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Mine Operations and Environmental Aspects 

The significant environmental aspects of the operation are riverine tailings disposal, riverine waste 
rock disposal, on-land waste rock placement, water extraction and discharge, the transport, storage 
and use of chemicals and waste management.  

The physical footprint and the quantity of ore and gold production in 2019 were comparable with the 
previous five years. Water and energy efficiencies also were comparable with previous years. 

Tailings volumes were consistent with previous years and a significant proportion (14% by volume) 
was diverted from riverine disposal and used for cemented backfill in the underground mine. 

Total suspended sediment (TSS) concentrations in tailings were comparable to previous years. Total 
alkalinity, total silver, dissolved and total cadmium, total chromium and copper, dissolved iron, 
dissolved and total nickel and dissolved and total zinc in tailings showed increased trends over the 
preceding ten-year period (2010-2019), while concentrations of other metals either remained 
unchanged or decreased. 

Contact rainfall runoff from the site was typical of neutral mine drainage and exhibited elevated TSS 
and concentrations of dissolved cadmium, chromium and zinc. The volumes of mine contact water 
generated in 2019 were comparable to previous years. 

Background Environmental Conditions 

The Porgera Valley and downstream catchments experienced average annual rainfall during 2019. 
This, consequently, resulted in slightly above average river flows throughout the upper river within the 
highlands and the lower river along the Strickland floodplain, and average rates of dilution of mine-
related inputs within the receiving aquatic ecosystem. 

Background conditions for environmental indicators of water quality, sediment quality, metals in the 
tissue of fish and prawns (tissue metals) and ecosystem health have been established using data 
collected from test sites prior to the commencement of mining operations (baseline data), and since 
operations began from sites that are not influenced by the operation (reference sites).  

Although concentrations of physical and chemical parameters at the upper river reference sites were 
generally lower than the baseline data from the upper river test sites, the reference sites did exhibit 
moderate TSS concentrations and higher concentrations of dissolved selenium compared to baseline 
data. This indicates that tributaries to the Lagaip-Strickland system have the potential to contribute 
non-mine-derived TSS and some metals to the system. The trend for pH at Lake Murray reference 
sites and trends of dissolved zinc at upper and lower river reference sites and Lake Murray reference 
sites displayed statistically significant increases over the past decade. 

Compliance 

Legal and other requirements are imposed predominantly by the two environmental permits issued to 
the mine by the Papua New Guinea Conservation and Environmental Protection Authority (CEPA). 
The operation complied with 100% of legal and other obligations throughout 2019, including water 
quality at compliance point at SG3 on the Strickland River. 
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3. Develop a PJV Environment Report Card to present a summary of the findings of the report and 
make the report card available in hard copy and via the PJV website. 

4. Undertake a study to update the particle size information for the erodible dumps, used in the 
sediment mass balance calculations. 

5. Conduct a critical review to investigate the major ions present in the system, which contribute to 
elevated EC, and their impacts on aquatic life.  This work should also investigate options for 
development of a site-specific EC trigger value. 

6. Review the analytical procedure used for the determination of WAE metals. The CSIRO 2019 
ultratrace study reported much lower WAE metal concentrations in benthic sediments from the 
main river than typically reported by PJV. It may be appropriate to adopt the CSIRO procedure for 
routine analysis. 

Reduce Environmental Risk and Impact and Improve Performance 

7. Continue to investigate options for reducing the concentrations of bioavailable metals and mass 
loads of metals in mine discharges. 

8. Investigate the metal uptake pathway by which prawns and fish are accumulating mine derived 
metals to understand the influence of particulate metals and metals bound to organic matter. 
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LMP: Lease for Mining Purposes. 

LOM: Life of Mine. 

LOR: Limit of Reporting. 

ME: Mining Easement. 

NMI: National Measurement Institute. 

NOEC: No Observable Effects Concentration. 

NR: Not reported. 

ORWBs: Off-river Water Bodies. 

PDO: Pacific Decadal Oscillation. 

PLOA: Porgera Land Owner Association. 

PNG: Papua New Guinea. 

QA&QC: Quality Assurance and Quality Control. 

Reference site: Sites within an ecosystem that are similar to and in the vicinity of the test site 
ecosystem but are not influenced by the mine operations.  

Risk: A statistical concept defined as the expected likelihood or probability of undesirable effects 
resulting from a specified exposure to known or potential environmental concentrations of a material. 
A material is considered safe if the risks associated with its exposure are judged to be acceptable. 

Estimates of risk may be expressed in absolute or relative terms. Absolute risk is the excess risk due 
to exposure. Relative risk is the ratio of the risk in the exposed population to the risk in the unexposed 
population. (ANZG 2018) 

SAG: Semi-autogenous Grinding. 

SML: Special Mining Lease. 

SOP: Standard Operating Procedure. 

DGV: Sediment Quality Guideline Value 

TARP: Trigger Action Response Plan. 

TD: Total digest 

Test site: Those sites at which the influence of the operations environmental aspects may occur. 

Total metals: The concentration of metals determined from an unfiltered sample after vigorous 
digestion, or the sum of the concentrations of metals in the dissolved and suspended fractions. (APHA 
2005). 

TSM: Test Site Median. 

TSS: Total Suspended Solids. 

TV: Trigger Value. 

UAV: Unmanned Aerial Vehicle 

WAD-CN: Weak Acid Dissociable Cyanide. 

WAE: Weak Acid Extractable. 

WWCB: West Wall Cut-back. 

WHO: World Health Organization. 
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pond for later reclaim and processing through the pressure oxidation circuit. The barren flotation 
tailings were discharged into the river system. Stage 1 production commenced in September 1990.  

Stage 2 of construction consisted of expanding the underground mine production and installation of 
the pressure oxidation circuit at the processing plant. The underground mine production was 
increased by addition of an ore crushing and hoisting system to convey the ore to the surface. In 
September 1991, commissioning was completed for the pressure oxidation autoclaves for processing 
the sulfide flotation concentrate and recovery of refractory gold. The sulfide flotation concentrate from 
the ore feed and the previously stockpiled Stage 1 CIP tailings were processed in the pressure 
oxidation circuit at 2,500 t/day.  Gold liberated by pressure oxidation was recovered through the CIP 
cyanide leach circuit. The tailings neutralisation circuit was commissioned for combining the various 
processing waste streams (acid wash effluent, cyanidation tailing and flotation tailings) to detoxify and 
neutralise the tailings before discharge to the river system.  

Stage 3 was commissioned in September 1992, with mill throughput increased to 4,500 t/day. The 
underground ore was supplemented with ore from the open pit mine.  

Stage 4A of the project commenced in October 1993 and further expanded open pit mining operations 
and the mill facilities, increasing mill throughput to 8,500 t/day.  

In 1993, a major review of the project recommended expansion to a nominal capacity of 17,500 t/day 
for optimisation of mining and ore processing rates. Following the granting of project approvals, this 
additional expansion, known as Stage 4B, was completed in the first quarter of 1996. Stage 4B 
involved addition of a second semi-autogenous grinding (SAG) mill and a large ball mill, a 350 t/day 
oxygen plant, a 150 t/day lime kiln and increased flotation and leaching capacity. Process water 
storage and the Hides power plant generation capacity, together with other infrastructure also were 
increased to support this expansion. 

The open pit mining fleet capacity was expanded in 1997 from 150,000 to 210,000 t/day to provide for 
the increase in mill feed rates. Four Knelson concentrators were installed in the same year, to recover 
free gold ahead of the flotation circuit. In 1999, a further flotation expansion was installed to improve 
recoveries, and additional oxygen plant capacity was added to increase autoclave throughput.  

In 2001, an Acacia reactor was commissioned to treat the Knelson gravity concentrate, and 
modifications were made to the grinding and CIP circuits. During 2003 a contract secondary crusher 
was installed to optimise the capacity of the crushing plant and allow a better match between milling 
and oxidation capacity.  

In 2009, a cyanide destruction plant was commissioned to reduce the concentration of cyanide in the 
tailings discharge and achieve compliance with the International Cyanide Management Code. Two 
years later in 2011, a paste plant was commissioned for placement of the coarse fraction of tailings in 
the underground mine as cemented paste backfill. The paste plant has a nominal capacity of 8% of 
the tailings discharged from the processing plant. 

In 2016, a sulfide concentrate plant was commissioned for processing a portion of the high sulfur 
content flotation concentrate for export to a refinery overseas.  
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press and is then loaded into lined sea containers for export. The sea containers of pyrite concentrate 
are back-loaded onto trucks and transported by road to Lae Port for export to a refinery overseas. 

Most of the water for the process plant is supplied by pipeline from the Waile Creek dam 20km south 
of the mine site and Aipulungu Creek located upstream of the Lime Plant. Additional water is delivered 
to the Tawisakale grinding circuit from the nearby Kogai Creek and FT07. 

Electrical power is generated at Hides, 73 km south of the mine site using 9 gas turbines having a 
combined capacity of 72 MW and delivered to site via a 132 kV transmission line. This is 
supplemented by a 20 MW and 12 MW diesel power stations at the mine site. 
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Figure 1-2 Process flow chart 
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2.2 Establishing TVs 

The Australian and New Zealand Guidelines for Fresh and Marine Water Quality (ANZG 2018) 
nominate the following order of preference when establishing guideline TVs for physical and chemical 
indicators. 

 TVs derived from ecological effects data 2.2.1

For low-risk TVs, measure the statistical distribution of water quality indicators either at a specific site 
(preferred), or an appropriate reference system(s), and also study the ecological and biological effects 
of physical and chemical stressors. This is defined the TV as the level of key physical or chemical 
stressors below which ecologically or biologically meaningful changes do not occur (ANZG 2018). 

Developing valid TVs using this method requires identifying a suitable reference site and highly 
controlled conditions to produce well-correlated physical, chemical and biological data, consequently 
this method is rarely adopted. PJV has not attempted to develop TVs using this method. 

 TVs derived from baseline or regional reference site data 2.2.2

Where there is insufficient information on ecological effects to determine an acceptable change from 
the reference condition, the use of an appropriate percentile of the reference data distribution can be 
used to derive the trigger value (ANZG 2018). Reference data are gained either from baseline data or 
regional reference data. 

Baseline data are gathered from the test site prior to disturbance and provide the best comparison of 
pre and post-disturbance conditions. Baseline data are available for Porgera Mine test sites and their 
use in deriving TVs is discussed further in Section 5. Note that alluvial and small-scale mining had 
been conducted in the Porgera Valley prior to collection of PJV baseline data, however, the data were 
collected prior to beginning construction and operation of the current PJV project and are therefore 
considered an appropriate baseline for the current mine. 

Regional reference data are gathered from sites that are similar to and in the vicinity of the test site, 
but which are not directly affected by the mining operation. Reference sites should be selected from 
the same biogeographic and climatic region, should have similar geology, soil types and topography, 
and should contain a range of habitats similar to those at the test site (ANZG 2018). 

The suitability of regional reference site data for establishing TVs is influenced by how well the 
reference sites reflect the pre-disturbance condition of the test site. If the pre-disturbance condition of 
the regional reference site and test site are different, then TVs based on reference data are unlikely to 
act as an accurate basis for assessment of mine-related change and therefore risk at the test site. 
Variation between regional reference site and test site conditions is usually more pronounced in 
regions where mining projects occur due to naturally elevated mineralisation in the test site catchment. 
In general, ecosystems in reference sites adjacent to mining projects have evolved with lower levels of 
natural mineralisation in water and stream sediment than those at the test site prior to disturbance. 

Identification of PJV reference sites and an assessment of their suitability are presented in Table 3-3 
and Table 3-4 respectively. A comparison of baseline and reference data is presented in Section 5. 
The assessment shows that the suitability of PJV reference sites as analogues for the test sites is 
generally fair to poor. When compared to baseline data from the test sites, reference site data exhibit 
lower TSS, lower pH and lower concentrations of metals in water, sediment, fish flesh and prawn flesh 
than baseline test site conditions. 

For physicochemical stressors (e.g. TSS, pH, turbidity etc), ANZG (2018) recommends that the 
derivation of TVs from baseline or reference site data should be based on at least two years (24 
months) of monthly monitoring data. 

The TV is the percentile value (i.e. 80th%ile or 20th%ile) derived from the baseline or reference site 
data that represents the degree of excursion that is permitted at the test site before triggering some 
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(2018).  Where this was not possible, then the most appropriate alternative approach should be 
developed.  The aim of the review was to enable PJV to reach accurate conclusions on ecological 
impacts, and thereby provide more confidence in the biology impact assessment within the AER. This 
work was completed and this new method of impact assessment is used in this AER and is referenced 
as WRM (2017). 

 Fish and prawn TVs and impact assessment matrix 2.6.1

Biological indicators such as richness, abundance and biomass can vary between reference and test 
sites and within reference and test sites over time. Therefore, the impact assessment trigger values 
and assessment methodology must provide an assessment of both changes between reference and 
test sites and also within test sites over time. 

Ideally this is performed by comparing current biological conditions at the test sites against current 
biological condition at the reference sites and also comparing current biological conditions at the test 
sites against historical, pre-disturbance or baseline biological conditions at the test site. In reality there 
are many challenges associated with achieving this including: how well the environmental conditions 
at the reference site match that of the test site; different hydrological, chemical, physical, habitat and 
anthropogenic factors will influence similarity of the biological conditions at each area; and therefore 
how appropriate the reference site is as a benchmark for the test site; and additionally, the quality of 
historical data that have been collected from the test and reference sites. The predominant factor in 
data quality and comparability is whether the same standardised sampling methods have been applied 
over time because data from different methods cannot be reliably compared. 

In 2017, PJV engaged Wetland Research Management (WRM 2018) to conduct a review of the 
biological monitoring data, make recommendations on the most appropriate indicators, trigger values 
(TVs) and statistical analyses for conducting impact assessment for the AER, and explain how to 
interpret the statistics correctly.  This proposed approach for impact assessment was to be as 
consistent, where possible, with the risk-based approach currently used for water and sediment quality 
as per ANZECC/ARMCANZ (2000).  But where this was not possible, then the most appropriate 
alternative approach was to be developed.  The aim of the current review is to enable PJV to reach 
accurate conclusions on ecological impacts, and thereby provide more confidence in the Biology 
Impact Assessment within the Annual Environmental Report (AER).   

WRM (2018) found that the reference sites and test sites used in the PJV monitoring program are not 
directly comparable due to the inherent difference in channel size, habitat conditions, water quality (i.e. 
TSS) etc. between the main channel test sites and reference sites on smaller tributaries. This inherent 
difference limits direct comparison between test and reference sites. Also, because the test and 
reference sites are not independent, it is highly likely that an impact at a test site will also affect fish 
populations at the reference site due to migration, etc. Therefore, it is not strictly valid to conduct 
impact assessment by comparing current communities at test sites to current communities at 
reference sites. Additionally, there are no suitable pre-mine data or, for some methods, data from early 
years post-commencement of mining, from which to develop TVs, due to a change to sampling 
methodology over time. 

To overcome these challenges, the TVs recommended by WRM (2018) are based on the best use of 
available data from reference and test sites to derive a range of impact assessment TVs which 
together provide a basis for assessing the current biological conditions at the test sites against both 
the current biological conditions at the reference sites and the historical biological conditions at both 
the test and reference sites. 

The impact assessment TVs recommended by WRM (2018) are presented in Table 2-12. The adopted 
TVs were determined to provide the most reliable and appropriate benchmark against which the 
current biological condition at the test sites, represented by the 2019 mean of each indicator, could be 
compared, and to support a determination of whether impact had occurred. Note that prawns are not 
used as indicator species within Lake Murray; this is due to prawn sampling not being done there. 
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Table 3-2 Receiving environment monitoring indicator parameters 

Environmental 
Aspect Physical Chemical & Toxicant Biological 

Riverine tailings 
disposal 

River profiling: cross-
sections. 

Water quality: TSS 
concentration 

 

Water quality: pH, 
conductivity, metal 
concentration, WAD-CN. 

Benthic sediment quality: 
Metal concentration. 

Fish and prawn tissue: 
Metal concentration. 

Species richness, 
abundance and 
biomass of fish and 
prawns. 

Macroinvertebrate 
assemblages. 

Waste rock disposal 
to water 

River profiling: cross-
sections. 

Water quality: TSS 
concentration,  

Sediment grain size 

 

Water quality: pH, 
conductivity, metal 
concentration. 

Benthic sediment quality: 
Metal concentration. 

Fish and prawn tissue: 
Metal concentration. 

Species richness, 
abundance and 
biomass of fish and 
prawns. 

Macroinvertebrate 
assemblages. 

Waste rock disposal 
to land 

Area of disturbance. 

Volume of waste rock 
disposed to land. 

Volume solid waste 
disposed to land. 

Geotechnical 
characteristics: 
Competency. 

Geochemical 
characteristics: Metal 
concentrations, acid 
producing potential. 

Terrestrial flora and 
fauna communities. 

Water extraction Flow downstream of 
water extraction 
points. 

NA Macroinvertebrate 
assemblages. 

Discharge to air Air Quality: particulate 
concentration. 

Air Quality: Metal 
concentration 

NA 

Land disturbance Area of disturbance 

 

NA Terrestrial flora and 
fauna communities. 

Resource 
consumption 

Consumption volume 

Consumption 
efficiency 

NA NA 

Waste generation Area of disturbance. 

 

NA Terrestrial flora and 
fauna communities. 

NA - Not Applicable 

 Monitoring locations 3.3.2

Environment monitoring locations are categorised as test sites and reference sites. Test sites are 
those sites downstream of the mine, receiving discharge from the mine, whereas reference sites are in 
a similar geographical setting, generally adjacent to the test sites, but not receiving discharge from the 
mine. The test and reference sites at which receiving environment monitoring is conducted are listed 
in Table 3-3. The table also lists which reference sites are used as analogues for each test site. The 
locations of the monitoring sites are shown in Figure 3-1 and Figure 3-2 shows monitoring locations 
within Lake Murray. Table 3-4 gives an assessment of reference site suitability. 
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Figure 3-1 Receiving environment monitoring sites 
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Figure 3-2 Lake Murray monitoring locations 
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Table 3-4 Assessment of reference site suitability 

Reference 
Site 

Suitability Assessment for Indicator Parameters 
Reference site 
characteristics affecting 
suitability Physical1 

Chemicals 
and 

Toxicants2 

Fish & 
Prawn 

Biology 

Macro-
invertebrate 

Biology 

Upper 
Lagaip 

 

Good Poor Poor Good Lower natural mineralisation 
than test site baseline. 

Naturally depauperate fish and 
prawn populations. 

Fish and prawns potentially 
exposed to test site conditions 
if migrating between test and 
reference sites. 

Pori Poor Poor Poor NA Small tributary compared to 
main river reference sites. 

Lower natural mineralisation 
than test site baseline. 

Lower flows. 

Lower suspended sediment. 

Different habitat types. 

Reference site biology 
potentially indirectly impacted 
(i.e. fish and prawn migration). 

Fish and prawns potentially 
exposed to test site conditions 
if migrating between test and 
reference sites. 

Kuru Fair Poor Poor NA Small tributary compared to 
main river reference sites. 

Lower natural mineralisation 
than test site baseline. 

Lower flows. 

Lower suspended sediment. 

Different habitat types. 

Reference site biology 
potentially indirectly impacted 
(i.e. fish and prawn migration). 

Fish and prawns potentially 
exposed to test site conditions 
if migrating between test and 
reference sites. 

Ok Om Good Poor Fair Fair Lower natural mineralisation 
than test site baseline. 

Fish and prawns potentially 
exposed to elevated test site 
conditions if migrating between 
test and ref sites. 
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4.1 Production  

 Mining and processing operations 4.1.1

4.1.1.1 Total ore processed 

The total quantity of ore processed in 2019 was 5.6 million tonnes (Mt). Figure 4-1 shows the monthly 
and cumulative quantities of ore processed in 2019. The cumulative quantity of ore processed from 
1990 to 2019 was 141Mt and is shown in Figure 4-2.  

 

LHS = Left-hand side y-axis, RHS = Right-hand side y-axis 

Figure 4-1 Monthly and cumulative ore processed in 2019 

 

 

LHS = Left-hand side y-axis, RHS = Right-hand side y-axis 

Figure 4-2 Yearly and cumulative ore processed 1990 - 2019 
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4.2 Water Use  

Figure 4-5 shows water use efficiency between 2009 and 2019. Water use efficiency in 2019 was 
slightly higher than previous years, however the overall trend remains in a downward direction. 

 

Figure 4-5 Water use efficiency 2009 - 2019 

4.3 Land Disturbance 

Porgera mine holds ten leases with a total area of 3,933ha as shown in Table 4-2 and Figure 4-6. The 
Special Mining Lease (SML) includes the mines, process plant and majority of project infrastructure. 
The other Leases for Mining Purposes (LMP) are areas associated with the mining operation such as 
waste rock dumps, Suyan accommodation camp, limestone quarry and water supply. The company 
also maintains Exploration Leases (EL), which surround the SML and some key LMPs, for on-going 
exploration. Mining Easements (ME) are held for utilities such as power transmission lines and water 
supply pipelines. The EL and ME land areas are not included in this report. 

The total area disturbed by mining and related activities as at 31 December 2019 was 2,393 ha, 
equating to 61% of the total leased areas. The total area of disturbance increased by 22 ha during 
2019, comprising; 0.8 ha due to expansion of the erodible dumps, 16 ha due to expansion of the Kogai 
competent dump, 5ha due to construction of new Anjolek North dump at the Open Pit and 0.2 ha due 
to expansion of the Pangalita limestone quarry. 

Table 4-2 Areas of cumulative land disturbance and reclamation to December 2019 

Lease Total Lease 
Area (ha) 

Total 
Disturbed 
Area (ha) 

Undisturbed 
(ha) 

Under Progressive 
Reclamation (ha) 

SML 2107 1382 725.2 240 

Kogai LMP 424 197 227.3 0 

Kaiya LMP 602 345 256.8 0 

Anawe North LMP 72 219 122 98.1 0 

Anawe South LMP 77 204 133 71.6 0 

Anawe LMP3 81 81 0.0 0 

Suyan LMP 69 45 24.8 0 

Pangalita LMP 135 67 67.7 0 
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Lease Total Lease 
Area (ha) 

Total 
Disturbed 
Area (ha) 

Undisturbed 
(ha) 

Under Progressive 
Reclamation (ha) 

Waile LMP 85 16 69.3 0 

Aipulungu Weir LMP 5.8 5.8 0.0 0 

TOTAL 3,933 2,393 1,541 
240 

(10.0% of disturbed) 

 

Figure 4-6 Boundaries of special mining lease and other leases for mining purposes 
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LHS = Left-hand side y-axis, RHS = Right-hand side y-axis 

Figure 4-10 Yearly tonnages of competent waste rock placed at Anawe North Dump 2001-2019 

4.5 Incompetent Waste Rock Disposal  

Incompetent waste rock is disposed in either the Anawe or Anjolek erodible dumps. Fluvial processes 
from rainfall runoff gradually erode the unconsolidated waste from within the dumps into the river 
system. The total quantities of incompetent waste rock placed during 2019 were slightly higher than 
the previous years due to increased mining of incompetent material from the open pit operational 
areas and west wall cutback. 

 Anawe erodible dump 4.5.1

Monthly tonnages of incompetent waste rock disposed to Anawe erodible dump in 2019 are shown in 
Figure 4-11. A total of 2.3 Mt of incompetent waste rock was placed in Anawe during the year, the 
majority of which was mudstone material excavated from the bottom of the open pit. The quantity 
placed was 15% of the annual permit limit of 15.1Mt. Figure 4-12 shows the annual tonnages of 
incompetent waste rock placed in the Anawe dump since dumping began there in 1989. Figure 4-13 
shows the cumulative surface area and volume of the dump since 2001. 
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LHS = Left-hand side y-axis, RHS = Right-hand side y-axis 

Figure 4-11 Monthly tonnages of incompetent waste rock placed at Anawe Erodible Dump in 
2019 

 

 

LHS = Left-hand side y-axis, RHS = Right-hand side y-axis 

Figure 4-12 Yearly tonnages of incompetent waste rock placed at Anawe Erodible Dump 1989-
2019 
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Figure 4-13 Area, volume of waste placed in the dump (Waste Placement) and volume of Anawe Erodible 
Dump based on LiDAR survey 2001-2019 

 Anjolek erodible dump 4.5.1

Figure 4-14 shows monthly tonnages of incompetent waste rock disposed to Anjolek erodible dump 
during 2019. A total of 10.7 Mt was placed during the year, the majority of which was mudstone from a 
cut-back of the west wall, Stage 5C of the open pit and soft waste rock from Stage 5A, which is 
pumped in slurry form through the Yarik portal to the lower section of the Anjolek erodible dump The 
volume discharged in 2019 was equivalent to 75% of the annual permit limit of 14.2Mt. The quantity 
dumped in 2019 was higher than 2018 due to an increase in mining from the west wall call cut-back, 
open pit mining expansion at Stage 5C. 

Figure 4-15 shows the tonnage of incompetent waste rock placed in the Anjolek erodible dump since 
dumping began there in 1992. Figure 4-16 shows the cumulative surface area and volume of the 
dump since 2001. 
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LHS = Left-hand side y-axis, RHS = Right-hand side y-axis 

Figure 4-14 Monthly tonnages of incompetent waste rock placed at Anjolek Erodible Dump in 
2019 

 

LHS = Left-hand side y-axis, RHS = Right-hand side y-axis 

Figure 4-15 Yearly tonnages of incompetent waste rock placed at Anjolek Erodible Dump 1992-
2019 
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LHS = Left-hand side y-axis, RHS = Right-hand side y-axis 

Figure 4-22 Monthly and cumulative tailings discharge mass (Mt dry solids) 2019 

 

 

LHS = Left-hand side y-axis, RHS = Right-hand side y-axis 

Figure 4-23 Annual and cumulative tailings discharge mass (Mt) (dry solids) (1990-2019) 
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 Tailings used as underground mine backfill 4.7.2

The monthly and cumulative volumes of tailings diverted to the underground mine for use as paste 
backfill are shown in Figure 4-24 against the environmental permit limit. A total of 388,146 m3 was 
diverted to paste in 2019, which is 14% of the total tailings volume produced. A total of 598,516 tonnes 
of tailings solids was diverted to paste, which is 11% of the total mass produced in 2019. 

 

LHS = Left-hand side y-axis, RHS = Right-hand side y-axis 

Figure 4-24 Tailings diverted to underground backfill in 2019 

4.8 Tailings Quality 

Contaminants of concern within the tailings discharge are cyanide (CN), total suspended solids (TSS) 
and metals. The quality of the discharge is influenced by the geochemistry of the ore, the gold 
extraction process and the tailings treatment circuit. Tailings treatment is managed to ensure 
compliance with internal site-developed requirements for pH and WAD-CN at the discharge point, 
permit requirements at the SG3 compliance monitoring station and to mitigate the risk of 
environmental impact within the receiving environment downstream from the point of discharge. 

The slurry density, which influences the TSS concentration of the tailings, and the rate of discharge 
have remained relatively consistent throughout the history of the operation. The median TSS 
concentration in 2019 was slightly lower than in 2018. Monthly and annual TSS concentrations in the 
tailings discharge are shown in Figure 4-25 and Figure 4-26.  

The pH of the tailings discharge is dictated by the geochemistry of the ore, the gold extraction process 
and by the addition of lime during tailings treatment. Controlling pH is critical for limiting the 
concentration of dissolved/bioavailable metals in the discharge. A range of metals within the discharge 
have the potential to impact the downstream environment if the treatment process is not managed 
appropriately to reduce their bioavailability. The metals are found naturally within the ore body and 
pass through the process plant with the tailings. A portion of the metals are dissolved during the 
pressure oxidation stage of the process plant, where pH reaches as low as pH 1. Adding lime raises 
the pH of the final combined tailings stream and precipitates the metals as solid forms such as 
hydroxides, which are less bioavailable. In addition, some metals will also adsorb to particulate matter 
as the pH increases, further reducing the bioavailable concentrations. 
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 Figure 4-25 Monthly TSS in tailings discharge in 2019 Figure 4-26 Annual TSS in tailings discharge 2010-2019 

 

 

Figure 4-27 Monthly pH in tailings discharge in 2019 Figure 4-28 Annual pH in tailings discharge 2010-2019 
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Intentionally left blank 

Figure 4-29 pH in tailings discharge 1994-2019 

 

 

  
Figure 4-30 Monthly WAD-CN concentration in tailings discharge in 2019 
(mg/L) 

 

Figure 4-31 Annual WAD-CN concentration in tailings discharge 2010-2019 (mg/L) 
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Intentionally left blank 

Figure 4-32 WAD-CN in tailings discharge 1994-2019  

  

 Figure 4-33 Monthly dissolved and total silver concentrations in tailings 2019 
(µg/L) 

 

Figure 4-34 Annual dissolved and total silver concentrations in tailings 2010-2019 (µg/L) 
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Figure 4-35 Monthly dissolved and total arsenic concentrations in tailings 2019 
(µg/L) 

 

Figure 4-36 Annual dissolved and total arsenic concentrations in tailings 2010-2019 (µg/L) 

 

 

 

 

 
Figure 4-37 Monthly dissolved and total cadmium concentrations in tailings 
2019 (µg/L) 

Figure 4-38 Annual dissolved and total cadmium concentrations in tailings 2010-2019 
(µg/L) 
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Figure 4-39 Monthly dissolved and total chromium concentrations in tailings 
2019 (µg/L) 

Figure 4-40 Annual dissolved and total chromium concentrations in tailings 2010- 2019 
(µg/L) 

 

 

 
Figure 4-41 Monthly dissolved and total copper concentrations in tailings 2019 
(µg/L) 

 

Figure 4-42 Annual dissolved and total copper concentrations in tailings 2010-2019 (µg/L) 
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 Figure 4-43 Monthly dissolved and total iron concentrations in tailings 2019 
(µg/L) 

 

Figure 4-44 Annual dissolved and total iron concentrations in tailings 2010-2019 (µg/L) 

 

 

 

 Figure 4-45 Monthly dissolved and total mercury concentrations in tailings 
2019 (µg/L) 

 

Figure 4-46 Annual dissolved and total mercury concentrations in tailings 2010-2019 
(µg/L) 
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 Figure 4-47 Monthly dissolved and total nickel concentrations in tailings 2019 
(µg/L) 

 

Figure 4-48 Annual dissolved and total nickel concentrations in tailings 2010-2019 (µg/L) 

 

 

 

 

 
Figure 4-49 Monthly dissolved and total lead concentrations in tailings 2019 
(µg/L) 

 

Figure 4-50 Annual dissolved and total lead concentrations in tailings 2010-2019 (µg/L) 
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 Figure 4-51 Monthly dissolved and total selenium concentration in tailings 
2019 (µg/L) 

 

Figure 4-52 Annual dissolved and total selenium concentrations in tailings discharge 
2010-2019 (µg/L) 

 

 

 

 

 Figure 4-53 Monthly dissolved and total zinc concentrations in tailings 2019 
(µg/L) 

 

Figure 4-54 Annual dissolved and total zinc concentrations in tailings 2010-2019 (µg/L) 
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The volume of sediment contributed to the river system each year is estimated based on the historical 
estimates of particle size distribution and an annual survey of the erodible dumps which measures 
changes to dump surface area and volume. 

A summary of the various estimates of particle size distribution for the combined Anawe and Anjolek 
dump toes is presented in Table 4-9 which also shows the adopted size distribution used for the 
purposes of sediment transport calculations. 

It was assumed that 5% of all tailings discharged are trapped and stored in the dump and that, of the 
tailings leaving the dump, a further 5% is lost to long-term storage (bed and bars) between the dump 
toe and SG3. While these are arbitrary figures and difficult to verify, they are considered reasonable 
based on professional judgement. 

Table 4-9 Estimates of particle size distribution of material sampled at erodible dump toe 

Reference Silt (%) Sand (%) Gravel (%) 

1. CSIRO review (1995) 58 27 15 

2. PJV 1995 samples (average) 30 30 40 

3. Anawe toe 1997 samples (average) 5 35 60 

4. Black Sed. Accelerated Weathering Tests 72 20 8 

5. Davies et al. (2002) 76 11 13 

Mean (1, 2, 4 and 5) 59 22 19 

 

Long-term survey data (2002-2019) and mass-balance calculations for the dumps were used to 
indicate that approximately 60-70% of erodible waste rock input has been lost downstream as a long-
term average.  More recent survey data, as of 2019 (Anawe) and 2018 (Anjolek), indicate that the 
amount of material exported downstream since 2010, expressed as a percentage of the amount of 
material dumped, was approximately 75% for Anawe and 108% for Anjolek. This partly reflects the 
lower rates of dumping in recent years, while there has still been consistent erosion of material from 
the dumps by river flows. The data also indicate that over the long term, the rate of erosion at Anjolek 
has exceeded the rate of sediment accumulation. 

The data analysis described above is based on a simple mass balance which reconciles the year-to-
year volume change to each dump, and the amount of waste placed at the tip-heads. This method 
does not necessarily account for the amount of sediment from landslides that may account for dump 
volume change, or basal lowering or scouring of colluvium at the base of the dumps. Also, it is 
possible that some landslide inputs may discharge directly downstream as sediment load and would 
not be accounted for in the mass balance. 

Estimates of the rates of sediment loss from the dumps are summarised in Table 4-10 which also 
shows that the estimated average annual load of sediment that is transported downstream is 9.4 Mt/y 
based on survey data since 2010. This appears to be a reasonable estimate and compares well with 
the estimated suspended load at SG1 of approximately 10 Mt/y, based on historical measured flow 
and TSS data. 
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Table 4-10 Summary of long-term dump mass balance from survey data 

Dump Proportion of total 
dumped material 
released based on 
long term survey 
data since 2002 (%) 

Median downstream transport 
rate since 2002 (Mt/y) 

(Total mass exported 
downstream from survey data 
divided by number of years 
between survey) 

Downstream transport 
rate since 2010 (Mt/y) 
and percentage of 
dumped material 
released (%) 

Anjolek 57 3.0 4.4 (108%) 

Anawe 64 5.8 5.0 (75%) 

Total NA 8.8 9.4 

 

Based on the figures above, Table 4-11 presents estimates of suspended sediment discharge from 
the SML for both tailings and waste rock in 2019, based on the most recent survey data for Anawe in 
late 2019, and 2018 survey data for Anjolek.  It should be noted that a level of inherent uncertainty 
exists within the survey data on a year to year basis due to the large area of the dump, difficult terrain 
in which the survey is conducted and changes to survey equipment and personnel from year to year. 
Therefore, to account for this uncertainty, the sediment discharge rate from the erodible dumps is 
based on the average volume change recorded since 2010.   

Table 4-11 Estimate of sediment discharge from erodible dumps and tailings during 2019 

Source 
Total Sediment 

Discharged from 
Dumps (Mt/y) 

Suspended 
Sediment 

Component (Mt/y) 
Assumptions 

Erodible dumps 9.4 5.5 Assumes 59% (silt fraction) travels 
as suspended load 

Tailings 
5.03 

(5.3 x 0.95) 

4.8 

(5.03 x 0.95) 

Assumes 95% of tailings is 
transported to the river system and 
5% remains stored in Anawe dump 

TOTAL 2019 14.4 10.3  
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4.10 Other Discharges to Water 

 Treated sewage effluent 4.10.1

The total volume of treated sewage effluent discharged from the five treatment plants that service the 
mine site and accommodation camps are shown in Figure 4-56 and confirms that discharge volumes 
from all STPs were within the respective environment permit limits.  

 

 

Figure 4-56 Total annual discharge volumes of treated sewage for 2019 

 

The quality of the discharge from each STP is monitored for TSS, BOD5 and faecal coliforms. The 
results of monitoring in 2019 are shown in Figure 4-57 to Figure 4-59  respectively. Operation of the 
sewage treatment plants consistently achieved compliance with the TSS criterion of 30 mg/L 
throughout the year except for four short-term excursions slightly above the permit limit at Alipis, Yoko 
and Suyan STPs. All plants achieved compliance with the BOD5 and faecal coliform criteria throughout 
the year. 
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Figure 4-57 Average monthly TSS concentration in treated sewage discharge in 2019 

 

Figure 4-58 Average monthly BOD5 concentration in treated sewage discharge in 2019 

 

Figure 4-59 Average monthly faecal coliform count in treated sewage discharge 2019 

 Oil/water separator effluent 4.10.2

The mine operates 21 oil-water separators at maintenance workshops and fuel storage and refuelling 
installations.  

Figure 4-60 shows monthly average hydrocarbon concentrations from oil-water separators and a local 
creek, compared against the internal site-developed target of 30 mg/L.  

Hydrocarbons were detected in low concentrations at oil water separator discharge points and at the 
receiving creek, however the concentrations were well below the site target and are not considered to 
pose a risk to the environment or human health. 
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Figure 4-60 Average monthly total hydrocarbon concentrations in oil-water separator discharges in 2019 

 Mine contact runoff  4.10.1

Mine contact runoff is rainfall runoff from land disturbed by the mining operation and therefore has the 
potential to contribute contaminants, particularly metals, to the receiving environment. The volume and 
quality of mine contact runoff are described in the following sections. 

4.10.1.1 Contact runoff volumes 

Table 4-12 shows the estimated volume of contact runoff from land disturbed by mining operations. It 
is impractical to measure runoff volumes and these have been estimated from rainfall and catchment 
areas. The total volume of contact run-off increased during the year compared to the previous year as 
a result of improvement made to the discharge calculations but the volume remained well below the 
permit limit. 

Table 4-12 Estimated volumes of contact runoff from mine lease areas 2019 

Location Total Rainfall run 
off 2019 (Mm3) 

Permit Limit 
(Mm3/y) 

Starter Dump A (SDA) (DP3) 0.8 1.8 

Civil crusher to Kogai Creek (DP4) 0.05 0.1 

Kogai waste dump to Kogai Creek (DP5) 21.6 1,680 

Open Pit and UG Mine drainage tunnel to Kogai Creek (DP6) 8.9 12.1 

Anawe stable dump to Wendoko Creek (DP7) 3.6 4.5 

Runoff from Hides to a tributary of the Tagari River (DP16) 0.04 0.1 

TOTAL 34.9 1,700 

4.10.1.2 Contact runoff water and sediment quality 

The quality of water and sediment contained in runoff from within the mining lease is dictated by the 
land use within the contributing catchment. Table 4-13 identifies the land uses within the contributing 
catchment for each monitoring site and the locations of the sites are shown in Figure 4-61. 
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Table 4-13 Mine contact runoff monitoring sites 

Monitoring site name Land Uses 

28 Level (underground water discharged at adit) Underground mine  

SDA Toe Competent waste rock dump 

Kaiya River at Yuyan Bridge Open cut mine 

Underground mine 

Erodible waste rock dump 

Kaiya River downstream of Anjolek erodible dump  Erodible waste rock dump 

Kogai Culvert  Competent waste rock dump 

Crushing and grinding 

Workshops 

Sewage treatment plant 

Hazardous substance storage 

Kogai stable dump toe area  Competent waste rock dump 

Lime Plant discharge  Limestone processing 

Wendoko Creek downstream of Anawe Nth stable dump  Competent waste rock dump 

Yakatabari Creek downstream of 28 Level discharge Underground mine 

Workshops 

Sewage treatment plant 

Hydrocarbons substance storage 

Yunarilama/Yarik portal Open cut mine 

Underground mine 
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Figure 4-61 Mine contact runoff sampling location 
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Annual median values from monthly monitoring conducted in 2019 at mine contact runoff sites are 
shown in Table 4-14, amber highlight indicates values that exceeded or were not significantly different 
from the upper river TV. Samples were not collected from SDA Toe during 2019 due to community and 
security issues. Electrical conductivity of water discharged from all contact runoff sites exceeded upper 
river TV. Runoff from Kogai Stable Dump Toe and Wendoko Creek downstream of Anawe Nth, which 
receives runoff from competent waste rock dumps, exhibited elevated concentrations of dissolved 
cadmium, chromium and zinc. The water quality at these sites is typical of neutral mine drainage and 
indicates that oxidation/reduction and neutralisation are occurring within the waste rocks dumps due to 
the presence of sulfides and carbonates. Alkaline pH indicates a net neutralising capacity within the 
waste rock, which is beneficial for preventing low pH runoff and reducing the concentration of 
dissolved/bioavailable metals. Discharge from the lime plant exhibited elevated pH and dissolved 
chromium and copper. 28 Level exhibited elevated dissolved chromium and zinc and Yunarilama at 
Portal, which discharged from underground mine, exhibited elevated TSS and dissolved silver.  

A summary of trends of water quality parameters between 2010 and 2019 in contact runoff is 
presented in Table 4-15. Details of the statistical analysis are shown in APPENDIX C. The analysis 
shows that concentrations of a number of analytes have increased at a number of sites during the 
period. Of note are trends of increasing concentrations of TSS at SDA Toe, Kogai Culvert, and Lime 
Plant. These sites also showed trends of increasing concentrations of total metals, indicating the 
presence of mine-derived mineralised sediment.  

The median concentrations of WAE metals and total metals in sediment in runoff from the mine areas 
are shown in Table 4-16. Of note are elevated cadmium, WAE lead and WAE zinc in sediment 
discharged from 28 Level, Kogai Culvert, Kogai Stable Dump Toe and Yakatabari Creek DS 28 Level. 
Elevated lead and zinc in sediment is a reflection of the geology of the Porgera ore body which 
contains sphalerite, which is a zinc mineral, and galena which is a lead mineral. 
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Table 4-15 Trends of water quality contact runoff 2010 - 2019 (as tested using Spearman Rank Correlation) 

Parameter 28 Level SDA Toe* Kaiya Riv D/S 
Anj Dump 

Kogai at 
Culvert 

Kogai Dump 
Toe Lime Plant 

Wendoko 
Creek D/S 
Anawe Nth 

Yakatabari 
Creek D/S 28 

Level 

Yunarilama / 
Yarik @ Portal 

pH          

EC          

WAD-CN          

Sulfate          

ALK-T          

TSS          

Hardness          

Ag-D          

Ag-T          

As-D          

As-T          

Cd-D          

Cd-T          

Cr-D          

Cr-T          

Cu-D          

Cu-T          

Fe-D          

Fe-T          

Hg-D          

Hg-T          

Ni-D          

Ni-T          

Pb-D          

Pb-T          

Se-D          

Se-T          

Zn-D          

Zn-T          

 Decreased or no change over time D - Dissolved fraction, T - Total 

 
 Increased over time 
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4.13 Non-mineralised Waste  

Non-mineralised waste is all waste produced by the operation other than waste rock and tailings. 
Porgera has developed a Waste Management Plan that describes the methods for waste segregation, 
reuse, recycling or treatment for safe disposal. Figure 4-63 shows the proportion by volume of each 
type of waste produced at the mine site.  Waste oil made up 26% of the non-mineralised waste in 
2019, 100% of which is re-used as fuel for heating the lime kiln. Sewage Treatment Plant sludge is 
disposed of by land application at a reclaimed area of Kogai Waste Rock Dump. Scrap paper is 
shredded and used as mulch for hydroseeding in land reclamation. Scrap steel is disposed at an 
industrial landfill on Kogai Waste Rock Dump, while other high value metals and alloys are stored for 
sale to a recycling contractor.  Combustible wastes are disposed by incineration at 1100oC and 
remaining materials are disposed to a landfill. 

 

Figure 4-63 Non-mineralised waste production proportions by volume  
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5 BACKGROUND ENVIRONMENTAL CONDITIONS AND TRIGGER VALUES  

The environmental conditions of all natural systems will change throughout time due to natural 
variations in climate, geography and biology. An objective of the AER is to determine how much 
change has occurred within the environment at reference sites adjacent to, but not affected by, the 
mine as opposed to change at sites downstream of the Porgera Mine (test sites). And also then, to 
determine how much of that change is caused by factors not related to the mining operation, and how 
much is caused by factors that are related to the mining operation.  

Operational activities that have the potential to interact with the environment (the environmental 
aspects) have been discussed and quantified in Section 4. 

The purpose of this section is to quantify the natural, non-mine related changes within the environment 
adjacent to and downstream of the Porgera mine. This information is then used to determine what 
degree of change observed at the test sites is attributable to natural change and what degree is 
attributable to the mine environmental aspects. The objectives of this section are to: 

1. Quantify the climatic condition, meteorological and hydrological conditions at the mine site 
and within the receiving environment during 2019; 

2. Describe the background environmental physical, chemical and biological conditions of 
aquatic ecosystems not influenced by the operation (i.e. reference site condition) and identify 
and quantify the natural changes at those sites during 2019 and during the past 10 years of 
operation; and 

3. Establish risk assessment and impact assessment TVs and performance criteria for physical, 
chemical and biological conditions at Upper River, Lower River, ORWBs and Lake Murray to 
support the compliance, risk, impact and performance assessments.  

5.1 Climate 

 Strickland River catchment rainfall 5.1.1

Annual rainfall at stations in the upper, middle and lower Strickland River catchments is shown in 
Figure 5-1. 

The upper catchment can broadly be described as the reach of river extending from the mine site 
down to SG2, the middle extends from SG2 down to SG3, and the lower from SG3 past SG5 (near 
Lake Murray) to the confluence with the Fly River. 

In general terms, rainfall in 2019 was approximately 4.4% above the long-term mean in the upper 
reach, 3.4% below average in the middle reach (SG2, Ok Om and SG3) and 2.1% below average in 
the lower reach (SG4, SG5). 
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Figure 5-2 Residual mass plots Anawe rainfall station data 

 

 

Figure 5-3 Anawe rainfall, SOI and PDO indices on 10-y moving average 
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 Rainfall summaries  5.1.3

5.1.3.1 Anawe plant site 

Meteorological data are measured continuously at Anawe Plant site. The parameters monitored are 
rainfall, temperature, humidity, evaporation, wind vectors, barometric pressure and solar radiation.  
Due to the influence of the surrounding mountains there is minimal seasonal variability in climate 
throughout the year at Porgera. Table 5-1 provides a summary of the meteorological data collected 
during the year. 

Table 5-1 Summary of meteorological data recorded at Anawe Plant site during 2019 

Parameter Yearly total Daily max Daily min Daily mean Long-term 
daily mean 

Rainfall (mm) 3,628 65.5 0.0 9.9 10.2 

Max/Min Temp. (oC)  - 27 13 -   - 

Mean Daily Temp.(oC)  - 27 13 17.5 16 

Sunshine (h) 1,122 9.5 0.0 3.3 4.0 

Evaporation (mm) 1,031 8.8 0.8 2.9 2.9 

Wind run (km) 11,915 95 17 35 46 

 

Figure 5-4 shows monthly total rainfall at Anawe in 2019 against long-term monthly means. Annual 
rainfall in 2019 was 3,628 mm on 314 wet days against a long-term mean annual total of 3,766 mm. 
The historical rainfall at Anawe is shown in Figure 5-5. The highest annual rainfall recorded at Anawe 
was 4,594 mm in 2011. 

 

Figure 5-4 Monthly rainfall at Anawe Plant site during 2019 compared to long-term monthly means 
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Figure 5-5 Comparison of annual total rainfall at Anawe Plant site with long-term mean (LTM) 1974 - 2019 

5.1.3.2 Open pit 

Figure 5-6 shows total monthly rainfall at the Open Pit during the year against long-term monthly 
means.  Annual rainfall was 4,622 mm on 318 wet days. The long-term mean annual total was 4,057 
mm. Figure 5-7 shows the historical annual totals. 

 

Figure 5-6 Rainfall at the Open Pit during 2019 compared to long-term monthly means 
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Figure 5-8 Rainfall at Waile Dam during 2019 compared to long-term monthly means 

 

 

 Figure 5-9 Rainfall at Suyan Camp during 2019 compared to long-term monthly means 

 

 

Figure 5-10 Rainfall at SG2 during 2019 compared to long-term monthly means 
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Figure 5-11 Rainfall at Ok Om During 2019 compared to long-term monthly means 

 

 

Figure 5-12 Rainfall at SG3 during 2019 compared to long-term monthly means 

 

 

Figure 5-13 Rainfall at SG4 during 2019 compared to long-term monthly means 
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Figure 5-15 Total annual flow volumes for the main river gauging stations in 2019 

 SG3 5.2.2

Figure 5-16 shows the daily total flows for the year at SG3 while Figure 5-7 shows total monthly flows 
compared to long-term monthly averages. The total flow volume for 2019 at SG3 of 25,000 GL was 
approximately 14% above the long-term average of 21,908 GL. April had the highest monthly flow with 
3,081 GL while December had the lowest with 983 GL, which is consistent with the rainfall pattern, 
shown in Figure 5-12.   

Figure 5-16 Total daily flow (GL) at SG3 for 2019 
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Figure 5-17 Total monthly flow (GL) at SG3 during 2019 compared to long-term monthly means 

5.3 Background Water Quality and Trigger Values  

This section presents a comparison of water quality data collected at test sites prior to mining 
operations commencing (baseline data), from reference sites during the previous 24-months and the 
guideline values for 95% species protection from ANZG (2018).  

In accordance with Section 2.3 of this report, the data are compared and the highest value for each 
parameter is then adopted as the 2019 TV for use in the water quality risk assessment presented in 
Section 7. The sites are grouped into regions; Local Sites, Upper River, Lower River, ORWBs and 
Lake Murray. 

Data from local reference sites are presented to describe the quality of non-mine-related contributions 
to the receiving environment and are not used to derive receiving environment TVs. 

Water quality TVs for metals were established based on the dissolved concentrations. Dissolved 
concentrations are a better measure of the concentration of metal that is bioavailable and therefore 
have the potential to cause toxicity. Total concentrations include bioavailable, non-bioavailable and 
particle-bound metals and are therefore likely to overestimate potential toxicity. 

 Local reference sites 5.3.1

Local sites comprise the small highland creeks within the Porgera River catchment that are not 
affected by the mining operation. Rainfall runoff from these creeks joins with discharge from the mine 
to form the Porgera River, and so the quality of water in these creeks is important for providing the full 
context of inputs that influence downstream water quality. 

The site names are presented in Table 5-4 and median water quality data for 2019 are presented in 
Table 5-5 and shown in Figure 5-18  to Figure 5-47. The long-term trends from 2010-2019 are shown 
in Table 5-6 and as median data in Figure 5-18  to Figure 5-47. 
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 Figure 5-18 pH in local creek runoff 2019 Figure 5-19 pH in local creek runoff 2010-2019 

  
 Figure 5-20 Sulfate in local creek runoff 2019 Figure 5-21 Sulfate in local creek runoff 2010-2019 
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 Figure 5-22 Alkalinity in local creek runoff 2019 Figure 5-23 Alkalinity in local creek runoff 2010-2019 

 
 

 

Figure 5-24 TSS in local creek runoff 2019 Figure 5-25 TSS in local creek runoff 2010-2019 
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Figure 5-26 Dissolved and total silver in local creek runoff 2019 Figure 5-27 Dissolved and total silver in local creek runoff 2010-2019 

 
 

 
 Figure 5-28 Dissolved and total arsenic in local creek runoff 2019 Figure 5-29 Dissolved and total arsenic in local creek runoff 2010-2019 
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Figure 5-30 Dissolved and total cadmium in local creek runoff 2019 Figure 5-31 Dissolved and total cadmium in local creek runoff 2010-2019 

  
 Figure 5-32 Dissolved and total chromium in local creek runoff 2019 Figure 5-33 Dissolved and total chromium in local creek runoff 2010-2019 
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 Figure 5-34 Dissolved and total copper in local creek runoff 2019 Figure 5-35 Dissolved and total copper in local creek runoff 2010-2019 

 
 

 
 Figure 5-36 Dissolved and total iron in local creek runoff 2019 Figure 5-37 Dissolved and total iron in local creek runoff 2010-2019 
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Figure 5-38 Dissolved and total mercury in local creek runoff 2019 Figure 5-39 Dissolved and total mercury in local creek runoff 2010-2019 

 
 

 
 Figure 5-40 Dissolved and total nickel in local creek runoff 2019 Figure 5-41 Dissolved and total nickel in local creek runoff 2010-2019 
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 Figure 5-42 Dissolved and total lead in local creek runoff 2019 Figure 5-43 Dissolved and total lead in local creek runoff 2010-2019 

 
 

 

Figure 5-44 Dissolved and total selenium in local creek runoff 2019 Figure 5-45 Dissolved and total selenium in local creek runoff 2010-2019 
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Figure 5-46 Dissolved and total zinc in local creek runoff 2019 Figure 5-47 Dissolved and total zinc in local creek runoff 2010-2019 
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Table 5-6 Trends of water quality in local creek runoff reference sites 2010-2019 as tested by Spearman 
Rank Correlation 

Parameter Aipulungu US Waile Creek Kaiya Riv US Pongema 

pH^     

EC#     

WAD-CN*     

Sulfate*     

ALK-T**     

TSS*     
 

Hardness**     

Ag-D     
Ag-T 

Spearma
n Rho: 
Year, Ag-
D, Ag-T, 
As-D, 
As-T, Cd-
D, 
... CO3), 
WAD-CN 
Correlation
s 

 

Year Ag-D Ag-T As-D 

Ag-D -0.776    

 0.000    

Ag-T -0.615 0.777   

 0.000 0.000   

As-D -0.771 0.923 0.740  

 0.000 0.000 0.000  

As-T -0.581 0.756 0.740 0.782 

 0.000 0.000 0.000 0.000 

Cd-D -0.725 0.864 0.662 0.884 

 0.000 0.000 0.000 0.000 

Cd-T -0.681 0.821 0.774 0.843 

 0.000 0.000 0.000 0.000 

Cr-D -0.824 0.812 0.660 0.862 

 0.000 0.000 0.000 0.000 

Cr-T -0.109 0.144 0.176 0.214 

 0.238 0.121 0.058 0.019 

Cu-D -0.629 0.743 0.559 0.797 

 0.000 0.000 0.000 0.000 

    

As-D     

As-T     

Cd-D     

Cd-T     

Cr-D     

Cr-T     

Cu-D     

Cu-T     

Fe-D     

Fe-T     

Hg-D     

Hg-T     

Ni-D     

Ni-T     

Pb-D     

Pb-T     

Se-D     

Se-T     

Zn-D     

Zn-T     

 Decreased or no change over time 

 Increased over time 

^std units, #µS/cm * mg/L, **mg CaCO3/L, D = Dissolved fraction, T = Total 
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5.4 Background Benthic Sediment Quality and Trigger Values  

This section presents the sediment quality data collected from test sites prior to mining operations 
commencing (baseline data), from reference sites during the previous 24 months and revised ANZG 
(2018) sediment default guideline values (SDGVs) from Simpson et al (2013). In accordance with 
Section 2.3, the data are compared and the highest is then adopted as the 2019 TV for use in the 
sediment quality risk assessment presented in Section 7. The sites are grouped into regions; Local 
Sites, Upper River, Lower River, ORWBs and Lake Murray.  

Data from local reference sites are presented to describe the quality of non-mine-related contributions 
to the receiving environment and are not used to derive receiving environment TVs. 

The weak-acid-extractable (WAE) metal concentrations from the whole sediment fraction have been 
used to develop the TVs as opposed the total digest (TD). The WAE concentrations best represent the 
concentration of metals that are bioavailable and therefore have potential to cause toxicity. 
Concentrations of total digestible metals include weakly and strongly bound sediment metals and over 
estimate the fraction likely to become readily bioavailable, and therefore likely overestimate potential 
toxicity. 

 Local reference sites 5.4.1

Local sites comprise the small highland creeks within the Porgera River catchment that are not 
affected by the mining operation. As is the case for water at these sites, sediment from these creeks 
mixes with the discharge from the mine to form the Porgera River, and so the quality of sediment 
within these creeks is important for assessing the full context of inputs that influence downstream 
environmental conditions. Sediment monitoring began at local sites in 2015, and the results are 
presented in Table 5-13. 

Sediment quality within local creeks is dominated by the surrounding limestone geology and relatively 
low level of development within the catchments. The WAE and TD concentrations for all metals were 
comparable to other regional reference sites, indicating that the local creeks do not contribute 
significant amounts of metals in sediment to the river system downstream of the mine. Sampling was 
not performed at Kaiya US during 2019 due to security concerns. 

Table 5-13 Local sites sediment quality 2019 (mg/kg dry, whole fraction) 

Parameter 
Aipulungu US Kaiya US Pongema 

20th%ile  Median 80th%ile  20th%ile  Median 80th%ile  20th%ile  Median 80th%ile  

Ag-WAE 0.06 0.061 0.069 NS NS NS 0.05 0.05 0.069 

Ag-TD 0.11 0.12 0.12 NS NS NS 0.054 0.059 0.061 

As-WAE 1.1 1.1 1.2 NS NS NS 0.90 1.0 1.0 

As-TD 2.4 2.5 3.0 NS NS NS 3.2 4.3 4.6 

Cd-WAE 0.12 0.12 0.12 NS NS NS 0.10 0.12 0.14 

Cd-TD 0.13 0.14 0.14 NS NS NS 0.14 0.15 0.16 

Cr-WAE 6.2 8.3 12 NS NS NS 4.7 5.1 6.4 

Cr-TD 25 27 28 NS NS NS 15 17 23 

Cu-WAE 8.3 8.9 9.3 NS NS NS 2.5 2.9 3.1 

Cu-TD 12 12 15 NS NS NS 5.3 6.8 8.4 

Hg-WAE 0.01 0.01 0.01 NS NS NS 0.01 0.01 0.01 

Hg-TD 0.03 0.03 0.03 NS NS NS 0.02 0.02 0.02 

Ni-WAE 7.4 9.5 14 NS NS NS 3.8 4.2 4.7 

Ni-TD 21 22 22 NS NS NS 9.7 13 15 
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Table 5-33 Trigger Values for Lake Murray Impact Assessment 

Test Site Indicator Parameter TV Source TV 

Miwa Fish 

Total Fish Richness 
20th percentile of Maka 

baseline  
(2001 - 2006) 

1.9 

Total Fish Abundance 4.8 

Total Fish Biomass 19.7 

Total Fish Richness 

Mean of Miwa baseline  
(1989 - 2000) 

3.8 

Total Fish Abundance 19.4 

Total Fish Biomass 66.7 

Total Fish Richness 

Maka Reference 

4.8 

Total Fish Abundance 9.9 

Total Fish Biomass 17.5 

Pangoa Fish 

Total Fish Richness 
20th percentile of Maka 

baseline  
(2001 - 2006) 

1.9 

Total Fish Abundance 4.8 

Total Fish Biomass 19.7 

Total Fish Richness 

Maka Reference 

4.8 

Total Fish Abundance 9.9 

Total Fish Biomass 17.5 
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7 RISK ASSESSMENT  

7.1 Hydrology and Environmental Flows 

 Waile Creek 7.1.1

Figure 7-1 shows the flow duration curve for Waile Creek Dam in 2019, which has been generated 
from dam water level measurements and used for estimation of spillway flows to the creek 
downstream of the extraction point. Overflow was relatively constant for the reporting period but 
occasional higher peak flows occurred. The frequency and duration of zero-flow periods are important 
in terms of environmental flows and maintaining downstream ecological values, although it should be 
noted that some flow continues to occur downstream of the dam wall even when the dam is not 
overflowing due to leakage from the dam. During 2019, there were 15 occurrences when the dam did 
not overflow (for one or more days) with the longest period being 9 days. 

 

Figure 7-1 Daily flow duration curve (estimated) for Waile Creek Dam overtopping 

  Kogai Creek 7.1.2

Figure 7-2 shows daily flow duration curves for Kogai Creek upstream (Kogai at SAG Mill) and 
downstream of the Mill extraction point (Kogai Culvert).  Less water is extracted at a constant daily 
rate and the graph shows that water extraction resulted in minimal change to the flow duration curve 
downstream.  Approximately 500m downstream of the extraction point, and 50 m upstream of Kogai 
Culvert, Kulapi Creek joins with Kogai Creek.  The water extraction resulted in a reduction of the Kogai 
flow but did not result in any zero flow events within Kogai Creek. 
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Figure 7-2 Daily flow duration curves for Kogai Creek 

7.2 Sediment Transport and Fate of Sediment  

Sediments contained in the tailings discharge and exported from the toe of the erodible dumps, are 
transported downstream by the river flow. Erodible waste rock is deposited at the head of the Anawe 
and Anjolek erodible waste rock dumps and discharged in slurry from the Yarik portal, from where it is 
gradually eroded into the river system. Tailings are discharged at the head of the Anawe erodible 
dump, and it is estimated that 95% of the sediment contained in the tailings makes its way into the 
river system, with approximately 5% of the tailings solids being retained by deposition along the 
Anawe erodible dump surface.  These are estimates based on professional experience as no tailings 
mass balance for the dumps has been undertaken. 

Estimating the volumes of sediment that actually reach the river system each year, and the relative 
contributions of natural sediment, waste rock and tailings, were made using a combination of: the 
measured volumes of waste deposited to the erodible dumps; the volume and density of tailings 
discharged; the measured change in volume of the erodible dumps from year to year using survey 
data; the TSS of water from non-mine related catchments downstream of the mine; and river flow 
rates. This calculation is applied at SG3 as a much higher sampling intensity is performed at this 
location for compliance purposes, which therefore provides a much larger TSS data set which can be 
combined with a continuous stream-flow record. Only single monthly TSS samples are taken at the 
other river monitoring stations, meaning that suspended sediment load estimates at these locations 
are not as reliable as at SG3. 

It should be noted that the river stage at the time of sampling has a significant effect on the TSS 
concentration, with higher TSS generally measured during high flows, although the relationship 
between TSS and flow is complex and varies with distance downstream from the mine because mine 
inputs are relatively constant while natural inputs are more variable. Sampling at SG3 is carried out 
over 4 successive days each month, so the conditions at the time of sampling may not be 
representative of flows during the whole of the month. Despite this limitation, the data are considered 
to provide a reasonable estimate of monthly suspended sediment loads for SG3. 

Monthly mean TSS concentrations at SG3 during 2019 are shown in Figure 7-3, 2019 monthly TSS 
loads are shown in Figure 7-4 and historical (1990-2019) monthly TSS loads are shown in Figure 7-5.  
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The annual suspended sediment load at SG3 was estimated from the TSS and flow records using a 
statistical analysis to correct the results for discrepancies arising from irregularly sampled record and 
continuous record of flow. The statistical analysis is contained in a computer program called Gumleaf 
(Generator for Uncertainty Measures and Load Estimates using Alternative Formulae). The program 
computes sediment load using 22 different formulae. The program authors are Dr. K. Tan, Professor 
David Fox (Environmetrics Australia P/L) and Dr. Teri Etchells.  Permission for use of Gumleaf was 
kindly provided by Professor Fox. 

The median annual suspended sediment load at SG3 for 2019 was estimated by Gumleaf to be 56.7 
Mt, this compares to the long-term median since 1990 of approximately 45 Mt/a, and an annual load in 
2018 of 21.5 Mt (which was acknowledged to be an underestimate as a result of a period of poor 
quality flow record for 2018). 

 

Figure 7-3 Mean monthly TSS and flow at SG3 for 2019 
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Figure 7-4 Estimated mean monthly suspended sediment loads for SG3 (Mt).  

 

 

Figure 7-5 Estimated monthly suspended sediment load (black bars) with 3-month moving average at SG3 
for full record (red solid line) 
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To determine the relative contributions of mine-derived and natural sediment to the total sediment load 
at SG3, the results of the Gumleaf analysis were compared with estimates of mine-derived inputs 
based on the erodible dump survey analysis and tailings data. 

Figure 7-6 shows historical annual average TSS concentrations at river monitoring stations upstream 
of SG3. In 2019, all reference and test sites showed similar TSS concentrations compared to recent 
historical values. 

 

* Reference site 

Figure 7-6 Historical annual average TSS 1990-2019 

 

Figure 7-7 shows the estimated relative contribution of tailings, waste rock and natural suspended 
sediment to the total suspended sediment load at SG3 since 1991. Figure 7-8 shows the same 
dataset presented in terms of the percentage contribution of tailings, waste rock and natural 
suspended sediment to the overall suspended sediment load.   

The analysis shows that the estimated loads contributed by tailings and waste rock in 2019 were 
consistent with historical rates. However, the background TSS load (computed from SG3 flow and 
TSS data) was relatively high, and therefore the proportion of that load made up of mine-derived 
sediment was relatively low by historic standards. 

The percentage of total suspended sediment that was mine-derived during 2019 was calculated to be 
19%, which compares to a long term median of approximately 22%.  By way of comparison, 
geochemical analyses on sediments conducted as part of the NSF (US National Science Foundation) 
sponsored Margins Source to Sink Research Program found that, by using silver and lead as tracers, 
the percentage of mine-derived sediment was 29% for SG3 and 12-13% for SG4 (Swanson et al. 
2008). 
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Figure 7-7 Suspended sediment budget at SG3 1991-2019 

 

 

Figure 7-8 Relative contribution of natural and mine-derived suspended sediment at SG3 (%) 1991-2019 
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7.3 Sediment Aggradation and Erosion  

Surveying of river profiles (river-bed cross sections) is performed downstream of the mine at 
designated locations to evaluate changes in bed levels (aggradation or degradation). Unfortunately 
over the last five years, it has not been possible to undertake surveys at historical sites along the 
Porgera River at SG1 (8 km downstream of the mine) due to security concerns, or at SG2, 42 km 
downstream of the mine, due to security concerns and repeated vandalism of the monitoring 
infrastructure. The Kaiya River cross section was also not surveyed in 2019 due to security concerns 
but a helicopter flight over the sites confirmed no significant changes in sediment aggradation and 
erosion of river walls had occurred. 

Helicopter inspections of the Kaiya River valley in 2019 show no evidence of substantial change to the 
river morphology in 2019 and relative to the last survey in 2016, although areas of valley wall failure 
were noted (refer to earlier discussion) as well as gradual widening in places. Kaiya profiling will 
resume in the 2020 AER if security concerns abate. 

 

Figure 7-9 Photo of profile site at Kaiya River downstream of Kogai Creek Confluence 
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Figure 7-10 Photo of profile site at Kaiya River upstream of Yuyan Bridge 

 

 

Figure 7-11 Photo of profile site at the Kaiya River downstream of Yuyan Bridge 
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Trends of water quality in the upper river, lower river and ORWB test sites over the period 2010-2019 
are summarised in Table 7-4 to Table 7-6. Detailed results are shown in Appendix D, Tables D-14 to 
D-16.  

The results showed that in the upper river pH, dissolved iron and dissolved mercury at Wasiba and 
dissolved iron and dissolved zinc at Wankipe and at SG3 exhibited a statistically significant increasing 
trend over the period. In the lower river, dissolved zinc at Bebelubi exhibited a statistically significant 
increasing trend over the period. In the ORWBs, TSS and dissolved iron at Kukufionga and dissolved 
lead at Levame exhibited a statistically significant increasing trend over the period. Graphical 
representation of trends at these sites are shown in Figure 7-16. 

The trend analysis also showed statistically significant increasing trends for dissolved zinc at reference 
sites Upper Lagaip, Pori, Kuru and Ok Om and upper river test sites Wasiba, Wankipe, SG3 and SG4. 
A statistically significant increasing trend in dissolved and total zinc in the tailings discharge is noted, 
however, this would not influence the trends observed at the reference sites. Therefore, the increasing 
trends in dissolved zinc concentrations at the test sites are indicative of a combination of mine-derived 
zinc, predominantly from the tailings discharge, and non-mine related change observed at the 
reference sites. Graphical representation of trends for dissolved zinc at these sites are shown in 
Figure 7-17. 

Table 7-4 Water quality trends at the upper river test sites 2010-2019 

Site pH TSS EC Ag-
D 

As-
D 

Cd-
D 

Cr-
D 

Cu-
D 

Fe-
D 

Hg-
D 

Ni-
D 

Pb-
D 

Se-
D 

Zn-
D 

SG2               

Wasiba               

Wankipe               

SG3               

 Reduced over time, no change over time or system wide increasing trend 

 Increased over time 

D - Dissolved fraction 

Table 7-5 Water quality trends at the lower river test sites 2010- 2019. 

Site pH TSS EC Ag-
D 

As-
D 

Cd-
D 

Cr-
D 

Cu-
D 

Fe-
D 

Hg-
D 

Ni-
D 

Pb-
D 

Se-
D 

Zn-
D 

Bebelubi               

SG4               

SG5               

 Reduced or no change over time 

 Increased over time 

D - Dissolved fraction 
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Table 7-6 Water quality trends at ORWB reference and test sites 2010-2019 

Site pH TSS EC Ag-
D 

As-
D 

Cd-
D 

Cr-
D 

Cu-
D 

Fe-
D 

Hg-
D 

Ni-
D 

Pb-
D 

Se-
D 

Zn-
D 

Kukufionga               

Zongamange               

Avu               

Levame               

 Reduced or no change over time 

 Increased over time 

D - Dissolved fraction 

 

 

 

 
 

Wasiba pH (standard units), dissolved iron and dissolved mercury concentrations (µg/L) (Test site) 

 

 

Wankipe dissolved iron and dissolved zinc concentrations (µg/L)  (Test site) 
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Wankipe - WAE nickel concentrations (mg/kg dry, 
whole sediment)  (Test site) 

SG3 - WAE arsenic (mg/kg dry, whole sediment)   
(Test site) 

  
SG3 - WAE chromium (mg/kg dry, whole sediment)   
(Test site) 

SG3 - WAE copper (mg/kg dry, whole sediment)   
(Test site) 

  

SG3 - WAE nickel (mg/kg dry, whole sediment)   
(Test site) 

SG3 - WAE lead (mg/kg dry, whole sediment)   
(Test site) 

 
 

SG3 - WAE zinc (mg/kg dry, whole sediment)   (Test 
site) 

SG4 - WAE copper concentrations (mg/kg dry, 
whole sediment)   (Test site) 
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At SG5 in the lower river and ORWBs Kukufionga, Zongamange and Avu, the 2019 median EC was 
below the TV, indicating low risk. At the ORWB Levame, the 2019 median EC was not significantly 
different from the TV, with the initial risk assessment therefore indicating potential risk. Upon further 
review of the results it can be seen that the range of EC results measured at Levame during 2019 is 
comparable to the range measured at the reference site Baia. Table 7-26 shows the descriptive 
statistics for the lower river reference sites Baia and Tomu and ORWB Levame. Given that the 2019 
median EC at Levame is less than, but not significantly different from the TV derived from the 
combined data from reference sites Baia and Tomu, and the range in 2019 is comparable to that 
observed at reference site Baia in 2019, the result of the initial risk assessment for EC at Levame has 
been adjusted from potential risk to low risk. The change is reflected in Table 7-33. 

Table 7-26 EC Descriptive Statistics 2019 at Lower River Reference Sites and Test Site Levame 

Parameter Year N Mean StDev Min Q1 Median Q3 Max 

EC 
(µS/cm) 

Baia 7 185 11 170 171 186 196 200 

Tomu 7 78 48 34 38 74 77 179 

Levame 9 178 20 163 165 165 200 210 

 

In Lake Murray, the 2019 median EC in the Central Lake was less than the TV. At Southern Lake and 
SG6, the 2019 median EC were higher than the TV, indicating potential risk. Upon further review, the 
potential risk indicated at southern lake is deemed to be a valid result and therefore the result of the 
initial risk assessment is left unchanged. At SG6 however, similar to TSS at SG6, as discussed above 
in 7.4.4.2, it is concluded that EC at SG6 in 2019 was influenced by inflow from the Strickland River 
during a flow reversal event, that the Northern Lake is not an entirely appropriate reference for SG6 
located on the Herbert River, and that EC at SG6 in 2019 was comparable to EC at the lower river 
reference sites Baia and Tomu. Table 7-26 shows the descriptive statistics for EC at lower river 
reference sites Baia and Tomu, Lake Murray reference site Nth Lake and test sites Sth Lake and SG6 
for 2019. Therefore, the result of the initial risk assessment for EC at SG6 has been adjusted from 
potential risk to low risk. The change is reflected in Table 7-33. 

Table 7-27 EC Descriptive Statistics 2019 TSS at Baia, Tomu, Nth Lake and SG6 

Parameter Site N Mean StDev Min Q1 Median Q3 Max 

EC 

Baia 7 185 11 170 171 186 196 200 

Tomu 7 78 48 34 38 74 77 179 

Nth Lake 20 17 3.6 13 13 17 21 23 

SG6 14 82 24 17 70 84 100 106 

 

7.4.4.4 Silver (Ag) 

The 2019 median concentration of dissolved silver in water discharged from the Yunarilama at Portal 
was not significantly different from the upper river TV. The 2019 median concentrations of dissolved 
silver in water discharged from all other discharge points during 2019 were below the upper river TV, 
indicating low risk.  

Throughout the receiving environment the 2019 median silver concentrations at all test sites indicated 
low risk, with the exception of Bebelubi and SG4 in the lower river, where the median silver 
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concentrations in 2019 were not significantly different from the TV. At both sites the trends for 
dissolved silver in water have not changed between 2015 and 2019. 

Median concentrations of WAE silver in sediment discharged at 28 Level, Kogai Culvert and 
Yakatabari Creek D/S 28 level exceeded the upper river TV, indicating potential risk. Within the 
receiving environment downstream of the Porgera River, 2019 median WAE silver concentrations in 
benthic sediment were below the TVs, indicating low risk. 

Overall, given the low concentrations in discharge from the mine and the low concentrations of silver 
in water and sediment throughout the receiving environment downstream of the Porgera River, the risk 
posed by silver to the condition of the receiving environment downstream of the Porgera River in 2019 
was low. Therefore, the initial risk assessments for silver at Bebelubi and SG4 have been adjusted 
from potential risk to low risk, the change is reflected in Table 7-33. 

7.4.4.5 Arsenic (As) 

The 2019 median concentrations of dissolved arsenic in tailings and all contact waters discharged 
from the mine were below the upper river TV and therefore posed a low risk to the receiving 
environment. Throughout the receiving environment, the 2019 median concentrations of dissolved 
arsenic in water were below the TVs and therefore posed a low risk. 

In sediment discharged from the operation, the 2019 median concentration of WAE arsenic in tailings 
and from 28 level exceeded the upper river TV, indicating potential risk. Throughout the receiving 
environment, the 2019 median WAE arsenic concentrations in sediment were below the TVs and 
therefore posed a low risk. 

The 2019 median concentrations of arsenic in prawn abdomen at Wasiba and Wankipe in the upper 
river and at Bebelubi and SG4 in the lower river, were not significantly different from the TVs, 
indicating potential risk. The trends of arsenic in prawn abdomen at each site did not change between 
2010 and 2019. 

Overall, there is a low risk posed by arsenic in water and sediment throughout the receiving 
environment, combined with a finding that the 2019 median concentrations of arsenic at Wasiba, 
Wankipe, Bebelubi and SG4 were less than, but not significantly different from the TVs and the trends 
of arsenic in prawn abdomen at each site did not change between 2010 and 2019. As a result, the 
overall risk posed by arsenic in 2019 to the condition of the receiving environment downstream of the 
Porgera River in 2019 was considered low. Therefore, the results of the initial risk assessment for 
arsenic in prawn abdomen at Wasiba, Wankipe, Bebelubi and SG4 have been adjusted from potential 
risk to low risk, the change is reflected in Table 7-35. 

7.4.4.6 Cadmium (Cd) 

The 2019 median concentrations of dissolved cadmium in water discharged in tailings and at 
Wendoko Creek D/S Anawe Nth exceeded the upper river TV, and at Kogai Culvert and Kogai Stable 
Dump Toe, the 2019 median concentrations of dissolved cadmium were not significantly different from 
the upper river TV, indicating potential risk. The 2019 median concentrations of dissolved cadmium in 
waters discharged from all other discharge points were below the upper river TV, indicating low risk. In 
the receiving environment downstream of the Porgera River, dissolved cadmium in water was below 
the TVs at all test sites, indicating low risk. 

The 2019 median concentrations of WAE cadmium in sediment discharged from the operation in 
tailings and from 28 Level, Kogai Culvert and Kogai Stable Dump Toe and Yakatabari Creek D/S 28 
Level exceeded the upper river TV, indicating potential risk. The 2019 median concentrations of WAE 
cadmium at all other sites were below the upper river TV, indicating low risk. In the receiving 
environment downstream of the Porgera River, WAE cadmium in sediment was below the TVs at all 
test sites, indicating low risk. 
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The 2019 median concentrations of cadmium in prawn abdomen at Wasiba and Wankipe in the upper 
river were higher than the TV, indicating potential risk. The 2019 median concentration of cadmium in 
prawn abdomen at Bebelubi was not significantly different from the TV and at SG4, the 2019 median 
concentration of cadmium in prawn abdomen was greater than the TV. The 2019 median 
concentration of cadmium in fish flesh at all upper river, lower river and Lake Murray test sites was 
below the respective TVs, indicating low risk. 

Trends for cadmium in water, sediment, fish flesh and prawn abdomen at all test sites and reference 
sites within the upper river, lower river, ORWBs and Lake Murray either did not change or decreased 
between 2010 and 2019. 

Further investigation of the elevated concentrations of cadmium in prawn abdomen at Wasiba, 
Wankipe, Bebelubi and SG4 shows that the results of the initial risk assessment for Wasiba and 
Wankipe in the upper river are reflective of potential risk at these sites. 

However, in the lower river, the range of values observed at the test site Bebelubi in 2019 was 
generally comparable to the range of values at the reference sites Baia and Tomu. Descriptive 
statistics for cadmium in prawn abdomen at Bebelubi, SG4 and the combined data for lower river test 
sites Baia and Tomu are shown in Table 7-28. For this reason, and due to the either no change in 
trend or decreasing trends observed for cadmium in all indicators throughout the upper river and lower 
river, the risk posed by cadmium to the environment in the lower river at Bebelubi is considered low, 
and consequently, the result of initial risk assessment for cadmium in prawn abdomen at Bebelubi has 
been adjusted from potential risk to low risk, the change is reflected in Table 7-35. 

Table 7-28 Descriptive statistics for cadmium in prawn abdomen at upper river test and reference sites in 
2019 

Variable Site N Mean StDev Min Q1 Median Q3 Max 

Cd 
 

Prawn 
Abdomen 

Bebelubi 12 0.005 0.003 0.003 0.003 0.004 0.007 0.012 

SG4 12 0.009 0.004 0.003 0.006 0.010 0.014 0.017 

LwRiv Ref 20 0.004 0.002 0.003 0.003 0.003 0.005 0.012 

7.4.4.7 Chromium (Cr) 

The 2019 median concentration of dissolved chromium in water discharged from the Lime Plant 
exceeded the upper river TV, and at 28 Level, Kaiya Riv D/S Anj Dump, Kogai Stable Dump Toe and 
Yakatabari Crk D/S 28 Level, the median concentrations of dissolved chromium in water were not 
significantly different from the upper river TV, indicating potential risk. The 2019 median 
concentrations of dissolved chromium in water from all other discharge points were below the upper 
river TV, indicating low risk. In the receiving environment, the 2019 median concentrations of 
dissolved chromium in water at all test sites were below the respective TVs, indicating low risk. 

The 2019 median concentrations of WAE chromium in sediment discharged from the site were below 
the upper river TV, indicating low risk. In the receiving environment, the 2019 median concentrations 
of WAE chromium in sediment at all test sites were below the respective TVs, indicating low risk. 

The 2019 median concentrations of chromium in prawn abdomen at upper river test sites Wasiba and 
Wankipe and in fish flesh at southern Lake Murray test site Miwa were all less than the respective 
TVs, but not significantly different from the TVs. The 2019 median concentrations of chromium in fish 
flesh and prawn abdomen at all other test sites were below the respective TVs. 

Overall, given the low concentrations of chromium in discharge from the site, the low risk indicated by 
concentrations of dissolved chromium in water and WAE chromium in sediment throughout the 
receiving environment and that the concentrations of chromium in prawn abdomen at Wasiba and 
Wankipe, and in fish flesh at Miwa, were less than, but not significantly different from the respective 
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TVs, the risk of chromium to the condition of the receiving environment downstream of the Porgera 
River in 2019 was considered to be low. As a result, the initial risk assessments for chromium in prawn 
abdomen at Bebelubi and SG4 and in fish flesh at Miwa have been adjusted from potential risk to low 
risk, the change is reflected in Table 7-35. 

7.4.4.8 Copper (Cu) 

The 2019 median concentration of dissolved copper in water discharged in tailings was higher than 
the upper river TV, while at Kogai Culvert and Lime Plant, the 2019 median concentration of dissolved 
copper in water was not significantly different from the upper river TV, indicating potential risk.  

In the receiving environment, the 2019 median concentrations of dissolved copper in water at upper 
river test sites SG2, Wasiba, Wankipe, and in the lower river at Bebelubi and SG5 were not 
significantly different from the TVs, indicating potential risk. It should be noted that Angel et al (2019, 
2017) showed that a significant portion of dissolved copper is not Chelex labile indicating low 
bioavailability/toxicity. Therefore, while the result of the initial risk assessment is maintained, it should 
be considered conservative and is likely to overestimate the actual risk posed by copper in water. 

The 2019 median concentration of WAE copper in sediment discharged in tailings exceeded the upper 
river TV, indicating potential risk. Within the receiving environment, the 2019 median concentrations of 
WAE copper in sediment at all test sites within the upper river, lower river, ORWBs and Lake Murray 
were below the respective TVs, indicating low risk. 

The risk assessment for tissue metal indicated that the 2019 median concentration of copper in prawn 
abdomen in the upper river at Wasiba was not significantly different from the TV, and higher than the 
TV at Wankipe, both indicating potential risk. The 2019 median concentrations of copper in fish flesh 
and prawn abdomen at all other test sites within the upper river, lower river and Lake Murray were 
below the TVs, indicating low risk. 

Overall, given the elevated concentrations of copper in water and prawn abdomen in the upper river, 
copper is considered to pose a potential risk to the environmental condition within the upper river 
between the mine and Wankipe. In the upper river downstream of Wankipe and the lower river, 
ORWBs and Lake Murray, given that the only indicator of potential risk from copper is in water at 
Bebelubi and SG5, where the 2019 median concentrations were less than, but not significantly 
different from the TV, and there is low risk posed by copper in sediment, fish flesh and prawn 
abdomen, the overall risk posed by copper is considered to be low. As a result, the initial risk 
assessments for dissolved copper in water at Bebelubi and SG5 have been revised from potential risk 
to low risk, the change is reflected in Table 7-33. 

7.4.4.9 Mercury (Hg) 

The 2019 median concentrations of mercury in water discharged from all sites were below the upper 
river TV, indicating low risk. Similarly, at all test sites within the upper river, lower river, ORWBs and 
Lake Murray, the 2019 median concentrations of dissolved mercury in water were below the 
respective TVs, indicating low risk. 

In sediment discharged in the tailings, the 2019 median concentration of WAE mercury was higher 
than the upper river TV, indicating potential risk. The 2019 median concentrations of WAE  mercury in 
sediment discharged from all other sites were below the upper river TV, indicating low risk. Within the 
receiving environment, the 2019 median concentrations of WAE mercury in sediment at all test sites 
within the upper river, lower river, ORWBs and Lake Murray were below the respective TVs, indicating 
low risk. 

In fish tissue and prawn abdomen, the 2019 median concentrations of mercury at test sites within the 
upper river, lower river, ORWBs and Lake Murray were below the respective TVs, indicating low risk. 

Overall, given the low risk posed by mercury in water, sediment, fish flesh and prawn abdomen at all 
test sites, the risk posed by mercury is considered to be low. 
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7.4.4.10 Nickel (Ni) 

The 2019 median concentration of dissolved nickel in water discharged in tailings was higher than the 
upper river TV, indicating potential risk. In the receiving environment, the 2019 median concentrations 
of dissolved nickel in water at all test sites within the upper river, lower river, ORWBs and Lake 
Murray, were below the respective TVs, indicating low risk. 

The 2019 median concentration of WAE nickel in sediment discharged in tailings exceeded the upper 
river TV, indicating potential risk. Within the receiving environment, WAE nickel concentrations in 
sediment at all test sites within the upper river, ORWBs and Lake Murray were below the respective 
TVs, indicating low risk. 

The risk assessment for tissue metal indicated that the 2019 median concentrations of nickel in prawn 
abdomen at the lower river test sites Bebelubi and SG4 were equal to, but not significantly different 
from the TV, indicating potential risk. The 2019 median concentrations of nickel in fish flesh and prawn 
abdomen at all other test sites within the upper river and Lake Murray were below the TVs, indicating 
low risk. 

Overall, given the only indicator of potential risk from nickel is in prawn abdomen at Bebelubi and 
SG4, where the 2019 median concentrations were equal to, but not significantly different from the TVs, 
the overall risk posed by nickel in the receiving environment is considered to be low. Therefore, the 
results of the initial risk assessment for nickel in prawn abdomen at Bebelubi and SG4 have been 
revised from potential risk to low risk, the change is reflected in Table 7-35. 

7.4.4.11 Lead (Pb) 

The 2019 median concentrations of dissolved lead in water from all discharge sites were below the 
upper river TV, indicating low risk. Similarly in the receiving environment, at all test sites within the 
upper river, lower river, ORWBs and Lake Murray, the 2019 median concentrations of dissolved lead 
in water were below the respective TVs, indicating low risk. 

Sediment from all discharge points except the lime plant, exhibited median concentrations of WAE 
lead in 2019 that exceeded the upper river TV, indicating potential risk. Within the receiving 
environment in the upper rivers the 2019 median concentration of WAE lead in sediment at SG2 was 
higher than the upper river TV, and at Wasiba, the 2019 median concentration of WAE lead in 
sediment was not significantly different from the TV, indicating potential risk. The 2019 median 
concentrations of WAE lead in sediment at all other test sites within the upper river, lower river, 
ORWBs and Lake Murray were below the respective TVs, indicating low risk. 

The results of the risk assessment performed on prawn abdomen showed that the 2019 median 
concentrations of lead in prawn abdomen at Wasiba and Wankipe in the upper river were higher than 
the TV, indicating potential risk. In the lower river at SG4, the 2019 median concentration of lead in 
prawn abdomen was not significantly different from the TV, indicating potential risk. All other results 
showed the 2019 median concentrations of lead in prawn abdomen and fish flesh in the upper river, 
lower river and Lake Murray were below the TVs, indicating low risk. 

Overall, given the elevated concentrations of lead in sediment at SG2 and Wasiba and in prawn 
abdomen at Wasiba and Wankipe, lead is considered to pose a potential risk to the environmental 
condition within the upper river between the mine and Wankipe. Downstream of Wankipe in the upper 
river and in the lower river, ORWBs and Lake Murray, given the only indicator of potential risk from 
lead is in prawn abdomen at SG4, where the 2019 median concentration was equal to, but was not 
significantly different from the TV, and low risk posed by lead in water, sediment and fish flesh, the 
overall risk posed by lead is considered to be low. Therefore, the result of the initial risk assessment 
for lead in prawn abdomen at SG4 has been revised from potential risk to low risk, the change is 
reflected in Table 7-35. 
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7.4.4.12 Selenium (Se) 

The 2019 median concentrations of dissolved selenium in water from all discharge sites were below 
the upper river TV, indicating low risk. Similarly in the receiving environment, at all test sites within the 
upper river, lower river, ORWBs and Lake Murray, the 2019 median concentrations of dissolved 
selenium in water were below the respective TVs, indicating low risk. 

Sediment from all discharge points except the lime plant, Wendoko Creek D/S Anawe Nth and 
Yakatabari Creek D/S 28 Level exhibited median concentrations of WAE selenium that exceeded the 
upper rivers TV, indicating potential risk. Within the receiving environment in the upper river the 2019 
median concentrations of WAE selenium in sediment at SG2 and SG3 were not significantly different 
from the TV, indicating potential risk. At Wasiba and Wankipe in the upper river, the 2019 median 
concentrations of selenium in sediment were below the TV, indicating low risk. 

In the lower river and ORWBs, the 2019 median concentration of WAE selenium in sediment at 
Bebelubi was not significantly different from the TV, and at SG4, SG5, Kukufionga, Zongamange, Avu 
and Levame, the 2019 median concentrations of WAE selenium in sediment were higher than the TV, 
all indicating potential risk. At the Lake Murray test sites, Pangoa, Miwa and SG6, the 2019 median 
concentrations of WAE selenium in sediment were less than the TV, indicating low risk. 

The 2019 median concentration of selenium in prawn abdomen at upper river test site Wasiba was 
higher than the TV, indicating potential risk. In prawn abdomen at Wankipe and in fish flesh as Wasiba 
and Wankipe, the 2019 median concentrations of selenium were below the TVs, indicating low risk. In 
the lower river, the 2019 median concentration of selenium in prawn abdomen at Bebelubi was not 
significantly different from the TV, and at SG4 the 2019 median concentration of selenium in prawn 
abdomen was higher than the TV, indicating potential risk. In fish flesh at Bebelubi and SG4, the 2019 
median concentrations of selenium were less than the TV, indicating low risk. In Lake Murray at 
Pangoa and Miwa, the 2019 median concentrations of selenium in fish flesh were below the TV, 
indicating low risk. 

The trend of selenium concentrations in water and sediment have either not changed or decreased at 
all test sites within the upper river, lower river, ORWBs and Lake Murray between 2010 and 2019. The 
concentrations of selenium in prawn abdomen at Wasiba and SG4 and in fish tissue at Miwa have 
increased between 2010 and 2019. At all other test sites in the upper river, lower river, and Lake 
Murray, the concentrations of selenium in fish tissue and prawn abdomen either had not changed or 
decreased between 2010 and 2019. 

Further review of WAE selenium in sediment shows that the range of WAE selenium concentrations in 
sediment at the upper river test sites are comparable to those at the reference sites. The maximum 
concentration at the reference sites in 2019 was 2.9 mg/kg, compared to a maximum at SG2 of 0.20 
mg/kg, Wasiba 0.17 mg/kg, Wankipe 3.1 mg/kg and SG3 0.23mg/kg. Descriptive statistics for WAE 
selenium in sediment at the upper river reference and test sites are shown in Table 7-29. These 
results indicate while discharge from the mine does contribute low concentrations of WAE selenium in 
sediment to the system, there are also natural contributions of low concentrations of WAE selenium in 
sediment from the reference sites.  

In the lower river, the ranges of concentrations of WAE selenium in sediment at the test sites are 
higher than the ranges observed at the lower river reference sites, however they are lower than the 
range observed at the upper river reference sites. It is likely that selenium from the upper river 
reference sites is contributing to the selenium signature at the lower river test sites, along with low 
concentrations in discharge from the mine. Descriptive statistics for WAE selenium in sediment at the 
lower river reference and test sites are shown in Table 7-30. 

Similarly for selenium in prawn abdomen, the concentrations observed at the upper and lower river 
test and reference sites are comparable, indicating bioaccumulation from low natural selenium 
signature throughout the system. Descriptive statistics for selenium in prawn abdomen at the upper 
and lower river reference and test sites are shown in Table 7-31 and Table 7-32 respectively. 
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Overall, given the generally low concentrations of selenium in discharge from the mine, the presence 
of low natural selenium contributions from the reference sites, the risk posed by selenium to the 
environmental condition within the upper river, lower river, ORWBs and Lake Murray is considered to 
be low. Therefore, the result of the initial risk assessment for selenium in sediment and prawn 
abdomen have been revised from potential risk to low risk, the change is reflected in Table 7-33, Table 
7-34 and Table 7-35. 

Table 7-29 Descriptive Statistics WAE Selenium in Sediment Upper River Reference and Test Sites 2019 
(whole sediment mg/kg) 

Parameter Site N Mean StDev Min Q1 Median Q3 Max 

Se-WAE 
 

Sediment 

UpRiv Ref 51 0.22 0.5 0.1 0.1 0.12 0.14 2.9 

SG2 12 0.15 0.024 0.1 0.13 0.15 0.16 0.20 

Wasiba 15 0.13 0.02 0.1 0.12 0.13 0.14 0.17 

Wankipe 17 0.31 0.72 0.1 0.11 0.13 0.16 3.1 

SG3 14 0.14 0.041 0.1 0.1 0.13 0.17 0.23 

Table 7-30 Descriptive Statistics WAE Selenium in Sediment Lower River and ORWB Reference and Test 
Sites 2019 (whole sediment mg/kg) 

Parameter Site N Mean StDev Min Q1 Median Q3 Max 

Se-WAE 
 

Sediment 

LwRiv Ref 14 0.10 0 0.10 0.10 0.10 0.10 0.10 

Bebelubi 7 0.12 0.029 0.10 0.10 0.10 0.15 0.17 

SG4 8 0.13 0.034 0.10 0.10 0.12 0.16 0.19 

SG5 14 0.13 0.038 0.10 0.11 0.12 0.17 0.21 

Kukufionga 10 0.13 0.026 0.10 0.11 0.12 0.15 0.17 

Zongamange 12 0.22 0.08 0.12 0.16 0.21 0.28 0.39 

Avu 12 0.22 0.090 0.10 0.16 0.20 0.27 0.42 

Levame 12 0.18 0.05 0.10 0.14 0.19 0.23 0.24 

Table 7-31 Descriptive Statistics Selenium in Prawn Abdomen Upper River Reference and Test Sites 2019 
(wet mg/kg) 

Parameter Site N Mean StDev Min Q1 Median Q3 Max 

Se  
 

Prawn 
Abdomen 

UpRiv Ref 12 0.51 0.071 0.39 0.44 0.50 0.57 0.59 

Wasiba 12 0.65 0.14 0.49 0.52 0.65 0.74 0.97 

Wankipe 12 0.51 0.10 0.31 0.45 0.49 0.57 0.70 

Table 7-32 Descriptive Statistics Selenium in Prawn Abdomen Lower River Reference and Test Sites 2019 
(wet mg/kg) 

Parameter Site N Mean StDev Min Q1 Median Q3 Max 

Se 
  

Prawn 
Abdomen 

LwRiv Ref 20 0.28 0.06 0.18 0.24 0.27 0.32 0.44 

Bebelubi 12 0.32 0.07 0.24 0.27 0.30 0.40 0.43 

SG4 12 0.35 0.05 0.24 0.32 0.37 0.39 0.41 
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7.4.4.13 Zinc (Zn) 

The 2019 median concentrations of dissolved zinc in water discharged in tailings and from 28 level, 
Kogai Stable Dump Toe and Wendoko Crk D/S 28 Level were greater than the upper river TV, and in 
water from Kogai Culvert, the 2019 median concentration of dissolved zinc in water was not 
significantly different from the upper river TV, indicating potential risk. In the receiving environment, at 
all test sites within the upper river, ORWBs and Lake Murray, the 2019 median concentration of 
dissolved zinc in water was below the respective TVs, indicating low risk. In the lower river at Bebelubi 
and SG4, the 2019 median concentrations of dissolved zinc in water were less than, but not 
significantly different from the TV, indicating potential risk. At SG5 in the lower river, the 2019 median 
concentration of dissolved zinc was below the TV, indicating low risk. 

In sediment discharged in tailings and from 28 Level, Kogai Culvert, Kogai Stable Dump Toe and 
Yakatabari Crk D/S 28 Level, the 2019 median concentrations of WAE zinc were greater than the 
upper river TV, and at Wendoko Crk D/S Anawe Nth, the 2019 median concentration of WAE zinc in 
sediment was  equal to, but not significantly different from the TV, indicating potential risk. At the 
upper river test site SG2, the 2019 median concentration of WAE zinc in sediment was not 
significantly different from the TV, indicating potential risk. At all other test sites in the upper river, 
lower river, ORWBs and Lake Murray, the 2019 median concentrations of WAE zinc were below the 
respective TVs, indicating low risk. 

Zinc concentrations in prawn abdomen at upper river test site Wankipe and Wasiba and lower river 
test site Bebelubi, and in fish tissue at Lake Murray test site Pangoa were not significantly different 
from the respective TVs, indicating potential risk. 

Further investigation of these results shows that the finding of potential risk at SG2, where the 2019 
median zinc concentration was less than, but not significantly different from the TV, was driven by a 
large standard deviation within the 2019 data, driven in turn by a number of results that exceeded the 
TV. Additionally, the concentration of WAE zinc in sediment at SG2 showed an increasing trend 
between 2015 and 2019. As a result, zinc was considered to pose a potential risk to environmental 
condition at SG2 during 2019. 

The 2019 median concentrations of zinc in prawn abdomen were not significantly different from the TV 
at Wasiba and Wankipe. Additionally, the concentrations of zinc in fish and prawns did not change 
between 2010 and 2019 and in the absence of potential risk for water, sediment or fish tissue at these 
sites, the overall risk posed by zinc in 2019 is considered low. Therefore, the results of the initial risk 
assessment for zinc in prawn abdomen at Wasiba and Wankipe have been revised from potential risk 
to low risk, the change is reflected in Table 7-35. 

At the lower river test sites Bebelubi and SG4, potential risk is indicated by dissolved zinc in water, 
where the 2019 median concentrations were not significantly different from the TV, and by zinc in 
prawn abdomen at Bebelubi, where the 2019 median concentration of zinc was not significantly 
different from the TV. The results for water were driven by a single high value at each site (23µg/L at 
Bebelubi and 16µg/L at SG4) recorded during 2019, these results increased the standard deviation 
within the data sets and contributed to the findings that the 2019 medians were not significantly 
different from the TV. The trend of dissolved zinc in water at Bebelubi increased between 2010 and 
2019 and at SG4 the trend showed no change between 2010 and 2019.  

Investigation of the risk assessment for prawn abdomen found that the 2019 median concentration of 
zinc in prawn abdomen at Bebelubi was less than, but not significantly different from the TV. This 
result was influenced by a number of values recorded at Bebelubi during 2019 which exceeded the 
TV. However, an analysis of the range of results recorded at the lower river test sites during 2019 
show that the range of results recorded in prawn abdomen at the reference sites were comparable to 
those recorded at the test sites Bebelubi and SG4. Descriptive statistics for zinc in prawn abdomen at 
the lower river reference and test sites are shown in Table 7-26. Therefore, the overall risk posed by 
zinc to the condition of the receiving environment in the lower river is considered to be low and the 
result of the initial risk assessment for zinc in water at Bebelubi and SG4 and in prawn abdomen at 
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7.5 Local Water Supplies 

Participatory sampling of local village water supplies was carried out in January 2020 at Special 
Mining Lease (SML) and Lease for Mining Purposes (LMP) villages (Yarik, Timorope, Panadaka, 
Alipis, Pakien Camp, Mungalep and Kulapi). Ongoing security issues within the Porgera Valley during 
2019 prevented the PJV team from safely access villages for sampling. The purpose of the program is 
to assess the suitability of water from known drinking water sources for domestic use. Apalaka village 
was not sampled in January 2020 due to community issues that prevented the PJV team from 
sampling. Sampling at Yarik was performed on three new water tanks installed by PJV. 

The sampling was arranged in consultation with the Porgera Land Owners Association (PLOA), who 
assisted to identify the sampling sites and participated in the sample collection. Sampling sites and 
details are listed in Table 7-36 and locations are shown in Figure 7-25. 

Table 7-36 Sampling sites for local village water supplies  

Village Site Name on map Easting Northing 

Yarik  

Porep Pulawa (Tank) YR_PP 732651 9397387 

Akope Mare (Tank) YR-AM 732936 9397395 

Jenny Bolo (Tank) YR_JB 732922 9397591 

Kapio Kendo (Spring) YR_KS 732678 9397507 

Panadaka 
Panadaka 1 Bilip Aile Tank PA_V1H6 733671 9395507 

Panadaka 2 Timothy Kerene Tank PA_V2H4 733845 9395780 

Alipis Alipis Village Tank 3 AL_T3 733346 9395775 

Kulapi Kulapi  V4  H1 tank KL_V4H1 732772 9394700 

Timorope 
Iso Kulina Tank TI_H2 733221 9397580 

Wari Ekali TI_H1 733234 9397568 

Pakien Pakien United Church PA_UC 734407 9397184 

Mungalep 
Catholic Mission MG_CC 734407 9397184 

Tawano Pos MG_TP 735429 9397430 

 

The water quality results are presented in Table 7-37 and Table 7-38 and are compared against the 
PNG Raw Drinking Water Standard (PNG 1984) and the World Health Organisation (WHO) Guidelines 
for Drinking Water Quality (WHO 2017). 

The pH was below the WHO and PNG drinking water quality guideline lower value at nine sites. It is 
suspected that the low pH was due to the presence of organic matter in the tanks, such as leaves and 
sticks, which enter the tanks from the rooftop catchments that feed the tanks. Organic matter breaks 
down and generates natural tannins (humic and fulvic acid) that will reduce pH in water. Three sites 
exceeded colour guideline value while turbidity was exceeded at one site only. 

Concentrations of dissolved and total metals were below, and therefore compliant with, both the PNG 
and WHO guidelines. 

PJV has implemented a supplementary water project involving the installation of rainwater tanks in 
villages within the special mining lease (SML) to improve the availability and reliability of safe drinking 
water for local communities.  
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Since 2011, 114 water tanks have been installed in more than 85 separate locations, throughout the 
seven main communities on the SML. 

The water is captured from existing catchment structures and piped to a central location which is 
accessible to the broader community. The water is considered a communal resource and is managed 
by the Village Water Committee.  

The total capacity of all water tanks installed under this program to date is 550,000 litres. PJV will 
continue to work with relevant communities on an ongoing basis to determine where the installation of 
further supplemental water supplies may be required.  

 

Figure 7-25 Sampling sites for local village water supplies 
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8 IMPACT ASSESSMENT  

The impact assessment was performed by firstly comparing the 2019 mean value for biological 
indicators at each test site against their respective TVs using a one sample t-test to test statistical 
significance. Where the test site mean is significantly greater than or not significantly different from the 
TV, this indicates no impact has occurred. Where the test site mean is significantly less than the TV, this 
indicates impact has occurred.  

Secondly, the trend over time (2015 - 2019) was investigated for each indicator at both the test and 
reference site. Where significant downward (negative) trends are observed at the test sites and not at 
the reference sites, this indicates the potential for further reduction over time and serves as an early 
indication of where continued change may lead to future impact.  

8.1 Upper River 

 Fish 8.1.1

The impact assessment for fish in the upper river is based on the following indicators: total fish species 
abundance; total fish biomass; abundance of N. equinus and biomass of N. equinus. Data were 
collected using a standardised, replicated hook and line fishing method. 

8.1.1.1 Comparison against fish impact assessment TVs 

Results from the comparison of 2019 test site means for fish impact indicators in the upper river against 
their respective TVs are provided in Table 8-1 and include the t-statistic and significance value (p) for 
each test.   

Results for upper river test site Wasiba showed that the 2019 test site means for N. equinus (mountain 
tandan) abundance and biomass were significantly less than their respective TVs, indicating adverse 
impact to this species in the upper river at this site. Total fish species abundance and total fish species 
biomass showed no impact at Wasiba during 2019. 

At Wankipe, total abundance and biomass of all fish species and of the indicator species N. equinus 
(mountain tandan) showed no impact. 

Table 8-1 Fish - Results from one-sample t-tests testing for significant (p < 0.05) differences between 
average values for Wasiba and Wankipe for 2019, and TVs derived from the previous 24 months for 
reference Ok Om. NS = not significantly different. 

Test Site Indicator 
Parameter 

2019 Test 
Mean 

TV 
SOURCE TV 

t-Test Level of 
Impact df t-stat p 

Wasiba 

Total Fish 
Abundance 

4.5 

Ok Om 
Reference 

3.6 3 0.88 0.220 NS. 

Total Fish 
Biomass (g) 255.1 174.7 3 1.52 0.113 NS.  

N. equinus 
Abundance 0.6 2.4 3 -18.67 <0.001 Signif. < TV 

N. equinus 
Biomass (g) 

62.1 129.4 3 -5.34 0.006 Signif. < TV 
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Results for upper river test sites Wasiba and Wankipe showed that the 2019 test site means for all 
indicator parameters were not significantly different from their respective TVs, indicating no impact on 
prawns in the upper rivers during 2019. 

Table 8-3 Results from one-sample t-tests testing for significant (p < 0.05) differences between average 
values for Wasiba and Wankipe for 2019, and TVs derived from the previous 24 months for reference Ok 
Om. NS = not significantly different. 

Test 
Site 

Indicator Parameter 
2019 
Test 
Mean 

TV 
SOURCE 

TV 

t-Test 
Level of 
Impact 

df t-stat p 

Wasiba 

Total Prawn Abundance 10.6 

Ok Om 

Ref 

6.0 3 1.81 0.083 NS. 

Total Prawn Biomass 56.8 24.6 3 2.18 0.059 NS. 

M. handschini Abundance 6.4 3.2 3 1.68 0.095 NS. 

M. handschini Biomass 37.8 14.1 3 2.39 0.048 Signif. > TV. 

M. lorentzi Abundance 4.2 2.8 3 1.82 0.083 NS. 

M. lorentzi Biomass 19.0 10.5 3 1.59 0.104 NS. 

Wankipe 

Total Prawn Abundance 13.8 

Ok Om 

Ref 

5.6 3 3.88 0.015 Signif. > TV. 

Total Prawn Biomass 49.4 24.6 3 3.19 0.025 Signif. > TV.  

M. handschini Abundance 7.1 3.2 3 2.63 0.039 Signif. > TV. 

M. handschini Biomass 31.1 14.1 3 2.82 0.033 Signif. > TV. 

M. lorentzi Abundance 6.7 2.8 3 5.29 0.007 Signif. > TV. 

M. lorentzi Biomass 18.3 10.5 3 3.40 0.021 Signif. > TV. 

 

8.1.2.2 Trends for prawn impact indicators 

The results of Spearman rank correlation and linear regression analyses for prawn indicators in the 
upper river are provided in Table 8-4, and time series plots are shown in Figure 8-3, Figure 8-4 and 
Figure 8-5. 

The analyses showed a statistically significant weak negative (i.e. decreasing) trend in total abundance 
of prawns, and in abundance and biomass of M. lorentzi at test site Wasiba between 2015 and 2019. All 
other indicators at upper river test sites and reference site showed either significant positive (i.e. 
increasing) trends or no significant change over the same period. It should be noted that the impact 
assessment presented in Section 8.1.2.1 showed no impact to M. lorentzi abundance and biomass in 
2019, therefore the decreasing trend serves as an indicator that if the significant decreasing trend 
continues then impact may be detected in future years. 
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Table 8-4 Spearman rank correlation coefficients (rho) and associated significance values (p) for trends 
over time in total prawn abundance and biomass (g) and in abundance and biomass of the dominant prawn 
species. Analyses were performed using average of replicate gill net sets averaged within each occasion in 
each year, 2015 - 2019 (NS = not significant). 

Site Parameter n 

Spearman 
Corr. 

Linear Regress. 
Trend 

Rho p R p 

Test 

Wasiba 

 

2015-2019 

Total Prawn Abundance 22 -0.348 0.056 -0.369 0.045 Sig. -ve 

Total Prawn Biomass 22 -0.023 0.459 0.043 0.424 NS 

M. handschini Abundance 22 0.283 0.101 0.195 0.193 NS 

M. handschini Biomass 22 0.563 0.003 0.483 0.011 Sig. +ve 

M. lorentzi Abundance 22 -0.527 0.006 -0.531 0.006 Sig. -ve 

M. lorentzi Biomass 22 -0.383 0.039 -0.329 0.068 Sig. -ve 

Test 

Wankipe 

 

2015-2019 

Total Prawn Abundance 22 0.422 0.025 0.438 0.021 Sig. +ve 

Total Prawn Biomass 22 0.357 0.051 0.413 0.028 Sig. +ve 

M. handschini Abundance 22 0.513 0.007 0.547 0.004 Sig. +ve 

M. handschini Biomass 22 0.616 0.001 0.623 0.001 Sig. +ve 

M. lorentzi Abundance 22 0.248 0.133 0.139 0.269 NS 

M. lorentzi Biomass 22 -0.047 0.418 -0.052 0.409 NS 

Ref 

Ok Om 

 

2015-2019 

Total Prawn Abundance 20 0.062 0.398 0.021 0.464 NS 

Total Prawn Biomass 20 0.029 0.452 0.005 0.491 NS 

M. handschini Abundance 20 0.285 0.111 0.209 0.188 NS 

M. handschini Biomass 20 0.143 0.274 0.192 0.208 NS 

M. lorentzi Abundance 20 0.109 0.323 -0.075 0.376 NS 

M. lorentzi Biomass 20 0.062 0.398 -0.072 0.381 NS 

 


















































































































































































































































































