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GLOSSARY OF TERMS

This glossary describes terms commonly used in OTML environmental reports.

Aggradation The deposition of sediment (in the Ok Tedi context applied mainly to
mine derived sediment) which results in a positive build-up of
material. This can relate to bed load sediment on the floor of the
main channel (or in tie-channels) which results in a raising of the
level of the river bed (several metres in the main channel), the
vertical extension of levees (metres) or the surface of the floodplain
(several millimetres). Where fluvial processes result in a lessening of
deposited sediment, scouring is said to occur.

Algae A group of plants commonly encountered in water. Many are
microscopic, but some, including many seaweeds and filamentous
forms, are quite large and readily visible. Algae are the main ultimate
source of food for most fish within the Fly River system.

ANC Acid Neutralising Capacity (ANC) is a measure of a sample’s
capacity to neutralise acid. It is commonly determined by the
addition of a known amount of standardised hydrochloric acid (HCl)
to an accurately weighed sample, allowing the sample time to react
(with heating), then back-titrating the mixture with standardised
sodium hydroxide (NaOH) to determine the amount of unreacted
HCl. The amount of acid consumed by reaction with the sample is
then calculated and expressed in the same unit as the MPA, that is
kg H2SO4/t.

ARD ARD is a term used to describe seepage or drainage that has been
affected by the products of sulphide mineral oxidation. Acid rock
drainage (ARD) is produced by the exposure of sulphide minerals
such as pyrite to atmospheric oxygen and water.

ANC/MPA
Ratio

The ANC/MPA ratio is frequently used as a means of assessing the
risk of acid generation from mine waste materials. The ANC/MPA
ratio is another way of looking at the acid base account. A positive
NAPP is equivalent to an ANC/MPA ratio less than 1 and a negative
NAPP is equivalent to an ANC/MPA ratio greater than 1. A NAPP of
zero is equivalent to an ANC/MPA ratio of 1.

Bioassay A bioassay is any procedure in which a physical or chemical
phenomenon is assessed through its biological effect. A toxicity test
is a bioassay, but the stimulatory effects of nutrients can also be
assessed by bioassay.

Bioavailable
copper

To be toxic, a metal must enter the tissue of an organism. Copper
which can enter the tissues, and thus kill or harm organisms, is
referred to as “bioavailable copper”. Copper bound in mineral
particles is generally not taken up by organisms and thus is not
toxic. Therefore, a measure of total copper in water, which would
include copper in minerals, may not accurately reflect the toxicity of
the water. It seems that free copper ions are most readily taken up
by aquatic organisms and are thus the most toxic forms, but some
complexed copper may also be taken up either directly, if the
complexing molecules are small, or because interactions between
the organic complex and the organism releases the copper. Different
organisms react differently to particular copper complexes, so it is
not possible to define bioavailable copper chemically. Therefore,
‘bioavailable copper’ it is a functional definition rather than a precise
chemical definition (see ‘Labile Copper’).
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BRP Bige rehabilitation projects. Refers to studies undertaken by OTML
with assistance from external expertise to better understand the
challenge in Bige dredge slot sediments not achieving the ANC/MPA
ratio target. The studies also involved identifying the likely factors
that may be causing the challenge and the development of
strategies to improve processes that may solve the problem

Complexing
capacity

If a solution of copper ions is added to natural water some of the
copper ions will be taken up and bound to organic molecules,
including humic and fulvic acids, present in the water to form organic
copper complexes. This has environmental consequences because
copper in organic copper complexes is less toxic to aquatic
organisms than free copper ions, sometimes much less so. The
complexing capacity of natural water is a measure of the amount of
free copper ion which can be bound up in these complexes and it
depends on the amount and types of natural organic compounds
present in the water. The higher the complexing capacity the fewer
free copper ions that will be present, and the lower the toxicity, for a
given amount of total copper present in the water. Complexing
capacity is measured by adding a known amount of free copper ions
to a water sample, allowing time for complexation, and then
measuring the amount of free copper ions remaining in solution.

Copper
speciation

In natural waters copper (and other metals) may be present in a
variety of chemical forms or species. These may include free
copper ions, copper in mineral particles, copper in inorganic
complexes, and copper bound to organic compounds. This
speciation is environmentally important because some chemical
species are far more toxic than others. For examples fish in water
with high concentrations of calcium or humic material can tolerate
much higher levels of total copper than fish in purer water, because
the calcium ions form inorganic complexes with the copper, and the
humic material form organic complexes with the copper. These
complexes are far less toxic than the free copper ions which will be
more abundant in the purer water

DEM Digital Elevation Model: in essence, this is a digital topographic
model of the floodplain

Dissolved
copper

Copper may be present in water in or attached to particles
(particulate copper) bound to organic materials (bound or complexed
copper) or as free ions in solution. Dissolved copper is defined as
the copper which can pass through a 0.45µm filter – which is fine
enough to filter out bacteria and most particles, so dissolved copper
includes free copper ions and complexed copper. Dissolved copper
is usually a better indicator of toxicity that total copper.

Ecotoxicity Toxicity caused by the test organism being exposed to some
material in it’s environment, for example to the water in which it lives,
rather than by a chemical deliberately administered.

Electrical
conductivity
(EC)

Electrical conductivity of water is a useful indicator of the amount of
free ionic material in the water. Water with a higher conductivity is
saltier than water with a low conductivity. Conductivity can be easily,
cheaply and reliably measured in the field, whereas concentrations
of most ions cannot.

Final Tailings Tailings from the Tailings Pyrite Plant (TPP) discharged into the river
Growth
Inhibition

The effects of toxicants can be broadly divided into acute effects,
which kill organisms outright within a short time, and chronic effects
which occur over longer time periods and are more subtle, sub lethal
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impacts. Chronic effects may include interference with reproduction,
changes to respiration rates or behaviour and carcinogenic effects.
They occur at lower toxicant concentrations than those causing
acute effects. The algal and bacterial growth inhibition measured in
tests conducted for OTML is a chronic toxic effect. Bacterial and
algal populations provided with nutrients under appropriate
conditions will grow through cell division. When exposed to low
levels of toxicants the rate of population growth is inhibited, with the
level of inhibition giving an indication of the level of toxicity in the
water sample being tested.

HEC-6 A model developed in 1992 by the Hydrologic Engineering Centre
(US Army Corps of Engineers) which has been used to model
sediment transport, storage and water level changes on the Lower
Ok Tedi and Middle Fly. This model is well suited to floodplain
reaches and is probably the world’s most widely used sediment
model.

Invertebrates Animals without backbones. Includes insects, worms, snails and
crustaceans.

Labile copper Because it is bioavailable copper that causes the impact on the
biota, and because bioavailable copper cannot be chemically
defined there have been various attempts to find analytical methods
that will correlate with bioavailable copper. The labile copper
included in the OTML suite of analytes is one such method. It is the
copper retained on a chelex resin column, and corresponds to free
ionic copper, inorganic copper complexes and some weakly
organically bound forms.

MPA The MPA or Maximum Potential Acidity that can be generated by a
sample is determined from the sample sulphur content. The total
sulphur content of a sample is commonly determined by the Leco
high temperature combustion method. The calculation assumes that
the measured sulphur content occurs as pyrite (FeS2) and that pyrite
reacts under oxidising conditions to generate acid according to the
reaction:

FeS2 + 15/4 O2 + 7/2 H2O => Fe(OH)3 + 2 H2SO4

According to this reaction, the MPA of a sample containing 1 %S as
pyrite is 30.6 kilograms of H2SO4 per tonne of material (i.e. kg
H2SO4/t). Hence the MPA of a sample is calculated from the total
sulphur content using the following formula:

MPA (kg H2SO4/t) = (Total %S) * 30.6

Macrophyte A large plant, usually applied to large aquatic plants including reeds,
water lilies and submerged water weeds but excluding large
varieties of algae (which would be referred to as macro-algae).

MWTP Mine Waste Tailing Project. Key components of the MWTP include
the construction of a flotation plant to extract sulphide minerals,
particularly, pyrite (FeS2) from the Mill tailings, the construction of a
slurry pipeline to deliver the pyrite concentrate to the Bige dredging
site approximately 110 km downstream of the mine, and the safe
storage of this material within the saturated zone of the dredge
stockpiles located on the West Bank.

NAG test The Net Acid Generation (NAG) test is used in association with the
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NAPP to classify the acid generating potential of a sample and
involves reaction of a sample with hydrogen peroxide to rapidly
oxidise any sulphide minerals contained within a sample. During the
NAG test, acid generation and acid neutralisation reactions can
occur simultaneously. Therefore, the end result represents a direct
measurement of the net amount of acid generated by the sample.

NAF Non-acid Forming: a sample classified as NAF may, or may not,
have a significant sulphur content but the availability of ANC within
the sample is more than adequate to neutralise all the acid that
theoretically could be produced by any contained sulphide minerals.
As such, material classified as NAF is considered unlikely to be a
source of acidic drainage. A sample is usually defined as NAF when
it has a negative NAPP and the final NAG pH>4.5

NAPP The NAPP is expressed in units of kg H2SO4/t and is calculated as
follows:

NAPP = MPA – ANC

If the MPA is less than the ANC then the NAPP is negative, which
indicates that the sample may have sufficient ANC to prevent acid
generation. Conversely, if the MPA exceeds the ANC then the NAPP
is positive, which indicates that the material may be acid generating.

OkARD A model developed by EGi for OTML, used to predict future acid
loads within the river system, taking into account the current mine
plan and expected changes in mine waste geochemistry through
time to predict the acidity / alkalinity balance at various locations.

OkChem A model developed by EGi for OTML, used to predict water quality in
the Ok Tedi and Fly River. With inputs from OkARD, OkCHEM
assesses potential future impacts associated with mine derived
sediments. Compared to OkARD, OkCHEM provides a more
sophisticated approach to water quality predictions given that it is
based on thermodynamic principles.

OkGrav6 Version 6 of the gravel transport model specifically developed to
examine the storage and transport of gravel material in the mine
area creeks and through the upper Ok Tedi.

OkTUGS Ok Tedi Unified Gravel-Sand Model: The OkGrav6 sediment model,
used to model the Upper Ok Tedi and tributaries, is not suitable for
detailed prediction of sand supply to the lower Ok Tedi. Also
OkGrav6 is a depositional model and not well-suited to predict
erosion. The OKTUGS model successfully handles the gravel-sand
mixtures delivered to the river system by disposal of waste rock and
tailings from the Ok Tedi Mine. The OkTUGS model uses a gravel
and sand transfer functions that is linked to the grain size
distributions in the surface layer, subsurface and bedload.

ORWB Off River Water Body: the term given to oxbow lakes, cut-off
meanders and blocked valley lakes located along the floodplain.
These are often joined to the river channel via tie channels.

PAF Potentially Acid Forming: a sample classified as PAF always has a
significant sulphur content, the acid generating potential of which
exceeds the inherent acid neutralising capacity of the material. This
means there is a high risk that such a material could oxidise and
generate acidic drainage if exposed to atmospheric conditions. A
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sample is usually defined as PAF when it has a positive NAPP and a
final NAG pH <4.5

PCon Pyrite concentrate generated extracted from the tailings in the
Tailings Pyrite Plant (TPP). The MWTP aims to remove up to 90% of
the pyrite from the tails, producing a concentrate grade of up to
45%S and reducing the sulphur content in the final tails to less than
1%S.

PCon Pit Pits generally dug below existing ground levels and lay well within
the footprint of the west pits for the containment of the PCon.

Periphyton Plants, usually algae, growing attached to surfaces such as rocks,
wood and other plants within water bodies.

Phytoplankton Algal cells which drift within the water.
Piscivorous Fish eating.
SRTM The Shuttle Radar Topographic Mapping Mission (SRTM)

topographic data acquired by the US Space Agency NASA in
February 2000 provides a basic DEM of the floodplain with a spatial
resolution of about 90 metres and a vertical accuracy of a few
metres.

SRTM DEM The DEM constructed using SRTM data. However, this DEM
requires modification to include tie channels and to allow for infill of
flooded areas for which the SRTM did not supply elevation data
given its acquisition during the La Nina. Subsequent radar based
elevation data from the current French ENVISAT and proposed
German TERRASAR programs are/will be used to refine the existing
SRTM DEM. (If successfully launched in mid 2006, the TERRASAR
may allow a DEM with a grid cell resolution as fine as 3 m or 18 m
depending on instrument configuration).

Thalweg From the German meaning “valley way” – it is the deepest part of a
river channel cross-section. While often not in the middle of the
channel, the thalweg presents the deepest water for ship navigation.

Total
Suspended
Solids (TSS)

The amount of particulate material in water, measured by filtering
out the particles, usually on a glass fibre filter paper, drying the filter
paper and weighing the material retained. TSS gives a measure of
how “muddy” (or turbid) the water is.

Toxicity test A bioassay to assess the extent to which a suspected toxic material
is harmful. Toxicity tests include tests where the test organism is
dosed through injection or feeding with the test material, or where
the test organism is exposed by adding the material to environment
of the organism, for example to the water in which it lives. The latter
is sometimes referred to as ecotoxicity. A toxicity test may test for
acute toxicity, to assess how much of the toxicant will kill the
organism outright usually within 4 days, or for chronic toxicity to see
at what levels the toxicant interferes with processes such as
reproduction, growth or behaviour of the test organism. Acute
toxicity is often measured in terms of the 96hr LC50, which is the
concentration at which 50% of the exposed organisms will die within
96 hours.

TPP Tailings Pyrite Plant which consists of plant modifications at the Mill
to remove 90% of the pyrite from mill tails. The pyrite concentrate
(see PCon) is pipelined to PCon pits located in the Ok Tedi
floodplain at Bige.

Trophic level Literally a feeding level. Used in analysis of ecosystems as a
measure of the number of steps in a food chain between an animal
and the light fixing plant. For example and eagle which eats a small
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bird which eats a caterpillar which eats a tree leaf would be
designated as belonging to the 4th trophic level.
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While the timely implementation of this strategy will allow the proper management of
ARD, it will not decrease the level of chemical stress that the river is currently
experiencing. However, if this strategy had not been implemented, that stress had the
very real potential to cause further substantial and serious degradation of the riverine
system’s biological response, especially during periods of low El Nino flow conditions in
the decades following mine closure.

At the time of compiling this report in mid September 2009, the commissioning and
operational performance of the MWTP was being optimized, but was already yielding
markedly reduced sulphur concentrations in final mill tailings.
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2.1 The Regime

The Regime consists of two schedules. Schedule I is an environmental compliance
monitoring program, the components of which utilised existing standards such as the
National Health and Medical Research Council (Australia) 1996 Drinking Water
guidelines and the Australian and New Zealand Food Authority (1996) Food Standards
Code. The compliance criteria deliberately assessed the impact of the operation on
specific aspects of the core environmental values. The focus of these guidelines were
modified during the FY06 period to adopt a more stringent aquatic ecosystem monitor of
water quality and to assess human health factors of riverine communities in an
integrated approach.

In line with the Regime’s objectives, other environmental activity at OTML endeavours to
better understand the cause – effect process of the operation’s impacts in an attempt to
identify and assess potential remediation measures. In the Regime, these activities are
referred to as Schedule II activities and have been initially organized around four main
environmental management programs viz:

- the ARD Management Program;
- the Riverine Aquatic Ecology Program;
- the Riverine Terrestrial Ecology Program; and
- the Industrial Site Management Program.

While activities within Schedule II will change from year to year in response to changing
knowledge, understanding and issues, these programs nonetheless remained the focus
for activity during the review period.

The State, in passing the Ninth Supplemental Agreement, adopted the Regime and
determined that the mine should continue. In doing so, it determined that the physical
impacts which have occurred are acceptable but it also rightly demands that future
OTML environmental management focuses on the very aspects which affect the daily
lives of the communities living within the receiving environment. Consequently, the
environmental values which underpin the Regime, and which guide this future
environmental management, are anthropocentric in nature. Thus, while general
ecological objectives (e.g. a healthy, sustainable ecosystem encompassing strong
biodiversity etc) are a desirable outcome, the emphasis on implementing the Regime’s
activities is on understanding, and ideally improving, an ecosystem in terms of the
mine’s impact on the environmental values.

The Regime deliberately pursues a continuous improvement process. The development
of action plans, performance monitoring and review on an annual basis are specifically
warranted. The results of this process are annually reported to the State, as are the
results of activities and monitoring undertaken within each Schedule.

2.2 The Review Period

The Regime stipulates that the results of environmental activity undertaken by OTML,
based on a July to June twelve month period, will be annually reported to the State by 30
September each year. Therefore, this report covers the 2008/2009 financial year (FY09)
commencing 1st July 2008 and concluding 30th June 2009.
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2.3 Structure of this Report

This report constitutes the OTML’s FY09 Annual Environmental Report.

The Regime indicated that the annual report would discuss the results and long-term
trends relating to each of the six environmental values underpinning the Regime. The
Regime annual reports do not contain all of the data collected by OTML over the
preceding twelve months. Rather, they discuss the status of the individual environmental
values, any impact that the OTML operation may be having on those values and any
mitigation strategies proposed / assessed / undertaken to address that impact. The
reports also record the results of the specific compliance criteria monitoring developed in
the Regime’s Schedule I.

This annual report comprises the following:

Section 1: Executive Summary – summarises the report and its findings.

Section 2: The Introduction – explains the background to the Regime.

Section 3: The Schedule I Compliance Monitoring activity is presented, with this year’s
report summarising the status and findings of each of the compliance monitors. Further
data and discussion are presented in a series of supporting documents.

Section 4: The Status of each of the Regime Programs is discussed for the four
programs commenced in FY02 with the commencement of the Regime. This section
examines the status of knowledge and understanding in terms of each program’s
objectives and discusses the proposed activity required to be undertaken in the following
twelve months (FY10) in order to advance the objectives of each program and ultimately,
the Regime. Again, this year’s report streamlines this presentation by summarising the
status and findings of each of the programs. Where mitigation strategies have been
investigated, proposed or instigated, they are included in this section. Further data and
discussion are presented in a series of supporting documents.

Various activities that were not presented in the proposed FY09 Schedule II activities in
last year’s report were nonetheless undertaken. Consequently, a description of these
activities / findings have been presented at the end of Section 4 under the heading
“Additional Activities”.

Section 5: In line with one of the State’s Mine Waste and Tailings Project (MWTP)
approval conditions, results of the annual monitoring activity at Bige are required to be
presented in OTML Annual Environmental Report. This current report collates relevant
data relating to the MWTP in Section 5. This delineation will continue into the future in
fulfillment of the approval condition.

Section 6: Deliberately, the Regime’s Schedule I monitors address specific values. The
current Status of the Environmental Values are summarised in Section 6, on an
individual value basis. This takes into account the results of the compliance monitoring
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discussed in Section 3 and any further development of knowledge gained through
Schedule II activities discussed in Section 4.

Section 7: As required by the Regime, the activities proposed under Schedule II to be
undertaken in FY10 to advance each of the four Regime Programs are presented in
tabulated form in Section 7.

Section 8: The Conclusion summarises the impact of the Ok Tedi mining operation on
the receiving environment during the FY09 reporting period.

2.4 Level of Awareness Ratings

The FY05 Annual Environment Report introduced a “Level of Awareness” rating for each
of the Schedule I monitors and for each of the activities undertaken within the four
programs as part of the Schedule II activity. This is continued in this current report.
These levels are rated as either 1, 2 or 3 and are described as follows:

Level 1
- the issue is deemed to be under control or at least understood OR the activity

relates to the development of scientific process
- there is a reasonable to high degree of certainty and understanding of the cause

– effect process(es) at work
- results may fluctuate but fall within the range of expected variability
- our response is in recognition of the need to continue monitoring the issue mainly

through either routine sampling or a low level of investigation to confirm existing
or known trends and / or to better understand the process

Level 2
- full knowledge of the cause – effect process(es) is lacking
- there is some uncertainty and an increasing level of potential risk
- results indicate the potential for an unexpected impact to occur
- there is a need to develop further understanding (e.g. obtain additional data,

seek expert advice, develop new methodologies) to better define / understand
the impact and consequence of the issue

- our response is aimed at increasing our level of activity and better defining what
is happening

Level 3
- results consistently fall outside expected or acceptable range
- if the current trend / situation continues, or anticipated findings emerge, adverse

consequences to the Regime values are likely to occur
- possible consequences might include community concern, impact on human

health, and/or impact on operational viability
- our response may need to be immediate and aggressive to document the level of

threat and to initiate mitigation efforts if they are required and/or possible
includes acute events (e.g. major spills) and the development of chronic situations
exceeding acceptable limits.

2.5 Supporting Documents

Attached to each of the copies of the FY09 Annual Environmental Report submitted to
the State is a CD containing 22 supporting documents for both the Schedule I and



OTML Annual Environmental Report FY09

9

Schedule II activities. In essence, these supporting documents contain also a record of
the numerous reports produced during the review period. While many of these reports
may also be posted to OTML’s web page at www.oktedi.com, specific application ought
to be made to OTML’s Manager Environment if the reader requires a copy of this CD. To
permit appropriate consideration of such a request, it ought to state the reason why the
CD is required and the intended use of its content.
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3 SCHEDULE I COMPLIANCE MONITORING

The adoption of the Regime was predicated on the State deciding that the existing and
predicted impacts of the Ok Tedi mining operation were acceptable and that the mine
should continue. The Regime recognised that, apart from pursuing its objectives of
understanding the cause – effect process and subsequently investigating possible
mitigation options, it ought to also ensure that the State receives the level of information
and commentary it needs to make informed decisions about the operation of the mine as
it proceeds and to guide OTML with reasonable clarity as to what it must do to comply
with the Regime obligations.

Addressing the set of environmental values which underpinned it, the Regime presents a
set of compliance monitoring requirements which are deliberately based on these
environmental values. By undertaking the schedule of monitoring / measurement, OTML
is able to present to the State an indication of the status of each of the values.

The monitors aimed at the edibility of aquatic and terrestrial food resources were
nominated in the Regime to be assessed against ANZFA (1996) Food Standards Code
guidelines. The concerns regarding the applicability of the above guidelines which are
specifically designed for mass agricultural production and processed food industries
based in New Zealand and Australia, to foods sourced in Western Province of which
most are quite unique to the region and or country, have been discussed in previous
annual reports.

Following the two year Community Health Survey (Bentley, 2006), the edibility monitors
in Compliance Conditions 1b and 1c were modified and this reporting year (FY09) marks
the fourth year of monitoring food edibility using FAO/WHO Codex Alimentarius
methodology (Codex 2006) and Market Basket and Total Dietary Study approach.

This opportunity for modifying the Schedule I monitors was utilised to also modify
Condition 1a which examines water quality in the main channels1. Predominantly, this
change is aimed at assessment of analytical data in terms of the more stringent aquatic
ecosystem guidelines instead of potability guidelines. This is in response to the
emerging challenges associated with water quality and its impact on aquatic biota.

Discussion in the FY06 AER relating to Conditions 1b and 1c pointed out the
inappropriateness of these conditions in the quest to monitor any human health issues
for the riverine communities that might result from the mine’s operation. This has also
been highlighted in previous annual reports. With the completion of the Community
Health Study (CHS) after a comprehensive two years of measurement and data
gathering, OTML now pursues an integrated approach in examining the potential for
human health impacts arising from the mining operation. This is further discussed in
Section 3.1.

The modified approach in complying with Schedule I’s Conditions 1a, b and c has been
adhered to during the FY09 reporting period.
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A summary of these monitoring conditions is presented in Table 3.1, which also
indicates the location (refer to the map at Figure 3.1) and frequency of monitoring. The
status and major findings for all Schedule I compliance monitoring undertaken during
FY09 is presented in Section 3.1.

Table 3.1: Schedule I compliance monitoring sites and sampling frequency

Location and Frequency
Condition Ningerum Atkamba Nukumba Bosset Obo Ogwa Lewada

1a (Water Quality)*# Monthly Monthly Monthly Monthly Monthly

1b (Fauna Edibility) Fish: Regions* 1, 2 & 3 - Annually
Terrestrial mammals: Region 3 - Annually

1c (Flora Edibility) Indigenous (natural) plants: Regions 1, 2 & 3 - Annually
Water lily tubers: Region 3 - Annually

1d (River
Navigability)

System - Annually

1e (Dissolved
Copper)

Monthly Monthly Monthly Monthly Quarterly

1e (Bioavailable
Copper)

Quarterly Quarterly Quarterly Quarterly

1f (Algal & Bacterial
Bioassay)

Annually Annually Annually Annually

1g (Fish Diversity,
Abundance &
Biomass)

Half-yearly Half-yearly Half-yearly

1h (Dieback
Mapping)

System - Annually

1i (ARD) System - Annually
* Human Health Considerations: Ningerum, Atkamba and Nukumba, as per the Regions:
Region 1: Ok Tedi – Ningerum to Bige (upstream of dredge operation)
Region 2: Lower Ok Tedi - Bige to Nukumba (downstream of dredge operation)
Region 3: Middle Fly – Nukumba to Everill Junction

# Aquatic Ecosystem Considerations:
Ningerum, Atkamba, Nukumba, Obo and Ogwa

As discussed in the FY06 AER, this modification does not lessen the intent of the
original Regime’s compliance monitoring. Rather, it broadens out the location of
sampling for Conditions 1a, 1b and 1c (within a human health context) and imposes
more stringent (aquatic ecosystem) threshold values for assessing water quality in the
main channel.

Previous OTML annual environmental reports (FY02 (OTML, 2002) and FY03 (OTML,
2003)) have fully described the objectives and methods of each of the Schedule I
monitors. Consequently, they are not repeated in this FY09 report. Likewise, data and
discussion have been included in previous reports. While the findings of the compliance
monitoring are summarized below, the reader is directed to the Schedule I supporting
documents (listed in Table 3.2) for each monitor should further information be required.
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During FY09, 12 monthly samples were collected from each of the new monitoring
locations. However, at the time of reporting the results for the last 2 months of the
reporting period (May and June 2009) were not available. Additionally, the results for
some of the recently included parameters, including dissolved oxygen (DO), chlorophyll
(Chl), nitrogen (N) and phosphorus (P), were not reported due to problems with sample
preservation and transportation, or capability limits of the OTML Environmental
Laboratory. It is expected that these parameters will be included in the FY10 AER, as
will an assessment of the utility of undertaking these measures in understanding the
riverine environment.

The results indicate that dissolved As, B, Bi, Cd, Co, Cr, Fe, Ga, Mn, Mo, Ni, Pb, Sb, Se,
Sn, V and Zn concentrations remained below the specified water quality criteria for the
protection of aquatic ecosystems (ANZECC, 2000) at all of the new monitoring locations
throughout FY09. The results also indicate that the analytical detection limit for Be, Hg,
La and Tl is either close to or exceeds the specified water quality criteria and therefore
comparison with the criteria was not possible. It is expected that this issue will be
resolved during FY10.

During FY09 dissolved Al, Cu and La concentrations exceeded the specified water
quality criteria for the protection of aquatic ecosystems (ANZECC, 2000) at all locations
and dissolved U concentrations exceeded the criteria in the upper reaches of the river
system (Ningerum and Atkamba). Although highly variable, dissolved Cu concentrations
exceeded the specified criteria of 1.4µg/L at all locations, ranging from 4.1 to 18 µg/L at
Ningerum, Atkamba, Nukumba and Obo, and decreasing to a range of 3.0 to 5.7 µg/L at
Ogwa. The dissolved Al concentrations ranged from 7.5 to 121 µg/L and the water
quality threshold concentration is 55 µg/L. The dissolved La concentrations ranged from
<0.1 to 1.02 µg/L and the water quality threshold concentration is 0.04 µg/L, while the
dissolved U concentration at Ningerum and Atkamba ranged from <0.2 to 1.30 µg/L and
the water quality threshold concentration is 0.5µg/L.

Supporting Document COM09_01 provides the results and findings for this program and
compares the values for the various parameters to the recommended criteria for the
protection of freshwater aquatic ecosystems (ANZECC, 2000). This document also
provides an update on implementation of the revised monitoring program.

Conditions: 1b – Fauna Edibility; and
1c – Flora Edibility

Rating: Level 1

The objectives for compliance monitors Conditions 1b and 1c are to investigate edibility
of fauna (fish and wild mammals) and indigenous flora (sago, leafy vegetables and nuts)
that are available in the Fly River channel and on the adjacent flood plain areas, and to
compare levels of contaminant metals cadmium (Cd), copper (Cu), lead (Pb) and zinc
(Zn) in these foods to same or similar food categories of two national market basket and
total dietary studies and regional studies. The guidelines used to assess OTML’s data
include:

- Australia Market Basket Survey (AMBS)
- United Stated of America (USFTDS)
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The metal results above were further compared with the guideline values established by
the Joint FAO/WHO Expert Committee on Food Additives (WHO, 2000). This committee
establishes Provisional Tolerable Weekly Intakes (PTWIs) for a range of metals and
other environmental contaminants. The PTWI is not a limit of toxicity and does not
represent a boundary between safe intake and intake associated with a significant
increase in body burden or risk. For example, long-term exposure slightly above the
PTWI would not necessarily result in adverse health effects but would erode the safety
factor built into the calculation of the PTWI.

For the present reporting period relatively high proportions of the PTWI for the non-
essential metals cadmium and lead were contributed by sago for young children; and
their intake proportions are nearly 16% (Cd) and 26% (Pb) of the WHO established
PTWI. Similarly, for the leafy vegetable, the calculated PTWI for the 2-year old was 5.6%
and 7.8% for Cd and Pb respectively. The high proportion of exposure should not be a
cause for concern as the PTWI is determined by body mass and importantly almost all
cadmium data (98%) and more than half of lead data (58%) are observed to be below
the analytical detection limit of QHSS.

For the essential metals copper and zinc; children received nearly equal proportions of
Cu from sago (4.9%) as from leafy vegetables. The intake of the essential metal, zinc by
2-year olds is similar in both sago and leafy vegetables. Whilst sago is consumed widely
in the monitoring regions, leafy vegetables maybe lacking in some parts, for example it is
challenging to grow in the floodplain environment of Region 3 thus people depend on
wild grown kangkong.

In conclusion the FY09 results indicate that there are no human health risks, resulting
from the Ok Tedi mining operation, from consuming these foods. This result is consistent
with the long term monitoring results.

These monitors are discussed in Support Document COM09_01.

Condition: 1d River Navigability
Rating: Level 1

Field work for the FY09 navigability compliance monitoring was undertaken during
April/May 2009, with an emphasis again placed on gathering detailed data at the known
sites of navigability challenges at Kuambit (ARM436 to ARM432), Erekta (ARM425 to
ARM423), Angamarut (ARM408 to ARM407), Wygerin (ARM401 to ARM399) and
MugaMuga (ARM90 to ARM75). Additional bathymetric surveys conducted over the
channel crossing at ARM376 and ARM201 (Nivani Island) in FY07 and were again
targeted in FY09.

While the river bed aggradation in the Kuambit zone has stabilised since 2002, with an
annualised rate of +0.09 metres, there has been a substantial change since May 2007.
There is little change to the upstream channel in this location but the bed has aggraded
approximately +0.5 metres through the crossing. In addition, there is evidence of infilling
(+0.5 to +1.0 metres) to the constrained eastern channel and an associated narrowing of
the channel. These changes were not unexpected – they are the result of the dredge at
Bige being used to excavate the pyrite concentrate storage pits on the West Bank
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resulting in a reduced dredging of the slot during 2007 and 2008. The consequent bed
load passing Bige, that would have otherwise been dredged, underpinned the decision
to mobilise the second dredge. Consequently, while these changes at Kuambit are short-
term and the impacts will be reversed over the short term, they will nonetheless
adversely affect navigability over the next twelve months, especially at low river levels.

While the historical aggradation / scouring cycle continues through the system,
specifically at the other choke points: the river bed is stabilising in the Erekta zone
although there is a continued aggradation trend of approximately +0.05 to +0.10 metres
per annum (despite some evident localised scouring); similar results are evident in the
Angamarut zone, with an aggradation of approximately +0.35 metres since May 2007;
and at Wygerin, the crossing has aggraded approximately +0.16 metres in each of the
last two years but, since 2001, shows an annualised aggradation of +0.60 metres. The
additional aggradation currently impacting Kuambit (as a result of changed dredging
production during 2007 and 2008) will potentially impact these other Upper Fly River
choke points (located downstream of Kuambit) over the next few years,

Compared with the findings in May 2007, the channel crossing at ARM376 shows an
aggradation of +0.13 metres (average +0.07 per annum). In contrast, since May 2007,
there has been an overall reduction in bed level at ARM201 (Nivani Island), with
significant scouring (up to -3.0 metres) in the upstream and downstream channels but
there is some evidence of aggradation over the actual crossing (approximately +0.25 to
+0.50 metres) and up to +2.0 metres of aggradation on the off-channel sandbars.

These survey findings are discussed in COM09_02 in the supporting documents.

Navigability at MugaMuga continues to be a problem related to tidal conditions with the
potential for vessel groundings and delays at low to mid tide. The original MugaMuga
crossing between AEM85 and ARM90 has reopened and is once again the defined
channel crossing through the reach. Navigability at Nivani Island is expected to be
unaffected during FY10 particularly with the benefit at this site of minor tidal effects
which can assist shipping at low river levels. While navigability throughout the whole
river has been relatively challenge free throughout FY09, due to the continual high river
levels, throughout FY10 it will again be predominantly climatically controlled especially at
the choke points located in the Upper Middle Fly.

El Nino events are associated with below normal rainfall across large parts of Australia
and extending into Papua New Guinea. At the time of writing this report (September
2009) such conditions are predicted by the Australian Bureau of Meteorology’s models
for the latter half of 2009. The consequent low river levels are likely to occur, at least
occasionally, below a critical navigability threshold. Coupled with the substantial river
crossing aggradation in the choke points in the upper part of the Middle Fly summarised
above, there will be an increasing likelihood of restrictions to shipping along this reach of
the river in FY10.

Condition: 1e Dissolved and Bioavailable Copper
Rating: Level 2
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OTML is required to monitor dissolved and bio-available Cu concentrations in river water
samples collected from Ningerum, Nukumba, Obo, Ogwa and Lewada. The dissolved
Cu concentrations are measured on monthly samples (with the exception of quarterly
monitoring at Lewada) while bio-available Cu concentrations (and Cu complexing
capacity) are measured in the samples collected from these sites on a quarterly basis.
All of the sampling programs scheduled for the FY09 reporting period have been
completed. However, due to delays in analysis by external laboratories, the results are
only available to April 2009 (ie May and June 2009 results unavailable) for dissolved Cu
and to October 2008 (ie December 2008, March 2009 and June 2009 results
unavailable) for bio-available Cu. The dissolved Cu concentration results for June
2008 and the bio-available Cu concentration results for December 2007, March 2008
and June 2008, not reported in the FY08 AER, are included in this report.

Dissolved copper
The average dissolved Cu concentrations at Ningerum, Nukumba, Obo, Ogwa and
Lewada for the reported results (June 2008 to April 2009) are 8.8 µg/L, 9.9 µg/L, 11.6
µg/L, 4.4 µg/L and 5.0 µg/L, respectively. These average concentrations are below the
long-term averages for all sites. The dissolved Cu concentrations are highly variable but
generally increase downstream from Ningerum to Obo and decrease markedly
downstream of Everill Junction. This distribution is consistent with historical trends and is
attributed primarily to dilution by the Strickland River.

Bio-available Copper
The bio-available Cu concentration is a measure of the concentration of free copper
which is readily available for aquatic biota uptake. The average concentrations of bio-
available Cu for the reported results (December 2007, March 2008, June 2008 and
October 2008) from Ningerum, Nukumba, Obo, Ogwa and Lewada are 5.2 µg/L, 2.4
µg/L, 2.8 µg/L, 1.0 µg/L and 1.2 µg/L, respectively. These concentrations are below the
long-term (1996 to 2007) average concentrations of 5.5 µg/L, 4.0 µg/L, 4.3 µg/L, 1.5
µg/L, and 1.4 µg/L, respectively.

The Cu complexing capacity (CuCC) is a measure of the extent to which strong Cu
complexes formed with dissolved organic matter occur, rendering the dissolved copper
unavailable for biological uptake. The average CuCC for the reported results (December
2007, March 2008, June 2008 and October 2008) at all sites, except Nukumba, are
below long-term averages (1996 to 2007). The average CuCC for Nukumba is 21.4µg/L
compared to long-term average of 19.1µg/L. These results continue to show temporal
and spatial variability in the CuCC of the main channel of the Ok Tedi/Fly River system
with a close relationship to dissolved Cu and bio-available Cu concentration trends.

A detailed discussion on the spatial and temporal trends in dissolved and bio-available
Cu concentrations and the Cu complexing capacity through the Ok Tedi/Fly River
system is provided in Supporting Document COM09_01.

Given the uncertainties as to the causal factors and the significance of the temporal and
spatial distribution of dissolved and bio-available Cu concentrations throughout the river
system, and the potential ecological significance, a ‘LEVEL 2’ rating continues to be
applied to this monitor.
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Condition: 1f Algal and Bacterial Bioassay
Rating: Level 2

This Condition requires the development of a relevant ecotoxicological monitoring
program to investigate the quality of water at a number of locations along the Ok Tedi –
Fly River system utilising suitable metal sensitive micro-organisms. While the Regime
nominates this as an annual monitoring program, sampling is undertaken on a quarterly
basis at Ningerum, Nukumba, Obo and Lewada. All samples collected for this program
are currently sent to CSIRO in Sydney, Australia for bio-assay test-work. For this test-
work, metal sensitive algae and bacteria are exposed to the water samples and the
relative inhibition to the rate of growth of these organisms is determined. By comparing
the growth rate of the metal sensitive algae and bacteria in a control sample (no
dissolved metals) to the growth rates in the water samples, an indication of the growth
inhibition, as a percentage of the growth rates exhibited by the control sample, is
obtained. Growth inhibition threshold values are defined based on the statistical
significance of the growth inhibition exhibited. Typical threshold values are 5% for algae
and 25% for bacteria.

During FY09 quarterly samples were collected from all of the nominated sites in
October and December 2008, and March and June 2009. However, the test results
for March and June 2009 were not available at the time of reporting and are not
included in the report. The bioassay test-work results for March and June 2008, not
reported in the FY08 AER, are included in this report.

The reported results indicate continued variability in bacterial and algal growth
inhibition at all sites. The results for Ningerum, Nukumba and Obo indicate a
decrease in algal growth inhibition during the reporting period compared to historical
values and for Nukumba the algal growth inhibition has been maintained at below the
threshold value indicating significance (5%) for the last three consecutive quarterly
sampling events. Significant bacterial growth inhibition (>25%) has been maintained at
these three locations throughout the reporting period, apart from at Nukumba in March
2008, where no inhibition to bacterial growth was recorded. The results for Ogwa and
Lewada show no significant variation in the rates of growth inhibition during the reporting
period compared to the historical results.

The long-term monitoring results have shown algal and bacterial toxicity (growth rates) is
highly variable in the Ok Tedi and Fly River. The results also show no obvious
relationship between bio-available Cu and growth inhibition. Nevertheless, the value of
these studies is their potential to serve as an early warning for potential toxicity impacts
on other components of the aquatic biota. However, a limitation to these studies is that
they do not unambiguously identify the factor/s governing the growth inhibition that is
measured. Use of metal sensitive species increases the likelihood that metal toxicity is
the inhibitor, without identifying which metal or metals are the causative agents. The
current monitoring program will continue in order to further monitor future trends, but will
also attempt to determine the cause of algal and bacterial growth inhibition and whether
or not there are any toxicity concerns for higher organisms (primary producers and
consumers).

A detailed discussion of the bio-assay test-work results and findings is provided in
Supporting Document COM09_01.
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The continued ‘LEVEL 2’ rating of this monitor reflects limited understanding of the
issue. The issue revolves around the potential ecological health implications as a
consequence of mine impact on algae and in general, the role of primary production in
the food web structure of the river system.

Condition: 1g Fish Diversity, Abundance and Biomass
Rating: Level 1

The objective of Condition 1g is to assess the availability of fish to the local communities
and sampling is conducted biannually at Kuambit, Bosset and Ogwa. Sampling at
Kuambit has not been undertaken since 2003 due to a landowner disagreement.
Sampling commenced in FY06 at Erekta located approximately 15 nautical miles
downstream of Kuambit but was discontinued in FY08 due to landowner disagreement.
The landowner issue was resolved and sampling was again conducted at Erekta in FY09
to meet the biannual sampling requirement.

One of the issues for this monitor is quantifying the amount of fish a community would
consume. It took 3 years work to establish the amount of fish actually consumed by the river
community and by different age groups. The Community Health Survey (Bentley, 2006)
acknowledged differences in the amount consumed by communities living along the length of
the Fly River including the Ok Tedi. OTML uses a number of assumptions including the
following (below) to estimate fish availability to the communities.

o That on average, a person consumes 326g of fish per day (based on historical
values, and confirmed during the recent Community Health Survey). For a
household of eight persons, approximately 2.6 kilograms of fish are consumed
per day;

o That an average family possesses a single gillnet either 3, 3.5, 4 or 5 inch
mesh size. These mesh sizes represent the size of nets that are affordable
and commonly observed to be used by the local communities. Other fishing
gear such as hooks, harpoons, and other net sizes not indicated are not
accounted for although their use is acknowledged;

o That Fly River fish consumers are not selective in the fish species and
consume all fish caught and that people are catching fish in the main channel
for food.

The results reported here are based on catch data from two sampling trips to each of the
three monitoring sites at Erekta, Bosset and Ogwa. A total of 293 individual specimens
in 26 species were caught in approximately 144 netting hours. All fish produced a total
biomass of 338 kg. The following conclusions are drawn for fish availability:

o Five inch mesh size gill net seems to be the ideal size along the river. A family
using 5 inches mesh size gillnet would meet more than 100% of the daily fish
requirement. Mesh sizes less than 4 inch may be ideal to set/use during low river
levels or in backwater environments in the main river channel.

o With the observed gross decline in the OTML long term monitoring fish catch
data, a family will have to put more effort (i.e. increase number of hours fishing or
number of nets) to catch enough to feed family at the riverine sites.
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o People are encouraged to fish in off-river water bodies including flood plain lakes
and oxbows especially during high river levels.

And the following comments were made regarding changes in fish populations over the
monitoring period:

o Biomass, abundance and species richness at Bosset have declined over 1998-
2009 periods. However the situation is most likely stabilizing in the latter years of
monitoring. For the same period, the fish catch at Ogwa has also declined.

o The biomass of Barramundi at both Bosset and Ogwa showed a decline after
1997. There has been an increase in the catch of smaller size Barramundi in the
recent times compared to catches in the past. The Obo Fishery Co-operative has
been filleting Barramundi since 1997. Recently the factory includes catfish fillets
as the local fishermen cannot supply enough Barramundi.

o It has been postulated that fish from highly disturbed parts of the system would
respond by moving away to less affected or pristine habitat elsewhere in the
system and return when conditions recover or become favorable. The 17 species
recorded during September 2008 at Erekta are a good sign and probably a
response to the recovery of vegetation dieback experienced in the late 1990s.
Erekta is located 15 nautical miles down stream of D’Albertis Junction.

Based on FY09 catch data, there is sufficient fish in the system to meet normal
community demand. However, the overall decline at Bosset and Ogwa implies that the
Fly River communities may have needed to increase their efforts in recent times (i.e.
fishing time) to catch enough fish for feed and to meet other subsistence requirements.

This monitor is discussed in detail in Support Document COM09_01.

Condition: 1h Dieback Mapping
Rating: Level 1

The mapping of dieback extent for the FY09 period is based on Landsat 5 TM satellite
imagery acquired on 28th January, 12th February and 7th April, 2009. As there was no
cloud-free imagery available for the reporting period, dieback extent was extracted from
a mosaic of the cloud free portions of the various data sets. Imagery from an oblique
aerial photography ground truthing program, also undertaken in April 2009 and covering
the Ok Tedi flood plain from Bige to D’Albertis Junction and the Fly River flood plain from
Kiunga to Obo, was used to verify the classifications from the TM5 imagery.

For the FY09 period, a total of 1,670 km2 has been impacted by dieback, compared to
1,633 km2 reported for the FY08 period. This represents a 2.3% increase in dieback
extent and includes all historical dieback (i.e. dieback caused by mine impact, naturally
occurring inundation and forest fire processes). During the same period, recovery has
increased from 429 km2 to 451 km2, representing a 5% increase in recovery compared
to the FY08 situation and some form of recovery occurring in 27% of all dieback
impacted areas. Recovery is predominantly climatically driven, and any shifts normally
reflect extended periods of unusually high, or low, river levels during the assessment
period.
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Most of the extent increase has occurred throughout the Upper Fly with some
occurrence evident for the first time upstream of Kiunga. This is believed to be
associated with flood plain inundation levels in the Middle Fly and will readily recover
once the backwater impact is reduced.

The increases in recovery are evident throughout the Lower Ok Tedi and Upper Middle
Fly. High river levels over the last two years have resulted in substantial aggradation
over the flood plain levee system and the formation of new point bars that are higher
than the surrounding flood plain. This has facilitated the growth of new flood tolerant tree
species and accounts for the majority of the recovery increase.

It has been previously reported that the maximum extent of dieback is 2,395 km2, 248
km2 of which will occur in the Lower Ok Tedi. It is now evident that in the Lower Ok Tedi,
the maximum extent of dieback has been reached, with only a nominal net increase
occurring over the last seven years. Consequently, the future maximum extent of 248
km2 now appears to be a conservative estimate for this zone. In the Middle Fly, the
measured dieback extent is following the general trend considering the wetter than
average conditions experienced since 2007. While the maximum extent estimates
allowed for future La Nina events and the progression of dieback in the fringes of the
flood plain, based on the recent surveys it now appears that this maximum extent for the
Middle Fly is also conservative.

Refer to COM09_03 in the supporting documents for a fuller discussion.

Condition: 1i ARD
Rating: Level 2

The objective of this condition is to have OTML conduct investigations at the mine and
along the Ok Tedi/Fly River system to determine the potential for acid formation and
neutralization in rocks and sediment within the mine and along the river system, and to
report the results of these investigations to the State on an annual basis.

ARD monitoring is conducted at the Mill, within the Ok Tedi channel, on the Fly River
levee and flood plains, and at the Bige stockpiles. Routine water quality monitoring is
undertaken at the pit, Bige and in the Lower Ok Tedi (LOT) at Konkonda. Results of the
work conducted in the first half of FY09 indicate that there are no adverse changes to
the chemistry of the river downstream as a result of the mining activities. This finding is
consistent with that reported in the FY08 AER. A detailed report is provided in support
document COM09_01.

FY09 sediment geochemistry monitoring results for mine area creeks show
improvements in their acid-base character, reflecting ongoing disposal of limestone as
part of the -150 NAPP Plan. Overall, waste rocks near the surface in the MAC are NAF
and there is sufficient ANC to prevent ARD generation. There is an overall improvement
in the acid base balance in the Upper Ok Tedi gravel/sand bars in FY09 reflecting
ongoing limestone disposal at the mine waste dumps to address -150 NAPP Plan and
reduced sulphur contributions from the waste rock stream and tailings. The lower Ok
Tedi levee and floodplain samples are non-acid forming and there is sufficient ANC to
neutralise any acid generation. The Fly levee and floodplain levee sediments continue to
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indicate risk of acid generation in localised areas where segregation of sulphide minerals
from limestone.

Water quality monitoring results to date for mine pit continue to confirm significant
alkalinity inputs to the pit drainage network from the surrounding unimpacted area and
other limestone sources within the pit, while most non-limestone rock exposures within
the pit are acid generating and significant ARD is currently occurring from these rocks.
Seepage and groundwater monitoring at Bige dredge stockpiles show evidence of
sulphide minerals oxidation and neutralization reactions occurring in the surface zone of
the stockpiles, however, due to sufficient ANC availability in the underlying stockpile
sediments, run-off and seepage emanating from the stockpiles have maintained a
relatively high pH (mean values ranging from 6.81-7.97) and alkalinity, with relatively low
dissolved metal concentrations.

The annual system-wide model simulation (OkARD and OkChem) to assess the ARD
risks from OTML’s operations has not been undertaken in FY09 due to modeling efforts
concentrated at Bige dredge sediment as described below.

OkARD model simulations were done on two occasions; firstly in February and then in
August 2009; with an emphasis on assessing the current and future acid-base balance
of Bige dredge sands and, in particular, the likelihood of dredged materials meeting the
required ANC/MPA target of 1.5 or above. The February modeling result shows that for
Q4 2008 and Q1 2009, major discrepancies occurred between the predicted and the
actual results. The actual sulphur grade of the dredge sand is 1%S higher than predicted
for Q4 2008 and 2%S higher in Q1 2009. In addition, the ANC predicted for Q4 2008 and
Q1 2009 were higher than recorded and varied substantially. The higher than predicted
sulphur and lower than expected ANC have led to the lower than expected ANC:MPA
values through most of the first half of 2009. Starting from May 2009 the ANC/MPA
values were above the target of 1.5, coinciding with an improvement in the pyrite
recovery at the Tailings Pyrite Plant (TPP). Samples with ANC/MPA values greater than
1.5 typically contain ANC values >80 kg H2SO4/t, and sulphur values <2.0%S.

Possible reasons for the differences between predicted and actual sulphur and ANC
data include: 1) limestone discharged from the southern dumps of the Mine being
retained and stored in the Harvey Creek/Ok Mani system; 2) insufficient limestone
discharged into the river system; 3) poor quality limestone (low available ANC) delivered
into the river system; 4) underestimation of sulphur loads released into the system
during commissioning of the TPP and at times of operational difficulties; 5)
underestimation of sulphur loads in the sulphur block model for the northern parts of the
pit, 6) dredging of older sediments with higher sulphur; 7) limitation of OKARD model in
assuming that composition of the dredge slot each quarter reflects the characteristics of
the waste rocks and tailings generated in the same quarter; and 8) combination of part
or all of the above.

With uncertainty in the sulphur and ANC inputs, action was required to improve delivery
of ANC to the slot to achieve cover quality sands as soon as possible. To address the
discrepancy between observed and predicted sulphur and ANC and to identify
procedures to increase the ANC/MPA ratio in dredge sand at Bige, OTML undertook a
number of specific projects within the Bige Remediation Project (BRP). An investigation
into the mine’s sulphur and ANC block model has discovered discrepancies in the data
provided to the February 2009 OkARD model simulation. Revised ANC and sulphur data
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from the mine and mill were provided to EGi in July to undertake further model
simulations to provide better estimates of the amount of additional limestone required to
be discharged from the mine to achieve target cover specifications.

The Bige version of OkARD model was simulated in July 2009 using revised sulphur and
ANC production inputs data (actual and planned) supplied by OTML. The Bige version of
OkARD was developed to predict the river deposited sediments and dredge sands on a
quarterly basis from year 2007 to end of current mine life 2013 while the original OkARD
version was based on yearly time steps from 2000 to 2060. The data supplied shows
that while previously tailings was the main source of sulphur from last quarter of 2008
onwards, waste rock has become the main source due to the TPP, and is also the
dominant source of ANC.

July 2009 OkARD modeling results shows measured and predicted sulphur and
ANC/MPA plots do correlate but are offset by 6 to 12 months. It is believed that the 6 to
12 months lag is the time required for sulphidic material to move through the system
from the mine to Bige however it could be higher for ANC delivery. OkARD prediction
assumes no lag time from mine to Bige, therefore the model will be reviewed and
modified by extending the quarterly prediction back to 2002 to investigate the lag.

3.2 FY09 Schedule I Supporting Documents
Each of the compliance monitors has a supporting document in which the monitor’s
objectives and methodologies are discussed, together with results and a discussion of
those results. Some of these supporting documents can be found at www.oktedi.com. To
assist the reader, these supporting documents are detailed in Table 3.2.

Table 3.2: FY09 Schedule I compliance monitor supporting documents

Monitor Supporting
Document

Reference

1a (Water
Quality)

COM09_01 OTML 2009 FY09 Schedule I Compliance Monitoring (Section
1 – FY09 Water Quality Monitoring). An unpublished report
prepared by the Environment Department, Ok Tedi Mining
Limited. September, 2009. 69 pages.

1b (Fauna
Edibility)

COM09_01 OTML 2009 FY09 Schedule I Compliance Monitoring (Section
4 – FY09 Dissolved and Bioavailable Copper Monitoring). An
unpublished report prepared by the Environment Department,
Ok Tedi Mining Limited. September, 2009. 69 pages.

1c (Flora
Edibility)

COM09_01 OTML 2009 FY09 Schedule I Compliance Monitoring (Section
4 – FY09 Dissolved and Bioavailable Copper Monitoring). An
unpublished report prepared by the Environment Department,
Ok Tedi Mining Limited. September, 2009. 69 pages.

1d (River
Navigability)

COM09_02 Marshall A.R. 2009a Fly River Navigation Summary Report
2009. An unpublished report prepared by Andrew Marshall Pty
Ltd for Ok Tedi Mining Limited. September, 2009. 7 pages.

1e (Dissolved
& Bioavailable
Copper)

COM09_01 OTML 2009 FY09 Schedule I Compliance Monitoring (Section
4 – FY09 Dissolved and Bioavailable Copper Monitoring). An
unpublished report prepared by the Environment Department,
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Ok Tedi Mining Limited. September, 2009. 69 pages.
1f (Algal &
Bacterial
Bioassay)

COM09_01 OTML 2009 FY09 Schedule I Compliance Monitoring (Section
5 – FY09 Ecotoxicological Monitoring). An unpublished report
prepared by the Environment Department, Ok Tedi Mining
Limited. September, 2009. 69 pages.

1g (Fish
Diversity,
Abundance &
Biomass)

COM09_01 OTML 2009 FY09 Schedule I Compliance Monitoring (Section
4 – FY09 Dissolved and Bioavailable Copper Monitoring). An
unpublished report prepared by the Environment Department,
Ok Tedi Mining Limited. September, 2009. 69 pages.

1h (Dieback
Mapping)

COM09_03 Marshall A.R. 2009b Lower Ok Tedi and Middle Fly
Vegetation Dieback Monitoring Summary Report 2008-2009.
An unpublished report prepared by Andrew Marshall Pty Ltd
for Ok Tedi Mining Limited. September, 2009. 10 pages.

1i (ARD) COM09_01 OTML 2009 FY09 Schedule I Compliance Monitoring (Section
7 – FY09 Acid Rock Drainage Investigation). An unpublished
report prepared by the Environment Department, Ok Tedi
Mining Limited. September, 2009.9 pages.
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4 REGIME PROGRAMS

Based on the environmental Values, the Regime is structured around the management
of ARD, the ecological investigation of the riverine system, and the environmental
management of the various industrial areas within OTML’s sphere of operations.

The Regime identified an initial four programs, viz: the ARD Management Program, the
Riverine Aquatic Ecology Program, the Riverine Terrestrial Ecology Program and the
Industrial Sites Management Program. Each of these programs is organized on a
domain (ecological study area) basis, through which environmental effort is focused.
Based on the environmental Values underpinning the Regime, specific aspects are
investigated within each domain.

Each program sets out to provide the State with sufficient information to enable it to
make an informed decision regarding whether or not there are any unacceptable
adverse changes occurring. The activities undertaken within these programs are
specifically not Schedule I activities (although at times an extension to the Schedule I
activities is evident). As the Regime is a continuous and dynamic process, it is
unrealistic to expect that all of the objectives within any one program will be addressed
in any single year of activity.

The objectives of each program are discussed below. The programs are reviewed
annually and, if appropriate, modified to address changing knowledge or emerging
issues. Consequently, the activities within each program will vary from year to year.
Indeed, the programs themselves may also change. The status of each program is
discussed below, giving rise to its direction and focus for FY10. The proposed activities
are discussed and summarized in tabular form in Section 7. This summary table is
known as Schedule II.

A description of the activities undertaken within each program, and their findings, are
summarised here. The reader is directed to the various supporting documents (listed at
the end of each program) should further information be required. In most cases, these
supporting documents may also be posted on the OTML web page at www.oktedi.com.

Various activities are reported that were not presented in the proposed FY09 Schedule II
activities in last year’s Annual Report. Consequently, a description of these activities and
their status have been presented in Section 4.5 under the heading “Additional Activities”.
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from the exposed limestone and acid (ARD) inputs from mineralised acid generating
rocks exposed with the pit walls and floor.

A mine pit hydrogeological modelling and water balance study was undertaken by Klohn
Crippen Berger Ltd (KCBL) in FY07. This program was required for mine pit closure
predictions in support of the Mine Area Rehabilitation Plan (MARP), with the data
provided to Environmental Geochemistry International Pty Ltd (EGi) for input to the
OkARD and PitChem geochemical predication models. The PitChem model also utilises
the data generated from the mine pit water quality monitoring program and predicts the
chemistry of the water that will be retained within the pit void and discharged from the
void during and post closure. Five mine closure scenarios were assessed during the
initial modeling work based on the potential closure plans that were being assessed at
the time. One of these scenarios involved expansion of the mine pit (13D8 Pit) and
sealing off the tunnel at closure allowing the void to fill with water and discharge via the
slot and the Harvey Creek Cave System (HCCS) once the void has been filled. This
scenario is consistent with the latest mine plan (2013 Closure Mine Plan).

4.1.1.2 Mill

Aspect: 1.0 Geochemistry
Activity: 1.1 Geochemical Characterisation of Mill Tailings
Rating: Level 1

Daily composite samples are being tested monthly and are ongoing. With commissioning
of the Tailings Pyrite Plant (TPP) ex-mill (Cu Flotation) tailing formerly discharged into
the river has now become feed materials for the TPP. TPP feed samples analysed at the
Environmental laboratory is in addition to analysis done and reported (Daily TPP report)
by Mill Metallurgy section. During the reporting period (July 2008 to June 2009), a total
of 289 samples were collected and analyzed for the usual geochemical parameters.

The samples have average sulphur contents of 3.62%S, ANC values of 24 kg H2SO4/t
and NAPP values of 86 kg H2SO4/t. Compared to FY08 results, the sulphur, ANC and
NAPP values increased by 29%, 20% and 34% respectively. All samples have positive
NAPP values and are PAF consistent with FY08 results. The slight increase in sulphur
and NAPP values for the recent samples are a result of a higher proportion of Sulphide
Skarn ores being processed at the mill.

Based on the expected increase in sulphur content in the ore over time, these tailings
are anticipated to remain potentially acid forming. However, with the TPP performing at
full capacity, a significant proportion of the sulphur in the form of pyrite will be removed
from the tailings prior to discharge into the river. Thus the monitoring program will be
continued in the interim but will be reviewed at the end of FY10 and a decision will be
made regarding future monitoring.

Aspect: 1.0 Geochemistry
Activity: 1.2 Geochemical Characterisation of pyrite plant tailings
Rating: Level 1
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The monitoring of the TPP final tailings commenced in December 2008 after
commissioning the TPP in October 2008. The main objective of this program is to
measure the amount of sulphur, ANC and copper discharged to the river system from
the pyrite recovery plant. Daily composite samples (from six hourly samples) have been
collected and tested on a weekly basis. Due to “teething” problems at the plant and the
associated plant optimization test work carried out on the TPP, final tails were not
generated on a regular basis. Consequently, no samples were collected during October
and November 2008. From December 2008 to June 2009, a total of 166 samples were
collected and analyzed for %S, ANC and Cu. Analysis of final tails by the Environmental
Laboratory is in addition to analysis done and reported by Mill Metallurgy section (Daily
TPP report).

The results include: mean sulphur contents of 0.86%S, ANC values of 28 kg H2SO4/t
and NAPP values of -2 kg H2SO4/t. About 34% of the samples have positive NAPP
values and are PAF, while 66% have NAPP negative values. The overall results indicate
that majority of the pyrite mill tailings samples are non acid forming (NAF). The average
sulphur recovered from the tailings within this period (Dec 08 to June 2009) is 81%,
which is still below the target 90% recovery. The overall data shows that about 74% of
the tailings samples have sulphur content <1%S, however for June 2009 alone the
proportion of samples with sulphur content <1%S increased to about 95%, which
indicates a significant reduction in the pyrite tailings sulphur content.

Further fine tuning and optimization of the TPP will lead to slightly improved recovery of
sulphur and a subsequent reduction of sulphur in the final tails. It is expected that the
90% recovery of sulphur and reduction of sulphur in the tails to below 1%S will be fully
achieved in the last quarter of 2009. The monitoring program will be continued into FY10
to assess the performance of the TPP to ensure that the tailings discharged have
sulphur content of less than 1%S.

Aspect: 1.0 Geochemistry
Activity: 1.3 Geochemical Characterisation of pyrite concentrate
Rating: Level 1

Sampling of the PCon is usually undertaken by the mill personnel on a two hourly basis
for their operational purpose, (plant optimization and recovery). A daily composite of the
2 hourly samples is prepared and submitted to the OTML Environmental Laboratory for
geochemical analysis. The main objective is to provide a direct measure of the sulphur,
ANC and geochemistry of the PCon piped to Bige from the pyrite recovery plant. During
January to March 2009 a total of 92 daily composite (PCon) samples were received and
analysed for total copper, sulphur and ANC.

The results include: mean sulphur contents of 39%, ANC values of 2 kg H2SO4/t and
NAPP values of 1181 kg H2SO4/t. All of the samples have ANC/MPA ratios below 1,
indicating them as having very high positive NAPP values and are potentially acid
forming. Examination of the mill data (Daily TPP Report) shows that between December
2008 to June 2009 average sulphur content in the pyrite concentrate is 38%, which is
still below the target 45%. The overall data shows that only 43% of the PCon samples
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have sulphur content greater than 40%, however for June 2009 alone it has increased to
about 70%, which indicates a major increase in the PCon sulphur content.

Further fine tuning and optimization of the TPP will lead to improved recovery of sulphur
and a subsequent increase in the sulphur content of the PCon and decrease in the final
tails’ sulphur content. The monitoring program will be continued into FY10 to assess the
performance of the TPP to ensure that the 90% sulphur recovery is achieved and
maintained. However; since the Mill Operation monitors the sulphur in the concentrate
as part of their operational requirement, this program will be reviewed to only include
parameters not monitored by the Mill Operations.

Aspect: 2.0 Hydro-Geochemistry
Activity: 2.1 Ex-Mill Tailings Liquor Chemistry Monitoring.
Rating: Level 1

Monthly monitoring of ex-mill tailings liquor chemistry (currently PCon feed slurry)
continued throughout the reporting period (July 2008 to May 2009). During the reporting
period 11 samples were collected and submitted to the laboratory to determine the
chemical composition of the slurry feeding the PCon plant. The samples were analysed
for general water quality parameters (pH, Electrical conductivity, and alkalinity) and
dissolved metals.

The slurry samples tested have relatively high pH values, ranging from 8.08 to 11.70
with a median pH value of 10.46; high Electrical Conductivity (EC) readings, ranging
from 1.30 mS/cm to 2.0 mS/cm with a median EC value of 1.10 mS/cm, and moderate to
high dissolved alkalinity concentrations ranging from 8.0 to 594 mg CaCO3/L, with a
median value of 360 mg CaCO3/L. Furthermore sulphate concentrations are relatively
high; ranging from 189 mg/l to 905 mg/l. The metals with elevated concentrations are
aluminium (Al _avg.1082 µg/L), molybdenum (Mo_avg.444 µg/L), iron (Fe_avg.25 µg/L),
copper (Cu_avg.0.6 µg/L), manganese (Mn_avg.12 µg/L), selenium (Se_avg. 86 µg/L),
and some alkali metals; calcium (Ca_avg.211 mg/L) and magnesium (Mg_avg. 1.3
mg/L). The high metal concentrations are contributed from the ore body processed at
mill. Detail analysis of the data is provided in the support document ARD09_01

The overall results show alkaline pHs with relatively high alkalinity concentration and
high EC readings. The high pH is probably due to the presence of residual lime in the
tailings as a result of the liming at the mill for copper recovery. Thus the alkalinity
present in the slurry is predominantly derived from the lime.

Prior to TPP, this monitoring was undertaken to determine chemical inputs from tailings
discharged into the river and the data generated was used as input for OkARD
modeling. With the TPP fully operational this tailings liquor is now fed into the TPP and
what discharged into the river is liquor associated with the final tails (below). Therefore
this monitoring program will be annually reviewed, concurrently with the ex-mill tailings
(TPP feed) solid geochemistry program (above) and at the end of FY10 and a decision
will be made regarding continued monitoring of this material in the future.
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Aspect: 2.0 Hydro-Geochemistry
Activity: 2.2 Liquor Chemistry of Pyrite plant tailings.

Rating: Level 1

The monitoring of the TPP final tailings liquor commenced in February 2009 in
conjunction with the PCon monitoring program. The main objective of this program is to
determine the chemical inputs from the final tailings (ex-TPP) discharged into the river.
The data will be used as input data for OkARD modelling purposes.

Samples are collected on a weekly basis and submitted to the Environmental Laboratory
for the analysis. The samples are analysed for general water quality parameters (pH,
Electrical conductivity, and alkalinity) and dissolved metals. Since the start of this
program 23 samples have been collected and submitted to the laboratory for analysis.
Only the water quality parameters results for this program are available. Dissolved
metals results will be provide in FY10 AER.

Results for the 23 samples tested have shown average pH value of 9.63, dissolved
alkalinity concentration of 51 mg CaCO3 /L and Electrical conductivity (EC) of 1208
uS/cm. The final tails liquor shows consistently basic pHs with low to medium alkalinity
concentrations and high EC readings. The pH value is lower than that of the TPP feed
tailings liquor possibly indicating oxidation during pyrite flotation. Except for copper
results, all the other dissolved metal results are currently not available for reporting. The
average copper (Cu) concentration for the sample is 29 µg/L. The high average copper
value for the period is caused by a very high value recorded for a single day (06/04/09);
however the median value is low at 1.23 µg/L.

The overall result shows basic pHs with low alkalinity concentration and high EC
readings. The high pH is due to the presence of residual lime in the tailings as a result of
the liming at the mill for copper recovery. Thus the form of alkalinity present in the slurry
is predominantly derived from the liming.

The monitoring program will be continued into FY10 and reviewed on an annual basis

Aspect: 2.0 Hydro-Geochemistry
Activity: 3.3 Liquor Chemistry of Pyrite concentrate (slurry).

Rating: Level 1

The objective of this monitoring program is to determine the pH (daily), alkalinity and
dissolved Cu (weekly) and dissolved metals composition (monthly) of the pyrite
concentrate before being pumped to Bige for storage; to assess the potential effects of
oxidation that may occur during the transfer. Due to the trial and optimization of the
plant, the monitoring program was only initiated in February 2009, where PCon slurry
samples were collected on a weekly basis. The samples were analysed for general
water quality parameters (pH, Electrical conductivity, and alkalinity) and dissolved
metals. Since the start of this program 23 samples submitted to the laboratory for
analysis. Only the water quality results are available for reporting.
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The water quality data shows a similar character as the ex-mill tailings liquor (TPP feed)
results. The PCon slurry samples tested have relatively high pH values, ranging from
6.58 to 10.84 with a median pH value of 9.56; high Electrical Conductivity (EC) reading,
ranging from 593 µS/cm to 1716 µS/cm with a median EC value of 1187 µS/cm, and
moderate to low dissolved alkalinity concentrations ranging from 10 to 115 mg CaCO3/L,
with a median value of 40 mg CaCO3/L. Except for copper with an average value of 4.3
ug/L, the dissolved metal results are not available for this reporting.

The high alkaline to basic pH observed in the PCon slurry is basically due to the
presence of residual lime in the tailings as a result of the liming at the mill for copper
recovery. The high alkaline pH will prevent oxidation, leaching and dissolution of metals
during transportation of the PCon slurry to Bige.

The monitoring of the PCon slurry will be continued into FY10 and will be reviewed on an
annual basis.

4.1.1.3 Mine Area Creeks (MAC)

Aspect: 1.0 Geochemistry
Activity: 1.1 Geochemical Characterisation of MAC sediment
Rating: Level 1

The annual sampling campaign in the Mine Area Creeks (MAC) was undertaken in April
2009. Seventy-nine bulk sediment samples were collected, comprising 37 from Harvey
creek, 36 from Ok Mani creek and 6 from Ok Gilor/Sulphide Creek. A detailed report on
this program is in Support Document ARD09_01.

The average sulphur, ANC and NAPP results from Harvey Creek are 0.20%S, 156 kg
H2SO4/t and -150 kg H2SO4/t, respectively. Compared to FY08 results, the sulphur value
showed a major decrease (~85%) while the ANC value slightly decreased by ~4%,
however it has no major effect on the average NAPP value due to the low S content. The
NAPP value were relatively consistent between the two reporting periods, -151 kg
H2SO4/t reported in March 2008 and a value of -150 kg H2SO4/t in April 2009. All of the
current samples have negative NAPP values compared to 8% having positive NAPP
values in March 2008, which indicates a slight improvement in the overall acid-base
balance of the materials within this area.

The average sulphur, ANC and NAPP values from Ok Mani are 0.45%S, 165 kg H2SO4/t
and -151 kg H2SO4/t, respectively. The FY09 results show a major improvement in the
acid-base character of the materials deposited within the Ok Mani Creek. Compared to
FY08 results, the %S value decreased by ~64%, while the ANC value increased by
~18%. Consequently the NAPP value decreased by ~42%, from an average value of -
101 kg H2SO4/t reported in FY08 to a value of -150 kg H2SO4/t currently. All of the
current samples have negative NAPP values compared to 5% having positive NAPP
values in March 2008; which indicates a significant improvement in the overall acid-base
balance of the materials deposited within this area. This is the first time, the -150 NAPP
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target has been achieved within the Ok Mani Creek area since the inception of the
monitoring program in 2001.

The average sulphur, ANC and NAPP values from Ok Gilor and Sulphide Creek are 0.05
%S, 425 kg H2SO4/t and -295 kg H2SO4/t respectively. All samples tested are NAPP
negative, consistent with FY08 results and historical data indicating that the materials
stored within Ok Gilor/Sulphur Creek are non-acid forming (NAF). The current NAPP
value is well above the minus -150 NAPP target and had consistently remained above
the minus -150 NAPP target since FY06.

The improvement in the acid-base character of the materials within the MAC reflects
ongoing disposal of limestone as part of the -150 NAPP Plan. Overall, waste rocks near
the surface in the MAC are NAF and there is sufficient ANC to prevent ARD generation.
However, if the current limestone discharged thought the MAC is discontinued for any
reasons then there is risk for ARD development. Therefore the monitoring program
needs to be continued into FY10 to ensure that the materials remain NAF.

Aspect: 1.0 Geochemistry
Activity: 1.2 Geochemistry of MAC Ok Mani fan sediments
Rating: Level 1

The quarterly monitoring of the Ok Mani Fan area was undertaken on four occasions
during the FY09 reporting period; in July, October, December 2008 and April 2009. The
April 2009 samples have been prepared and submitted to the laboratory for analysis but
results are not available. The results for July, October and December 2008 samples are
reported below.

The July 2008 bulk samples average results are: sulphur content of 0.79%S, ANC value
of 131 kg H2SO4/t and NAPP value of -107 kg H2SO4/t. The October 2008 bulk samples
average results are: sulphur content of 0.98%S, ANC value of 179 kg H2SO4/t and NAPP
value of -146 kg H2SO4/t. The December 2008 bulk samples has average results are;
sulphur content of 1.22%S, ANC value of 198 kg H2SO4/t and NAPP value of -161 kg
H2SO4/t. Comparing these three data sets, December 2008 sulphur and ANC values are
much higher than the July and October 2008 results while in contrast the NAPP value is
much lower, well above the -150 NAPP target. All of the bulk samples have negative
NAPP values except a single sample in July and two samples in December 2008. The
result shows a significant improvement in the overall acid-base characterisation of the
materials deposited within this area, thereby indicating low risks of ARD.

Particle size distributions were determined for the July, October and December 2008
samples. Consistent with previous results (FY08 AER) sulphur and copper content are
elevated in the minus 2 mm (sand) size fraction while ANC content is elevated in the
gravel sized fraction. The NAPP values for the minus 2 mm (sand) size fraction are
higher than that measured in the >2mm fraction because of its high sulphur and low
ANC content.

A detailed report for this program is provided in Support Document ARD09_01.
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Aspect: 2.0 Mitigation
Activity: 2.1 Minus 150 NAPP Plan Performance Monitoring
Rating: Level 1

Monitoring the NAPP of the waste rock and evaluating the performance of the Minus 150
NAPP Plan is based on the results of the annual sampling campaign undertaken within
the Mine Area Creeks. The sampling for FY09 was undertaken in April 2009. A detailed
report on this program is in Support Document ARD09_01.

The average NAPP values for Harvey creek, Ok Mani and Ok Gilor/Sulphide creeks are
-150 kg H2SO4/t, -151 kg H2SO4/t and -422 kg H2SO4/t respectively. The overall data
shows that the minus -150 NAPP plan has been consistently achieved within the Harvey
and Ok Gilor/Sulphide creek area for the reporting periods FY08 and FY09; while for the
Ok Mani Creek area, the -150 NAPP target has been achieved for the first time since the
inception of the monitoring program in 2001. The recent decrease in the NAPP values is
attributed to ongoing implementation of -150 NAPP plan.

The monitoring program will be continued into FY10 to assess the performance of the -
150 NAPP Plan to ensure that it is maintained within the entire MAC to prevent future
potential ARD.

4.1.1.4 Upper Ok Tedi (UOT)

Aspect: 1.0 Geochemistry
Activity: 1.1 GSB Sites Geochemical Characterisation
Rating: Level 1

The annual sampling of the UOT GSB (gravel and sand bar) sites was conducted in
September 2008. From this sampling campaign 178 sediment samples were collected
from the five GSB sites, comprising 28 samples from GSB site 1, 43 from GSB site 5, 42
from GSB site 12, 28 from GSB site 18 and 37 from GSB site 21.

Average results for Site 1 shows sulphur abundance of 1.17%S, ANC value of 171 kg
H2SO4/t and NAPP value of -135 kg H2SO4/t; Site 5 has sulphur abundance of 1.63%S,
ANC value of 198 kg H2SO4/t and NAPP value of -147 kg H2SO4/t; results for Site 12
shows sulphur abundance of 2.42%S, ANC value of 201 kg H2SO4/t and NAPP value of
-127 kg H2SO4/t; results for Site 18 shows sulphur abundance of 1.68%S, ANC value of
100 kg H2SO4/t and NAPP value of -49 kg H2SO4/t; and results for site 21 shows sulphur
abundance of 4.65%S, ANC value of 66 kg H2SO4/t and NAPP value of 76 kg H2SO4/t.

Compared to FY08, the current results show a general decrease in the sulphur and
NAPP values and an increase in ANC at all sites except Site 18 and 21. The average
NAPP values for Site 1, 5, 12 and 18 are negative except Site 21 which has consistently
recorded positive NAPP values since 2001. The overall result shows a slight
improvement in the acid-base character of the materials deposited at all sites thereby
indicating a low risk for ARD except site 21, which still remains a high risk for ARD.

The slight improvement in the acid base balance in the upper Ok Tedi sediment may be
associated with ongoing limestone disposal at the mine waste dumps to achieve the -
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4.1.1.5 Lower Ok Tedi Flood Plain (LOT)

Aspect: 1.0 Geochemistry
Activity: 1.1 Geochemical Characterisation of LOT Sediment (levee & flood plain)
Rating: Level 1

The LOT levee and flood plain sediments were sampled twice in FY09 with routine
sampling of the LOT flood plain at Konkonda and D’Albertis Junction undertaken in
September 2008 and sampling of the levee crest between Iogi and D’Albertis Junction
undertaken in October 2008. From the flood plain sampling campaign a total of 46
samples were collected comprising 16 from D’Albertis Junction and 30 from Konkonda.
From the levee bank sampling campaign 34 sediment samples were collected and
submitted to the laboratory for analysis. Details of the monitoring results are provided in
Support Document ARD09-01

The average sulphur, ANC and NAPP values for the Konkonda samples are 0.98%S, 90
kg H2SO4/t and -60 kg H2SO4/t, respectively. About 3% of the samples have positive
NAPP values compared to 8% having positive NAPP values in FY08. The average
sulphur, ANC and NAPP values for the D’Albertis Junction samples are 1.44%S, 92 kg
H2SO4/t and -42 kg H2SO4/t, respectively and all the samples have negative NAPP
values compared to only a single sample having positive NAPP value in FY08. The
levee bank samples have average sulphur abundance of 1.58%S, ANC value of 76 kg
H2SO4/t and NAPP value of -28 kg H2SO4/t. The NAPP value has decreased by ~17%
compared to FY08 results indicating a low risk for ARD.

The overall levee and floodplain samples are non-acid forming and there are sufficient
ANC available to neutralise any acid generation in this region. The overall result shows a
slight improvement in the acid-base character of the materials deposited within the LOT
levee and flood plain and thereby presents a lower risk for ARD compared to FY08
results. While there is no immediate threat of ARD development within the area, past
geochemical studies have indicated some of the sediments are PAF with long
geochemical lag periods. Monitoring will be continued in FY10 to assess the risk of ARD.

Aspect: 2.0 Hydrogeochemistry
Activity: 2.1 Surface and Pore Water Chemistry Monitoring
Rating: Level 1

Water quality data for groundwater samples collected from 2003 to 2009 at the
Konkonda standpipe piezometer grid and from 2006 to 2009 for the Konkonda nested
piezometer grid were assessed to identify local and temporal trends in water quality.
Median values of key water quality parameters (pH, EC, alkalinity, sulphate (SO4

-2), Mn,
Cu, Cd and Zn), were used to assess local and regional trends in water quality, and to
evaluate the nature and extent of impact of acid and metalliferous drainage (ARD)
processes within the river system (supporting document ARD09_02).

The geochemical signature of waters in contact with mine-derived sediments observed
at all monitoring sites is consistent with the formation of ARD. Elevated concentrations
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4.1.1.6 Fly River Flood Plain

Aspect: 1.0 Geochemistry
Activity: 1.1 Geochemical Characterisation of Middle & Lower Fly River Sediment
Rating: Level 2

This program aims to determine the acid-base balance of mine derived materials
deposited on the levee banks of the Fly River and assess potential risk for ARD. A
detailed report on this program is in Support Document ARD09_01.

The routine annual sampling of the Fly River levee crest was conducted in September
2008 between Kiunga and ARM 80 downstream of Sturt Island, where surface
sediments (upper 5 cm) from 67 locations (both sides of the river channel) were
collected. From this sampling campaign 134 sediment samples were collected, prepared
and submitted to the laboratory for analysis.

The average sulphur, ANC and NAPP values are 0.94%S, 43 kg H2SO4/t and -14 kg
H2SO4/t, respectively. About 15% of the current samples have positive NAPP values
compared to 19% NAPP positive values reported in FY08, which is a decrease of ~21%,
indicating a slight improvement in the acid-base characterisation of the materials within
this areas. Almost all the NAPP positive values are from sites located within the Middle
Fly region consistent with FY08 results, except three sites situated on the South Fly.

Currently, the overall levee bank samples remain non-acid forming and there is sufficient
ANC available to neutralise any acid generated. However, the continuous presence of
NAPP positive sites identified during each cruise still indicates the potential risks for
ARD within these areas. This further suggests the risk of acid generation in localised
areas, where segregation of sulphide minerals from limestone occurs.

For the fourth consecutive year, the frequency and duration of inundation on the
floodplain is high. This is an ideal environment for further deposition of mine derived
sediments. As oxidation processes can not occur until the floodplain dries out, it is
anticipated that when this occurs, there could be a significant advancement of the ARD
process on the levee complexes.

During the reporting period two cruises, designated TC08-12 (December 2008) and
TC09-08 (May 2009) were undertaken to determine the extent of mine impact on the
geomorphology and sediment geochemistry of the Middle Fly River floodplain. The
specific objectives for both cruises were to: characterize floodplain geomorphic
elements, in terms of sediment lithology, geochemistry, mineralogy, texture, rate of
deposition and depositional environment; use the above information to determine the
thickness and extent of mine-derived sediment across the floodplains and furthermore;
determine the rate of sediment deposition and depositional environment; and
characterise depositional processes across the floodplain.

From cruise TC08-12, 22 cores comprising 2809 core samples, and 21 surface grab
samples were collected on the main and tie channel levees between D’Albertis Junction
(ARM 435) and ARM 315, above Manda; and from cruise TC09-08, 28 core comprising
4366 core samples and 31 surface grab samples were collected in the Middle Fly and
South Fly between ARM 415 and ARM 155. The samples are processed and results will
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be provided in FY10 AER. Trip reports for these cruises are provided in the Support
Documents ARD09_03 and ARD09_04.

Further data relating to the geochemistry of Fly River flood plain sediments is presented
in Activity 1.1 with the Terrestrial Ecology Program in Section 4.3 of this report.

Aspect: 2.0 Hydrogeochemistry
Activity: 2.1 Surface and Pore Water Chemistry Monitoring
Rating: Level 2

Water quality data for surface and groundwater samples collected from 2005 to 2009 at
the T35 monitoring site (ARM, 229 near Komovai, lower Middle Fly) were assessed to
identify local and temporal trends in water quality. The data were collated, compiled, and
plotted to facilitate interpretation. Median values for the following key water quality
parameters: pH, EC, alkalinity, SO4

-2, Mn, Cu, Cd and Zn; were used to assess local and
regional trends in water quality, to evaluate the nature and extent of impact of ARD
processes within the river system (supporting document ARD09_02).

Key trends between 2005 and 2009 and observation, for the T35 groundwater nested
piezometer grid are summarised below:

The geochemical signature of waters in contact with mine-derived sediments observed
at all monitoring sites is consistent with the formation of ARD. Over the monitoring
period, median pH values for the entire site (local value) have been maintained at near
neutral to slightly alkaline values (between 6.77 to 7.2 pH units). Median values for EC,
sulphate and manganese have remained at moderately high levels with values
contained between 700 to 400 µS/cm for EC, 120 to 6 mg/L for sulphate, 10 to 2 µg/L for
Cu, and 3000 to 600 µg/L for Mn. Local alkalinity values are moderate, and have been
contained between 270 to 180 mg/L.

In general, median values for pH, EC, alkalinity, Cu, and Zn appear to be increasing with
depth; while Mn and sulphate values are generally higher for shallow samples. Within
the monitoring grid, median values for dissolved metals, EC and sulphate are highly
variable with up to one order of magnitude variation between monitoring stations. The
median pH value has generally increased for all stations located on the levee crest. For
stations located in the floodplain, pH seems to have generally decreased. Alkalinity
values have generally increased during the monitoring period for stations located on the
levee crest, but appear to have decreased for stations located in the floodplain (at 50
and 150 metres distance from the levee crest).

Temporal trends for median acidity values for T35-L0 reference stations indicate
improving quality for the period 2006-2008. Stations located along the levee crest
appear to have better water quality compared to those located in the floodplain at 50
meters from the levee crest. For example, most stations located along the levee crest
have EC values below 900 uS/cm, sulphate below 200 mg/L and Mn below 4000 ug/L.
Most stations at 50 meters from the levee crest have median values above these values.
Median values for Cu, Zn and Cd remain largely unchanged with distance from the levee
crest. Median alkalinity values are highest for stations located at 50 meters from the
levee crest and lowest for those on the levee crest. Electrical conductivity, alkalinity and
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Mn appear to be decreasing downstream parallel to the river for the stations located on
the levee crest, while Zn increases slightly.

Key trends and observations for the T35 surface water monitoring grid between 2005
and 2009 are summarised below:

Temporal variations in median values for water quality parameters for the T35 surface
monitoring grid (from 2005 to 2008) indicate a progressive degradation in water quality,
culminating in 2007 with the appearance of some stations characterised by acidic pHs
(approximately 3.0 to 4.0 pH units) and elevated dissolved metal concentrations.
Overall, decreasing water quality at this site appeared to continue throughout 2008.
However, most stations monitored within this grid have maintained weakly acidic to near-
neutral pH conditions (pH ranging from 6.5 to 7.0 units) and display lower metal
concentrations than the stations that developed acidic conditions.

Based on 2005-2006 data, local spatial trends for the T35 surface water monitoring grid
show improving water quality with increasing distance from the levee crest. For
example, pH increased (6.8 to 7.1 pH units) while sulphate decreased from 100 to 10
mg/L, EC decreased and median Mn, Cu and Zn concentrations decreased by at least
one order of magnitude. This pattern is likely to be related to the segregation of sulphide
minerals from neutralising material, with the heavy minerals been deposited closest to
the levee bank during inundation of the floodplain.

Development of acidity hot spots is likely to be correlated to the segregation of acid
producing (sulphides) and acid consuming (carbonates) materials during deposition of
mine derived sediments. Acidity flushes related to rainfall events are probably
responsible for periodic increases in metal concentrations and salinity, and decreases in
pH values.

Water samples are collected monthly from the main river channel along the Middle Fly at
Nukumba and Obo, and along the South Fly at Ogwa and Lewada in order to monitor
any changes in the chemistry of the river water. Monitoring for FY09 has been
completed to June 2009 however results are available to April 2009.

At Nukumba and Obo the mean values for pH are 7.90 and 7.70 units (7.96 and 7.89 in
FY08), alkalinity 53 and 61 mg/L (55 and 65 in FY08), aluminium 45 and 24 µg/L(46 and
25 in FY08) and copper 10 and 11 µg/L(15 and 17 µg/L in FY08). At Ogwa and Lewada
pH values are 7.84 and 7.9, alkalinity 65 and 72 mg/L, and copper 4.6 and 4.7 µg/L. The
main Fly River water quality has not changed significantly compared to mean values
from FY08. The Strickland River substantially influences dissolved Cu levels of the
South Fly reaches.

Aspect: 3.0 Sedimentology / Geomorphology

Activity: 3.1 Levee Bank and Floodplain Geomorphology and Topographic Study
Rating: Level 2

Consistent with the Ok Tedi study described above, the purpose of this study is to define
highly susceptible areas (hot spots) within the Fly River levee and flood plain that
present a risk of developing acid conditions and generating ARD.
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During the sago aerial photography acquisition in early 2007, a special run at 3,500 feet
altitude was undertaken between Manda and Everill Junction to acquire stereoscopically
paired photographs of approximately 500 m of the flood plain inland from the main
channel. Aerial photo interpretation (API) will be undertaken to map the lateral extent of
ARD occurrence (once the sago mapping has been completed). The findings of this
study should improve the current understanding of the distribution of ARD impacted
zones as well as providing information on the geomorphic controls on the deposition of
mine-derived sediments and associated ARD generation from deposited PAF materials.
The outcomes from this study may also be used to compare future impacts brought
about by PAF sediment deposition in this reach of the system.

Processing of the data is in progress and a final report is anticipated to be included in
the FY10 AER.

4.1.1.7 System Wide

Aspect: 1.0 Hydrogeochemistry
Activity: 1.1 Leach Column Tests
Rating: Level 1

The geochemical characteristics and leaching behaviour of the different rock types that occur
within the Ok Tedi deposit, ex-mill and ore type tailings, mine-derived sediments deposited within
the Ok Tedi/Fly River system (gravel/sand bars, levee banks, floodplain deposits) and dredged
sediments are being investigated using a series of leach column tests. For these tests
approximately 2 kg of crushed (if required) sample is loaded into an open, free-draining column
with a diameter of 160 mm. The test procedure involves wetting the sample with deionised water
and drying it under heat lamps over a weekly cycle, and collecting the leachates that are
generated on a monthly basis. This is a real-time test and the length of time that the leach
columns are operated can range from a few months to years depending on the sample reactivity
and the investigation requirements.

Additional to providing information on the acid forming characteristics and leaching behavior of
the materials being tested, the leach column tests provide information required for the OkARD
model, including the lag period (length of time taken for acid conditions to develop in PAF
materials) and the Intrinsic Oxidation Rate (IOR) of the test materials.

The leach columns are operated at the OTML Environmental Laboratory and the leachates
generated are analysed for general water quality parameters in-house and for a range of
elements by Australian Laboratory Services Pty Ltd (ALS) in Australia. This program was initiated
in 1999 as part of the ARD Management Program and is ongoing. Throughout this period some of
the tests have been completed and a number of additional samples have been included. A total of
49 free-draining leach columns have been included in the program to-date, 46 of these are
currently being operated and 3 have been completed. The leach columns currently in operation
include 9 waste rock (individual rock types and blends), 10 tailings (individual ore types and ex-
mill), 9 dredge sediment, 8 river deposited sediment and 10 floodplain deposit samples. The
floodplain deposit samples include 4 samples from the LOT floodplain and 6 samples from the Fly
River floodplain. Additional to these, a larger scale leach column of the insitu Fly River floodplain
deposit material was included in the program in FY06. The purpose of this leach column is to
quantify the potential acid load released from PAF mine-derived floodplain deposits the after a
number of flooding and drying events.



OTML Annual Environmental Report FY09

47

The results from this program are evaluated annually and reported in the AER. However, due to
staffing and consultant expertise unavailability the findings from the leach column program have
not been reported for the past 2 years. This program has been continued by Environment
Department staff and the consultants responsible for evaluating the results are now available to
do so. It is expected that the results from this program to-date will be reported before the end of
2009.

4.1.2 ARD Supporting Documents

Supporting
Document Code

Supporting Document

ARD09_01 OTML 2009a FY09 ARD Schedule II Activities Summary: Geochemistry, ARD
Prediction and Mitigation. An unpublished report prepared by Environment
Department, Ok Tedi Mining Limited. 20th September 2009. 53 pages.

ARD09_02 Earths System & BBC, 2009 Spatial and temporal variation in pore and
surface (floodplain) water chemistry for the Ok Tedi / Fly River system
downstream of the Ok Tedi Mine, Papua New Guinea. An unpublished report
prepared by Earth Systems % Barrie Bolton Consultant Ltd for Environment
Department, Ok Tedi Mining Limited. September 2009. 69 pages.

ARD09_03 OTML, 2009b, An investigation of mine impact on river deposited sediment on
the flood plain of the Middle Fly River. Cruise TC08-12 – Trip Report, An
unpublished report prepared by Environment Department, Ok Tedi Mining
Limited. 19 December 2008, Report No. ENV081219/1

ARD09_04 OTML, 2009c, An investigation of mine impact on the flood plain of the Fly
River. Cruise TC09-08– Trip Report. An unpublished report prepared by
Environment Department, Ok Tedi Mining Limited. 1 June 2009, Report No.
ENV090601/1
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4.2.1.1 Fish and other aquatic fauna availability

Aspect: 1.0 Fish and Other Aquatic Fauna Availability
Activity: 1.1 Mine Area Creeks – Assessment of Impact and post-mine Recovery
Rating: Level 1

The aim of this study is to provide a pre-closure dataset and a baseline for control sites
for post-mine closure monitoring and to set post-closure performance indicators /
objectives by sampling benthic macroinvertebrates in selected creeks located around Mt
Fubilan. The benthic macroinvertebrates are considered a sensitive tool for monitoring
water quality in streams and rivers.

Field sampling was conducted at 18 sites between 27th October and 4 th of November
2008. A total of 326 samples were generated including: 109 sweep samples of
macroinvertebrates, 108 water samples and 109 sediment samples. Also in situ
measurements for general water quality parameters were taken at six locations at each
of the 18 sites. The water and sediment samples have been being analysed by OTML
Environmental Laboratory while macroinvertebrate samples are being processed at the
University of Western Australia by specialist taxonomists.

Progress of the overall study is a little behind schedule as sample processing and
specimen identification are taking longer than anticipated. A complete report is expected
by December 2009. The findings of this study will be reported in the FY10 annual report.

Aspect: 1.0 Fish and Other Aquatic Fauna Availability
Activity: 1.2 Highway Creeks – Assessment of Impact and Recovery
Rating: Level 1

The aim of this study is to assess current ecological condition of highway creeks
previously (1992-1995) affected by concentrate pipeline spills. Between early 1992 and
mid 1995 there were at least 20 ruptures in the concentrate pipeline between the mine
and Kiunga, resulting in uncontrolled releases of a total of ~1,300 m3 of concentrate into
land adjacent to the pipeline / Highway. An initial assessment was undertaken in the late
1990’s to assess ecological impact of the spillages. The current study is to assess extent
of recovery and determine if there is any need for rehabilitation. It is vital to now know
the status of these creeks and also to plan for post -closure monitoring, if required.

While the study was initially planned to be undertaken during FY09, field sampling is
now scheduled to occur in August 2009, and the findings will be reported in the FY10
reporting period.
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4.3.1.1 Floodplain Resource Accessibility

Aspect: 1.0 Floodplain Accessibility and Availability
Activity: 1.1 Levee, Channel Bar and Floodplain Deposited Sediment Study
Rating: Level 1

Research cruise TC07-08 was undertaken in June 2007 following Dr. Pickup’s (Pickup,
2007) assessment of the geomorphological changes in the South Fly using the 1972 to
2006 satellite imagery. Progress reports have been provided in the FY07 and FY08
AER. The study was aimed at testing the hypothesis that Ok Tedi mine derived sediment
has negligible impact on the geomorphological changes observed in the South Fly
(below Everill Junction).

A range of sedimentary environments identified by Dr Pickup as undergoing changes in
the last three decades were investigated. The geochemical, mineralogical and textural
signatures of the deposited materials in the different sedimentary environments were
examined to assess extent of mine impacts and also to distinguish the impacts
associated with the Fly River sediments, which have a good copper signature, from the
Strickland River sediments, which have a good nickel signature associated with the
Bosavi volcanics occurring in the catchment.

Several types of sediment samples were collected as part of this study. Core samples
were taken mainly from along floodplain transects to provide essential information on the
depositional history and specifically, the extent and nature of mine-derived deposition;
surface grab samples again collected along floodplain transects oriented away from the
main river channel; benthic samples from the bed of the main trunk streams and
suspended sediment samples from both the Fly and Strickland Rivers. While much data
related to the surface and benthic sediments is now available, most of the geochemical,
mineralogical and PSD data associated with the core samples remains incomplete. The
delay in completing analysis of this material is attributed to the large number of samples
involved (over 7,000) and the many steps in sample preparation. The preparation of the
remaining 14 cores was fast tracked at the beginning of 2009. It is expected that the final
report for this project will be included in the FY10 AER.

The main conclusions from this preliminary analysis of the results of cruise TC07-08
undertaken in 2007 are as follows:

Sediment cores
Work continues on the analysis of cores collected during TC07-08. This work involves
documenting the lithologies present as well as conducting a range of analytical
procedures (geochemistry, mineralogy, heavy mineral and particle size determinations),
aimed at characterizing the sediments present and more specifically, determining the
impact of the Ok Tedi mine.

In terms of sediment type, lithologies consistent with deposition in a sand-bedded,
meandering lowland river and the upper reaches of its delta, were well represented in
the cores taken. These included the generally fining upwards sands, silts and muds
typical of channel and point bar environments, as well as the laminated to thinly bedded,
very well sorted sands and poorly sorted muds characteristic of sediments deposited in
the tidal environments of the delta region. Cores taken along transects from the river



OTML Annual Environmental Report FY09

52

bank to the inner reaches of the flood plain also contained evidence of widespread
chemical change, such as oxidation of organic- and sulphide-rich material and, with
increasing distance from the levee, early soil development.

Previous work on deposited sediments from along the Fly River system downstream of
the Ok Tedi mine has shown that Cu and to a lesser extent, Mo and Zn are indicators of
the presence of mine-derived sediments from the Middle Fly, while the Strickland River
contribution is marked by Ni, Cr and possibly Ag and As. Preliminary analysis of cores
from this cruise shows that anomalous concentrations of Cu are present in 32 out of the
43 cores analysed to date. These data also indicate that mine derived sediments occur
in sections up to 420 cm thick (SF-FT05-02 at ARM155) and from upstream of Everill
Junction (ARM218) to the upper reaches of the Fly delta at ARM40. Results from cores
collected along floodplain transects also indicate that in general the highest
concentrations of anomalous copper (and other elements suspected of being derived
from Mount Fubilan porphyry ores) occur in cores closest to the present river channel.

A detailed analysis of particle size, mineralogy and heavy mineral abundance is
underway and will be reported at a later date. Where data on these parameters are
available (e.g. SF-FT01-05, near ARM180, a modern point bar deposit in the South Fly),
they indicate sediments are dominated by quartz, plagioclase, calcite and a variety of
clay minerals. Heavy minerals are also present in the samples analysed to date (up to
about 3.5wt%) and dominantly composed of pyrite, magnetite, goethite and typically
lesser amounts of hematite, Ti-minerals and chalcopyrite. The later, in conjunction with
other Cu-bearing minerals like covellite, are interpreted to indicate a Mount Fubilan
source. Illite, chlorite and a number of ‘mixed layer’ clays dominate the clay fraction in
these sediments.

It is not known at present what proportion of floodplain sediments is derived from the Ok
Tedi mine and specifically whether sediments from this source have brought about
changes to the geomorphology of the South Fly. Detailed analysis of core data is
underway and will be reported at a later date.

Surface Sediments

A summary of initial findings from an analysis of surface sediment geochemistry data
was provided in the FY08 AER; this was updated in the FY09 mid-year report. Heavy
minerals (i.e. S.G. >2.96) are an important component of the sediments tested with
concentrations ranging up to 4.5 wt% and averaging 1.1wt%. Overall there is no clear
trend in terms of heavy mineral abundance in surface sediments although higher values
occur mainly upstream of ARM104 and concentrations decrease away from the river
levees towards the inner parts of the floodplain. Heavy mineral concentrations at the two
Strickland River sites averaged 2.24wt% and are similar to those seen at the single
Middle Fly site (2.39wt%).

Magnetite is the dominant heavy mineral present in the sediments tested (ranging up to
40% and averaging 14% of point count estimates). Goethite (an iron oxyhydroxide) and
to a lesser extent, hematite are also common components of the heavy mineral suite.
Pyrite is also common (averaging about 8% and ranging up to about 28% in point count
estimates) in surface sediments of the Middle Fly, lower Strickland and, the upper parts
of the South Fly.
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PSD analysis of the surface sediments collected shows they are dominantly fine grained
(silt) with an average d50 of about 24 µm and ranging up to 61 µm. Mineralogical
determinations show surface sediment are dominated by quartz, plagioclase feldspar
and a variety of clay minerals including members of the chlorite, smectite and mica
groups and, in trace amounts, kaolinite. Calcite, K-feldspar, muscovite and amphibole
were also recorded in a few samples but everywhere in trace amounts. As noted above,
heavy minerals are also present in most samples and are represented by magnetite,
goethite, pyrite, and trace amounts of such Cu-bearing minerals such as covellite,
chalcopyrite and bornite. It is expected that a full analysis with interpretations will be
available for the FY10 AER due in September 2010.

As reported previously, surface sediment samples collected on the banks and from
across the adjoining floodplain show evidence of metal enrichment by up to four times
that of estimated background (pre-mine) concentrations. Specifically, surface sediments
are enriched, compared to pre-mine sediments from the Middle Fly floodplain, in As
(~x4); Cd (~x1.5); Cu (~x4); Mo (~x4); Ni (~x3); Pb (~x2.5) and Zn (~x1.5). Sulphur in
these sediments is also enriched by a factor of almost 4 over pre-mine levels. The
anomalously high concentrations of these elements in the surface sediments of the
South Fly are consistent with deposition of mine-derived waste materials.

Suspended Sediments

The results of geochemical analysis and acid-base analysis of suspended sediment
samples collected during TC07-08 were presented in the FY08 AER progress report. No
further analysis of these data is available at this time. It is expected that a full analysis
with interpretations will be available in time for the next report due in September 2010.

River Bed load (Benthic) Sediments

72 benthic sediments were collected during this cruise. Results of geochemical analysis
of the <63 µm fraction of these sediments was previously reported in the FY08 AER. An
analysis of geochemical data for the >63 µm fraction shows benthic sediments collected
in the Middle Fly at ARM 218 have relatively high copper concentrations averaging 305
mg/kg Cu. This contrasts markedly with sediments collected from the bed of the
Strickland River where copper concentrations averaged 28 mg/kgCu. Benthic sediments
from the South Fly , as previously reported, typically averaged between 28 to 60 mg/kg
Cu although at two sites (SF-RT06 & SF-RT08), copper concentrations averaged
between 110 and 125 mg/kgCu. The reduction in the copper levels in sediments
downstream of Everill Junction, compared to those recorded at the single Middle Fly site
sampled, is interpreted to reflect dilution by the low copper-bearing sediments
contributed by the Strickland River. Copper concentrations in the South Fly benthic
sediments, while less than those found in the Middle Fly show a tendency to increase
downstream before decreasing once more approaching the delta.

Mineralogical determinations on benthic sediments shows they are mainly composed of
quartz, plagioclase and a variety of clay minerals. Most samples also contain accessory
and trace amounts of chlorite, K-feldspar, calcite and muscovite. The clay fraction is
dominated by members of the smectite, chlorite and mica groups while kaolinite is also
found in trace amounts in most samples. A suite of heavy minerals (s.g. >2.96) is also
present with up to 10.4wt% in some samples. In samples collected from the Middle Fly
and upper parts of the South Fly, the heavy mineral suite is dominated by pyrite and
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magnetite and to a slightly lesser extent, goethite. Hematite, Ti-minerals and a number
of Cu-bearing minerals such as chalcopyrite and covellite, are also present generally in
trace amounts. The heavy mineral suite from the Strickland River samples was
composed mostly of magnetite, with lesser amounts of hematite and goethite; pyrite was
present in only minor amounts. No Cu-bearing phases were identified in these samples.

Analysis of particle size shows benthic sediments range are mainly sandy silts but silty
sands and sands are also present. Benthic sediments are generally polymodal and apart
from the sediments collected from the bed of the Strickland River, are typically
moderately to poorly sorted. The Strickland River sediments, in contrast, are mainly
composed of sands and are moderately to well sorted.

While it is not yet possible to address the main objective of this study - to assess the
impact of the Ok Tedi mine on the geomorphology of the South Fly - It does however
seem reasonable to conclude that Ok Tedi mine wastes are impacting the geochemistry
of riverine sediments deposited in the South Fly and that this geochemical signature
might be used to further assess the extent and intensity of the mine’s impact on the
geomorphology of the South Fly.

Aspect: 1.0 Floodplain Accessibility and Availability

Activity: 1.2 Estuary & Delta Bed and Suspended Sediment Study

Rating: Level 1

Following Dr Pickup’s deltaic investigation (Pickup, 2007) a follow-up study has been
undertaken to gauge the impact of mine-derived sediment in the Fly delta region. The
aims of the this study were to identify changes in the river/delta system, to determine if
there were any trends, and to compare pre-mining behaviour with changes that have
occurred during mine operations. While the Pickup study provided valuable insight into
the extent of change in the South Fly and delta it was not able to discriminate between
changes brought about by mine-related sediment or sediment from elsewhere in the
depositional system and most importantly, the much larger Strickland River. A prime
objective of the current study is to provide an estimate of the relative importance of each
of these potential source areas in influencing the geomorphology of the delta
environment.

A range of sedimentary environments that were identified by Dr Pickup as undergoing
changes in the last three decades were investigated. Field sampling in the upper part of
the South Fly between ARM40 and ARM214 (Everill Junction) was undertaken in June
2007 (activity 1.1 above). Preliminary results for surface, suspended and bed sediments
samples from this sampling showed copper levels substantially higher than the
background levels. This highlighted the need to extend sampling into the Fly estuary and
delta.

In February 2008 a field sampling program was undertaken between ARM0 and ARM40
covering the Fly delta and the Bamu delta (control sites) to test the hypothesis that
sediment discharged from the Ok Tedi mine at Mount Fubilan has negligible impact on
the geomorphology of the delta. Again, the aim of the study is to characterise the
benthic, surface and suspended sediments’ texture, mineralogy and geochemistry to
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assess impact of sediment disposed from the Ok Tedi mining operations on the
geomorphological changes in the Fly River Estuary and Delta. The second aim of this
study is to assess the potential for metal contamination, particularly in areas of active
sediment deposition.

Five cores (140 core samples), 157 benthic grab samples, 37 onshore surface grab
samples, 3 bulk suspended sediments samples and 15 TSS samples were collected.
Work continues on the preparation and analysis of these samples. The only results
available for reporting at this time are for surface grab samples collected from locations
around the Fly River delta (11), the adjacent Bamu River delta (2), and 93 benthic
samples from the Fly delta.

Acid-base characterisation of these samples indicates that sulphur and ANC values are
generally very low with median values of 0.06%S and 16 kg H2SO4/t, respectively. The
resultant median NAPP of -13 kg H2SO4/t therefore indicates there is little risk of acid
generation in these sediments. Only one sample in the 31 collected gave a NAPP
positive result (43 kg H2SO4/t). This sample was collected from Sobuwabuda Is near the
seaward margin of the delta.

Multi-element analysis of surface grab samples collected from exposed parts of the delta
show median copper concentrations at 34 mg/kgCu. This is comparable to similar
sediments from the adjacent Bamu River delta where median copper concentrations in
bulk samples is 27 mg/kg Cu. Copper concentrations in the <63µ fraction ranges from 30
to 680 mg/kg Cu with the highest concentrations present in a sample collected from a
beach on the north shore of the delta close to the river mouth (ARM4). This sample is
further characterised by high concentrations of Fe (20%), Mn (2440 mg/kg) and zinc
(410 mg/kg), but very low sulphur concentrations (0.01%S). This may indicate the
presence of oxidised metalliferous sediment of unknown provenance. Comparison with
surface sediments collected from the Bamu delta shows Fly River sediments are
enriched in Ag, Cd, Cu, Mo and Pb.

Examination of geochemical results for bulk benthic samples collected during the cruise
shows metals are widely distributed across the delta with highest concentrations
generally occurring in the main northern, central and southern distributary channels that
extend approximately east-west for much of the delta. These data also indicate element
abundance, in most instances, varies in relation to grain size and specifically the median
or d50. Notably, Cu, Al, K, Mo, Na and Pb increase in concentration with decreasing
median grain size. By contrast, Mn and Ni show the opposite trend with concentrations
of these elements increasing with increasing grain size. As, Ca, Co, Cr, Fe, Mg and Cd
seem to show no or little relation to grain size.

While a complete assessment of the temporal variation in copper (and other metals) in
delta sediments must await the completion of analyses, comparison of copper data from
the current survey and data from an OTML survey conducted in 1996, at the same 11
locations, indicated no significant difference in concentrations at the 95% confidence
level.

Results of particle size analysis of benthic sediments from the delta, while preliminary,
indicate that most sediments are composed of either silty sands or sandy silts. They are
typically polymodal and are poorly sorted. Well sorted sediments, though limited in
extent, are mainly located in the northern distributary channel and the delta apex. A
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preliminary comparison of data from this work with earlier studies appears to indicate
that over the last ten years or so the proportion of delta sediment with mean grain size
greater than 63 microns has increased.

Preliminary results of mineralogical analysis of selected benthic sediment samples from
the delta indicate the finer grained material is dominated by quartz and feldspars (mostly
anorthite and albite). Chlorite and mica minerals appear to be present in relatively high
concentrations in samples also characterized by enrichment in copper. Orthoclase is
present in almost all copper-rich samples as are smectite, illite and glauconite. Varying
but generally trace amounts of cuprite, bornite and azurite were also found in some
samples. The coarser sediments analysed are also dominantly composed of quartz and
plagioclase feldspars. The coarser sediments are also characterized by minor amounts
of magnetite and other heavy and magnetic minerals.

Much of the work being carried out on the samples collected during TC07-17 are
currently the focus of a Monash University Honours study. It is expected that the results
of this study will be submitted in November 2009 and will be presented as a supporting
document in the FY10 AER.

Aspect: 1.0 Floodplain Accessibility and Availability
Activity: 1.3 Sago Mapping

Rating: Level 1

To assess the extent of any mine related impact on sago availability along the river
system, this study is comparing pre-mine sago occurrence mapped from aerial
photography acquired in 1980/81 with modern sago occurrence mapped from aerial
photography acquired in early 2007. Colour photography for the pre-mine situation
extends throughout the Ok Tedi and Middle Fly and is at a scale of 1:20,000. The 2007
colour photography is at a scale of 1:7,500 and, specifically acquired for this study,
deliberately extends from Ningerum to Manda.

The pre-mine Aerial Photo Interpretation (API) mapping was completed in February
2008 with the relevant georeferenced mapping subsequently entered into a GIS layer.
Modern API mapping was completed in August 2008 and georeferenced results partially
entered into a GIS layer. Due to unavailability of key consultant working on the project
during 2009, completion of the study is expected in 2010. Final results will be provided in
the FY10 AER.
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wastes to Australia for appropriate treatment and/or disposal was conducted in two
separate shipments; the first occurring in June 2008 and a second in October 2008.

With the completion of these two shipments, it is OTML’s understanding that the
mine operational area is now free of PCB contaminated materials

2. Waste Oil Disposal

In FY09 OTML undertook a review of waste oil generated by its activities, with a view
to improving waste oil storage, transport and disposal processes.

A component of this review was the conduct of a Waste Oil Balance (refer
ISM09_01), which revealed that approximately 88,000L per month (2,900L/day) of
waste oil is being generated by operations (OTML and Contractors combined). The
largest contributors of waste oil were mobile mine equipment maintenance, power
station facilities at Tabubil, dredging activities at Bige, and general maintenance
workshop operations at Tabubil.

The review also examined the capacity of the Mill lime kiln as the sole mechanism for
waste oil disposal for the operating site. For several years OTML has utilized the Mill
lime kiln furnaces to burn waste oil, and in turn this has offset the consumption of
diesel used in the kiln. The waste oil review established that the Mill lime kilns has a
disposal capacity of ~200,000L/month (6,000L/day) of waste oil; notably greater than
the waste oil generation rate.

In FY09 approximately 2.2 million litres of waste oil was disposed of via burning in
the Mill lime kiln. An improvement on the 1.8 million litres of FY08, this represented
the concerted effort across Contractor and Company operations to safely collect,
store and transport all available waste oil to the Mill for beneficial reuse; culminating
in significant savings in diesel that would otherwise have been required to sustain the
Mill kiln facility.

3. Scrap Metal Recycling

In FY09 a coordinated effort continued across site to collect scrap steel for recycling.
For the 12 month period a total of 4,225 tonnes of steel were collected and shipped
off site to Port Moresby by contracted firm PNG Recycling. The majority of this
material was sent offshore to SE Asian smelters for recycling.

Of the 4,225 tonnes, just over 25 tonnes comprised old vehicle batteries and 18
tonnes comprised assorted non-ferrous metals. The remainder was general steel
scrap.

Future activities will focus upon the sorting and transport of currently stockpiled steel
scrap including an old rod mill, old Edinburgh crusher superstructure, major supports
from the old Taranaki crusher, various CV08 conveyor frame assemblies, a CAT 922
loader, numerous light vehicles, partly dismantled drills and several mine dump truck
bodies and trays.

Based on recent field surveys, estimates suggest the following volumes of material
are available for removal in FY10/FY11, pending availability of people and transport
resources:
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referred to as PM10 (i.e. with a diameter of <10µm). In the absence of any ambient
air quality guidelines in force within the state of PNG, result comparison was
undertaken against a variety of statutory air quality guidelines, criteria and thresholds
from around the world.

A full report on the study is available as ISM09-05. In summary, the short term study
found that, with the exception of two monitoring locations, the levels of measured
ambient airborne particulates within the Kiunga Wharf facility were consistently within
recognized air quality guideline levels. The exception sites were the loading hopper
at the conveyor loading point in Concentrate Shed 1 and the concentrate conveyor at
the ship-loading wharf. The metal species found to be triggering the majority of
guideline exceedences was predominantly, and not surprisingly, copper.

In terms of occupational health & safety risk (OH&S), the results of the study
conducted suggest an elevated OH&S risk exists for personnel working in the vicinity
of the conveyor loading hopper, and to a lesser degree the conveyor at the ship-
loading wharf. The study provided a series of recommendations to address the
OH&S risk identified.

Delays in procuring additional size selective sampling nozzles for the study limited
the ability to accurately define the environmental dust ‘load’ contributed by the OTML
Kiunga Wharf facility. Nevertheless, the study did show copper deposition is
occurring at 60% of the monitored sites; data which is supported by past soil
investigations and routine observations which have identified notably elevated
environmental copper exists within the soils and surface waters throughout/adjacent
to the Kiunga operational area.

3. Transhipping

Concurrent with OTML’s marine transshipping activities which manage the bulk
cargo transfer of copper concentrates to customer export vessels, OTML undertakes
the Transhipping (environmental) Monitoring Program. This Program comprises
monitoring of activities undertaken at the M.V. Erawan anchorages located at both
Port Moresby Harbour and Umuda Inlet.

Monitoring under the program first commenced in 1996 and has focused principally
upon detection of impacts within the marine sediments of the anchorage locations.

The annual review conducted in FY09 of the monitoring conducted to date suggests
there has been a progressive increase in copper (total) loading of sediments beneath
and radiating around the M.V. Erawan anchorage areas at the Port Moresby and
Umuda Inlet. Concentrations of total copper encountered now routinely exceed
comparison statutory guidelines for sediment quality. In comparison, concentrations
have remained relatively constant and within comparison guideline levels at Bootless
Bay; a locality considered to represent ‘background’ levels for total copper in marine
sediments in the region.

Data collated under the monitoring program also indicate an increase has occurred
in the physical area of sediments (footprint) exhibiting elevated copper
concentrations. At the time of reporting the transhipping footprint was just over 160
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same species along the river system so that with statistical power spatial assessments
can be confidently made. There are two more sampling trips to be conducted with a final
trip planned for November 2009 (FY10). It is envisaged that a final report, following
completion of analysis of all data, will be available in 2010.

4.5.2 Flood Plain Impact Study

Acute and chronic ecotoxicity trials were undertaken to investigate effects of levee / flood
plain ARD on species of aquatic biota

The CSIRO 2005 review (Rogers et al. 2005) highlighted a lack of basic ecotoxicological
data on the effects of copper on primary consumers (algal grazers) such as small
invertebrates and zooplankton, planktivorous fish and other key organisms in the Fly
River system. This was a concern particularly given the important role algae plays in the
riverine and flood plain flood webs. The CSIRO 2005 review considered this a significant
knowledge gap and recommended a program of toxicity testing of Fly River species to
provide accurate system-relevant ecotoxicity data. The presence of localised ARD on
levee banks along the middle Fly, resulting in elevated dCu, and other metals in flood
plain waters adjacent to the ARD patches, has increased the concern over the perceived
lack of system-specific toxicity testing.

Food web and carbon studies conducted in 1999 indicated that approximately 40% of
the riverine and 70% of the flood plain fish biomass for the Fly River system is supported
by carbon derived from algae. A more recent study in 2005 reported a reduction in the
contribution of algal carbon to the riverine food web downstream of D’Albertis Junction,
implying mine-derived impacts related to metals, TSS or loss of habitat and food source.
Both studies identified the need to understand sensitivity of Fly River/flood plain algal
species to Cu and other metals as important.

In situ and field-based laboratory ecotoxicity testing and trials for this study were
conducted in March 2007 at a known ARD location (Site T35) near Komovai Village in
the middle Fly River. The aims of the study were to investigate and assess the effect of
ARD on fauna and flora assemblage and to investigate and assess the response of biota
to copper (and other metals) at selected sites with historical ARD occurrences. Tests
were conducted on populations of species collected from ‘control’ locations towards the
outer edge of the floodplain, outside the influence of the river. A range of species were
studied, including: Limnochares sp. (water mite); Cyclestheria hislopi (clam shrimp);
Amerianna sp. (snail); Lymnaea aff lessoni (snail); Cloeon sp. (mayfly) and; Azolla
pinnata (water fern).

The in situ exposure trials did not perform as expected due to circumstances beyond the
control of the investigating team. For example, thunder storm activity increased flood
plain inundation which then diluted and flushed ARD impacts on the levee and also the
high water level dislodged exposure chambers which were lost. The field-based trials in
the laboratory on board Tahua Chief provided some toxicity data for the first time for
resident aquatic macroinvertebrate species from the Fly River. It is envisaged that the
learning from this preliminary study will be used in a future similar study. A brief
summary of the results of the study is presented below under the respective
investigation approaches employed:
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along the gravel reach (from the mine to Ningerum) and predict future erosion in the river
system as deposited mine waste moves progressively downstream, OTML
commissioned Drs Geoff Pickup and Yantao Cui to develop the OKTUGS Model, based
on The Unified Gravel-Sand (TUGS) model (Cui, 2007).

The OKTUGS model development is a significant advancement in sediment transport
modeling technology due to its capability to successfully handle the gravel-sand mixtures
delivered to the river system. The model has a gravel and sand transfer function that
links grain size distributions in the surface layer, subsurface and bedload. Other model
components include the ability to handle several different rock types, each with its own
specific gravity and rate of particle abrasion during sediment transport. It has the ability
to simulate how valley and channel morphology change under both depositional and
eroding conditions and a method for calculating the rate at which stored sediment is
released from valley floor deposits. The erosion simulation function also includes a
method for representing the development of a valley-in-valley form as terraces
containing the active channel migration zone are created by channel incision post
closure.

The OKTUGS input data include: waste rock and tailings production data, digital
elevation models (DEMs) sourced from 1982 BHP digitised contour maps, spot height
data for the river system obtained in 1982 and 1992, 2008 differential GPS survey data,
hydrological data, and information on channel and valley width derived from analysis of
air photos and satellite imagery. The 2008 GPS survey provides the first reasonably
accurate assessment of deposition in this reach of the river. Specifically, it shows that
between 1982 and 2008 about 73 million m3 of sediment accumulated in the upper
Middle Ok Tedi and 89 million m3 in the lower Middle Ok Tedi. A sediment budget for
the whole river system for the period 1985-2004 shows that 319 Mt of sediment had
accumulated in the Ok Mani system, 2.4 Mt in the Sulphide Creek system, and about
200 Mt in the Middle Ok Tedi. Total sediment output to the Lower Ok Tedi is 955 Mt.

Calibration of the model was undertaken to reproduce observed transport and deposition
rates. The model calculated total sediment yield from the upper river system was within
3% of the value derived from the sediment budget derived from DEMs. Predictions of the
location of deposition were also reasonably good. For example: in the Ok Mani system,
the model predicted 327 Mt of deposition in 2008 compared with 320 Mt calculated from
DEMs; in the Sulphide Creek system, both modeled and observed values were less than
5 Mt; and in the Middle Ok Tedi, the model calculation is 249 Mt of deposition compared
with an observed value of 198 Mt.

Following successful calibration the model was run for a 100 year period. Two different
scenarios of channel incision and terrace development, referred to as Run 13 and Run
13c, were included to represent extremes of behaviour. Run 13 represents incised inner
valley width equal to channel width while Run 13c represents incised inner valley width
equal to total valley width. Both model runs show a rapid decrease in sediment delivery
to the lower river once dumping of waste rock and tailings disposal ceases. Over the
longer term, release of sediments from reworking of the deposited materials occurs
slowly, declining to pre-mine levels after 40-50 years. Much more sediment is released
to the lower river system if erosion affects the whole valley floor and terrace
development is limited and this is thought to be the more likely case in much of the river
system.
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The report also addresses the issue of river terrace formation since exposed terrace
deposits are likely to be a source of post-mine ARD problems. It is predicted that most of
the terraces will form in the braided channel reach between Ningerum and Bige. The
report also examined potential sand supply for dredge sediment storage capping at Bige.
Comparison of dredging rates with modeled sand delivery suggests a dredge capture
rate of about 85%. From 2010 to 2012, this would yield 8-10 Mm3/year, falling to 8.5-9.7
Mm3 in 2012 and then declining rapidly to 1.8 -3.3 Mm3 in 2017.

A detail report on the OkTUGS modeling study is provided in Support Document
ADD09_02.

4.5.4 Middle Fly Levee and Floodplain Sediment Study

During the reporting period two field programs (TC08-12 and TC09-08) were undertaken
to investigate the extent of mine derived sediment impact on the geomorphology and
sediment geochemistry of the Middle and upper part of South Fly. Cruise TC08-17 was
undertaken between ARM 315 and 435, from 4th to 19th December 2008; and TC09-08
was undertaken, between ARM 255 (South Fly) and 315, from 11 th May to 31st May
2009. Utilising the improved coring methods, these field programs were completed over
an area previously sampled to address data gaps, particularly, to drill beyond mine
derived sediments into the natural sediments so that thickness (vertical extent) of mine
sediments can be delineated. Trip reports for the two cruises are provided in Support
Documents ARD09_03 and ARD09_04.

During TC08-12, 22 cores comprising 2809 core samples and 21 grab samples were
generated, while TC09-08 generated 28 cores comprising 4366 core samples and 31
grab samples. The samples are being prepared and are undergoing analysis. Reporting
of the results is expected to be in FY10.

The studies are aimed at obtaining information needed for the calibration and verification
of a model to predict sedimentation deposition and erosion patterns on the Ok Tedi and
Fly River floodplain. Specifically, the cruise objectives are: To characterize floodplain
geomorphic elements, in terms of sediment lithology, geochemistry, mineralogy, and
texture; To use the above information to determine the thickness and extent of mine-
derived sediment across the floodplains and furthermore; To determine the rate of
sediment deposition and depositional environment, and; To characterize depositional
processes across the floodplain,

4.5.5 Additional Activities Supporting Documents

Supporting
Document Code

Supporting Document

ADD09_01 WRM, 2009, Floodplain Impact Study: Field and laboratory exposure trials
to assess the toxicity of middle Fly River levee ARD water to aquatic biota;
An unpublished report prepared by Wetland Research & Management
(WRM) for OTML Environment Department, November 2009. 96 pages

ADD09_02 Yantao C & Pickup G Modelling Sediment Transport in the Ok Tedi Mine
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Area Creeks and the Middle Ok Tedi in Response to Disposal of Rock
Waste and Tailings. An unpublished report prepared by Drs Yantao Cui
and Geoff Pickup for Environment Department, Ok Tedi Mining Limited.
March 2009, 85 pages

ARD09_03 OTML 2009b, An investigation of mine impact on river deposited sediment
in the Middle Fly levee, Trip Report, Cruise TC08-12. An unpublished
report prepared by Environment Department, Ok Tedi Mining Limited,
dated 19th December 2008. Report No ENV081219/1. 135 pages.

ARD09_04 OTML 2009c, An investigation of mine impact on the flood plain of the Fly
River, Trip Report, Cruise TC09-08. An unpublished report prepared by
Environment Department, Ok Tedi Mining Limited, dated 1st June 2009.
Report No ENV090601/1. 235 pages.
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5 THE MINE WASTE TAILINGS PROJECT

As discussed throughout the FY06 Annual Report (OTML, 2006), the riverine system is
under significant stress and there is an urgent need to mitigate ARD risk at Bige and
elsewhere in the system. The Mine Waste and Tailings Project (MWTP) was formulated
to address this issue. A detailed description of this issue, the MWTP proposal and the
anticipated benefits arising from its successful implementation were presented in the
FY07 AER (OTML, 2007), which also explained why all future monitoring activity at Bige
would be presented separately in each subsequent annual environmental report. Thus
Section 5 in this current FY09 AER constitutes the Bige presentation.

5.1 Status of the MWTP

OTML submitted comprehensive supporting documentation to the State in September
2006 seeking approval of the MWTP proposal. The approval was granted on 21st

December 2006 provisional on ten conditions. Two of these conditions, Conditions 8 and
10, are discussed below.

At the time of compiling this report (September 2009) OTML has expended in excess of
US$205 million to the implementation of the MWTP. This expenditure includes:

- construction of the flotation plant, and associated infrastructure, at the processing
site;

- construction of the 130 km pipeline to transport the pyrite concentrate (PCon)
from the Mill to the storage pits at Bige;

- excavation of the 2.2 km dredge access channel from the Ok Tedi channel to the
first PCon storage pit site;

- construction of the first PCon storage pit.

5.1.1 Condition 8 - Monitoring

In the Minister’s approval of the MWTP, Condition 8 stated:

“Monitoring of this proposal will be regularly reported to the State within
the Company’s Annual Environmental Report. The main components of
this monitoring at Bige shall be:

- monitoring of the geochemical characterization of the dredged
materials;

- monitoring of the hydrogeochemical characteristics of the dredged
stockpile pore waters;

- monitoring of the surface water chemistry; and
- monitoring of the Ok Tedi water at Bige.

The ARD monitor in the New Environmental Regime’s Schedule I
Compliance Monitoring Program shall continue to operate at the mine site
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and along the river system to determine the potential for acid formation
and neutralization.”

As discussed above, the content of this current Section 5 fulfils this requirement in this
FY09 Annual Environmental Report.

5.1.2 Status of FY09 MWTP Activities

As a consequence of this approval condition, and as discussed in the FY07 AER (OTML,
2007), OTML environmental reporting now presents the description and results of
environmental monitoring at Bige in a separate section dealing with the MWTP as was
the case for FY08 AER (OTML, 2008). Likewise, as the efforts now at Bige will be
related to continuing monitoring (albeit with necessary modifications if and when these
may become necessary) there will very likely be no further nominated Schedule II
activities aimed at the Bige dredge operation.

Aspect: 1.0 Geochemistry
Activity: 1.1 Geochemical Monitoring of Dredge Discharge Sediment
Rating: Level 3

The six-hourly monitoring program for the Bige dredge slot sediment has continued
since September 2008 when the dredge (Cap Martin) returned to the slot from
excavating the West Bank dredge access channel and the pyrite concentrate (PCon)
storage pit (1North). A total of 608 dredge slot samples were processed between
September 2008 and June 2009 and the analytical results are discussed below. From
16th May to 22nd June there was no dredging due to scheduled maintenance.

With the commissioning of the TPP in October 2008, it was anticipated that sand in the
slot would contain low sulphur and high ANC to meet the target ANC/MPA ratio of 1.5 in
order for it to be used as cover for the existing stockpiles. However, the dredged sands
continue to contain high sulphur and low ANC, with the resultant ANC/MPA still falling
below the target. A week before the dredge shut down, and after its return in the later
part of June, the ANC/MPA ratio was above the target. The improvement is associated
with low sulphur content (<2%S) and high ANC (>80 kg H2SO4/t). The low sulphur
appears to coincide with an improvement in the pyrite recovery at the Tailings Pyrite
Plant (TPP) and subsequent reduction in the tailing’s sulphur content.

The average sulphur, ANC and NAPP values for dredge slot samples are 3.03%S, 76 kg
H2SO4/t and 17 kg H2SO4/t, respectively. 71% of the samples have positive NAPP values
compared to 59% NAPP positive samples reported in FY08 AER. Comparing the current
results to FY08 AER, sulphur, ANC and NAPP values have increased by 20%, 11% &
65% respectively. The annual average ANC/MPA ratio is 0.9, which is below the 1.5
target value, however, in the second half of May and June, the ANC/MPA target was
consistently achieved when sulphur content was <2 %S and ANC value >80 kg H2SO4/t.
The improvement in the dredge sediment geochemistry is attributed to improved
recovery in the TPP in May combined with an increase in ANC thought to be associated
with increased tonnages of limestone delivered to the system since the last quarter of
2008.
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Possible reasons for the ANC/MPA target not being achieved include: 1) limestone
discharged from the southern dumps of the Mine being retained and stored in the
Harvey Creek/Ok Mani drainage system: 2) insufficient limestone discharged into the
river system (both in the current year and recent years); 3) poor quality limestone
discharged into the river system; 4) underestimation of sulphur loads released into the
system during commissioning of the TPP and at times of operational difficulties; and 5)
underestimation of sulphur loads in the sulphur block model for the northern parts of the
pit; and 6) dredging of older sediments with higher sulphur concentrations. Further
studies are currently being undertaken to better understand the challenge and address
them.

OkARD model simulations undertaken in February has discovered higher than predicted
sulphur and lower than expected ANC which resulted in lower than expected ANC/MPA
values through most of the first half of 2009 at Bige dredge slot. This prompted OTML to
review production input data to reconcile the predicted and the actual. The review
discovered discrepancies in the input data. Updated data was sent to OTML’s
geochemistry consultants, EGi in July for a second round of modeling. Simulations
results for the August modeling showed measured and predicted sulphur and ANC/MPA
matches the general trend observed but is offset by 6 to 12 months. It is proposed that
the 6 to 12 months lag is the time required for sulphur material to move through the
system from the mine to Bige however the lag could be longer for ANC delivery.

A LEVEL 3 rating is allocated to this program to reflect the urgency and importance in
ensuring cover quality sand is available in the slot in the quantity required to meet the
ANC/MPA target and therefore, meeting cover requirements for existing stockpiles.

Aspect: 1.0 Geochemistry
Activity: 1.2 Geochemical Monitoring of Dredge Deposited Stockpile Sediment
Rating: Level 3

The primary aim of this monitoring program is to determine the geochemical potential of
the stockpiled dredged sediments to generate acid. The routine monitoring of the
stockpiled dredge sediment continued during FY09. A total of 411 samples were
collected and submitted for analysis and results are presented below.

The average sulphur, ANC and NAPP values are 3.67%S, 78 kg H2SO4/t and 34 kg
H2SO4/t, respectively. 82% of the samples have positive NAPP values compared to 59%
NAPP positive samples reported in FY08 AER. The average NAPP result reported in the
first half of FY09 is much higher compared to the average NAPP result reported in FY08
AER (i.e. from 8 to 39 kg H2SO4/t). The first few months of FY09 result was mostly
affected by the dredge (Capt Martin) going off the slot to excavate the access channel
and PCon storage pit and therefore samples were received on an ad hoc basis between
July and September 2008 with only a few samples submitted for analysis.

In the second half of this reporting year, sulphur content decreased by approximately 4%
(from 3.82 to 3.67 %S), ANC remained unchanged at 78 kg H2SO4/t and the resultant
NAPP value has decreased by 13% (39 to 34 kg H2SO4/t ). While the results show slight
improvement in the deposited sediment acid-base balance, the majority of the tested
material continue to remain NAPP positive and hence are potentially acid forming (PAF)


