQ�IDFWRU�FDQ�WKHQ�EH�XVHG�WR�SUHGLFW�WKH�H[SHFWHG�FRQFHQWUDWLRQ�RI�0Q
DW�9/*&5&�GXH�WR�SURFHVV�ZDWHU�VHHSDJH��DV�VHW�RXW�LQ�7DEOH���

7KH� UHVXOWV� RI� WKH� FDOFXODWLRQV� VKRZ� WKDW� RQ� DQG� EHIRUH� )HEUXDU\� �WK�� ����� WKHUH� ZDV� QR
FRQWULEXWLRQ� RI� SURFHVV�ZDWHU� WR� WKH� VROXWH� ORDG� DW�9/*&5&�� � %HWZHHQ� )HEUXDU\� ��UG� DQG
0DUFK���WK��SURFHVV�ZDWHU�FRXOG�KDYH�DFFRXQWHG�IRU�DERXW�RQH�WKLUG�WR�RQH�TXDUWHU�RI�WKH�0Q
FRQFHQWUDWLRQ��DQG�XS�WR�WZR�WKLUGV�RQ�$SULO���WK���+RZHYHU��LW�PXVW�EH�UHFRJQLVHG�WKDW�WKH
DFWXDO� FRQWULEXWLRQ�ZLOO� EH� D� FRPELQHG� IXQFWLRQ� RI� WKH� GULYLQJ� KHDG� IRU� VHHSDJH� LQWR� WKH
FXOYHUW�IURP�WKH�FRUULGRU�GUDLQ�DQG�WKH�IORZ�RI�ZDWHU�WKURXJK�WKH�9/*�GUDLQ���7KHVH�IDFWRUV
DUH� OLNHO\� WR�YDU\� VXEVWDQWLDOO\�DV�D� UHVXOW�RI� WKH�H[DFW� WLPLQJ�DQG� LQWHQVLW\�RI� UDLQIDOO� DQG
FDWFKPHQW�UXQRII�

6XOIXU�,VRWRSH�'DWD
3UHYLRXV� ZRUN� RQ� VXOIXU� LVRWRSH� VLJQDWXUHV� DW� 5DQJHU� 0LQH� KDG� VKRZQ� D� YHU\� FOHDU
GLVWLQFWLRQ�EHWZHHQ�WKH�δ���YDOXH�IRU�6�LQ�WKH�SURFHVV�FLUFXLW�DQG�WKDW�GHULYHG�IURP�ZDVWH�URFN
VRXUFHV� �OH*UDV� HW� DO�� ������� � $YDLODEOH� DUFKLYHG� VDPSOHV� RI� ZDWHU� FROOHFWHG� IURP� WKH
9/*&5&� IURP� D� UDQJH� RI� VWUDWHJLF� ORFDWLRQV� EHWZHHQ� )HEUXDU\� DQG� 0D\� ����� ZHUH
VXEPLWWHG�WR�&6,52�([SORUDWLRQ�	�0LQLQJ�IRU�VXOIXU�LVRWRSH�DQDO\VLV���7KH�UHVXOWV��7DEOH���
LQGLFDWH�WKDW�ZDWHU�GHULYHG�SULPDULO\�IURP�':�$��7'6LWH����KDV�WKH�ORZHVW�LVRWRSH�UDWLR�RI
DSSUR[LPDWHO\� ����� � 3UHYLRXV� VWXGLHV� RI� 6� LVRWRSHV� �OH*UDV� HW� DO� ������ KDG� IRXQG� WKDW� WKH
ZDWHU�UHWHQWLRQ�SRQGV�UHFHLYLQJ�UXQRII�DQG�VHHSDJH�IURP�ZDVWH�URFN�DOVR�KDG�D�δ��6�YDOXH�RI
DERXW���� �7KXV��VXOIDWH�GHULYHG�SULPDULO\�IURP�D�ZDVWH�URFN�VRXUFH�FDQ�EH�DVVLJQHG�DQ�HQG
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PHPEHU�YDOXH�RI������ �,Q�FRQWUDVW��SURFHVV�ZDWHU�IURP�WKH�WDLOLQJV�GDP�KDV�D�YHU\�GLIIHUHQW
δ��6�YDOXH�RI�����

7KH�ZDWHU�VHHSLQJ�IURP�WKH�URRI�RI�WKH�FXOYHUW�LQWR�WKH�9/*�GUDLQ�LV�FOHDUO\�RI�SURFHVV�ZDWHU
RULJLQ���7KH�WKUHH�GDWD�SRLQWV�IRU�WKH�9/*&5&�PRQLWRULQJ�VLWH�LQ�)HEUXDU\��0DUFK�DQG�0D\
�����LQGLFDWH�D�GHFOLQLQJ�FRQWULEXWLRQ�IURP�SURFHVV�ZDWHU��DQG�WKDW�LQ�0D\�WKHUH�LV�XQOLNHO\
WR�EH�DQ\�SURFHVV�ZDWHU�FRQWULEXWLQJ�WR�WKH�VROXWH�ORDG�DW�WKLV�VLWH�

7KH� 0Q� DQG� 1+��� GDWD� LQGLFDWH� WKDW� VHHSDJH� RI� SURFHVV� ZDWHU� WKURXJK� WKH� FXOYHUW
FRPPHQFHG�DIWHU�WKH�SURFHVV�ZDWHU�SLSHOLQH�VWDUWHG�OHDNLQJ�VRPHWLPH�DIWHU�)HEUXDU\��WK�DQG
EHIRUH�)HEUXDU\���UG��DOORZLQJ� IRU� WUDQVLW� WLPH�EHWZHHQ� WKH� VLWH�RI� WKH� OHDN�DQG� WKH�FXOYHUW
���P�GRZQJUDGLHQW�IURP�WKLV�ORFDWLRQ��$OWKRXJK�WKH�SLSHOLQH�ZDV�VKXW�GRZQ�RQ�$SULO��UG�
DQG�UHSDLU�ZRUN�ZDV�LQLWLDWHG�WKH�IROORZLQJ�GD\��VRPH�UHVLGXDO�VROXWHV�LQ�WKH�FRUULGRU�GUDLQ
ZHUH�HYLGHQWO\�WUDQVSRUWHG�DFURVV�WKH�FXOYHUW�GXULQJ�UDLQIDOO�HYHQWV�DQG�FRQWULEXWHG�WR�WKH
VROXWH�ORDG�DW�9/*&5&�XQWLO�ODWH�$SULO�RU�HDUO\�0D\�������7DEOHV���DQG����

(DUOLHU�:HW�6HDVRQ�GDWD�IRU�WKH�9/*�ZDVWH�URFN�GUDLQ
'DWD�IRU�����������ZHW�VHDVRQ

7KH�HDUOLHVW�GDWD� IRU� WKH� FRPSRVLWLRQ�RI�ZDWHU� LQ� WKH�9/*�ZDVWH� URFN�GUDLQ�ZDV�REWDLQHG
GXULQJ�WKH���������ZHW�VHDVRQ���$�OLPLWHG�UDQJH�RI�DQDO\WHV�ZDV�PHDVXUHG��EXW�0Q�ZDV�QRW
LQFOXGHG�LQ�WKH�VXLWH�RI�HOHPHQWV��7DEOH����

'DWD�IRU���������ZHW�VHDVRQ
$�YHU\�FRPSUHKHQVLYH�GDWDVHW�ZDV�DFTXLUHG�DW�PRQLWRULQJ�VLWH�*&65��DGMDFHQW�WR�9/*&5&�
ZKLFK� ZDV� ORFDWHG� DW� D� 9�QRWFK� ZHLU� FRQVWUXFWHG� DQG� LQVWUXPHQWHG� LQ� 'HFHPEHU� �����
)LJXUHV� �� DQG� ��� GXULQJ� WKH� �������� ZHW� VHDVRQ�� � 7KLV� ZDV� SDUW� RI� D� UHVHDUFK� SURMHFW� WR
HYDOXDWH� WKH� DELOLW\� RI� FRQVWUXFWHG� VHQWLQHO� ZHWODQG� V\VWHPV� GRZQJUDGLHQW� RI� WKH
UHKDELOLWDWHG� ODQGIRUP�WR�DEVRUE� WKH� ORDG�RI�VROXWHV�FRQWDLQHG� LQ�UXQRII�DQG�VHHSDJH�� �7KH
DUHD�RI�WKH�FDSSHG�9/*�/*�VWRFNSLOH�DQG�ERXQGLQJ�ZDVWH�URFN�VWRFNSLOH�ZDV�FRQVLGHUHG�WR
SURYLGH� WKH� EHVW� H[DPSOH� DYDLODEOH� RQ� VLWH�� �:DWHU� VDPSOHV�ZHUH� REWDLQHG� IURP�*&65� WR
FKDUDFWHULVH� WKH� VRXUFH�� �7KH�DWWHQXDWLRQ�RI� VROXWHV� WKURXJK� WKH�DUWLILFLDO�ZHWODQG� ILOWHUV� LQ
WKH�XSSHU�UHDFKHV�RI�&RUULGRU�&UHHN�ZDV�DOVR�VWXGLHG�E\�FROOHFWLQJ�IUHTXHQW�ZDWHU�VDPSOHV
IURP�WKUHH�PRQLWRULQJ�VLWHV��*&%5��*&0%/��DQG�*&���VHH�)LJXUHV���DQG�����$�UHIHUHQFH�VLWH
�*&&��ORFDWHG�RQ�D�WULEXWDU\�RI�&RUULGRU�&UHHN�ZDV�DOVR�LQFOXGHG�DV�SDUW�RI�WKH�VWXG\���7KLV
VLWH�LV�DZD\�IURP�WKH�DUHD�RI�SRWHQWLDO�LPSDFW�E\�PLQLQJ�RSHUDWLRQV�

:DWHU� VDPSOHV� ZHUH� FROOHFWHG� LQLWLDOO\� WZLFH� ZHHNO\� IURP� DOO� VLWHV� IRU� FKHPLFDO� DQDO\VLV�
ZKLOVW� FRQWLQXRXV� PHDVXUHPHQWV� RI� S+�� FRQGXFWLYLW\� DQG� ZDWHU� GHSWK� ZHUH� PDGH� E\� D
FKHPLVWU\� GDWDVRQGH� LQVWDOOHG� DW� *&65�� � $OO� FKHPLFDO� DQDO\VLV� GDWD� DFTXLUHG� GXULQJ� WKH
��������ZHW�VHDVRQ�DUH�FRPSLOHG�LQ�7DEOH���

$Q� HVWLPDWH� RI� IORZ�DW� WKH�*&65� VLWH�ZDV�SURYLGHG�E\� WKH�GHSWK� RI�ZDWHU� LQ� WKH� FKDQQHO
UHFRUGHG�E\� WKH�SUHVVXUH� VHQVRU� LQ� WKH�FKHPLVWU\�GDWDVRQGH� �*UDSK����� �7KH�KLJKHVW� IORZV
ZHUH� UHFRUGHG� WKH� EHJLQQLQJ� RI� )HEUXDU\� DQG� $SULO�� � 7KH� FRQWLQXRXV� S+� WUDFH� IRU� WKH
��������ZHW�VHDVRQ�LV�VKRZQ�LQ�*UDSK�����:KLOVW�WKH�S+�JHQHUDOO\�UDQJHV�EHWZHHQ���DQG����
IRU�WKH�PDMRULW\�RI�WKH�ZHW�VHDVRQ��LW�LV�YHU\�LPSRUWDQW�WR�QRWH�WKDW�WKHUH�DUH�PDQ\�WUDQVLHQW
HYHQWV�GXULQJ�ZKLFK�WKH�S+�GHFUHDVHG�WR�DV�ORZ�D�YDOXH�DV�����7KHVH�ORZ�S+�HSLVRGHV�RFFXU
SUHGRPLQDQWO\�LQ�WKH�VHFRQG�KDOI�RI�-DQXDU\�DQG�WKURXJK�)HEUXDU\�
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7KH� WLPH� VHULHV�GDWD� IRU�0Q�GXULQJ� WKH� ��������ZHW� VHDVRQ�DUH� VKRZQ� LQ�*UDSK� ���� � 7KH
FRQFHQWUDWLRQV�FDQ�EH�VHHQ� WR� ULVH� UDSLGO\� IURP�D� ORZ�EDVH� LQ�HDUO\�'HFHPEHU� WR�D�SODWHDX
SHDN�RI�DERXW���������J�/�WKURXJK�WKH�VHFRQG�KDOI�RI�'HFHPEHU������DQG�LQWR�-DQXDU\������
7KH� WUDQVLHQW� VWHHS�GHFUHDVH� LQ�PDQJDQHVH� FRQFHQWUDWLRQV� DW� WKH� HQG� RI� -DQXDU\� FRLQFLGHV
ZLWK� WKH�KLJK�IORZ�HYHQW�DW� WKLV� WLPH��7KH� OHYHO� WKHQ�GHFUHDVHG�VWHDGLO\�DIWHU� -DQXDU\�� WR�D
ORZ�YDOXH�DW�WKH�HQG�RI�WKH�ZHW�VHDVRQ�

,QYHVWLJDWLRQV�WR�GHWHUPLQH�WKH�VRXUFH�RI�WKH�VROXWHV
6XEVHTXHQW�WR�WDEOLQJ�RI�WKH�,QWHULP�5HSRUW�RQ�0D\���WK������� LW�ZDV�GLVFRYHUHG�WKDW�WKHUH
KDG�EHHQ�D�VSLOO�RI� WDLOLQJV� LQWR� WKH�FRUULGRU�FRQWDLQPHQW�GUDLQ�DW� WKH� UDPS�RQ� WKH�HDVWHUQ
ZDOO�RI� WKH� WDLOLQJV�GDP��XSVWUHDP�RI� WKH�9/*�GUDLQ�FXOYHUW�� LQ�'HFHPEHU������� �7KH� VSLOO
RFFXUUHG� DW� DERXW� WKH� VDPH� WLPH� DV� WKH� VWHHS� ULVH� LQ�0Q� FRQFHQWUDWLRQ� DW�PRQLWRULQJ� VLWH
*&65�VKRZQ�LQ�*UDSK����

$�QXPEHU�RI� ILOWHUHG�DQG�DFLGLILHG�ZDWHU� VDPSOHV� WKDW�KDG�EHHQ� FROOHFWHG�DW�*&65�DW� WKLV
WLPH�ZHUH�ORFDWHG�LQ�VWRUDJH�DQG�DQDO\VHG�IRU�DPPRQLXP�LRQ��7DEOH�������3ULRU�WR�WKH�PLGGOH
RI� 'HFHPEHU�� DPPRQLXP� FRQFHQWUDWLRQV� ZHUH� ORZ�� SUHVXPDEO\� UHIOHFWLQJ� WKH� EDVHOLQH
VLJQDWXUH� LQ� OHDFKDWH� IURP� ZDVWH� URFN� FRQWDLQLQJ� EODVWLQJ� UHVLGXHV�� � +RZHYHU�� IURP
'HFHPEHU� ��WK� RQZDUGV�� VXEVWDQWLDOO\� HOHYDWHG� OHYHOV� RI� DPPRQLXP� ZHUH� SUHVHQW�� � 7KLV
ILQGLQJ�XQDPELJXRXVO\�VKRZV�WKDW�VRPH�ZDWHU�RI�SURFHVV�RULJLQ�KDG�VHHSHG�LQWR�WKH�9/*
GUDLQ�� SUHVXPDEO\� WKURXJK� WKH� FXOYHUW� EHQHDWK� WKH� WDLOLQJV� FRUULGRU� GUDLQ�� DV� LQ� )HEUXDU\
�����

7KH�DPPRQLXP�LRQ�FRQFHQWUDWLRQV�FDQ�EH�XVHG�WR�HVWLPDWH�WKH�OLNHO\�FRQWULEXWLRQ�RI�SURFHVV
ZDWHU�WR�WKH�VROXWH�ORDG�DW�*&65��DQG�KHQFH�GHULYH�D�YDOXH�IRU�WKH�FRQFHQWUDWLRQ�RI�0Q�WKDW
VKRXOG� KDYH� EHHQ� SUHVHQW�� XVLQJ� YDOXHV� RI� �������� �J�/� 0Q� DQG� ���� PJ�/� 1+��1� IRU
SURFHVV�ZDWHU��7'::��7DEOH��������7KH�KLJKHVW�YDOXH�RI�����PJ�/�1+��1�LQ�7DEOH����\LHOGV�D
SUHGLFWHG�YDOXH�RI��������J�/�0Q��GLOXWLRQ�IDFWRU�RI��������7KLV�LV�VXEVWDQWLDOO\�OHVV�WKDQ�WKH
SHDN�YDOXH�RI���������J�/�PHDVXUHG�DW�*&65�DW�WKLV�WLPH�

$PPRQLXP�LRQ�LV�D�FKHPLFDOO\�QRQ�FRQVHUYDWLYH�HQWLW\��EHLQJ�VXVFHSWLEOH�WR�DGVRUSWLRQ�DQG
ELRORJLFDO�XSWDNH�WUDQVIRUPDWLRQ�� �,Q�DGGLWLRQ��WKH�ZDWHU�VDPSOHV�DQDO\VHG�IRU�DPPRQLXP
LRQ�KDG�EHHQ�VWRUHG�DW�URRP�WHPSHUDWXUH�IRU�D�\HDU�EHIRUH�EHLQJ�DQDO\VHG�IRU� WKLV�VSHFLHV�
'HVSLWH�VDPSOHV�KDYLQJ�EHHQ�ILOWHUHG�DQG�DFLGLILHG��WKHUH�LV�WKH�SRVVLELOLW\�WKDW�DPPRQLXP
FRXOG�KDYH�EHHQ�GHJUDGHG�E\�PLFURELRORJLFDO�DFWLYLW\�DQG�WKXV�WKH�OHYHOV�PHDVXUHG�PD\�EH
ORZHU�WKDQ�RULJLQDOO\�SUHVHQW��WKXV�\LHOGLQJ�DQ�RYHUHVWLPDWLRQ�RI�WKH�GLOXWLRQ�IDFWRU�

,W�LV�DOVR�SRVVLEOH�WR�XVH����5D�WR�HVWLPDWH�WKH�FRQWULEXWLRQ�RI�SURFHVV�ZDWHU�WR�WKH�VROXWH�ORDG
DW�*&65��VLQFH����5D�LV�HQULFKHG�LQ�SURFHVV�ZDWHU��DSSUR[LPDWH�DFWLYLW\����%T�/����5HIHUHQFH
WR� 7DEOH� �D� VKRZV� WKDW� WKH� DFWLYLW\� RI� ���5D� URVH� VWHHSO\� IURP� DERXW� ���� P%T�/� LQ� HDUO\
'HFHPEHU� ����� WR� DQ� DYHUDJH� SODWHDX� RI� ���� P%T�/� EHWZHHQ� 'HFHPEHU� ��WK�� ����� DQG
-DQXDU\���WK���������%HWZHHQ�-DQXDU\���WK�DQG�)HEUXDU\���QG��������WKH�DFWLYLW\�GHFOLQHG�WR����
P%T�/�DQG� WKLV�YDOXH�ZDV�PDLQWDLQHG� WR� WKH�HQG�RI� WKH�ZHW� VHDVRQ�� � ,I� WKH�DVVXPSWLRQ� LV
PDGH�WKDW�WKH�DYHUDJH�YDOXH�RI����5D�DFWLYLW\������P%T�/��EHWZHHQ�)HEUXDU\���QG�DQG�0D\
�WK�� ������ UHSUHVHQWV� D� V\VWHP� ©EDFNJURXQGª�� GHULYHG� SULPDULO\� IURP� D� ZDVWH� URFN� VRXUFH�
WKHQ� WKH� PD[LPXP� FRQWULEXWLRQ� IURP� SURFHVV� ZDWHU� ZRXOG� KDYH� EHHQ� ���� ¥� ����  � ���
P%T�/� EHWZHHQ� 'HFHPEHU� ��WK�� ����� DQG� -DQXDU\� ��WK�� ������ � 7KLV� HTXDWHV� WR� D� GLOXWLRQ
IDFWRU�RI����� �8VLQJ� WKLV� IDFWRU�\LHOGV�D�SUHGLFWHG�0Q�FRQFHQWUDWLRQ�RI� �������J�/�� �7KLV� LV
RQO\�����KLJKHU�WKDQ�WKH�PD[LPXP�YDOXH�FDOFXODWHG�XVLQJ�WKH�DPPRQLXP�GLOXWLRQ�IDFWRU�
DQG�LV�VWLOO�PXFK�OHVV�WKDQ�WKH�0Q�YDOXHV�PHDVXUHG�GXULQJ�PXFK�RI�'HFHPEHU�DQG�-DQXDU\�
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7KXV�� WKH�HYLGHQFH�VXJJHVWV�D�PL[HG�ZDVWH�URFN�DQG�SURFHVV�ZDWHU�VRXUFH� IRU� WKH�0Q�WKDW
ZDV�PHDVXUHG� DW� *&65�� GRZQVWUHDP� RI� WKH� FXOYHUW��ZLWK� WKH�PDMRULW\� RI� WKH�0Q� FRPLQJ
IURP�ZDVWH�URFN���&ORVHU�H[DPLQDWLRQ�RI�WKH�WLPH�VHULHV�GDWD�IRU�VLWH�*&65�LQ�7DEOH��D�VKRZV
WKDW�D�YDOXH�RI��������J�/�0Q�ZDV�PHDVXUHG�RQ�'HFHPEHU���WK��������WKUHH�GD\V�SULRU�WR�WKH
WDLOLQJV� VSLOO� DW� WKH� WDLOLQJV� GDP� ZDOO� UDPS�� DERXW� ���P� K\GUDXOLFDOO\� XSVWUHDP� RI� WKH
FXOYHUW�

7KH�UDLQIDOO�UHFRUG�IURP�QHDUE\�RQ�WKH�WDLOLQJV�GDP�VKRZV�D�UHJXODU�GDLO\�SDWWHUQ�RI�UDLQIDOO
SULRU�WR�'HFHPEHU���WK��������*UDSK������7KXV��VROXEOH�VDOWV�WKDW�PD\�KDYH�EHHQ�SUHVHQW�LQ�WKH
WDLOLQJV� FRUULGRU� GUDLQ� VKRXOG� KDYH� EHHQ� GLVVROYHG� DQG� UHSRUWHG� WR� WKH� 9/*� GUDLQ� YLD
VHHSDJH� WKURXJK� WKH� FXOYHUW�� SULRU� WR� WKLV� GDWH�� � 7KH� GHSWK� RI� ZDWHU� LQ� WKH� FXOYHUW� ZDV
FRQWLQXRXVO\� UHFRUGHG� E\� D� GDWDVRQGH�ZLWK� WKH� FHDVH�WR�IORZ� GHSWK� EHLQJ� DSSUR[LPDWHO\
���P���$�ORZ�OHYHO�RI�EDVH�IORZ�DW�*&65�VWDUHG�RQ�WKH�PRUQLQJ�RI�'HFHPEHU��WK��������ZLWK
QR� VLJQLILFDQW� SHULRGV� RI� VXVWDLQHG� IORZ� KDYLQJ� EHHQ� UHFRUGHG� VLQFH� WKH� VRQGH� ZDV
FRPPLVVLRQHG�RQ�'HFHPEHU��QG���7KH�ILUVW�VLJQLILFDQW�IORZ�HYHQW�RFFXUUHG�RQ�'HFHPEHU��WK�
ZLWK�D�SHDN�RI����P��DQG�WKH�VHFRQG�HYHQW� �SHDN�����P��ZDV�RQ�'HFHPEHU���WK�� �7KXV�� WKH
GUDLQ�ZDV�IORZLQJ�SULRU�WR�DQG�DIWHU�WKH�WDLOLQJV�VSLOO�DQG�\HW�QR�SURFHVV�ZDWHU�VLJQDWXUH�ZDV
UHFRUGHG�XQWLO�'HFHPEHU���WK��1+��1�����PJ�/��

7KH�SRUWLRQ�RI�WKH�S+�WUDFH�EHWZHHQ�'HFHPEHU���WK�������DQG�-DQXDU\��VW�������LV�RYHUODLQ�RQ
WKH� UDLQIDOO�GDWD� LQ�*UDSK���� � ,W� LV� LPPHGLDWHO\� DSSDUHQW� IURP� WKLV� WUDFH� WKDW� WKH� WUDQVLHQW
GHFUHDVHV�LQ�S+�WR�YDOXHV�FORVH�WR���FRUUHVSRQG�H[DFWO\�ZLWK�IORZ�HYHQWV�LQ�WKH�FXOYHUW�DQG
GUDLQ���7KLV�UHVSRQVH�LV�FRQVLVWHQW�ZLWK�D�ZDVWH�URFN�VRXUFH�IRU�WKLV�ZDWHU�VLQFH�VXEVWDQWLDOO\
LQFUHDVHG�IORZ�FDQ�RQO\�KDYH�EHHQ�FDXVHG�E\�VXUIDFH�UXQRII�DQG�VHHSDJH�FRPLQJ�IURP�WKH
ZDVWH�URFN�FDWFKPHQW�XSVWUHDP�RI�WKH�FXOYHUW�

����� 6WRFNSLOH�VHHSDJH�LQ�GUDLQ�XSVWUHDP�RI�WKH�9/*�VWRFNSLOH�GUDLQ�FXOYHUW

6HYHUDO�PHDVXUHPHQWV�KDYH�EHHQ�PDGH�RI�WKH�VWRFNSLOH�VHHSDJH�ZDWHU�LQ�WKH�GUDLQ�XSVWUHDP
RI� WKH� FXOYHUW�GXULQJ� WKH� ��������ZHW� VHDVRQ�� �7KHVH�GDWD� DUH� RI� VSHFLDO� LPSRUWDQFH� VLQFH
WKH\� FOHDUO\� SURYH� WKDW� WKLV� VHHSDJH� VRXUFH� XSVWUHDP� RI� WKH� FXOYHUW� GRHV� FRQWULEXWH
VXEVWDQWLDO�FRQFHQWUDWLRQV�RI�0Q��7DEOH������ � ,Q�WKH�DEVHQFH�RI� IORZ�LQGXFHG�E\�WKH�':�$
WULDO�� ZKLFK� ZDV� LQLWLDWHG� GXULQJ� WKH� ���������� ZHW� VHDVRQ�� WKLV� VRXUFH� ZRXOG� KDYH
FRPSULVHG�WKH�PDMRU�IORZ�UHSRUWLQJ�WR�*&65�LQ���������DQG���������

7KH�ILUVW�PHDVXUHPHQW�ZDV�PDGH�RQ�D�ZDWHU�VDPSOH�FROOHFWHG�RQ�'HFHPEHU��QG�������IURP�D
GLVFUHWH� VHHSDJH� IORZ� DW� WKH� EDVH� RI� WKH� ZDVWH� VWRFNSLOH� E\� D� VWXGHQW� IURP� $18�ZKR� LV
ZRUNLQJ�RQ�D�3K'�SURMHFW����6XEVHTXHQW�VDPSOHV�ZHUH�FROOHFWHG�IURP�0DUFK�WR�0D\�������DV
SDUW�RI�WKH�LQYHVWLJDWLRQ�WR�ORFDWH�WKH�VRXUFH�RI�0Q�EHLQJ�PHDVXUHG�DW�9/*&5&���7KH�YDOXH
PHDVXUHG�LQ�'HFHPEHU������LV�FRQVLVWHQW�ZLWK�WKDW�UHFRUGHG�IRU�WKH�ILUVW�KDOI�RI�'HFHPEHU�LQ
�������7KH�YDOXHV�IURP�0DUFK������RQZDUGV�DUH�DOVR�RI�D�VLPLODU�RUGHU�WR�WKRVH�PHDVXUHG�LQ
WKH�ODWWHU�SDUW�RI�WKH���������ZHW�VHDVRQ�

����� /HDFKLQJ�FKDUDFWHULVWLFV�RI�ZDVWH�URFN

$GGLWLRQDO� LQIRUPDWLRQ� DERXW� WKH� FRPSRVLWLRQ� RI� SRWHQWLDO� OHDFKDWH� IURP� ZDVWH� URFN� LV
SURYLGHG� E\� WKH� UHVXOWV� RI� D� ORZ� JUDGH� RUH� DQG� ZDVWH� URFN� OHDFK� FKDUDFWHULVDWLRQ� VWXG\
FDUULHG�RXW�LQ�WKH�ILUVW�KDOI�RI�������-RQHV�	�+XJKHV���������7KH�WKUHH�ORZHVW�JUDGHV�RI�ZDVWH

������������������������������ �����������������������
�� *UHJ� 6KLUWOLII� ¥� ©:HDWKHULQJ� RI�ZDVWH� URFN� DW� 5DQJHU� XUDQLXP�PLQH�� 1RUWKHUQ� 7HUULWRU\�� $XVWUDOLD�� �0LQHUDORJ\�� HOHPHQW
PRELOLW\�DQG�FKHPLFDO�SURFHVVHVª�
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URFN�UHSUHVHQWLQJ�HDFK�RI�WKUHH�W\SHV�RI�RUH��ODWHULWLF��/���WUDQVLWLRQ��7��DQG�SULPDU\��3��IURP
3LWV� ��� DQG� ���ZHUH� VFUHHQHG� IRU� WKHLU� OHDFKLQJ� SRWHQWLDO�� � $� EDWFK� OHDFK� SURFHGXUH�ZDV
HPSOR\HG�XVLQJ�D�����OLTXLG�WR�VROLG�UDWLR�ZLWK�GLVWLOOHG�ZDWHU�DQG�S+�����DFHWLF�DFLG�VRGLXP
DFHWDWH�EXIIHU�DV�WKH�OHDFK�PHGLD���$�S+�YDOXH�RI�����ZDV�VHOHFWHG�WR�VLPXODWH�WKH�HIIHFW�RI�WKH
DFLGLF�ZHW�VHDVRQ�UDLQIDOO��S+������LQ�WKH�.DNDGX�UHJLRQ��1ROOHU�HW�DO��������

)LQHO\�JURXQG�VDPSOHV�RI�URFN�ZHUH�XVHG�WR�SURPRWH�PD[LPXP�FRQWDFW�DQG�WKH�VXVSHQVLRQV
ZHUH� PL[HG� IRU� ��K� SULRU� WR� WDNLQJ� D� VDPSOH� RI� WKH� VXSHUQDWDQW� IRU� DQDO\VLV�� � 7KH
FRQFHQWUDWLRQV�RI�0Q�SUHVHQW� LQ�HDFK�RI� WKH� OHDFKDWH�VROXWLRQV� IRU� WKH����VDPSOHV�RI�ZDVWH
URFN�WKDW�ZHUH�VFUHHQHG�DUH�VXPPDULVHG�LQ�7DEOH����� �7KHVH�GDWD�LOOXVWUDWH�WKDW� OLWWOH�0Q�LV
OLNHO\�WR�EH�OHDFKHG�DW�D�S+�RI�����WR�������7KLV�LV�WKH�S+�RI�WKH�VOXUULHV�ZKHQ�GLVWLOOHG�ZDWHU�LV
XVHG���+RZHYHU��UHGXFWLRQ�RI�S+�FRXOG�OHDG�WR�VXEVWDQWLDO�FRQFHQWUDWLRQV�RI�0Q�UHSRUWLQJ�WR
WKH�OHDFKDWH�� �7KH�IDFW�WKDW�D�����OLTXLG�WR�VROLG�UDWLR� LV�KLJK�UHODWLYH�WR�WKH�XOWLPDWH�FRQWDFW
UDWLR� DFKLHYHG� DV� ZDWHU� SHUFRODWHV� GRZQZDUGV� WKURXJK� YHU\� ORZ� JUDGH� RUH�ZDVWH� URFN
LQGLFDWHV�WKDW�KLJKHU�FRQFHQWUDWLRQV�FRXOG�EH�DFKLHYHG���7KH�VHQVLWLYLW\�RI�WKH�H[WHQW�RI�0Q
OHDFKLQJ�WR�D�GHFUHDVH�LQ�S+�LV�QRW�NQRZQ�VLQFH�RQO\�WKH�WZR�HQG�PHPEHU�YDOXHV��S+���DQG
S+������KDYH�EHHQ�LQYHVWLJDWHG�VR�IDU�� �+RZHYHU�0Q�,,��LV�RQH�RI�WKRVH�VROXWHV�WKDW�LV�PRVW
HDVLO\�PRELOLVHG�DV�WKH�S+�GHFUHDVHV�LQ�ZDVWH�URFN���$Q�LQYHVWLJDWLRQ�RI�WKH�VROXELOLW\�RI�0Q
DV�D�IXQFWLRQ�RI�S+�IRU�D�VHOHFWLRQ�RI�WKH�ZDVWH�URFN�W\SHV�XVHG�IRU�WKH�EDWFK�OHDFK�ZRUN�LV
FXUUHQWO\�LQ�SURJUHVV�DQG�WKH�UHVXOWV�ZLOO�EH�SUHVHQWHG�LQ�D�VXEVHTXHQW�UHSRUW�

����� 3UHOLPLQDU\�&RQFOXVLRQV

%DVHG� RQ� DOO� WKH� DYDLODEOH� HYLGHQFH� LW� LV� FRQFOXGHG� WKDW� D� VPDOO� DPRXQW� RI� SURFHVV�ZDWHU
VHHSHG� WKURXJK� WKH� URRI� RI� WKH� FRUULGRU� GUDLQ� FXOYHUW� DQG�PL[HG�ZLWK� WKH� VWRFNSLOH� SOXV
':�$�ZDWHU� WKDW� UHSRUWHG� WR� VLWH�9/*&5&�� � 7KLV�ZDWHU� WKHQ� IORZHG� LQWR� WKH� ILUVW� RI� WKH
DUWLILFLDO�ZHWODQG�ILOWHUV�FRQVWUXFWHG�LQ�WKH�XSSHU�UHDFKHV�RI�&RUULGRU�&UHHN�WR�WUHDW�QRQ�55=
UXQRII�ZDWHU�IURP�WKH�PLQHVLWH�

7KH�DPPRQLXP� LRQ� FRQFHQWUDWLRQ�GDWD�PHDVXUHG� IRU� VHYHUDO� VDPSOHV� DW� WKH� OHDGLQJ�HGJH�
WKURXJK� WKH� SHDN�� DQG� DW� WKH� UHFHGLQJ� HQG� RI� WKH� VHHSDJH� SHULRG� �HQG� RI�ZHW� VHDVRQ� DQG
IROORZLQJ�UHSDLU�RI�WKH�OHDNLQJ�SLSH��FDQ�EH�XVHG�WR�FDOFXODWH�D�GLOXWLRQ�IDFWRU�IRU�WKH�SURFHVV
ZDWHU� UHSRUWLQJ� WR� WKH� 9/*&5&� PRQLWRULQJ� VLWH�� 7KH� GDLO\� YROXPH� RI� SURFHVV� ZDWHU
HTXLYDOHQW� FDQ� WKHQ� EH� HVWLPDWHG� E\� PXOWLSO\LQJ� WKH� GLOXWLRQ� IDFWRU� E\� WKH� GDLO\� IORZ
PHDVXUHG� DW� 9/*&5&�� � 7KHVH� GDWD� DUH� VXPPDULVHG� LQ� WKH� 7DEOH� EHORZ�� � 7KH� DPPRQLD
FRQFHQWUDWLRQ�PHDVXUHG�RQ�'HFHPEHU��WK�� ����� LV�SURYLGHG�DV� HYLGHQFH� WKDW�SURFHVV�ZDWHU
ZDV�QRW�VHHSLQJ�WKURXJK�WKH�FXOYHUW�RQ��RU�SULRU�WR��WKLV�GDWH

&DOFXODWHG�YROXPH�RI�SURFHVV�ZDWHU�OHDNLQJ�WKURXJK�FXOYHUWD

'DWH 1+��1
PJ�/

'LOXWLRQ�IDFWRU
D

)ORZ
P���E

9ROXPH
3URFHVV�:DWHU

P�

���)HE��� �����
���)HE��� ��� ���� ��� ����
���0DU��� ��� ��� ��� ����
���0DU��� ��� ��� ��� ����
���$SU��� ��� ��� ��� ����
���0D\��� ���� ���� ��� ����

D�FDOFXODWHG�XVLQJ�FRQFHQWUDWLRQV�RI�����PJ�/�1+��1�LQ�SURFHVV�ZDWHU���E�WRWDO�IORZ�RYHU���K�SHULRG



3UHSDUHG�IRU� 6XSHUYLVLQJ�6FLHQWLVW ��������
-RE�1R�����

��

7KH� FDOFXODWHG� YROXPHV� RI� SURFHVV�ZDWHU� ULVH� WKURXJK� WKH� HQG� RI� )HEUXDU\� DV� WKH� OHDGLQJ
HGJH�RI�WKH�OHDN�WUDYHOOHG�DORQJ�WKH�WDLOLQJV�FRUULGRU�GUDLQ�DQG�UHDFKHG�WKH�FXOYHUW���7KH�GDWD
WKURXJK�0DUFK�DQG�$SULO� LQGLFDWH� WKDW�D�QHDU�VWHDG\�VWDWH�UDWH�RI�VHHSDJH�ZDV�PDLQWDLQHG
WKURXJK�WKLV�SHULRG���7KH�ORZHU�YDOXH�RQ�0D\��WK�FRUUHVSRQGV�WR�WKH�RQVHW�RI�WKH�GU\�VHDVRQ
�FRQVHTXHQW� UHPRYDO� RI� WKH� UDLQIDOO� WUDQVSRUW�PHGLXP�� DQG� UHSDLU� RI� WKH� OHDN�� �$VVXPLQJ
WKDW�WKH�VHHSDJH�RFFXUUHG�IRU�D�PD[LPXP�SHULRG�RI����GD\V��)HEUXDU\��WK�WR�0D\��WK��������
DQG�WKDW�WKH�DYHUDJH�GDLO\�VHHSDJH�UDWH�WKURXJK�WKH�FXOYHUW�ZDV��P��RI�SURFHVV�ZDWHU��WKHQ�D
PD[LPXP�WRWDO�YROXPH�RI���P��RI�SURFHVV�ZDWHU�PD\�KDYH�VHHSHG�WKURXJK�WKH�FXOYHUW�DQG
UHSRUWHG� WR� WKH� 9/*&5&� PRQLWRULQJ� VLWH�� � 'XULQJ� WKLV� VDPH� ��� GD\� SHULRG� D� WRWDO� RI
DSSUR[LPDWHO\�����������P��RI�ZDWHU�IORZHG�SDVW�PRQLWRULQJ�VLWH�*&��

����� )XUWKHU�LQYHVWLJDWLRQV

$�QXPEHU�RI� LQYHVWLJDWLRQV�KDYH�EHHQ�IRUHVKDGRZHG�DV�D�UHVXOW�RI� WKH� WHFKQLFDO�RYHUYLHZ�
LQFOXGLQJ�

• RQJRLQJ�PRQLWRULQJ�RI�VROXWH�FRQFHQWUDWLRQV�LQ�VHHSDJH�IURP�WKH�ZDVWH�URFN�ODQGIRUP�WR
FHVVDWLRQ�RI�IORZ�WKLV�GU\�VHDVRQ�DQG�©ILUVW�IOXVKª�DW�WKH�VWDUW�RI�QH[W�ZHW�VHDVRQ�

• LQFOXVLRQ� RI� DPPRQLD� DQG� QLWUDWH� LQ� WKH� URXWLQH� DQDO\VLV� VXLWH� IRU� 9/*&5&� DQG�9/*
VWRFNSLOH�VHHSDJH�

• LQFOXVLRQ�RI�DQ�XSVWUHDP�SDUW�RI�WKH�9/*�VWRFNSLOH�GUDLQ�VLWH�DV�D�URXWLQH�VDPSOLQJ�SRLQW
GXULQJ�WKH�������ZHW�VHDVRQ��DQG

• GHILQLWLRQ�RI�WKH�S+�GHSHQGHQFH�RI�0Q�OHDFKLQJ�IURP�ZDVWH�URFN�

��� $WWHQXDWLRQ�RI�6ROXWHV�E\�7UHDWPHQW�:HWODQG�6\VWHPV

2I�NH\� LPSRUW� WR� WKH�TXHVWLRQ�RI�ZKHWKHU� WKH�HVFDSH�RI�D�VPDOO�YROXPH�RI�SURFHVV�GHULYHG
ZDWHU�KDG�DQ\�VLJQLILFDQW�LPSDFW�RQ�*HRUJHWRZQ�%LOODERQJ��RU�0DJHOD�&UHHN��LV�WKH�DELOLW\�RI
FRQVWUXFWHG�ZHWODQG� ILOWHUV� V\VWHPV� VXUURXQGLQJ� 5DQJHU�0LQH� WR� DWWHQXDWH� VROXWHV� LQ� VLWH
ZDWHU�� � � 0DQ\� \HDUV� RI� SHUIRUPDQFH� GDWD� KDYH� EHHQ� DFTXLUHG� IRU� WKH� 53�� FRQVWUXFWHG
ZHWODQG� V\VWHP�� � ,Q�DGGLWLRQ��SHUIRUPDQFH�GDWD� LV� DYDLODEOH� IRU� WKH�SDVW� WZR�\HDUV� IRU� WKH
FRQVWUXFWHG�ZHWODQG�ILOWHUV�LQ�WKH�XSSHU�UHDFKHV�RI�&RUULGRU�&UHHN�

$� QXPEHU� RI� UHOHYDQW� UHVHDUFK� SURMHFWV� KDYH� EHHQ� XQGHUWDNHQ� RQ� WKHVH� LVVXHV��� � 6RPH
SURMHFWV�DUH�VWLOO�LQ�SURJUHVV�DV�SDUW�RI�WKH�����������5	'�SURJUDP����(YDOXDWLRQ�RI�UHOHYDQW

������������������������������ �����������������������
�-21(6��'�5���������3HUIRUPDQFH�RI�WKH�53��FDWFKPHQW�FRQVWUXFWHG�ZHWODQG�ILOWHU����������5HSRUW�IRU�(5$�5DQJHU�0LQH�����$SULO

����������SS�
�-21(6�� '� 5�� )$55$5�� 9� $�� 722+(<�� '� 	�:$'(�� $� ������� � 3URJQRVLV� IRU� 53�� IROORZLQJ� LQSXWV� RI� 8� IURP� WKH� XSSHU

FDWFKPHQW���5HSRUW�WR�(5$�5DQJHU�0LQH����-XQH����������SS�SOXV���DSSHQGLFHV�
�-21(6�� '� 5� 	� -81*�� 5� ������� � 5HPRYDO� RI� XUDQLXP� DQG� VXOIDWH� LQ� WKH� 53�� FRQVWUXFWHG� ZHWODQG�� � 5HSRUW� WR� (5$

(QYLURQPHQWDO� 6HUYLFHV� 3W\� /WG�� � &6,52�0LQHVLWH� 5HKDELOLWDWLRQ� 5HVHDUFK� 3URJUDP�5HSRUW�1R�� &(7�,5� ��5�� -XO\
���������SS�SOXV���DSSHQGLFHV�

�%$77(5+$0��5�	�29(5$//��5���������7URSKLF�SDWKZD\V�RI�KHDY\�PHWDOV�LQ�5DQJHU�ZDWHU�ERGLHV���,QWHUQDO�GLVFXVVLRQ�SDSHU
IRU�(5$�5DQJHU�0LQH����$XJXVW����������SS�SOXV����SODWHV�DQG���DSSHQGLFHV�

�-21(6��'�5�	�+8*+(6��/�������� �/HDFKLQJ�FKDUDFWHULVWLFV�RI�5DQJHU�ORZ�JUDGH�RUH�� �5HSRUW�WR�(5$�5DQJHU�0LQH����$XJXVW
���������SS�SOXV���DSSHQGLFHV�

�-21(6��'�5��©)DWH�RI�PRELOLVHG�VROXWHV�LQ�WKH�&RUULGRU�&UHHN�FDWFKPHQWª
�%$77(5+$0��5���§&KHPLFDO�OLPQRORJ\�RI�53��IROORZLQJ�VHHSDJH�IURP�WKH�ORZ�JUDGH�VWRFNSLOHª
�29(5$//��5��©0RGHOOLQJ�WKH�HYROXWLRQ�RI�ZDWHU�TXDOLW\�LQ�UXQRII�DQG�VHHSDJH�IURP�WKH�ZDVWH�URFN�GXPSVª
�672&.721��'�§'HYHORSPHQW��GHVLJQ��SURJUHVVLYH�FRQVWUXFWLRQ�DQG�PRQLWRULQJ�WKH�EHKDYLRXU��RI�WKH�ILQDO�ODQGIRUPª
�&25%(77��/�.�©5HYLHZ�DQG�HYDOXDWLRQ�RI�DOO�GDWD�RQ�HFRV\VWHP�KHDOWK�RI�WURSKLF�JURXSV�DW�NH\�PRQLWRULQJ�ORFDWLRQVª
�%$77(5+$0��5�©,PSDFWV�RI�FRQWDPLQDQWV�LQ�5DQJHU�ZDWHUERGLHV�RQ�IDXQDª
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GDWD�LQ�DOO�SURMHFWV�LV�XQGHUZD\�DV�SDUW�RI�WKH�QRUPDO�UHSRUWLQJ�SURFHVV�LQ�WKH�5	'�SURJUDP
HDFK�ILQDQFLDO�\HDU�DQG�UHSRUWV�ZLOO�EH�DYDLODEOH�WR�VWDNHKROGHUV�LQ�GXH�FRXUVH�

7R�HQVXUH�PD[LPXP�SURWHFWLRQ�RI�WKH�0DJHOD�&UHHN�V\VWHP�GRZQVWUHDP�RI�WKH�PLQH��D�QHZ
UHSRUWLQJ�V\VWHP�LV�EHLQJ�LPSOHPHQWHG���7KLV�LQYROYHV�FRPSDULQJ�WKH�PHDVXUHG�OHYHOV�DW����
ZLWK� WKH� KLVWRULFDO� GDWDVHW� IRU� D� ZDWHU� TXDOLW\� PRQLWRULQJ� VWDWLRQ� XSVWUHDP� RI� WKH� PLQH�
7ULJJHU� OHYHOV� KDYH� EHHQ� VHW� IRU� ZKHQ� VSHFLILHG� PHDVXUHG� YDOXHV� DUH� H[FHHGHG� DQG
LQYHVWLJDWLYH�DFWLRQ� LV� UHTXLUHG�� �$� VLPLODU�SURFHGXUH� FDQ�EH�DSSOLHG� WR� WKH�KLVWRULFDO�GDWD
UHFRUG�IRU�*HRUJHWRZQ�%LOODERQJ���7KLV�VLWH�KDV�EHHQ�UHJXODUO\�VDPSOHG�VLQFH��������7KH�GDWD
IRU�0Q��8��0J�DQG�62��DUH�SORWWHG�RQ�*UDSKV����WR�����ZLWK�WKH���WK�DQG���WK�SHUFHQWLOH�OLQHV
RYHUODLG� IRU� UHIHUHQFH�� � 7KHVH� WLPH� VHULHV� SORWV� RI� GDWD� FDQ� EH� DVVHVVHG� LQ� OLJKW� RI� WKH
SURFHGXUHV�QRZ�LPSOHPHQWHG�IRU�0DJHOD�&UHHN�PRQLWRULQJ�DQG�UHSRUWLQJ���,I�WKH�PHDVXUHG
YDOXH�H[FHHGV� WKH���WK�SHUFHQWLOH�RI� WKH�GDWDVHW�� WKHQ�DQ� LQFUHDVHG�IUHTXHQF\�RI�PRQLWRULQJ
ZLOO�EH�LPSOHPHQWHG�WR�GHWHUPLQH�WKH�UDWH�DW�ZKLFK�WKH�FRQFHQWUDWLRQ�YDOXH�LV�FKDQJLQJ���,I
WKH� ��WK� SHUFHQWLOH� YDOXH� LV� H[FHHGHG�� WKHQ� D� UHSRUW� ZLOO� EH� PDGH� WR� VWDNHKROGHUV�� DQG
FRUUHFWLYH�DFWLRQ�WDNHQ�E\�WKH�FRPSDQ\�

*UDSK����VKRZV�WKH�WLPH�VHULHV�GDWD�IRU�ILOWHUDEOH�FRQFHQWUDWLRQV�RI�PDQJDQHVH���0RVW�RI�WKH
GDWD�RYHU�WKH�SDVW�WHQ�\HDUV�IDOOV�ZHOO�EHORZ�WKH���WK�SHUFHQWLOH�OLQH�� �,Q�SDUWLFXODU��WKH�GDWD
IRU�-DQXDU\�WR�0D\������OLHV�EHORZ�WKLV�WKUHVKROG���7KXV��WKH�VPDOO�OHDN�RI�SURFHVV�ZDWHU�LQWR
WKH�FRQVWUXFWHG�ZHWODQG�ILOWHUV�LQ�WKH�XSSHU�UHDFKHV�RI�&RUULGRU�&UHHN�KDV�QRW�LPSDFWHG�RQ
*HRUJHWRZQ�%LOODERQJ�

*UDSK����VKRZV�WKH�8�FRQFHQWUDWLRQ�GDWD�PHDVXUHG�VLQFH�WKH�EHJLQQLQJ�RI��������$OO�RI�WKH
YDOXHV�PHDVXUHG�RYHU�WKH�SDVW�WZR�DQG�D�KDOI�\HDUV�DUH�EHORZ�WKH���WK�SHUFHQWLOH�WKUHVKROG�
7KHUH� LV�D�YHU\�VLPLODU�VLWXDWLRQ�ZLWK�PDJQHVLXP��ZLWK�RQO\�RQH�PHDVXUHG�YDOXH�RYHU� WKH
SDVW�WZR�\HDUV�KDYLQJ�H[FHHGHG�WKH���WK�SHUFHQWLOH��*UDSK�����

��� $VVHVVPHQW�RI�3RWHQWLDO�IRU�,PSDFW�RQ�0DJHOD�)ORRGSODLQ

,W� KDV� EHHQ� VKRZQ� DERYH� WKDW� WKH� VHHSDJH� RI� D� VPDOO� YROXPH� RI� SURFHVV�ZDWHU� FRQWDLQLQJ
HOHYDWHG�FRQFHQWUDWLRQV�RI�0Q�KDV�KDG�QR�LPSDFW�RQ�ZDWHU�TXDOLW\�LPSDFW�DW�HLWKHU�VLWH�*&�
LQ�&RUULGRU�&UHHN�RU�DW� WKH�VDPSOLQJ�SRLQW� LQ�*HRUJHWRZQ�%LOODERQJ�� � ,W� IROORZV� WKDW� WKHUH
FRXOG� WKHUHIRUH�EH�QR� LPSDFW� IXUWKHU�GRZQVWUHDP�DQG� WKHUH� LV� FOHDU� HYLGHQFH� WKDW�0DJHOD
&UHHN�ZDV�QRW�LPSDFWHG���7KH�UHVXOWV�RI�WKH�DQDO\VLV�RI�WKH�PRQLWRULQJ�GDWD�IRU�WKH�������ZHW
VHDVRQ�DUH�SUHVHQWHG�EHORZ�

����� &KHPLFDO�0RQLWRULQJ�'DWD�IRU����

0RQLWRULQJ� RI� 0DJHOD� &UHHN� LV� SHUIRUPHG� E\� (5$� RQ� D� ZHHNO\� EDVLV� XSVWUHDP� RI� WKH
PLQHVLWH��0&86��DQG�DW�JDXJLQJ�VWDWLRQ�*6���������GRZQVWUHDP�RI�PLQH��GXULQJ�SHULRGV�RI
IORZ�

0DQJDQHVH�OHYHOV�GRZQVWUHDP�RI�WKH�PLQH�KDYH�EHHQ�PRQLWRUHG�VLQFH�������*UDSK�������$V
FDQ�EH�VHHQ�IURP�WKH�JUDSK��PDQJDQHVH�OHYHOV�DUH�HOHYDWHG�GXULQJ�WKH�ILUVW�IOXVK�HYHQWV��ZLWK
D�UDSLG�GHFUHDVH�RQFH�FRQVLVWHQW�FUHHN�IORZ�LV�HVWDEOLVKHG����7KH�GDWD�IRU�����������VKRZV�QR
GHYLDWLRQ�IURP�KLVWRULF�WUHQGV�

$�VLQJOH�ZDWHU�VDPSOH�FROOHFWHG�RQ�1RYHPEHU��UG�������KDG�D�PDQJDQHVH�FRQFHQWUDWLRQ�RI���
µJ�/���7KH�ILUVW�VLJQLILFDQW�UDLQV�IRU�WKH�ZHW�VHDVRQ�RFFXUUHG�ODWH�LQ�2FWREHU��ZLWK������PP
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EHLQJ� UHFRUGHG� DW� -DELUX� $LUSRUW� RQ� 2FWREHU� ��VW�� ������ � 7KH� FRQFHQWUDWLRQV� RI� VROXWHV
�LQFOXGLQJ�0Q��LQ�WKLV�VDPSOH�DUH�LQGLFDWLYH�RI�WKH�©ILUVW�IOXVKª�

0Q� FRQFHQWUDWLRQV� IRU� WKH� UHPDLQGHU� RI� WKH� ZHW� VHDVRQ� UHPDLQ� EHORZ� ��� µJ�/�� ZLWK� WKH
H[FHSWLRQ�RI�RQH�UHDGLQJ�WDNHQ�RQ�-DQXDU\��WK�������RI����µJ�/���$�VDPSOH�FROOHFWHG�RQ�WKH
VDPH�GDWH�IURP�0DJHOD�&UHHN�8SVWUHDP�PRQLWRULQJ�VLWH�KDG�D�PDQJDQHVH�FRQFHQWUDWLRQ�RI
���µJ�/��LQGLFDWLQJ�WKDW�WKH�VOLJKW�HOHYDWLRQ�LQ�PDQJDQHVH�UHFRUGHG�DW�WKH�GRZQVWUHDP�VLWH
ZDV�QRW�GXH�WR�PLQLQJ�DFWLYLWLHV�

*UDSK����VKRZV�ILOWHUDEOH�XUDQLXP�FRQFHQWUDWLRQV�PHDVXUHG�DW�������$V�ZLWK�PDQJDQHVH��D
ILUVW� IOXVK� KLJK� LV� UHFRUGHG� DW� WKH� EHJLQQLQJ� RI� HDFK� ZHW� VHDVRQ�� IROORZHG� E\� D� UDSLG
GHFUHDVH����1R�GHYLDWLRQ�IURP�KLVWRULF�WUHQGV�LV�HYLGHQW�

7DEOH� ��� VXPPDULVHV� VWDWLVWLFDO� GDWD� DYDLODEOH� IRU� ERWK� WKH� XSVWUHDP� �0&86�� DQG
GRZQVWUHDP�������VLWHV����1R�YDULDWLRQ�IURP�KLVWRULF�WUHQGV�LV�HYLGHQW��LQGLFDWLQJ�QR�LPSDFW
RI�ZDWHU�IURP�WKH�9/*�GUDLQ�DW�9/*&5&�

����� %LRORJLFDO�0RQLWRULQJ�'DWD�IRU����

&UHHNVLGH� PRQLWRULQJ� KDV� EHHQ� FRQGXFWHG� E\� HULVV� DQG� (5$� IRU� D� QXPEHU� RI� \HDUV� WR
LQYHVWLJDWH� WKH� UHODWLYH� WR[LFLW\� RI�0DJHOD�&UHHN�XS� DQG�GRZQVWUHDP�RI� DQ\�PLQH� UHODWHG
LQSXWV�� �7KH�SURJUDP�ZDV�HVWDEOLVKHG�WR�VHUYH�DV�D�YDOLGDWLRQ�RI� WKH� ODERUDWRU\�EDVHG�SUH�
UHOHDVH� VFUHHQLQJ� WHVWV�� 7KH� FUHHNVLGH� VWDWLRQV� DUH� HVWDEOLVKHG� LPPHGLDWHO\� GRZQVWUHDP�RI
WKH� FRQIOXHQFH� RI� *HRUJHWRZQ� %LOODERQJ� ZLWK� 0DJHOD� &UHHN� �XSVWUHDP� RI� PLQH� UHODWHG
LQSXWV�� DQG� QHDU� JDXJLQJ� VWDWLRQ� ����� � $QDO\VLV� DQG� LQWHUSUHWDWLRQ� RI� UHVXOWV� KDV� EHHQ
SURYLGHG�E\�HULVV�

)LVK� ODUYDO� VXUYLYDO� ZDV� KLJKHU� LQ� WKH� GRZQ� VWUHDP� VLWH� �*UDSK� ����� � 7KH� VQDLO� HJJ
SURGXFWLRQ�WHVW�VKRZHG�VLPLODU�VXUYLYDO�OHYHOV�EHWZHHQ�WKH�WZR�PRQLWRULQJ�VWDWLRQV��*UDSK
�������,W�VKRXOG�EH�QRWHG�WKDW�WKH�FUHHN�VLGH�PRQLWRULQJ�V\VWHP�H[SHULHQFHG�SUREOHPV�VXFK�DV
WKH�ZDWHU� EHFRPLQJ� VXSHUVDWXUDWHG�ZLWK� R[\JHQ� GXULQJ� WKH� ���������� WHVW� SHULRG�� � %RWK
HULVV�DQG�5DQJHU�WHVWV�H[SHULHQFHG�WKHVH�SUREOHPV���3RRU�ILVK�VXUYLYDO�LQ�VRPH�WHVW�WDQNV�FDQ
EH�FRUUHODWHG�ZLWK�WKH�VXSHUVDWXUDWLRQ�RI�WKHVH�ZDWHUV�

*HQHUDO�FRQFOXVLRQ�RQO\�FDQ�EH�GUDZQ�IURP�WKHVH�GDWD�GXH�WR�WKH�DERYHPHQWLRQHG�WHFKQLFDO
GLIILFXOWLHV���+RZHYHU��LW�LV�FOHDU�WKDW�WKHUH�ZHUH�QR�DGYHUVH�HIIHFWV�RI�PLQH�RSHUDWLRQV�RQ�DQ\
RI�WKH�WHVW�VSHFLHV�RYHU�WKH�����������ZHW�VHDVRQ�

� 83'$7('�23(5$7,21$/� 352&('85(6� )25� 7$,/6� $1'
352&(66�:$7(5�63,//$*(6

��� 7DLOV�SLSHOLQH�LQVSHFWLRQ�SURFHGXUH��GUDIW�

• 7DLOLQJV�OLQHV�DUH�WR�EH�FKHFNHG�DW�OHDVW�WKUHH�WLPHV�SHU�VKLIW�DV�D�PLQLPXP�UHTXLUHPHQW�

• 7KH�UHVXOWV�RI�WKH�FKHFNV�DQG�WKH�IUHTXHQF\�RI�WKH�FKHFNV�DUH�WR�EH�ORJJHG�

• $OO�WKH�WDLOV�OLQHV�DUH�WR�EH�LQFOXGHG�LQ�WKH�FKHFNV��L�H�

ä $�WDLOV�OLQH�DORQJ�FRUULGRU�URDG�

ä $�WDLOV�OLQH�IURP�FRUULGRU�URDG�WR�WKH�WRS�RI�3LW����
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ä $�WDLOV�OLQH�DURXQG�WKH�VLGH�RI�3LW����

ä %�WDLOV�OLQH�DORQJ�WKH�FRUULGRU�URDG

ä %�WDLOV�OLQH�IURP�WKH�FRUULGRU�URDG�WR�WKH�GLVFKDUJH�SRLQW�DW�3LW���

ä 7DLOV�UHWXUQ�ZDWHU�OLQH�IURP�WKH�WDLOV�UHWXUQ�SXPSV�WR�WKH�SURFHVV�KHDG�WDQN

ä 6LSKRQ�OLQH�IURP�WKH�WDLOLQJV�GDP�WR�3LW����DORQJ�WKH�FRUULGRU�URDG�DQG�LQWR�WKH
SLW

ä 'HZDWHULQJ�OLQHV�IURP�3LW����WR�WKH�WDLOLQJV�GDP�¥�RQ�WRS�RI�3LW����DQG�DORQJ�WKH
FRUULGRU�URDG

• 7KH�SURFHGXUH�IRU�FKHFNLQJ�LV�WR�GULYH�VORZO\�DORQJ�EHVLGH�WKH�SLSHOLQHV�DQG�REVHUYH�DQ\
ZDWHU�SRROLQJ�DURXQG�WKH�SLSHV�RU�DQ\�PXG�VOXUU\�OHDNLQJ�IURP�WKH�SLSHV�

• 6SHFLDO�DWWHQWLRQ�VKRXOG�EH�JLYHQ�WR�YLFWDXOLF�FRXSOLQJV��VHFWLRQV�RI�PLQH�KRVH��DQG�DQ\
EHQGV�

• ,I�WKH�YLHZ�RI�WKH�SLSH�LV�LPSHGHG�LQ�DQ\�ZD\��WKH�RSHUDWRU�VKRXOG�OHDYH�WKH�YHKLFOH�IRU
FORVHU�LQVSHFWLRQ�

• 2Q� QLJKW� VKLIW�� WKH� YHKLFOH� VSRWOLJKWV�PD\� QHHG� WR� EH� DGMXVWHG� VR� DV� WR� LOOXPLQDWH� WKH
SLSHOLQHV�

• 6HFWLRQV�RI�WKH�SLSHOLQHV�WKDW�FDQQRW�EH�FKHFNHG�IURP�WKH�YHKLFOH�PD\�QHHG�WR�EH�ZDONHG�

��� ,Q�WKH�HYHQW�RI�LGHQWLI\LQJ�D�OHDN

• ,Q� WKH� HYHQW� RI� LGHQWLI\LQJ� D� OHDN�� DFWLRQ�PXVW� EH� WDNHQ� WR� VWRS� WKH� VSLOO� DV� VRRQ� DV
SRVVLEOH���7KDW�LV��LI�D�WDLOV�OLQH�LV�OHDNLQJ��FKDQJH�WKH�WDLOV�SXPSV�

• $Q\�OHDN�PXVW�EH�FRQWDLQHG�LQ�WKH�FRUULGRU�URDG�GUDLQ�

• 0DLQWHQDQFH�PXVW�EH�DGYLVHG�DQG�UHSDLUV�LPSOHPHQWHG�DV�VRRQ�DV�SRVVLEOH�

• 7KH�PLOO�FRRUGLQDWRU�DQG�RU�PLOO�VXSHULQWHQGHQW�PXVW�EH�LQIRUPHG�DV�VRRQ�DV�SRVVLEOH�

• ,Q� WKH� HYHQW� RI� D� OHDN� WR� WKH� FRQWDLQPHQW�GUDLQ�� WKH� IO\JKW�SXPS� LQ� WKH� WXUNH\ªV�QHVW
VXPS�PXVW�EH�VWRSSHG�LPPHGLDWHO\�

��� )RUPDO�(5$�2SHUDWLRQDO�3URFHGXUH

7KH�IRUPDO�2SHUDWLRQDO�3URFHGXUH�IRU�7DLOV�3URFHVV�:DWHU�6SLOODJH� LV�EHLQJ�XSGDWHG�� �7KH
SULQFLSDO� REMHFWLYH� RI� WKH� SURFHGXUH� LV� �WR� HQVXUH� WKDW� WKH� VSLOODJH� RI� WDLOLQJV� DQG� SURFHVV
ZDWHU� LV� HIIHFWLYHO\�PDQDJHG�DQG� UHSRUWHG¨�� �3HUVRQDO�SURWHFWLRQ� HTXLSPHQW� UHTXLUHPHQWV
DUH�VWDWHG���$�QXPEHU�RI�VSHFLILF�DFWLRQV��ZLWK�FRPPHQWV��H[SODQDWLRQV�DQG�LQVWUXFWLRQV��DUH
GHVFULEHG�

� ,1&,'(17� 127,),&$7,21� $1'� 5(3257,1*� 72
(;7(51$/�67$.(+2/'(56

7KH� OHQJWK� RI� WLPH� LW� WRRN� WR� IRUPDOO\� UHSRUW� WKH� LQFLGHQW� WR� DSSURSULDWH� VWDNHKROGHUV� LV
UHFRJQLVHG�E\�(5$�DV�XQDFFHSWDEOH�� �7KLV�LV�D�PDWWHU�RI�LQWHUQDO�DQG�H[WHUQDO�LQYHVWLJDWLRQ
DQG�UHYLVHG�SURFHGXUHV�KDYH�EHHQ�LPSOHPHQWHG���7R�WKLV�HQG��(5$�LV�ZRUNLQJ�ZLWK�WKH�266�
17'0(� DQG� WKH� 1/&� WKURXJK� WKH� 5DQJHU� 0LQHVLWH� 7HFKQLFDO� &RPPLWWHH� WR� GHYHORS� D
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SURWRFRO� WKDW� GHWDLOV� WKH� WKUHVKROG� RU� WULJJHU� OHYHOV� IRU� IRUPDOO\� UHSRUWLQJ� HQYLURQPHQWDO
LQFLGHQWV�

7R�LQLWLDWH�GLVFXVVLRQ�RQ�WKLV�SURFHVV��(5$�KDV�SURSRVHG�WKDW�D�UHSRUWLQJ�UHJLPH�VLPLODU�WR
WKDW�EHLQJ�GHYHORSHG�IRU�����EH�DGRSWHG�IRU�ORFDWLRQV�ZLWKLQ�WKH�SXUSRVH�EXLOW�VXUIDFH�ZDWHU
UHWHQWLRQ�V\VWHPV�WKDW�DUH�SDUW�RI�WKH�PLQLQJ�RSHUDWLRQV�XSVWUHDP�RI�0DJHOD�&UHHN�DQG�ERWK
&RRQMLPED�DQG�*HRUJHWRZQ�%LOODERQJV���7KXV�WKH�UHSRUWLQJ�WULJJHU�UHJLPH�FRXOG�EH�DSSOLHG
WR�H[LVWLQJ�VWDWXWRU\�PRQLWRULQJ�VLWHV�DW�WKH�ZHLU�RQ�53��DQG�DW�*&��DERYH�WKH�6OHHS\�&RG
ZHWODQG�ILOWHU�RQ�&RUULGRU�&UHHN���3RWHQWLDO�YDULDEOHV�DQG�WULJJHU�WKUHVKROGV�DUH�VHW�RXW�LQ�WKH
IROORZLQJ�WDEOHV�

.H\�YDULDEOH 5HOHYDQFH

S+ 6WLSXODWHG� XQGHU� (5� ���� DV� D� PDVWHU� YDULDEOH� LQIOXHQFLQJ� VSHFLDWLRQ� DQG� WR[LFLW\� RI
SRWHQWLDO�FRQWDPLQDQWV�DQG�HFRV\VWHP�FKDUDFWHU��L�H��VWUXFWXUH�DQG�IXQFWLRQ�

(& $V�DERYH

8�FRQFHQWUDWLRQ 6WLSXODWHG�XQGHU�(5�����DV�WKH�SULQFLSDO�FRQWDPLQDQW�RI�SXEOLF�FRQFHUQ�DQG�KDV�SRWHQWLDO
HFRORJLFDO�LPSDFW

7XUELGLW\ 1R� HYLGHQFH� RI�PLQH� HIIHFW� EXW�EHFRPHV� LQFUHDVLQJO\� LPSRUWDQW� DV� D� SK\VLFR�FKHPLFDO
LQGLFDWRU�RI�SRWHQWLDO�HFRORJLFDO�LPSDFW�IURP�GLVWXUEDQFH�DQG�HURVLRQ�RI�VXUIDFHV�GXULQJ
PLQLQJ�RSHUDWLRQV�DQG�UHKDELOLWDWLRQ

0J�FRQFHQWUDWLRQ (YLGHQFH� RI� PLQH� LPSDFWV� �H�J�� DFFHOHUDWHG� ZHDWKHULQJ� RI� ZDVWH� URFN�� DQG� SRWHQWLDO
LPSDFWV�RQ�SRWDELOLW\�RI�ZDWHU���(FRORJLFDO�LPSDFWV�XQFOHDU�

62��FRQFHQWUDWLRQ $V�DERYH

0Q�FRQFHQWUDWLRQ (YLGHQFH� RI� HIIHFWV� RI�PLQLQJ�� �$ULVHV� SULPDULO\� IURP� WKH� XVH� RI� S\UROXVLWH� LQ�PLQHUDO
SURFHVVLQJ�� DOWKRXJK� DOVR� GHULYHG� IURP� OHDFKLQJ� RI� ZDVWH� URFN�� � 3RWHQWLDO� HFRORJLFDO
LPSDFW

&D�FRQFHQWUDWLRQ 1R� GLUHFW� HIIHFW� HQYLVDJHG� EXW� SRWHQWLDOO\� KDV� DQ� HFRORJLFDO� LPSDFW� WKURXJK� 0J
LPEDODQFH��L�H��&D�0J�UDWLR�

1+� 3URFHVV�ZDWHU�LQGLFDWRU

7\SH�RI�GDWD /HYHO�RI�$FWLRQ 9DOXH

1RUPDO�GLVWULEXWLRQ )RFXV�OHYHO !�δ

5HSRUW�WULJJHU !��δ

1RQ�QRUPDO�GLVWULEXWLRQ )RFXV�OHYHO [!��WK�SHUFHQWLOH

5HSRUW�WULJJHU [!��WK�SHUFHQWLOH

)XUWKHU�FODULILFDWLRQ�PD\�EH�SRVVLEOH�XVLQJ�WKH�DSSURDFK�GHYHORSHG�E\�266�LQ�UHODWLRQ�WR�WKH
VLJQLILFDQFH�RI�HQYLURQPHQWDO�LQFLGHQWV���$�SDSHU�DORQJ�WKHVH�OLQHV�ZLOO�EH�WDEOHG�DW�WKH�QH[W
07&�PHHWLQJ�
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7KH�IROORZLQJ�UHPHGLDO�ZRUNV�KDYH�EHHQ�FRPSOHWHG�

• UHDOLJQHG� DQG� FRQWRXUHG� WKH� SLSHOLQH� SLSHOLQH� EXQG� IURP� WKH� 7DLOLQJV�'DP� WRH� WR� WKH
FUHVW�

• UH�HVWDEOLVKHG�WKH�SLSHOLQH�EXQG�VXEJUDGH�PDWHULDO�LQ�WKH�DERYH�VHFWLRQ�

• UHQHZHG� DQG� UHSODFHG� WKH� VWHHO� SLSHOLQH� RQ� FRQFUHWH� VXSSRUW� EORFNV�ZLWKLQ� WKH� DERYH
VHFWLRQ�

• UHLQVWDWHG�WKH�����PP�GLDPHWHU�+3'(�SLSHOLQH�ZLWKLQ�WKH�DERYH�VHFWLRQ�

• UHJUDGHG� DQG� FRQWRXUHG� WKH� WDLOLQJV� FRUULGRU� URDG� WR� HQVXUH� PLQLPDO� VHGLPHQW� ZDVK
WRZDUGV�WKH�SLSHOLQH�EXQG�

• H[FDYDWHG� WKH�XQGHUVLGH� RI� WKH� VWHHO� SLSHOLQH�ZLWKLQ� WKH� WDLOLQJV� FRUULGRU� EXQG� IRU� WKH
HQWLUH�OHQJWK��DSSUR[LPDWHO\�����NP��

• UHPRYHG�YHJHWDWLRQ�RYHU�WKH�HQWLUH�SLSHOLQH�EXQG�OHQJWK�DQG�WKH�7DLOLQJV�'DP�FUHVW�DUHD
WR�WKH�GHFDQW�SXPS�SRQWRRQ�

• LQVWDOOHG�D�FRQFUHWH�EDUULHU�RYHU�WKH�WRS�RI�WKH�9HU\�/RZ�*UDGH�&RUULGRU�5RDG�&XOYHUW
�9/*&5&��ZLWKLQ�WKH�WDLOLQJV�FRUULGRU�SLSHOLQH�EXQG�

• QRQ�GHVWUXFWLYH�WHVWLQJ�RI�����NP�OHQJWK�RI�VWHHO�SLSHOLQH�XWLOLVLQJ�,17,&2�3W\�/WG��

• 6.0�KDYH�FRPSOHWHG�D�GUDIW�UHSRUW�UHYLHZLQJ�WKH�GHVLJQ�DQG�RSHUDWLRQDO� IXQFWLRQDOLW\
RI�WKH�SLSHOLQH�FRUULGRU�IRU�WKH�2IILFH�RI�WKH�6XSHUYLVLQJ�6FLHQWLVW�

• D�UHYLHZ�RI�WKH�SURFHVV�ZDWHU�V\VWHP�

• GHFODUHG�WKH�WDLOLQJV�FRUULGRU�EXQGHG�DUHD�D�SDUW�RI�WKH�FORVHG�ZDWHU�V\VWHP�

• DSSRLQWHG�D�0DQDJHU��3XEOLF�5HODWLRQV��6FRWW�:DONHU���DQG

• UHVWUXFWXUHG�WKH�(6+�'HSDUWPHQW�

2WKHU�VWUDWHJLHV�XQGHU�FRQVLGHUDWLRQ�LQFOXGH�

• H[WHQGLQJ�WKH�':�$�WULDO�RXWOHW�WR�WKH�FXOYHUW�EHQHDWK�WKH�WDLOLQJV�FRUULGRU�GUDLQ�

• LQYHVWLJDWLRQV�RI�D�PHWKRGRORJ\�IRU�WKH�QRQ�GHVWUXFWLYH�WHVWLQJ�RI����PP�+'3(�DQG
SLW�WDLOLQJV�OLQH�

• XSGDWLQJ� WKH� PRQLWRULQJ� SURJUDP� LQ� WKH� FRQVWUXFWHG� ZHWODQG� ILOWHUV� LQ� WKH� XSSHU
UHDFKHV� RI� &RUULGRU� &UHHN� WR� FRQVROLGDWH� DGGLWLRQDO� EDUULHUV� RI� SURWHFWLRQ� WR� WKH
RIIVLWH�HQYLURQPHQW�

• GHYHORSLQJ�WULJJHU�YDOXHV�DQG�ORFDWLRQV�IRU�PDQGDWRU\�UHSRUWLQJ��DQG

• GHYHORSLQJ�SODQV�WR�LPSURYH�WKH�FODULW\�RI�UHSRUWLQJ�WR�H[WHUQDO�VWDNHKROGHUV

������������������������������ �����������������������
� ,17,&2��9,&��3W\�/WG���§8OWUDVRQLF�WKLFNQHVV�VXUYH\�RI�WDLOVOLQH�VWHHO�DQG�SRO\HWK\OHQH�3(�����JUDGH�SLSLQJ¨�����5HSRUW�WR�(5$

/LPLWHG����-XQH���������
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7KLV� LQFLGHQW� DQG� VXEVHTXHQW� LQYHVWLJDWLRQV� KDYH� KLJKOLJKWHG� GHILFLHQFLHV� LQ� WKH� KD]DUG
UHFRJQLWLRQ�DQG�UHSRUWLQJ�SURFHVV�DW�5DQJHU�0LQH���:KLOH�WKH�ZDWHU�TXDOLW\�DQG�WR[LFRORJLFDO
GDWD� VKRZV� WKDW� WKHUH� KDV� EHHQ� QR� LPSDFW� RI� WKH� SURFHVV� ZDWHU� OHDN� RQ� WKH� H[WHUQDO
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���� 7LPHOLQH�RI�(YHQWV�UHODWLQJ�WR�WKH�SURFHVV�ZDWHU�OHDN�LQFLGHQW

'DWH 'HWDLOV
���1RY����� 0RQWKO\�PRQLWRULQJ�RI�FXOYHUW�ZDWHU�IRU�PDQJDQHVH�FRPPHQFHG���7KLV�ZDV

LQWURGXFHG�DV�SDUW�RI�D�VWDQGDUG�PRQLWRULQJ�VXLWH�� �3UHYLRXVO\��PDQJDQHVH
ZDV� QRW� URXWLQHO\� DQDO\VHG� DW� WKLV� VLWH� E\� WKH� (QYLURQPHQW� /DERUDWRU\�
3UHYLRXV� DQDO\VHV� DW� WKH� FXOYHUW� FRQFHQWUDWHG� RQ�PDJQHVLXP�� VXOIDWH� DQG
XUDQLXP�FRQFHQWUDWLRQV� LQ�FRQQHFWLRQ�ZLWK�FDSSHG�UH�YHJHWDWHG�DUHD� UXQ�
RII�

���'HF����� :HHNO\�PRQLWRULQJ� IRU�PDQJDQHVH� XQGHUWDNHQ� DW� WKH� FXOYHUW� LQ� OLQH�ZLWK
WKH�FRPPHQFHPHQW�RI�WKH�':�$�ZDWHU�WULDO�

���-DQ�����
���-DQ�����

+HDY\�UDLQIDOO�RQ�VLWH�UHVXOWHG�LQ�FXOYHUW�EHLQJ�ODUJHO\�EORFNHG�

���-DQ����� )LUVW�DWWHPSW�WR�FOHDU�FXOYHUW�XQVXFFHVVIXO

���-DQ��������
���-DQ�����

&HQWUDO�FXOYHUW�FOHDUHG�E\�H[WHUQDO�FRQWUDFWRUV

���)HE����� )LUVW�ZDWHU�VDPSOH�FRQWDLQLQJ�KLJKHU� WKDQ�H[SHFWHG�PDQJDQHVH� OHYHOV�ZDV
FROOHFWHG���0DQJDQHVH�UHDGLQJ�RI������µJ�/�ZDV�REWDLQHG�

���)HE����� 0DQJDQHVH�UHDGLQJ�RI�����µJ�/�IRU�ZDWHU�FROOHFWHG�DW�WKH�FXOYHUW

���)HE�������
���0DU�����

0DQJDQHVH� FRQFHQWUDWLRQ� REVHUYHG� WR� LQFUHDVH� IURP� ����� µJ�/� ������� WR
�����µJ�/������

���0DU����� +LJK�UHDGLQJ�RI������µJ�/�REWDLQHG�

���0DU����� ,QLWLDO� GLVFXVVLRQ� EHWZHHQ� $QGUH� 'H�:DDO� �7HFKQLFDO� 2IILFHU�� DQG� 'DYLG
7RRKH\� �6HQLRU� (QYLURQPHQWDO� &KHPLVW�� DW�ZKLFK� WKH� XQXVXDO� RFFXUUHQFH
ZDV�GLVFXVVHG���,QLWLDWLRQ�RI�LQYHVWLJDWLRQ�SURMHFW�

���0DU����� )XUWKHU�GLVFXVVLRQV�EHWZHHQ�'DYLG�7RRKH\�DQG�$QGUH�'H�:DDO�UHJDUGLQJ
WKH� PDQJDQHVH� OHYHOV� UHFRUGHG� DW� WKH� FXOYHUW�� � 3URMHFW� LQFRUSRUDWHG� LQWR
JRDOV�RI�SHUIRUPDQFH�PDQDJHPHQW�V\VWHP��&RUULGRU�5RDG�3URMHFW�

0LOO�)RUHPDQªV�ORJ�UHFRUGHG�SXPSLQJ�IURP�WKH�FRUULGRU�URDG�VXPS�WR�53�
RFFXUUHG�SULRU�WR�OHDN�GHWHFWLRQ�RQ����0DU��������6LQFH�OHDN�GHWHFWLRQ��SXPS
WR�53��ZDV�WXUQHG�RQ����$SU������DQG�WXUQHG�RII����$SU������� � �YLD�/RWXV
QRWHV�¥�*OHQ�6DXHU�

���0DU������¥
���0DU�����

'DWD� FROODWLRQ� DQG� UHYLHZ�� �:HHNO\�PRQLWRULQJ� FRQWLQXHG�� � 3HUVLVWHQFH� RI
HOHYDWHG�UHVXOWV��DOWKRXJK�PDQJDQHVH�FRQFHQWUDWLRQV�REVHUYHG�WR�GHFUHDVH�¥
�����µJ�/��������DQG������µJ�/�������

���0DU����� $QGUH�'H�:DDO�UHYLHZV�DUHD�RQ�IRRW���,QLWLDO�OHDN�VLWH�GLVFRYHUHG���PRUQLQJ�

7UHYRU�6SHGGLQJ��+\GURJUDSKHU��DQG�*HRII�0DFNHQ]LH� �7HFKQLFDO�2IILFHU�
IURP�:DWHU�5HVRXUFHV�DQG�*OHQ�6DXHU�IURP�WKH�0LOO�LQVSHFWHG�WKH�DUHD�DQG
FROOHFWHG�D�ZDWHU�VDPSOH���DIWHUQRRQ�

���0DU����� $QDO\VLV�RI�VDPSOH�FROOHFWHG����0DU������FRPSOHWHG�

)ORZ�RI�ZDWHU�IURP�WKH�OHDN�PHDVXUHG�DW�����/�VHF�

7KH� DUHD� IURP� WKH� 7DLOV� 'DP� ZDOO� WR� WKH� 9/*&5&� ZDV� ZDONHG� DQG
LQVSHFWHG� E\� 'DYLG� 7RRKH\� DQG� 'RQ� 3LGVOH\�� � $� ZDWHU� ORJJHG� DUHD
FRQWDLQLQJ� KLJK� FRQGXFWLYLW\� ZDWHU� ZDV� ORFDWHG� DQG� PDUNHG�� � :DWHU
VDPSOHV�ZHUH�FROOHFWHG�DW�VHYHUDO�VLWHV�LQFOXGLQJ�WKH�FXOYHUW�
7KH�ERJJ\�DUHD�VXUURXQGLQJ�WKH�SRO\�SLSH�LGHQWLILHG�DV�D�KLJK�FRQGXFWLYLW\
VRXUFH� ZDV� LQLWLDOO\� WKRXJKW� WR� EH� DVVRFLDWHG� ZLWK� WKH� V\SKRQ� SLSHOLQH�
:D\QH�+XQWHU�RI� WKH�0LOO�ZDV�DGYLVHG� WR�UHPRYH� WKH�V\SKRQ�EUHDN�YDOYH
HQWLUHO\�
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'DWH 'HWDLOV
5DQJHU� 0DQDJHPHQW� 7HDP� LQIRUPHG� RI� D� SURFHVV� ZDWHU� VSLOO� DW� PHHWLQJ
DWWHQGHG�E\�'DYLG�7RRKH\�#������KUV���7HDP�LQIRUPHG�RI�VXVSHFWHG�OHDN�RI
WKH�V\SKRQ�OLQH�

���0DU����� 6DPSOHV�FROOHFWHG����0DU������DQDO\VHG�

���0DU������¥
���$SU�����

$UHD�ZDV� LQVSHFWHG� RYHU� WKH� ZHHNHQG� XS� WR� DQG� LQFOXGLQJ� ��� $SU� �����
$VVHVVHG�WKH�VWUHQJWK�RI�WKH�IORZ�IURP�WKH�DUHD�DQG�GHILQHG�WKDW�LW�ZDV�QRW�D
OHDN� IURP� WKH� V\SKRQ� SLSH�� � $V� WKH� OHDN� KDG� FRQWLQXHG� ZLWKRXW� DQ\
QRWLFHDEOH� UHGXFWLRQ� LQ� IORZ� RYHU� WKH� ZHHNHQG� DV� REVHUYHG� E\� :DWHU
5HVRXUFHV�DQG�&KHPLVWU\�VWDII��LW�ZDV�VXJJHVWHG�E\�'RQ�3LGVOH\��YLD�/RWXV
QRWHV���$SU������#������KUV��WKDW�WKH�OHDN�ZDV�GXH�WR�WKH�VWHHO�PLOO�GHFDQW
OLQH�

���0DU����� ,W�ZDV�FRQILUPHG�WKDW�WKH�V\SKRQ�EUHDN�KDG�EHHQ�UHPRYHG�HQWLUHO\�E\�'RQ
3LGVOH\���:D\QH�+XQWHU�RI�WKH�0LOO�ZDV�UHTXHVWHG�WR�ORRN�DW�WKH�§OHDN¨�RYHU
WKH� ZHHNHQG� WR� FKHFN� LI� WKH� OHDN� IORZ� UHGXFHG�� WKHUHE\� FRQILUPLQJ� RU
RWKHUZLVH�LI� WKH�§OHDN¨�ZDV�LQ�WKH�V\SKRQ�OLQH��/RWXV�QRWHV����0DU������#
�����KUV�

���$SU����� 'RQ�3LGVOH\�FRQWDFWHG�:D\QH�+XQWHU��0LOO�6HUYLFHV�6XSHUYLVRU��DQG�DJUHHG
WR� XUJHQW� UHSDLU�� � :RUN� RUGHUV� ZHUH� VFKHGXOHG� DQG� LGHQWLILHG� WKH� SLSH
VRXUFH�� � $UUDQJHPHQWV� PDGH� IRU� 0LOO� WR� VKXW� GRZQ� WKH� PDLQ� VRXUFH� IRU
UHSDLUV�
�/RWXV� QRWHV� ��$SU� �����#� ����� KUV� ¥�'RQ� 3LGVOH\� UHTXHVWHG� VHHNLQJ� WKH
H[SRVXUH�RI�WKH�SLSH�DQG�UHTXHVWHG�D�VLWH�LQVSHFWLRQ�RI�WKH�DUHD�ZLWK�:D\QH�
'LDU\� QRWH� RI� WKH�PHHWLQJ� ����� ¥� ����� KUV� RQ� ��$SU� ������ EXW� QR� IXUWKHU
QRWHV�RI�PHHWLQJ�RXWFRPH��

���$SU����� §:RUN�VWDUWHG�RQ�ZDWHU�OHDN���([FDYDWLRQV�VWDUWHG�DQG�IRXQG�WKDW�EROWV�ZHUH
FRUURGHG�DQG�KDG�SXOOHG�WKURXJK�EROW�KROHV�RQ�IODQJH���%ROWV�ZHUH�UHSODFHG
DQG�V\VWHP�EURXJKW�EDFN�RQ�OLQH���%DFN�ILOOLQJ�ZDV�WR�WDNH�SODFH�RQ����$SU
������ EXW� ZDV� SRVWSRQHG�� WKLV� MRE� ZDV� SXW� RII� �WKH� EDFNILOOLQJ�� DQG
FRPSOHWHG� DSSUR[� �� ZHHN� /DWHU�� � $OEHUW� 3ULFH� �0HFKDQLFDO� :RUNVKRS
6XSHUYLVRU�

���$SU����� /HDN�KDG�VWRSSHG�DQG�UHSRUWLQJ�FRQVLGHUDWLRQV�FRPPHQFHG���7KLV�ZDV�QRW
FRQVLGHUHG�WR�EH�D�EUHDFK�RI�WKH�DXWKRUL]DWLRQ�DW�WKLV�SRLQW�
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���� 5DLQIDOO�UHFRUG��PP��IRU�WKH�SHULRG�6HSWHPEHU������¥�0D\�����

'D\V 6HSW 2FW 1RY 'HF -DQ )HE 0DU $SU 0D\

� ���� ���� ���� ���� ���� ���� ���� ����

� ���� ���� ����� ���� ���� ����� ����� ����

� ���� ����� ���� ������ ���� ����� ���� ����

� ���� ���� ���� ���� ����� ���� ����

� ���� ���� ���� ���� ���� ���� ����

� ���� ���� ����� ���� ����� ���� ����

� ���� ���� ���� ���� ����� ����

� ���� ���� ����� ���� ���� ���� ���� ����� ����

� ���� ����� ���� ����� ���� ���� ���� ����

�� ���� ����� ���� ����� ����� ����� ����� ����

�� ���� ���� ����� ����� ���� ����� ����

�� ���� ���� ���� ���� ���� ����

�� ���� ���� ���� ���� ����� ����� ����

�� ���� ���� ���� ���� ����� ���� �����

�� ���� ���� ���� ���� ����� ����� ����� �����

�� ���� ���� ����� ����� �����

�� ���� ���� ���� ����� ����� ���� ����

�� ���� ���� ���� ����� ����� ����

�� ���� ���� ���� ���� ����

�� ���� ����� ���� ���� ����� ����

�� ���� ����� ���� ���� ���� ����

�� �����

�� ���� ���� ����� ����� ����� �����

�� ���� ����� ���� ���� ���� ����

�� ���� ���� ���� ����� ����� ���� ����

�� ���� ���� ����� ���� ���� ���� �����

�� ���� ����� ���� ���� ����

�� ���� ����� ���� ����� ���� ����

�� ���� ���� ����� ���� ����� ���� ����

�� ���� ���� ���� ����� ���� �����

�� ���� ����� ���� ����� ���� ����

�� ����� ���� ���� ����
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���� 6XPPDU\�RI�OHDNV�DQG�VSLOOV�LQ�WDLOLQJV�FRUULGRU�GUDLQ�IURP�DYDLODEOH�PLQH�UHFRUGV

0LOO�'HSDUWPHQW�:RUN�2UGHU�UHFRUGV��%HUJOXQG��0D\������

/RFDWLRQ
RQ��PDS
�)LJXUH���

:RUN
2UGHU

UHIHUHQFH

3LSHOLQH 'DWH /RFDWLRQ 0DWHULDO�&DXVH

���� $�%�WDLOV ���������� " /HDN�DW�FRXSOLQJ
����� &�'�WDLOV ���������� " 3RO\�SLSH
����� $�%�WDLOV ���������� 7DLOV�GDP /HDNLQJ�IODQJH
����� $�%�&�'�7$,/6 ���������� " /HDNLQJ�IODQJH
����� $�%�WDLOV ���������� 7DLOV�GDP 0LQH�+RVH
����� $�%�WDLOV ���������� " /HDN�DW�FRXSOLQJ
����� &�'�WDLOV ���������� " 3DWFK�KROH

� %������ &�'�WDLOV ���������� %ULGJH�WR�SLW &RXSOLQJ�DSDUW
� %���� 7DLOV�5HWXUQ�:DWHU ���������� 7DLOV�'DP�5DPS "

%���� %�WDLOV ���������� " 3(�OLQHG�SLSH
&������ &�'�WDLOV ���������� 'DP�ZDOO 3LSH�VHFWLRQ
(������ $�%�WDLOV ���������� 3LW���+DXO�URDG 6WHHO�SLSH
(������ $�%�WDLOV ���������� 3LW���+DXO�URDG 6WHHO�SLSH
(������ $�%�WDLOV ���������� 3LW���+DXO�URDG 6WHHO�SLSH
(������ $�%�WDLOV ���������� 3LW���+DXO�URDG (OERZ
(���� $�%�WDLOV ���������� " %URNHQ�SLSH

� (������ &�'�WDLOV ���������� 'DP�ZDOO 0LQH�+RVH
(������ $�%�WDLOV ���������� 3LW�� (OERZ
)������ &�'�WDLOV ���������� " /HDNLQJ�FRXSOLQJ
)������� &�'�WDLOV ���������� &RUULGRU 9LFWXDOLF�FRXSOLQJ
)������ $�%�WDLOV ���������� 3LW�� (OERZ"
$���� 7DLOV�5HWXUQ�:DWHU ���������� " 0LQH�+RVH�)ODQJH
)���� 7DLOV�5HWXUQ�:DWHU ���������� 6RXWK�'DP�:DOO 9DOYH�OHDNLQJ

� *���� 7DLOV�5HWXUQ�:DWHU ���������� 7DLOV�GDP�JDWH 0LQLQJ�KRVH
)���� 7DLOV�5HWXUQ�:DWHU ���������� 1RUWK�'DP�:DOO 9LFWXDOLF�FRXSOLQJ

�� *���� 7DLOV�5HWXUQ�:DWHU ���������� 7DLOV�GDP�JDWH 0LQLQJ�KRVH
���� 7DLOV�5HWXUQ�:DWHU ���������� 7DLOV�GDP 6WHHO�9LFWXDOLF�FRXSOLQJ
���� $�WDLOV ���������� 3LW�� 3RO\

�� ����� 3LW���7DLOV�GDP ���������� " 3RO\��)LUH�GDPDJH�
�� ����� 3LW���7DLOV�GDP ���������� &RUULGRU�3LW��" 3RO\

����� %�WDLOV ���������� 3LW�� 0LQH�KRVH�MRLQW
����� %�WDLOV ���������� &RUULGRU�3LW��" %HQG
����� 7DLOV�5HWXUQ�:DWHU ���������� " 6WHHO

�� ����� %�WDLOV ���������� 7XUNH\V�1HVW 5XEEHU�OLQHG�VWHHO
�� ����� 7DLOV�5HWXUQ�:DWHU ���������� %RWWRP�RI�GDP�UDPS )ODQJH�WR�PLQH�KRVH
�� ����� %�WDLOV ���������� 7XUNH\V�1HVW 5XEEHU�OLQHG�VWHHO

5HFRUGHG�&DWFKPHQW�&RQGLWLRQ�5HSRUWV�� �:DWHU�5HVRXUFHV� )LOH�Z�������� �3LGVOH\��0D\
�����

/RFDWLRQ
RQ��PDS
�)LJXUH���

&DWFKPHQW 'DWH /RFDWLRQ 0DWHULDO�&DXVH

7DLOLQJV�GDP ������ 3LSH�FXOYHUW�DGMDFHQW
FRUULGRU�URDG

&XOYHU�EORFNHG

&RUULGRU�3LW��� ������� $W�WDLOV�FURVVRYHU 55=�GUDLQ�IURP�WDLOV�GDP�ZDOO�XQGHU
URDG�ORRNV�EORFNHG



3UHSDUHG�IRU� 6XSHUYLVLQJ�6FLHQWLVW ��������
-RE�1R�����

��

,QIULQJHPHQW�QRWLILFDWLRQV���:DWHU�5HVRXUFHV�)LOH�,���������3LGVOH\��0D\������

/RFDWLRQ
RQ��PDS
�)LJXUH���

7\SH 'DWH /RFDWLRQ 0DWHULDO�&DXVH

,QIULQJHPHQW ������� " 7DLOLQJV�VSLOODJH�RQ�$�%�WDLOLQJV�OLQH���/DUR[�3LQFK
YDOYH�����K�7XHVGD\��������5XEEHU�IODQJH�RQ�YDOYH
IDLOHG������P��RI�WDLOV��VSUD\HG�RXWVLGH�55=��a��P�

WDLOV�ZLWKLQ�55=�
,QIULQJHPHQW ������� (DVW�ZDOO�RI�7' 7DLOLQJV�VSLOODJH���+'3(�SLSH�MRLQW�IDLOXUH������K

6XQGD\������������P��VSUD\�RXWVLGH�55=�
� ,QIULQJHPHQW �������� %HWZHHQ�PDLQ�&'

WDLOLQJV�OLQH�DQG
FRUULGRU�VXPS

)DLOXUH�LQ�VLGH�OLQH�EHWZHHQ�PDLQ�&'�WDLOLQJV�OLQH
DQG�FRUULGRU�VXPS�DW�����K���5XEEHU�OLQLQJ�IDLOXUH
FDXVHG�QRQ�UHWXUQ�IDLOXUH�DQG�VSUD\�RI�WDLOV�a�P�

RXWVLGH�55=�EXQG�
����WZR

ORFDWLRQV�
1RWLILFDWLRQ

�QRQ�
LQIULQJHPHQW�

������� $UHDV�DW�FRUULGRU
VXPS�DQG�PLOO�VLGH

RI�WKH�VXPS

7DLOLQJV�OLQH�EHFDPH�ERJJHG�6DWXUGD\������DQG
ZDV�FOHDUHG�DW�WZR�ORFDWLRQV���3RVVLEOH�VPDOO
TXDQWLW\�RI�WDLOV�DQG�SURFHVV�ZDWHU�ZDVKHG�LQWR
FRUULGRU�VXPS

� 1RWLILFDWLRQ
�QRQ�

LQIULQJHPHQW�

�������� $W�UDPS�EHWZHHQ�7'
ZDOO�FUHVW�DQG�IHQFH

JDWH

6LSKRQ�EUHDN�YDOYH�RQ�GUHGJH�WDLOV�OLQH�DW�WKH�WRS
RI�WKH�WDLOV�GDP�UDPS���6PDOO�TXDQWLW\�RI�WDLOV
VSLOOHG��6XQGD\�������

,QIULQJHPHQW ������ " 53��ZDWHU�XVHG�IRU�ILUHILJKWLQJ����������a�P��XVHG
WR�H[WLQJXLVK�ILUH�HDVW�RI�VRXWKHDVWHUQ�FRUQHU�RI
WDLOV�GDP���'DPDJH�WR�IOH[LEOH�MRLQ�LQ�WDLOLQJV�OLQH
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Job No. 204

Graph 15. Manganese levels at 009, downstream of Ranger Mine, since 1980.

Graph 16. U concentrations measured at 009, downstream of Ranger Mine, since 1980.
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Significant incident investigation report:
process water pipe leak at ERA

Introduction

An incident occurred at the ERA Ranger Mine in which a leak from a process water pipe
within a bunded containment area became elevated to an issue of concern to Aboriginals,
Commonwealth and Territory ministers and the national and international press. The incident
was damaging to the reputation of North Limited and to its relationship with key stakeholders.

The purpose of this investigation was to examine the incident from a management systems
and organisational perspective to identify improvements which will minimise the possibility
of a recurrence of this type of event. A parallel study will be conducted to investigate the
technical aspects of the incident.

Incident Summary

The investigation considered in detail the chain of events giving rise to the incident. A
summary of these events is as follows.

The physical location of the process water leak (figure 1) was the western section of the
tailings corridor bund, a bunded corridor connecting the mill and tailings dam, designed to act
as a secondary containment system for pipes carrying tailings to the dam and return process
water to the mill. This infrastructure dates to the beginning of mill operations and while the
tailings pipes are no longer in use in the section where the leak occurred, the steel process
water pipe still carries process water from the tailings dam.

In December, 1999 an approved trial (the DW3A Trial) was initiated to test the ability of the
Corridor Creek constructed wetland south of the Tailings corridor bund to attenuate solutes
including heavy metals and nitrate. Water from a mill dewatering bore (DW3A) was pumped
to the capped very low grade waste dump (VLG waste dump) to the north of the tailings
corridor bund. From here it flowed through adjacent waste rock, under the tailings corridor
via a concrete box culvert (the VLG tailings corridor culvert) and on to the wetland. Weekly
samples were taken at the south end of the culvert to monitor the levels of various solutes in
water entering the wetland system.

On 2 February, the DW3A trial sample showed abnormally high manganese (Mn) content at
6,100 parts per billion (ppb). Various hypotheses were entertained to explain this but high Mn
was most usually associated with the presence of process water. The following week the Mn
level had dropped but was elevated again in the samples from 16 February to 8 March.

On 13 March an investigation was formalised and various samples were taken to track down
the source of the elevated Mn.

On 28 March, towards the end of the wet season, a small upwelling of water was found in an
area to the west of the VLG tailings corridor culvert. At this point, where the process water
pipe passed beneath a road culvert adjacent to the fence around the tailings dam, the pipe had
become buried under silt.  Excavation revealed the source to be a disused length of tailings
pipe from which water flow was measured at 0.3 l/sec. By 4 April the source of the water was
identified as the flange joint between fixed and flexible sections of the process water pipe on
the other side of the road culvert. These pipes were also buried in silt and the leaking water
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was draining below the surface, into the disused section of pipe, to emerge on the other side
of the road culvert. The leak was repaired the next day.

Ranger ESH staff evaluated the incident as not breaching the Commonwealth Environmental
Requirements for the mine (ERs) on the basis that the leak was contained within the tailings
corridor bund. This analysis overlooked the fact that the search for the process water leak had
been initiated in response to elevated Mn concentrations measured outside of the containment
system.

A notification for the incident was prepared on 10 April in accordance with a commitment to
advise main stakeholders of unplanned events. However, a sequence of delays (editing,
absence from work due to sickness, and the Easter and Anzac day break) resulted in the fax
(attachment 1) not being sent to stakeholders until 28 April. In summary the notification
advised the following:

• An estimated 2000 m3 of process water leaked into the tailings corridor bund over
approximately three months, from where it would have flowed to a sump after
considerable dilution by rainwater.

• There was minimal impact on water quality measured at the sump, which was pumped
into the lower quality RP2 during the period when the leak was unidentified.

• The delay in repairing the pipeline was due to inability to identify the seepage during the
wet season.

• There was no infringement or environmental damage involved.

The Office of the Supervising Scientist (OSS) found the information in the fax and the delay
puzzling and thought there must be more to it. They called Ranger to discuss the incident and,
after discussions, advised their belief that a regulatory breach had occurred.  In a subsequent
discussion with another Ranger staff member the fact emerged that the search for the leak was
in response to the high Mn levels at the VLG tailings corridor culvert.

The OSS concluded that this was a breach of the ERs and were concerned that early
recognition of the issues had not occurred. They were incensed at the delay in reporting and
what they perceived as a failure to be forthcoming with all of the facts. The possibility was
even entertained of a deliberate attempt to conceal the full extent of the incident. Over the
weekend the OSS sent a briefing note on the issue to the Minister’s office at Environment
Australia, copied to the Department of Industry Science and Resources (DISR).

The DISR were similarly incensed and on Tuesday 2 May brought the issue to the attention of
ERA’s parent, North Limited, and raised the possibility of cancelling the export license for
Ranger’s next shipment. This very quickly caught the attention of North, at the most senior
level.

North could not allow any suggestion of a cover up of the incident and on 2 May initiated a
press release acknowledging that the delay in reporting the incident was unacceptable. The
media interpreted this as a significant environmental incident. It was reported as far away as the
London Times. The incident elavated ERA’s operations in both the public and political arenas
and provided opportunities for its critics to undermine its environmental management record.

On 3 May monitoring data from another trial conducted by EWL Services a year earlier
emerged which showed even higher levels of heavy metals at the same sampling point. This
cast some doubt over whether the abnormal readings were due to the process water leak or
could instead have been associated with leaching from the VLG waste dump. However, it also
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raised the question of why this data had not been reported to stakeholders or followed up
when reported to site in April 1999.

On 5 May 2000 a trial was conducted that demonstrated that water in the tailings corridor
bund could slowly seep through the roof of the VLG tailings corridor culvert, confirming the
possibility that process water sitting in the drain for a prolonged period could escape to the
natural drainage system.

Gap Analysis Summary

Where did our handling of these events fall short of the standard required for managing
Australia’s most environmentally and politically sensitive mine? A detailed gap analysis was
conducted to answer this question, applying a yardstick of best practice to determine the
expected response at each key decision point.

The analysis is summarised by reference to four critical periods in the sequence of events:

1. The conditions existing prior to the leak

2. The detection period between the first anomalous sample result and the locating and
repair of the leak

3. The reporting period  between fixing the leak and the reporting to stakeholders

4. The crisis period during which the outrage had to be managed

Pre-Existing Conditions

The tailings corridor bund and piping had been engineered with the objective of managing the
environmental risk from possible pipe leakage. The tailings lines and process water return
were all steel pipes and were set on concrete blocks to minimise corrosion and facilitate
identification of any leakage. In the one location where the tailings dam road passed over the
pipes, a concrete box culvert protected them. The corridor in which the pipes lay was
carefully designed to contain any spillage.

It appears that for many years the pipes were managed with careful maintenance and regular
three hourly inspections. However, when the tailings lines were decommissioned in 1997
(tailings were pumped direct to Pit #1) the perceived hazard and the response to it reduced.
The pipes had become buried in several locations by sediment deposition as they approached
the tailings dam resulting in corrosion, which ultimately appears to have given rise to the leak
(or perhaps vice versa) and prevented the identification of the leak throughout the wet season.

The VLG tailings corridor culvert was installed in 1997. It has now been demonstrated that its
construction allows seepage of water from the tailings drain and as such is a compromise to
the original design integrity of the tailings secondary containment structure.

Whilst we understand that the risk of process water leakage is less than that for tailings, best
practice would have recognised and responded to the combination of technical and political
sensitivity surrounding water management issues to a greater extent than that which is
apparent.  It should be noted, however, that in the course of the rigorous inspection and audit
regime many experienced observers failed to identify the potential environmental hazard of
the buried process water pipe.

The response to the 1998 EWL trial data also warrants review.  The consensus now is that
when these results were reported to Ranger in April 1999, they were sufficiently anomalous
that they should have triggered follow up to better understand the situation. Follow up did not
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occur due in part to the fact that there are no established action trigger points for managing
discretionary monitoring data and that investigation into elevated uranium levels in RP1
assumed a higher priority at that time.

Ideally, the 1998 EWL trial data would also have warranted consultation with the OSS and
NT Department of Mines and possibly the NLC. Standing in the way of this approach is a
concern that sharing information which is of interest but not critical to environmental
protection is more likely to generate a political response than a technical one.

The Detection Period

The period of time between the first anomalous reading at the VLG tailings corridor culvert
and detection of the leak was almost eight weeks. While pursuit of the issue might have been
somewhat more vigorous, in practice there may have been very little that could have been
done during the wet season in the area of the buried pipes without causing more
environmental harm than would have been saved. However, once the leak of process water
was identified, more vigorous followup would have located and addressed the source in less
than the almost one week taken.

In relation to reporting, we should aspire to a relationship with the regulators in which test
results which are anomalous could be discussed with the regulators in an open and timely
way.

The Reporting Period

The correct interpretation of the situation, having identified the leak, was that a significant
volume of process water had escaped the primary containment system to the secondary
containment system and that there was some evidence that smaller volumes may have seeped
or flowed from the secondary containment system to the environment.

The Commonwealth Environmental Requirements for the mine require reporting of any
breach of the regulations or of any mine related event which:

(a) results in significant risk to ecosystem health; or

(b) which has the potential to cause harm to people living or working in the area; or

(c) which is of or could cause concern to Aboriginals or the broader public.

The Requirements also provide that process water must be contained within a closed system
except for, inter alia, seepage of a quality and quantity that will not cause detrimental
environmental impact outside the Ranger Project Area.

Whether or not a regulatory breach occurred is not the subject of this report. A best practice
model would demand under these circumstances early discussion with Aboriginals, the NLC
and the regulators.

Written notification, sent with considerable delay and without prior verbal warning and all
relevant facts, invited misinterpretation and concern.

North’s internal incident reporting procedure and “no surprises” culture also demanded
notification upon finding the leak, if not before.

It is important to note however, the firm conclusion that there was no deliberate intent by
Ranger management to deceive or dissemble in relation to this matter.
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The Crisis Period

The response at Ranger to the crisis was proportionate to their evaluation that from an
environmental perspective there was no impact from the event as measured at the statutory
monitoring point.

The appropriate evaluation was that since the event had triggered ministerial interest and
concern it was a crisis of considerable dimensions, regardless of one’s perception of the
underlying facts.

The expected response is that relevant personnel would give the issue the very highest priority
and within a matter of hours have to hand a detailed account of the sequence of events and all
data and information which might be related to the issue. The management team would be
expected to make every effort to understand what is generating the concern and be proactive
in relation to developing an appropriate management response. In this case that would include
immediately restoring the integrity of the mill process water containment system.

The actual response fell short of this expectation.

Summary of Causal and Contributing Factors

1. Over recent years the original design integrity of the mill process water pipe and
containment system was changed.

2. No systematic process existed to address anomalous monitoring data to ensure that the
possible concerns of stakeholders are addressed.

3. Decision making in relation to consultation, notification and remediation was based on
assessment of environmental impact, focussing on statutory compliance. This approach
stems from a concern of ERA management that release of information beyond the
required minimum will generate a political rather than a technical response. It does not
place adequate weight on political risk or address the need to manage stakeholder
relationships by understanding and servicing their differing expectations on reporting and
consultation.

4. Differing messages were received by the regulators from Ranger personnel due to a lack
of a single contact point with both the complete picture and consistent messages.

5. There has been a long-term issue with the management and ultimate disposal of water on
the lease that has not been adequately addressed. The Ranger staff face an increasingly
intractable water management problem which is becoming the primary driver behind
operational and environmental decision making.

6. Substantial and rapid change in the management structure and personnel occurred without
adequate consideration of the impact on the overall competence of the management team
to deal with both commercial and stakeholder issues.
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Discussion of Organisational Issues arising from this Incident

The following discussion of organisational issues attempts to identify the root causes where
performance fell short of expectations and the issues which will need to be addressed.

ERA Structure

½ The establishment of the Jabiluka Project Team and the elimination of the General
Manager Operations position have reduced the exposure of management at Ranger to the
political environment in which the mine must operate.

½ Without adequate planning, after the Jabiluka Project Team has fulfilled its purpose, there
is the potential for an unacceptable gap in the relationships management function which
needs to be managed.

Site Management Structure

Since August 1999 the General Manager’s role at Ranger has been replaced with a self-
directed team made up from the senior functional managers. The enthusiasm, energy and
commercial focus of that team is evident. This is important for a mine in mid-life, operating
under commercially and politically difficult circumstances and must be preserved. However,
the organisational structure needs review against the following:

½ The fact that the responsibilities of some individual team members is so broad that they
cannot adequately focus on relationship management.

½ That the structure has no effective redundancy to deal with performance or competency
gaps of individual members or to provide continuity through operations management
changes.

½ Functional managers need to continue the focus on commercial imperatives whilst at the
same time ensuring understanding of the big picture against which those imperatives must
be balanced.

½ Some stakeholders find difficulty interacting with Ranger where the area of responsibility
for their issue is not clear or where they have a need to go beyond the functional
management role.

½ When crises arise the relevant functional manager takes responsibility. There is a need to
ensure that in such situations the required level of expertise and experience, which may
not yet have been developed by the functional manager, is brought to bear.

The Environment Safety and Health Department

½ While the ESH Department has maintained its numerical strength, there is a need to
ensure that its depth of capability is also sustained. The relocation of ERAES to Darwin
and more recently the promotion of the Senior Scientist to Department Manager without a
replacement of similar capability in his former position have opened up a potential gap in
this area.

½ There is considerable tension between the role of acting as Ranger’s “environmental
conscience” and level of involvement in the pursuit of difficult commercial objectives.

½ Managing the increasing excess of process and RP2 water has become an all consuming
task at Ranger which appears to be a major distraction from the task of achieving site-
wide best possible environmental outcomes and relationships with key stakeholders.
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Conclusion

This incident has highlighted a number of opportunities for improvement at ERA in the areas
of its management systems and in taking a broader view of its consultation and notification
obligations. However, underlying all of the issues is the need to change the dynamics of
relationships between ERA, Aboriginals and regulators so that each party’s expectations can
be met through more positive and open interactions.
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1 EXECUTIVE SUMMARY

Operations at the Ranger Uranium Mine have recently received scrutiny from a
variety of sources following an alleged leak of contaminated water into the
surrounding Kakadu National Park.  Officers of the Northern Territory Department of
Mines and Energy (DME) have undertaken a thorough investigation of this incident.
This comprised review of the available relevant data, site inspections and interviews
of Ranger and DME staff.

Concern has centred around elevated manganese levels in water, measured in an
internal mine road culvert.  This culvert permits run-off from a partially rehabilitated
area of the waste rock dump to enter the wetland filter zone (the wetland filter is
designed to remove water-borne contaminants prior to discharge into Magela Creek,
and has behaved precisely as designed).  Manganese is considered to be ubiquitous
in nature and the elevated levels found at the road culvert (approximately 5000 µg/L)
do not represent a significant threat to the wetlands environment, as concentrations
of this order are readily attenuated by the natural system.  In fact at the first
downstream monitoring point manganese levels are well below the Australian
Drinking Water Guidelines levels.

The source of the manganese contamination is most likely to have come from a
water return pipeline (which carries water from the tailings repository back to the mill
for re-use) which started to leak around January this year.  Although the pipeline is in
a bunded containment corridor, the bund itself is an earthen design and is not
impermeable to water.  Therefore it has allowed seepage of some of the elevated
manganese process water into the underlying culvert.

The above investigation has found no evidence to suggest that any significant
environmental harm has occurred from this incident.  There is no indication that the
elevated manganese levels have had any impact either on the biota present in the
wetland filter or on the associated flora.  As the seepage has not caused
environmental detriment it is not considered an infringement of ERA’s licence to
operate.

Since the levels of manganese contamination were below drinking water standards
downstream, and there was no environmental detriment, there is no reason for it to
be of public concern.  The reporting of this incident, although tardy in some respects,
does not constitute an infringement of reporting requirements as a leak of this
nature, into a containment bund, is not usually given special priority in reporting.

Considering that there has been no environmental harm as a result of this leak, there
appears to be no case for infringement.  Environmental Requirement 16 states:

“The company must directly and immediately notify the Supervising Authority,
the Supervising Scientist, the Minister and the Northern Land Council of all
breaches of any of these Environmental Requirements and any mine-related
event which:

(a) results in significant risk to ecosystem health; or
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(b) which has the potential to cause harm to people living or working in
the area; or

(c) which is of or could cause concern to Aboriginals or the broader
public.”

Since the contamination has not caused environmental harm and there is no related
ecosystem risk, items a) and b) cannot be considered as breached.

Since there has been no environmental harm and there is no potential for harm to
health, there is no basis for this incident to be of concern to the Aboriginals and
broader public.  Therefore item c) is not considered by the DME as having been
breached .
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1.0 Introduction

On 25 January 2000 and 2 February 2000, water samples taken from site VLGCRC
( from Very Low Grade Corridor Road Culvert) below the tailings dam road corridor
culvert (Figure 1) indicated that manganese from a source other than the
rehabilitated waste rock dump may have been present.  Data prior to 25 January did
not indicate the presence of any other source of contamination.  At this time (2
February) DME officers reported a discolouration (“sediment/precipitate”) in the area
of the culvert and consequently sampled the culvert water for analysis.

Table 1:  Data which indicated manganese contamination.

Site Date
sampled

pH Cond Turb Mg SO4 Mn U

µµµµS/cm NTU mg/l mg/l µµµµg/l µµµµg/l
DW3A 25/01/2000 211.5 713.6 7.3 13.8
DW3A 02/02/2000 8.2 1168.0 0.2 151.3 492.2 -1.0 16.6
VLGCRC 25/01/2000 7.4 573.0 23.2 18.2 106.4 751.5 102.2
VLGCRC 02/02/2000 7.3 689.0 4.4 78.6 298.2 6,076.9 59.8
GCBR 25/01/2000 7.0 85.5 1.6 3.5 8.5 11.9 5.8
GCBR 02/02/2000 7.0 49.0 1.6 4.2 7.4 16.7 3.5
GC2 25/01/2000 7.3 95.5 2.7 10.9 17.5 5.6 2.2
GC2 02/02/2000 7.3 78.1 4.1 8.2 7.9 -1.0 1.8

In response to these elevated levels, Energy Resources of Australia Ltd. (ERA)
initiated an investigation to determine the source of the manganese.  On 3 April, a
leak was detected in the water return line which carries process water from the
tailings repository back to the mill for re-use.  Repairs were completed on 5 April.
The leak occurred at a buried joint in the pipeline (Figures 2 and 3) and was located
by an ERA chemist following up conductivity measurements.  This return water
pipeline lies in a corridor drain which runs the full length from the tailings area to the
mill.  It is designed to catch any leaks and divert them into a central sump.  The
sump can be pumped back to the system or overflow into the pit where the water is
contained.  The corridor drain is constructed from compacted earth.

A runoff drain, which collects surface run-off from a recently rehabilitated part of the
waste rock dump, passes beneath the corridor drain, through the tailings road
corridor culvert (installed in 1997) and into a wetland filter zone in the Corridor Creek
catchment.  The wetland is designed to capture any contaminants which may be
released with runoff before discharging into Magela Creek (Figure 1).  Currently ERA
is trialing this drain and associated wetlands filter as a treatment and discharge area
for waters from the dewatering bore DW3A.  This borewater is usually treated
through the Djalkmara wetland system but due to stage 5 development of the mine,
that area will no longer be available as a discharge point for this water.
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In response to the incident following the notification of the leak by ERA on 28 April,
officers from the DME visited the site and interviewed ERA staff and inspected
relevant areas.  Subsequently they have reviewed monitoring data and generated
this report which draws conclusions as to the likely cause and impact of the
manganese contamination.

Throughout the course of this incident, there has been no indication that uranium
levels have been of concern even when manganese levels were high.
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2.0 Incident Aspects

The incident which has occurred involves the following areas of the mine operation:
the tailings repository (dam), process water return pipeline and its containment drain,
corridor road culvert which passes under the drain, the dewatering trial and the
Corridor Creek wetlands.  These aspects are discussed separately as follows.

2.1 Tailings Repository (TD)
The TD is located at the south-eastern corner of the site and contains tailing material
which has been deposited since the mine began operation in 1980.  The tailing
material comprises the mill wastes and associated liquor which separate on
standing.  This results in a consolidating sediment overlain by the tailings water, a
chemical rich supernatant.  This supernatant is drawn off through a decant pipe and
re-used as the main process water in the mill.

The supernatant water exhibits high levels of manganese and is transferred to the
mill via a pipeline from the eastern wall of the TD.  The source of manganese in the
tailings water is primarily from the addition of manganese dioxide (pyrolusite) in the
production of U3O8.  A secondary source is the processed ore.  Indicative water
quality parameters are given in Table 2 below.

Table 2:  Tailings supernatant; typical water quality.
Parameter TDWW

Jan 97-Mar 00

EC (µS/cm) 16,000 - 21,000
(19,000)

pH 4.2 - 6.1
(4.5)

SO4
2- (mg/L) 5,600 - 22,000

(18,000)

Mn-f (µg/L) 350,000 - 1,200,000
(830,000)

U-f (µg/L) 52 - 460
(100)

Mg (mg/L) 2,000 - 4,200
(3,600)

HCO3
- (mg/L) <0.1 - 2.1

(<0.1)

NH3 (mg/L) ~500*

*Indicative value; not enough data for analysis.
Bracketed figures indicate median values.
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2.2 Process Water Return Pipeline
The process water return pipeline carries tailings water to the mill for re-use in the
refining process.  This pipeline runs from the top of the TD, through a pump, to the
mill, passing over the corridor road culvert with a global low point above the corridor
road sump (see figure 2).  The pipeline is one of four situated between two earthen
bunds which are designed to retain liquid which may leak from the pipelines.  Any
such liquid is then delivered to the road sump where it can be pumped back into the
system or overflow into the pit.  The pipeline is exposed throughout its length except
for one point where it is crossed by an access road near the TD.  It is at this point
where a leak from the pipeline has occurred.  This leak has been the result of a
separation of a flange joint, most likely due to corrosion.  Given that the pipeline is
covered by sediment, it is apparent that a small leak could remain undetected for
some time, especially during the wet season when the area tends to remain
saturated (figure 3).  The leak was observed on 3 April and repaired on 5 April.  It
seems unlikely that the leak has been present for a significant time and certainly
unlikely that it was present in the previous dry season.

As the pipeline drain has occasionally been the receptacle for tailings material and
tailings supernatant, any water entering the drain is expected to become
contaminated to some extent.  This is because contaminated water contacting the
earthen drain is expected to leave residual contaminants on the sediment surface.

Sampling and analysis of water in this drain area by ERA staff following this incident
provided the water quality parameters shown in Table 3.
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Table 3: Water Quality data, Corridor Drain, March 2000
Parameter Pipe Seepage into

Corridor Drain,
upstream culvert site.

Corridor Drain,
downstream culvert

site.

Mn-f (mg/L) 728 825

SO4
2- (mg/L) 11,519 12,551

Mg2+ (mg/L) 2,180 2,350

During the course of the investigation, ERA has found ammonia levels of
approximately 50 mg/L in the drain.  This is indicative of the tailings water which is
also high in ammonia.

2.3 Road Culvert
The road culvert consists of several concrete sections which are butted together to
form 3 parallel under-road conduits.  The sections are covered with earth to permit
the use of the culvert as part of the access road.  The corridor drain passes directly
above the butted sections with an estimated 0.5m of compacted earth between the
corridor drain and the culvert.  This culvert was installed in 1997.

This culvert (upstream of VLGCRC) facilitates surface run-off from a recently
rehabilitated area of the waste rock dump, and from December 1999 to April 2000, a
trial discharge using water from the DW3A dewatering bore. It is on both sides of this
culvert where ERA first noticed elevated manganese levels on January 25 and
February 2.  On the downstream side of the culvert they observed manganese levels
higher than the upstream side which implied that there was a secondary source of
Mn entering the system between the two sampling sites.  The ERA investigation also
observed a seep of water between these two sampling sites and found it also to
contain elevated manganese levels. These analyses are summarised below.

Table 4:  Results of culvert area investigation.
Site Pool

above
culvert

Pre-
culvert

Seep Post-culvert
Pre-VLGCRC

VLGCRC Downstream
≈200m

Downstream
≈700 m

pH 7.6 7.7 4.5 7.4 7.6 8.0 8.0
EC

(µS/cm)
1,100 1,100 16,000 1,100 1,100 970 860

Mn (µg/L) 400 360 890,000 970 840 620 23
Mg (mg/L) 150 150 2,600 140 150 130 110
SO4 (mg/L) 460 460 13,000 450 470 430 360

NH4
(mg/L)

<0.05 <0.05 ND 0.46 0.36 <0.05 <0.05

U (µg/L) 260 270 ND ND 290 240 ND
ND = Not Determined
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Of note from these data is the observation of ammonia downstream but not
upstream of the road culvert.  This ammonia is indicative of tailings water
contamination.  Importantly the samples taken further downstream (well before the
Mt Brockman Bund (GCBR)) show no residual ammonia and the manganese levels
have been lowered to levels less than those upstream of the culvert.  This provides
prime evidence that the contamination has been rapidly attenuated by the wetland
and no environmental harm has occurred.  Unfortunately no ammonia
measurements were taken at the seep upwelling site as this would have provided
prime evidence that this was in fact the expression of the seepage into the culvert.  A
recent visit to the site (11/5/00) observed that this upwelling has become an algae-
rich pool.  This observation implies that the pool is rich in nutrients (most likely
nitrate).  As the tailings water contains ammoniacal and nitrate-nitrogen, whereas the
upstream flows under the culvert are ammoniacal-nitrogen lacking and nitrate
nitrogen depleted, it seems likely this seepage contains an amount of tailings water.

Also on February 2, a DME sampling crew, on site for routine monitoring, noticed a
black sediment/precipitate in the same area.  This observation prompted sampling of
the associated water.  Analyses of these samples are yet to be finalised.  However, it
is possible that the black material is either a manganese mineral phase which has
precipitated directly, or it is a bacterially induced deposit of mixed metal species
precipitated as metal oxyhydroxides.  

Given the corridor drain is permeable, the amount of manganese present in the
drain, and the previous manganese and ammonia results, it appears that seepage
through the drain above and/or around the culvert is the likely source of Mn rich
waters.

In this culvert there was observed to be a drip of liquid from the roof of the culvert
conduit.  ERA sampled and analysed this material and found that it contained high
levels of Mn and associated contaminants which appear to be similar to those found
in the tailings water.  These levels are shown in the following table.

Table 5:  Culvert drip data

Parameter Culvert Seep

SO4
2- (mg/L) 11,486

Mn (µg/L) 317,419

Mg (mg/L) 1,758

Historical water quality parameters measured by ERA at the VLGCRC are shown in
the following table.
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Table 6:  VLGCRC data
Parameter VLGCRC

1997/98 1998/99 1999/00

EC (µS/cm) 310-500 (390) 280-1,340 (670) 310-1,100 (590)

pH 6.1-6.8 (6.3) 5.0-6.7 (5.6) 6.9-8.1 (7.5)

SO4
2- (mg/L) 97-180 (140) 66-570 (300) 105-460 (190)

Mn-f (µg/L) NA Up to 25,000# 97-5,900 (1,800)

U-f (µg/L) 10-18 (13) 13-170 (64) 55-380 (190)

Mg (mg/L) 29-56 (39) 23-130 (70) 32-140 (79)

HCO3
- (mg/L) NA 10-40(15) 15-35*

NA = Not available
Bracketed numbers represent median values.  Maximum and minimum
displayed where insufficient data for meaningful determination.
#  Data supplied verbally by EWL Sciences

The historical elevated manganese illustrated in the above table are most likely
originating from the waste rock run-off area which is considered to be high in soluble
manganese.

2.4 Dewatering Trial
ERA has been trialing the use of the Corridor Creek wetland as a treatment and
disposal area for water from the dewatering bore D3WA from December 1999 to
April 2000.  Typically this water is of good quality and indicative parameters are
illustrated in table 7.
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Table 7:  Bore DW3A Data
Parameter DW3A

Jul 97- Mar 00

EC (µS/cm) 940-1,200
 (1,100)

pH 7.7-8.2
 (7.9)

SO4
2- (mg/L) 290-520

 (430)

Mn-f (mg/L) <1 - 5.5
 (<1)

U-f (µg/L) 12-31
(17)

Mg (mg/L) 130-200
(160)

HCO3
- (mg/L) 190-310

(230)

This water is discharged from the dewatering bore onto the partially-rehabilitated
waste rock dump.  There may be the potential for this area to provide some
contamination and EWL Sciences has previously examined the effect of leaching on
this waste rock.  The results shown in table 8, comparing distilled water and buffered
(pH 4.5) leaching show that at near neutral pH levels, little manganese is leached
from the waste rocks.  However, data presented in Table 6 indicate that some
manganese is present in the leachate.

Table 8:  5:1 Liquid/Solid batch leach results for Mn (note change in units to µg/L to
simplify reporting of low levels in distilled water) on Pit #1 waste rock.

Distilled water pH 4.5 acetate buffer
Laterite 1 1.5 6,104
Laterite 2 1.0 14,336
Laterite 3 1.5 11,320
Transitional 1 1.3 7,992
Transitional 2 12.2 4,764
Transitional 3 22.5 8,968
Primary 1 0.3 4,112
Primary 2 0.6 3,644
Primary 3 1.3 5,472

Again the origin of this manganese may be from the presence of soluble manganese
salts and minerals.  This interaction may be the cause of the elevated Mn levels
seen by EWL Sciences at the VLGCRC in the 98/99 wet season (table 6 above).
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2.5 Corridor Creek and Statutory Monitoring Points
The Corridor Creek wetland system comprises 3 wetlands and bunds which are
designed to remove contaminants from run-off prior to discharge into Georgetown
Billabong and thence Magela Creek (see figure 1).  The starting point of this system
is the VLGCRC and the statutory monitoring point is in Georgetown Billabong.
Between these two points there are no statutory monitoring sites.  However, ERA
has historically monitored two sites in this wetland at the Mt Brockman Bund (GCBR)
in the upper wetland and further downstream between the MBL Bund and Sleepy
Cod dam (GC2).

The results of this monitoring indicate no significant manganese levels which could
be considered indicative of environmental impact in the wetland system.  The data
for these sites are illustrated in table 9 below.

Table 9:  Georgetown Billabong( GB),Mt Brockman Bund #(GCBR) and Sleepy Cod
Dam (GC2) monitoring data (10%ile-90%ile (Median)).

Site GCBR GC2 GB
Year 97/98 98/99 99/00 97/98 98/99 99/00 97/98 98/99 99/00
EC
(µS/cm)

26-390
(57)

26-440
(47)

52-185
(92)

49-98 (75) 61-130
(85)

74-120
(82)

17-73 (32) 19-58 (40) 17-38 (26)

pH 6.6-8.3
(7.0)

6.6-8.3
(7.0)

6.5-7.3
(7.0)

6.7-7.1
(7.0)

6.9-7.7
(7.2)

6.9-7.5
(7.3)

6.0-6.7
(6.4)

5.9-7.3
(6.5)

6.0-7.1
(6.6)

Ca
(mg/L)

2.1-5.7
(5.5)

2.0-3.4* <1* 1.5-1.8
(1.7)

1.7-2.0* 0.88* 0.51-0.62
(0.52)

Mg
(mg/L)

1.7-51
(4.2)

1.8-56
(5.9)

4.0-21
(8.2)

4.3-8.4
(6.3)

5.8-13
(8.5)

8.1-12
(9.1)*

0-1.9
(0.47)

0.45-2.7
(1.5)

1.0-2.0
(1.2)

NH4
(mg/L)

<0.05*

SO4
(mg/L)

1-14
(2.3)

2.4-18
(5.2)

4.4-38
(9.9)

3.2-14 (6) 3.4-20
(9.8)

7.3-25
(14)

0.1-1.6
(0.41)

0.51-2.0
(0.74)

0.45-3.0
(1.5)

Mn-f
(µg/L)

1.3-27
(2.0)

1.9-35
(8.3)

3.6-24
(11)

3.7-16
(7.0)

3.3-6.2
(5.9)

3.2-120
(7.6)

U-f
(µg/L)

1.0-150
(2.1)

0.50-210
(4.2)

2.3-33
(4.2)

1.9-19
(3.3)

1.6-7.2
(3.2)

1.6-4.3
(2.6)

0.10-1.7
(0.31)

0.12-0.69
(0.32)

0.20-0.46
(0.34)

* Insufficient data for analysis

#DME officers examined this site and found that fish were present in the wetland and
that there was no apparent indication that flora had been impacted.  These
observations support the conclusion that no significant impact to the environment
has occurred.

The DME has a statutory monitoring point at (GS8210009) which has been
monitored for many years.  Historical monitoring from this site is summarised in table
10.
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Table 10:  Summary of parameters at GS8210009 (10%ile-90%ile (Median)).
Parameter 1997/98 reporting

period

1998/99 reporting

period

1999/00 reporting

period

EC (µS/cm) 8.9-20 (14) 8.5-26 (14) 6.7-26 (11)

SO4
2- (mg/L) 0.29-1.5 (0.46) 0.25-4.2 (1.4) 0.27-2.0 (0.85)

Mg (mg/L) 0.33-0.70 (0.60) 0.35-1.8 (0.8) 0.40-1.05 (0.62)

Filterable U (µg/L) 0.08-0.23 (0.11) 0.1-0.35 (0.12) <0.1-0.19 (0.10)

Filterable Mn (µg/L) 3.5-13 (5.3) 1.8-12 (3.9) 1.4-14 (7.0)

Filterable 226Ra
(mBq/L)* <2-2.7 2.3-17 Not available

The Office of the Supervising Scientist has, in conjunction with the DME, the
Northern Land Council (NLC) and ERA, determined baseline monitoring and
investigation action thresholds.  They are currently in draft and are shown in the
following Table:

Table 11:  Proposed trigger values for Magela Creek1

Key variable Trigger Level
1

Trigger Level
2

Minimum and Maximum values

pH 5.85, 6.51 5.52, 6.84 5.19, 7.17

EC (µS/cm) 23 33 47

Turbidity (NTU) 12 28 66

U (µg/L) 0.30 1.9 3.5

Mn (µg/L) 11 21 47

Mg (mg/L) Use EC triggers Use EC maximum

SO4 (mg/L) Use EC triggers Use EC maximum

226Ra 18 18 To be advised

From the data in tables 10 and 11 there appears to be evidence that trigger level 1
has been tripped for manganese in each of the three years.  However, tripping of
trigger level 1 necessitates a “watching brief”, which consists of further sampling at
least at a daily frequency to verify whether an upward trend is occurring.  But tripping
level 2 consists of more than a single measurement above the trigger 1 level and this
has not been the case.

                                                
1 Klessa, D.A. (2000) “Assessment of Change in Water Quality Downstream of Ranger”, DRAFT, 6 pages.
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The most recent sampling of the wetland system shows that there is little evidence
that the contaminated water has impacted on these areas.  This is shown in Table
12.

Table 12:  Most recent sampling in area of concern.

Site TDWW DW3A VLGCRC VLGCRC GCBR GCBR MBL BUND GC2

Date sampled 05-03-99 02-05-00 01-05-00 02-05-00 01-05-00 02-05-00 02-05-00 02-05-00
Time 12:55 16:52 13:04 11:57 13:14 11:43 11:23 11:00

EC (µS/cm) 15450 1157 811 1144 64.6 153.8 86.3 100.2
pH 4.4 8 7.1 7.94 6.87 7.04 7.18 7.17
Ca (mg/L) 390 11 14 12 0.77 1.6 0.76 1.2
Mg (mg/L) 2550 130 74 130 4 12 6.9 8.3
SO4 (mg/L) 14300
NO3 (mg/L) 0.29

Mn-f (µg/L) 860000 <1 420 2 3 30

Mn-t (µg/L) 820000 <1 5376 400 5.33 2 3 31

U-f (µg/L) 780 13 250 2.1 0.4 1.5

U-t (µg/L) 820 12 75 240 4.058 2.3 0.5 2.2

Site SLEEPY COD GB GB GB GB GS8210009 GS8210009
Date sampled 02-May-00 06-Dec-99 01-Feb-00 18-Apr-00 02-May-00 19-Apr-00 01-May-00
Time 10:37 11:19 11:00 11:08 10:06 12:15 10:57

EC (µS/cm) 98.9 57.5 33.7 35.8 41.1 20.5 18.9
pH 6.94 5.22 6.14 5.82 7.48 7.03 5.98
Ca (mg/L) 1.2 0.53 0.9 0.63 0.61 0.75
Mg (mg/L) 7.7 1.9 1.7 1.6 0.72 0.82
SO4 (mg/L) 2.9 1.6
NO3 (mg/L) 0.005

Mn-f (µg/L) 10 53 2 16 4 3 4

Mn-t (µg/L) 20 68 53 19 5 4 5

U-f (µg/L) 1.2 0.1 0.2 0.2 2.1 <0.1 <0.1

U-t (µg/L) 1.6 0.6 1.1 0.3 2.1 <0.1 <0.1

TDWW Tailings Dam West Wall
DW3A Ranger #3 dewatering
VLGCRC Culvert under Corridor Road, receiving VLG (Very Low Grade) runoff
GCBR Brockman Bund on the Corridor wetland
MBL BUND MBL (Mine Bore L) Bund on the Corridor wetland
GC2 Statutory monitoring point on Georgetown Creek, down gradient of the Corridor wetland
SLEEPY COD Sleepy Cod Dam, Georgetown Creek, downstream of GC2
GB Georgetown Billabong
GS8210009 Statutory monitoring site on Magela Creek, downstream of the project area
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3.0 Discussion and Conclusions
In reviewing the data from this incident in which a minor amount of contaminants
have escaped, it is apparent that chemical data alone would be insufficient for
determining the mechanism of contamination in a short time frame.  Given the
current level of technology available, investigations of this type will be reactive rather
than proactive as weeks, and sometimes months, may have passed by the time an
anomaly becomes evident.

Since the elevated levels of manganese present at the VLGCRC are not seen further
downstream at GCBR, GB or at site GS8210009, and coupled with the positive
observations of flora and fauna, it seems extremely unlikely that any significant
environmental harm has occurred in either the wetland filter or Magela Creek.  It is
most likely that manganese entering the wetland system has been rapidly taken up
in the sediment, oxidised and precipitated or phyto-remediated by the native flora.

The presence of ammonia in the tailings repository, its absence in the waste rock
runoff upstream of the road culvert and its presence in VLGCRC water lends weight
to the likelihood of the corridor drain as the source of the contamination.

The leaching data from EWL Sciences and the analyses of the D3WA bore waters
indicate that it is unlikely a near neutral (much less a faintly alkaline) solution would
be capable of leaching the significant levels of manganese found in the VLGCRC
from the rehabilitated waste rock dump but does not preclude the possibility of
periodic flushing and manganese mobilisation by lower pH runoff and groundwater.
Manganese is acid soluble but at pH levels above 8, is readily removed from solution
by complexation, precipitation and co-precipitation.

Coupled with this information is the physical evidence that the earthen drain in the
vicinity of the culvert is of moderate permeability.  Seepage into the VLGCRC from
on top of and around the culvert appears to be the most likely entry path for the TD
water which has originated from the up-gradient tailings water return pipe leak.

Considering that there has been no environmental harm as a result of this leak, there
appears to be no case for infringement.  Environmental Requirement 16 states:

“The company must directly and immediately notify the Supervising Authority,
the Supervising Scientist, the Minister and the Northern Land Council of all
breaches of any of these Environmental Requirements and any mine-related
event which:

(a) results in significant risk to ecosystem health; or

(b) which has the potential to cause harm to people living or working in
the area; or

(c) which is of or could cause concern to Aboriginals or the broader
public.”
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Since the contamination has not caused environmental harm and there is no related
ecosystem risk, items a) and b) cannot be considered as breached.

Since there has been no environmental harm and there is no potential for harm to
health, there is no basis for this incident to be of concern to the Aboriginals and
broader public.  Therefore item c) is not considered by the DME as having been
breached .
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