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EXECUTIVE SUMMARY

Hydrobiology was commissioned to undertake studies relating to the Environmental
Management Plan for the proposed Colton Coal Mine. Specifically, these related to the
proposed mine water release and consisted of:

1 Field studies of river hydraulics and river water and sediment chemistry (including
physical parameters) on the Mary River between Maryborough and River Heads;

1 An assessment (using geochemical modelling) of the likely water quality
characteristics of the proposed mine discharge to the Mary River estuary, including
consideration of possible worst case and most likely scenarios; and

1 An assessment of potential impact of proposed mine discharge water following
discharge to the Mary River estuary.

The results of the field studies provided valuable input data to a 1-D advection-dispersion
(A-D) model of the Mary River Estuary (DHI 2011). The results of the A-D model and
geochemical model were then used to undertake the assessment of potential impact. Field
methods used included ADCP transects to measure flow discharge and conductivity-
temperature-depth (CTD) measurements using both static (logging) and boat mounted
instruments (depth profiling). Water and sediment samples were also collected from a
variety of locations at different depths within the water column to ultra-trace standards.

As part of the Environmental Protection (Water) Policy (2010), environmental values and
water quality objectives to protect or enhance those environmental values have been
designated for Queensland Rivers and their tributaries. The lower Mary River estuary and
Great Sandy Straight aquatic ecosystem has been designated to be of high ecological value
with water quality objectives set to maintain the existing water quality. The stretch from the
upstream boundary of the high ecological value zone to the discharge point has been
designated with a level of protection as moderately disturbed. In terms of metal
contaminants, these designations refer to either the 99% (high ecological value) or 95%
(moderately disturbed) level of protection used in the ANZECC and ARMCANZ (2000)
water quality guidelines.

Throughout the course of the modelling and assessment components of the work, a number
of conservative assumptions were made in accordance with a precautionary approach.
These included:

1 Conservative assumptions regarding data gaps in the geochemical model;

1 Assumptions that discharge water (pre- and post-mixing with Mary River water)
would be entirely bioavailable and of the free ion form, that is with no further
complexation or precipitation of dissolved cations; and
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1 The modelling has been simplified to assume that no dilution would occur between
the cross-section-mixed concentrations at the discharge point and the start of the river
reach of High Ecological Value, thereby applying 99% ecosystem protection criteria
downstream of the mixing zone.

The geochemical modelling was undertaken using fifteen different model scenarios, each
using different categories of groundwater, sediment/soil and tidal condition. Based on the
paucity of existing information needed for input to the geochemical models, a number of
conservative but realistic assumptions were made in order to address those data gaps.

Results of the geochemical model showed that the discharge water (prior to mixing with
Mary River water) may contain a number of elements of concern for ecosystem health.

Assessment of potential impact was undertaken by DHI by mixing the predicted discharge
water qualities with Mary River water and using the A-D model to simulate the dispersion
and advection of discharge water within the receiving environment under a number of
‘worst case” hydraulic conditions identified from the results of the A-D model. Contaminant
concentrations were then compared against the most relevant international ecosystem
protection guidelines or toxicity data where no relevant guidelines existed.

Results showed that, once mixed with Mary River flow, dilution would significantly reduce
the contaminant concentrations, and that the residence time of those contaminants in the
estuary would vary seasonally and with prevailing flow conditions. Of the 12 elements
investigated, maximum concentrations of aluminium, cobalt, chromium and manganese
were found to exceed the corresponding water quality guidelines in the discharge, with
aluminium seen to potentially be above the 99% marine trigger value after mixing with the
Mary River waters. However, as mentioned earlier this analysis was conservative as the
modelling approach used did not take into account any other ameliorative processes, such as
co-precipitation with colloids, organic complexation or interaction with particulates. Of
particular importance is that upon mixing with Mary River water, dissolved aluminium
concentrations can be expected to reduce by several orders of magnitude as precipitates are
formed.

Given the conservative nature of all modelling undertaken, the predicted dilution of the
discharge into the estuary is approximately 100 fold and the co-precipitation of the metals in
the discharge with Mary River water that is expected to take place and reduce the dissolved
concentrations of these metals is not taken into account, it would be expected that the
environmental harm that might be expected in the receiving environment would be minimal.
However, because there is uncertainty about the reductions in metal concentrations from
precipitation and sedimentation, discharge concentrations and that the modelling shows that
chronic exceedances could occur, an intensive monitoring program will be implemented
along with the development of a predictive tool that will include a number of adaptive
management actions. Early iterations of this predictive tool has shown that its use can
minimise any aluminium exceedance in the HEV zone to hours in extreme circumstances.
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1 INTRODUCTION

Northern Energy Corporation Limited (NEC) is seeking to develop the Colton Coal Project,
an open cut coal mine in the Burrum Coal Measures north-east of Maryborough. The
proposed mine will deliver 0.5 Mt/a of product coking coal from an estimated 5 million
tonne reserve, over a project life of 8 to 10 years. NEC submitted an Environmental
Management Plan to the Department of Environment and Resource Management (DERM)
on August 12, 2010.

In a letter dated 24 September 2010, DERM requested more information on the proposal for
mine water release. The information is required to assess the risks to the environmental
values of the Mary River, particularly in the section declared as Level 1 or High Ecological
Value under the Mary River Environmental Values and Water Quality Objectivésnder
schedule 1 of the Environmental Protection Water Quality Policy 2008).

In particular, more information was requested on:
1 The contaminant loadings from overburden and waste rock storage areas;
1 The quality of water that will be contained (and released from) the main mine dam;
1 The likely timing of discharges;
1 The likely quality of discharges;

1 The resulting salt and metal concentrations within the Mary River when it is
receiving discharges from the mine; and

1 If the discharge will meet the water quality objectives for the Mary River that will
ensure protection of its Environmental Values.

NEC commissioned a team including WRM Water & Environment Pty Ltd, Hydrobiology
QLD Pty Ltd, DHI Water & Environment Pty Ltd (DHI) and Environmental Geochemistry
International Pty Ltd (EGi) to assess the impacts of releasing mine water from the Colton
Mine site to the Mary River Estuary. Hydrobiology QLD Pty Ltd was engaged to undertake
field investigations, geochemical modelling and environmental impact assessment. The
overall impact assessment also comprises the following other assessment studies:

1 Mine Site Water Balance Model - WRM Water & Environment Pty Ltd;
1 Mary River Dispersion Study — DHI Water & Environment Pty Ltd; and
1 Waste Characterisation Study — EGi Pty Ltd.

All of the above studies were run concurrently. As a result, the actual characteristics of the
waste water were not known. Thus, the results outlined in this report are based on
previously completed waste characterisation work (reviewed and added to by geochemical
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modelling discussed in Section 3). On the completion of the EGi study, their actual
characterisation results will be coupled with the results reported here and the results of the
modelling will be adjusted accordingly.
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2 FIELD INVESTIGATIONS

Field investigations were conducted on the Mary River Estuary between the 7™ and 10"
December 2010. The investigations included:

1 Concurrent discharge measurements at a number of locations using Acoustic
Doppler Current Profilers (ADCPs). The main purpose of this was to provide
calibration data for the hydrodynamic model and to investigate mixing processes at
selected cross sections through analysis of cross-stream velocities;

1 Concurrent conductivity-temperature-depth (CID) profiling. This activity was
undertaken during the ADCP transects. The purpose of this was to investigate the
vertical structure of the water column at selected locations during different tidal
phases;

1 Water and sediment quality sampling. This activity was undertaken at a range of
sites between River Heads (downstream of discharge point) and adjacent to
Maryborough (upstream of discharge point). The purpose of this dataset was to
provide a detailed snapshot of the existing water and sediment quality characteristics
to inform the subsequent hydrodynamic modelling and environmental impact
assessments; and

1 Static CTD deployments. Three logging CTD units were deployed in the river near:
(1) Maryborough Airport; (2) Beaver Rocks; and (3) River Heads. The deployment
started on 8 December 2010 and finished on 23 December 2010. The purpose of this
dataset was to provide calibration data for the hydrodynamic modelling.

Figure 2-1 shows the field sampling locations.

Colton Coal Project September 2011 10
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2.1 River Hydraulics

2.1.1 Acoustic Doppler Current Profiling

Discharge and 3-component velocity data were collected using two RDI 600 kHz Workhorse
ADCPs connected to differential GPS units for track correction. The units were deployed
from boats, simultaneously at different locations in the river. Data were collected by
undertaking repeat transects at each measurement station.

The timing, location and values of the ADCP transects are presented in Figure 2-2. For
example, on 7 December, concurrent ADCP transects were measured at sites 1 and 6 over
flood and ebb tidal phases. On 8 December, ADCP transects were undertaken at several
sites, while on 9 December, repeat transects were undertaken at ‘near field” sites close to the
discharge point (sites 2, 3, 4 and 5), and at Site 8 (Mary River mouth) where the recorded
flood discharge was 3,329 m3'.

2.1.2 Cross Stream Circulation and Mixing

The ADCP data were used to assess secondary circulations and mixing processes at each
cross section. This was important because the hydrodynamic model (DHI 2011) assumes
instantaneous cross-section mixing. Figure 2-3 shows an example of an ADCP output from
Section 4 (looking downstream) for an outgoing (ebb) tide while Figure 2-4 shows equivalent
data for Section 3 for an incoming (flood) tide.

The acoustic backscatter signal in the first graphics of Figure 2-3 and Figure 2-4 (a rough
indicator of water turbidity) shows considerable variability across each of the sections. The
second of the graphics shows the presence of vertical velocities (upwelling and
downwelling), with an idealised secondary circulation superimposed to assist with
interpretation. The third graphics show the downstream velocity magnitude, indicating
lower velocities in the vicinity of the area of upwelling/downwelling. The fourth graphic
shows a visualisation of the cross-stream velocity components across the transect and the
typical helical flow that would be expected at a river bend.

Overall, the data show that cross-section mixing occurs at both flood and ebb tides as would
be expected. However, it is also noted that during a slack tide, downstream and cross-
stream velocities would be very low and, therefore, much less cross-stream mixing would
occur.

Colton Coal Project September 2011 12
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2.2 CTD Profiling (Mobile)

Appendix 1 provides several profile samples. Table 2-1 provides a summary of all of the
mobile CTD profiles conducted during the field programme. It shows maximum and

minimum conductivity and temperature readings at each site and the general site trends
with time (at sites where more than one profile was conducted), increasing depth and
distance from the mouth. The following trends are evident from the table:

1

Temperature generally decreased with depth.  Further investigations into
temperature characteristics showed that there was a sharp drop in temperature
within the top metre of the depth profile at most sites, then steady temperature
decreases with increased depth;

At sites where more than one transect was conducted within one day, temperature
variations did not follow a consistent pattern, with temperatures increasing at some
sites and decreasing at others;

There was no temperature trend with regard to distance from the mouth;

Predictably, conductivity was greatly influenced by both distance from the mouth
and the point within the tidal cycle at which the profile was conducted;

Conductivity was generally low and varied little with depth or time at the upper sites
(T1 - T5), suggesting very little tidal influence;

Conductivity varied greatly (509 —16256 uScm?) with time and depth at T6,
suggesting some tidal influence (although still freshwater dominant) and that little
mixing occurred between the fresh and saline waterbodies. However, no obvious salt
wedge was present; and

Only one profile was conducted at each of the sites T7 and T8, so tide-influenced
variations were difficult to identify. However, conductivity was greater than at any
of the other sites, suggesting saltwater dominance. Variation with depth was also
considerable (more at T7 than T8), suggesting that little mixing of the two water
bodies occurred. However, no obvious salt wedge was present.
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Table 2-1 Summary of mobile CTD profiles

T1
T1
T1
T1
T1
T1
T1
T1
T1
T1
T2
T2
T2
T2
T2
T3
T3
T3
T4
T4
T4
T4
T4
T5
T5
T6
T6
T6
T6
T6
T6
T6
T6
T6
T6
T6
T6
T7
T8

FRrREREBoovwNotrwNNRrRNRORMONRONRAONRRLDSOo NS WN R

7/12/2010 10:13
7/12/2010 11:16
7/12/2010 12:50
7/12/2010 14:20
7/12/2010 15:21
7/12/2010 16:07
7/12/2010 16:44
8/12/2010 9:24
8/12/2010 9:55
8/12/2010 14:44
8/12/2010 10:31
8/12/2010 11:31
8/12/2010 15:23
9/12/2010 10:06
9/12/2010 13:29
8/12/2010 12:31
9/12/2010 10:52
9/12/2010 14:13
8/12/2010 11:12
8/12/2010 13:43
8/12/2010 15:54
9/12/2010 11:33
9/12/2010 15:00
9/12/2010 12:29
9/12/2010 15:34
7/12/2010 8:57
7/12/2010 9:54
7/12/2010 10:28
7/12/2010 10:56
7/12/2010 12:03
7/12/2010 14:13
7/12/2010 14:51
7/12/2010 15:17
7/12/2010 15:43
7/12/2010 16:26
8/12/2010 12:30
8/12/2010 16:59
8/12/2010 17:06
9/12/2010 12:12
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25.95
26.8
26.35
26.15
25.93
26.06
26.09
26.13
25.92
26.07
26.04
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26.32
25.56
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Decreasing with depth
Decreasing with depth
Decreasing with depth
Decreasing with depth
Decreasing with depth
Decreasing with depth
Decreasing with depth
Decreasing with depth
Decreasing with depth
Decreasing with depth
Decreasing with depth
Decreasing with depth
Decreasing with depth
Steady

Decreasing with depth
Decreasing with depth
Steady

Increasing with depth
Decreasing with depth
Decreasing with depth
Steady
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Steady
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Decreasing with depth
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Increasing with depth
Increasing with depth
Increasing with depth
Increasing with depth
Increasing with depth
Increasing with depth
Increasing with depth
Increasing with depth
Increasing with depth
Increasing with depth
Increasing with depth
Steady
Increasing with depth
Increasing with depth
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2.3 Static CTD Data
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Results of the static CTD deployments at Aubonville, Beaver Rocks and River Heads are

shown in Figure 2-5.
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Figure 2-5 Results of static CTD deployments
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2.4 Water and Sediment Quality
2.4.1 Methods

2.4.1.1 Water Quality

Two mid-channel water quality samples (surface and mid-depth) were collected from sites 1,
2, 4 and 6 at two times (flood/high tide and ebb tide) during the day on 8 December, to
understand water quality variations with distance downstream, tide and depth. Parameters
tested included total suspended solids, total dissolved solids, alkalinity, major
anions/cations, chloride, dissolved & recoverable mercury, dissolved (ultra-trace) & total
metals by ORC-ICPMS (iron, arsenic, barium, beryllium, cadmium, chromium, cobalt,
copper, lead, manganese, nickel, uranium and zinc), DOC/TOC and nutrients.

Water sample bottles were delivered to the study site suitably washed and pre-treated with
preservative where required. Samples were collected by hand, using a clean-hands sampling
approach. Powder-free nitrile gloves were used by the sampler and care was taken that no
surfaces in contact with the sample were touched or allowed to be exposed to the
atmosphere for extended periods. In the case of surface samples, the sampler lent over the
bow of the boat, facing upstream while the boat operator motored slowly upstream, to
ensure no contamination occurred from the boat. In the case of samples from depth, a
Niskin bottle was used to collect the sample from the required depth. The sample was then
poured from the Niskin bottle nozzle into the sample bottle. Care was taken to avoid
spillage or removal of preservative in the bottles during filling.

Bottles that were not pre-dosed with preservatives were part-filled three times with site
water, shaken vigorously and rinsed prior to filling with the site water. Bottles containing
preservative were filled from the appropriate rinsed bottle.

Care was taken that no inside surfaces of bottles or lids were touched or exposed to the
atmosphere for extended periods of time.

2.4.1.2 Sediment Quality

Three sediment quality samples (quarter-channel, mid-channel and three-quarter-channel)
were collected from sites 1, 3, 4, 6 and 8 to identify spatial variability in sediment quality.
Only total metals concentrations (arsenic, barium, beryllium, cadmium, chromium, cobalt,
copper, iron, lead, manganese, mercury, nickel, uranium, vanadium and zinc) were tested.

All sediment sampling bags were sourced from the respective laboratories and delivered to
the study site suitably washed. A ‘clean hands’ sampling approach was taken, where
powder free nitrile gloves were used by the sampler and care taken that no surfaces in
contact with the sample were touched or allowed to be exposed to the atmosphere for
extended periods. Sediment was sampled from the riverbed using a stainless steel grab
sampler, transferred to a stainless steel bowl in the boat, then transferred to the sample bag
using a stainless steel trowel. Samples were double bagged to ensure no leakage occurred.
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No samples were recorded in instances when the grab returned with a sample with cobble
material (as the sediment quality analyses could not be run on sediment particles of this size)
or when it returned empty. Empty grabs were generally due to either a bedrock/gravel/hard
clay bed that prevented the grab sampler digging into the bed or a fine clay bed that ensured
the sample escaped from the grab sampler prior to its return to the boat.

2.4.2 Water Quality Summary

Appendix 2 shows results of the water quality analysis. No dissolved metals exceeded
ANZECC and ARMCANZ (2000) 99% trigger values except for arsenic and chromium (at all
sites). Chromium only exceeded the guidelines because the limit of reporting was greater
than the guideline values itself. Arsenic exceeded the freshwater guidelines but not the
marine guidelines. Freshwater guidelines were used as the conductivity was below 5 ppt
(generally considered as a good demarcation between fresh and saline water). However, the
arsenic concentrations may have been raised slightly by the intrusion of the saline water.

No ANZECC and ARMCANZ (2000) guidelines exist for barium or cobalt so comparisons
could not be made.

2.4.3 Sediment Quality Summary

Sediment sampling results are given in Table 2-2. The metal analysis results were compared
to the Australian and New Zealand sediment quality guidelines (Simpson et al.2005). These
guidelines consist of a lower trigger value (ISQG-Low guideline) and an upper limit (ISQG-
High guideline) for different metals concentrations. The ISQG-Low guidelines act as
threshold concentrations under which the frequency of adverse biological effects is expected
to be very low, while the ISQG-High values present concentrations that, if exceeded, would
likely result in adverse biological effects. Of the 14 metals tested, chromium, nickel and
mercury were found at concentrations above the ISQG-Low, while nickel was also found to
have exceeded the ISQG-High at some sites.

Chromium concentrations in sediment collected from Site01 T1_Q (83 mg/kg) and Site06
T1_M (83 mg/kg) were found to have exceeded the chromium ISQG-Low of 80 mg/kg.

Mercury concentrations that were detected in sediment were just above the ISQG-Low and
also just above the limit of reporting.

Nickel concentrations were found to have exceeded the ISQG-Low (21 mg/kg) at all sites
except Site04 T1-T and Site08 T1_Q while levels at sites Site01 T1_M (56 mg/kg), Site01 T1_T
(55 mg/kg) and Site06 T1_M (56 mg/kg) were found to exceed the ISQG-High level of 52
mg/kg. The source of the detected levels of nickel is unknown.
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Table 2-2 Metals concentrations (mg/kg) from sediment samples collected from the Mary River
estuary

Barium 10 Bl o 120 40 20 <10 20 40 <10 20
Beryllium 1 Bl - <1 1 <1 <1 <1 1 <1 <1
Cobalt 2 Bl 22 20 10 5 12 22 8 18
Iron 50 B 27300 41300 43400 18600 8790 23000 43800 12800 31600
Manganese 5 B 798 1770 1340 474 175 299 489 = 496 627
Vanadium 5 | BEE 66 69 27 15 40 75 21 58
Arsenic 5 20 Ol - 18 17 10 5 7 19 14 15
Cadmium 1 15 - <1 <1 <1 <1 <1 <1 <1 <1 <1
Chromium 2 go BN 53 77 83 37 21 50 83 19 70
Copper 5 65 BN 17 27 25 11 <5 12 26 <5 21
Lead 5 so0 22Ol 11 16 18 7 <5 10 21 <5 13
Nickel 2 22 B2l 3 Nl 2 14 33 PEEl s 49
Zinc 5 200 EON 47 67 71 31 13 38 76 10 50
Mercury o1 015 [ o2 0.2 03 <01 <01 01 03 <01 02

Note: Q = quarter-distance across channel; M = mid-channel; T = three-quarter-distance across channel

2.4.4 Implications of background contaminant concentrations

The results for both water and sediment collected during the fieldwork undertaken by
Hydrobiology in December 2010 indicated that background concentrations of some metals
were found to exceed ANZECC and ARMCANZ (2000) water and Simpson et. al. (2005)
sediment guidelines. Generally, it is suggested that discharge limits for the proposed mine
discharge water should be set with reference to these background concentrations, but it is
recommended that further rounds of sampling of both water and sediment be undertaken to
determine the variability of concentrations both spatially and temporally before using
background concentrations as discharge limits. A dedicated program that collects 12 months
of water quality data would allow for a better understanding of the background levels
downstream of the discharge point. This data could then be used to set acceptable trigger
values where back ground levels are above ANZECC and ARMCANZ (2000).
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3 CHARACTERISATION OF DISCHARGE WATER

As this is a Greenfield development, the geochemistry of the proposed mine water discharge
is, at this stage, not completely known. However, Dr Chris Cuff from C & R Consulting was
contracted to determine the likely characteristics of the mine discharge water based on
existing data from a number of different sources, and to derive the possible concentrations of
chemicals of concern using geochemical mathematical modelling. This report is presented in
Appendix 3.

Input data for the model included information from the Colton Coal Management Plan,
water quality results from the survey undertaken in December 2010 by Hydrobiology QLD
Pty Ltd and information from bore holes (Blomfeld Environmental) and an assessment of the
potential ARD of the Colton Mine project by EGi (2009). Where data gaps existed, chemical
data from similar contexts and / or from published sources and / or from standard sets to
complete the data sets were used based on best professional judgement. These results were
used in the models to provide predictions of possible concentrations of contaminants of
concern. A number of possible scenarios were modelled using both surface water and
groundwater, with concentrations of contaminants identified for worst-case conditions and
most likely case conditions. These concentrations are presented in Table 3-1 along with
corresponding freshwater and marine water quality guidelines, which have been sourced
locally and internationally. Where a guideline was not available (i.e. barium), toxicity data
are presented.

These contaminant concentrations were used as input to the 1-D advection-dispersion (A-D)
model of the Mary River estuary set up by DHI Water and Environment (DHI 2011a and b).
Using this model, it was possible to examine if these concentrations, after discharge into the
Mary River, would exceed the guidelines/ecotoxicity data given in Table 3-1 and, therefore,
of concern for aquatic ecosystems. The marine trigger value was used for these comparisons
due to the majority of these guidelines being lower than their freshwater counterparts and
the conditions at the start of the high ecological value zone being predominantly estuarine.
The frequency and discharge of releases was estimated by WRM using a daily timestep
water balance model of the mine site, assuming the releases were not constrained by
receiving water conditions. Under some circumstances the A-D model predicted
exceedances of some contaminants. These exceedences are discussed in Sections 3.1 to 3.4.

Results of the geochemical modelling showed that under the worst-case scenario, maximum
concentration levels of iron, aluminium and manganese were relatively high, but these high
concentrations probably relate to the presence of colloids in the water system. However, this
scenario was based on an assumption that water with very low solute concentrations
comprised all the waters that came into contact with rock and soils. This is not likely to
occur in reality as even under heavy rainfall conditions, existing ground and surface waters
containing higher solute concentrations would constitute a substantial amount of the
eventual mine discharge waters.
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For the most-likely scenario, water of moderate solute concentrations was assumed to be the
primary contact water (see Appendix 3). Although few actual measurements of background
solute concentrations in site waters were available to assist in developing this modelling
scenario, it is regarded as being a much better indicator of the probable mine discharge water
characteristics. The most-likely and worst-case maximum predicted concentrations are
provided in Table 3-1. Note that the modelled aluminium concentrations for the worst case
scenario are less than that for the most-likely case scenario due to the water used for each
scenario. The water in the worst case scenario contained less solutes while the most likely
case scenario water contained a higher concentration of solutes with one of these being
aluminium. Only the most-likely scenario is discussed further.

Table 3-1 Discharge water contaminant concentrations and guidelines used in modelling with
guideline exceedences highlighted in red

Al -- 0.027 0.0005 (0.001)* ANZECC/ARMCANZ
(2000)

As (Ill) 0.0008 - 0.001 0.0023 ANZECC/ARMCANZ
(2000)

Ba 0.022 0.05 ’Algae 0.25 Diatom 500 USEPA ECOTOX
(NOEC) (EC50) database
Crayfish 46 (LC50) | Mussel 0.1 (EC50)
Water flea 32 Crab 10 (LC50)
(LC50) Shrimp 500 (LC50)
Snail 33 (LC50) Fish 500 LC50)
Fish 150 (LC50)
B 0.273 0.226 0.09 5.1 ANZECC/ARMCANZ
(2000)
Cd 0.00006 0.00006 0.00006 0.0007 ANZECC/ARMCANZ
(2000)
Co NA 0.0014 0.000005 ANZECC/ARMCANZ
(2000)
Cr 0.00001 0.00014 ANZECC/ARMCANZ
(2000)
Fe 0.3 NA CCME (2005)
Mn 0.2 0.09 WHO (2004)
Ni 0.008 0.007 ANZECC/ARMCANZ
(2000)
Pb 0.001 0.0022 ANZECC/ARMCANZ
(2000)

Zn 0.0048 - 0.0024 0.007 ANZECC/ARMCANZ
(2000)

IANZECC/ARMCANZ (2000) trigger value is low reliability due to insufficient data available at the time of
publication to use the species sensitivity distribution approach. Recent publications (Harford et al. 2011, Negri
et al. 2011) have provide additional information sufficient to apply this method to derive a moderate reliability
trigger value of 1 ug/L for high conservation value ecosystems.

2USEPA ECOTOX database accessed on 4 February 2011http://cfpub.epa.gov/ecotox/

Colton Coal Project September 2011 23


http://cfpub.epa.gov/ecotox/

/\\\¢ .

Note: LC50 = Lethal Concentration for 50% of the population; EC50 = Effective Concentration for 50% of the
population ; NOEC = No Observed EffectConcentration

3.1 Aluminium

The ANZECC and ARMCANZ (2000) trigger value for marine waters for aluminium is a low
reliability value, because there were insufficient toxicity data available to calculate a
moderate to high reliability trigger value. The recent publication of toxicity data for a
marine alga and a coral (Harford et al 2011; Negri et al 2011) has meant that sufficient data
are now available, and inclusion of these toxicity data with those provided by ANZECC and
ARMCANZ (2000) enables calculation of a moderate reliability trigger value for a high
conservation value ecosystem of 1 pg/L. The predicted concentration for the mine discharge
water is much greater than that value. The 95% protection level trigger value is calculated to
be 2 pg/L, which is also much lower than the predicted mine discharge water concentration.
The implications of this for the receiving ecosystems after mixing with the Mary River waters
were assessed further by DHI using an advection dispersion model (DHI 2011b). This model
predicted that at the upstream limit of the high conservation value reach, the trigger value
for aluminium would potentially be exceeded for periods of a single tide to several months
over the time period modelled. This model includes only mixing and movement of waters,
and includes no further geochemical alteration of solutes. The modelled aluminium
concentrations would also exceed the trigger value for slightly to moderately disturbed
ecosystems at that point for a comparable range of time periods. A revision of the water
balance model by WRM identified that by modifying the way that water is used and stored
on site it was possible to reduce the volume of water expected to be released to the Mary
River. Further, a predictive standard operating rule was incorporated in the model in order
to modify the release of mine site water to the Mary River such that exceedances of water
quality guidelines at the HEV zone could be minimised and, particularly, the number and
length of exceedances by aluminium could be reduced. The length of a possible worst case
scenario aluminium exceedance at the HEV zone was reduced from a possible duration from
a single tide to months to a duration of no more than eight hours which would also mean
that such an exposure would be an acute pulse event, and less likely to cause long term
ecological harm than a longer chronic exposure.

On mixing with Mary River water, the predicted aluminium concentrations would be much
lower than that predicted for the freshwater discharge. At full marine salinity the dissolved
aluminium concentration was found to be <10 pug/L (AARC sample collected on 24 July
2011). This geochemical consideration does not take into account interactions with natural
particulate matter, which would be expected to adsorb aluminium and thereby reduce the
dissolved concentration (Takayanagi and Gobeil 2000). Therefore, while not modelled,
under most scenarios it is likely that the dissolved aluminium concentration would actually
be below the trigger values downstream of the discharge point and therefore also at the high
ecological value reach.
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3.2 Cobalt

The predicted cobalt concentration also exceeds the marine trigger value for high
conservation value ecosystems of 0.005 ug/L, but is less than the trigger value for slightly-
moderately disturbed ecosystems of 1 ug/L. The DHI modelling predicted that at the start of
the high ecological value reach the marine trigger value for cobalt would be exceeded for
periods of a single tide to several months under both the 100 and 200 L/s discharge scenarios
for the time periods modelled. As mentioned above for aluminium, the model includes only
mixing and movement of waters, and includes no further geochemical alterations. In
seawater, cobalt is present primarily as the Co? ion and its chloro-, sulfato-, and carbonato
complexes and is rapidly removed from seawater in association with MnO: phases (Nolan et
al. 1992). There is also evidence that cobalt is strongly complexed to natural organic ligands
and that such complexation can reduce the bioavailability of the metal (Ellwood et aj 2005).

In a review of the ANZECC and ARMCANZ (2000) marine cobalt trigger value undertaken
by Hydrobiology (2006), it was noted that the minimum requirements for the data required
to derive a trigger value for cobalt were met (five species from four trophic levels) with eight
data points used but the fitted distribution was sensitive to the addition of further data. This
was an artefact of both the 95% and the 99% protective concentrations being extrapolations
of the fitted distribution below the range of the input data (Figure 3-1).

Results from Distribution fitting
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Figure 3-1 Species sensitivity distribution derived from the data used by ANZECC/ARMCANZ
(2000) to derive the marine cobalt default trigger values using the Burrlioz program.

It was also noted that three data points strongly influenced the calculation of the trigger
values, with them being around 1.5 to 2.5 orders of magnitude more sensitive than the
remaining data. These included, from most sensitive to least sensitive, a prawn test
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(Palaemon serratyisa diatom (Ditylum brightwellii ) and blue lobster (Homarus vulgariy. While
it is common for algae to be among the most sensitive organisms for metal toxicity, it is
unusual for decapod crustaceans to be among the most sensitive.

It was concluded that with the sensitivity of the calculated trigger value to the inclusion of
additional data, the disjunct sensitivity distribution, and the unusual taxonomic arrangement
of the distribution all suggest that while the trigger values were defined as “High
Reliability”, the cobalt marine trigger value for 99% protection of species in the receiving
ecosystem is somewhat questionable.

A revision of the water balance model by WRM identified that by modifying the way that
water is used and stored on site it was possible to reduce the volume of water expected to be
released to the Mary River, coupled with the predictive standard operating rule, cobalt was
observed to not exceed any of the discussed trigger values.

3.3 Chromium

The predicted concentration of chromium in the mine discharge water is greater than the
trigger value for Cr(VI), the most dominant valency state in oxygenated surface waters, for
high conservation value ecosystems of 0.14 ug/L, but less than the trigger value for slightly-
moderately disturbed ecosystems of 4.4 pg/L. The DHI modelling indicated that mixing
with the Mary River receiving waters would be sufficient to keep the receiving water
chromium concentrations below the trigger values at all times.

3.4 Manganese

The predicted concentration of manganese in the discharge waters is predicted to be much
higher than either the low reliability ANZECC and ARMCANZ (2000) marine trigger value
of 80 ug/L or the moderate reliability trigger value for high conservation value ecosystems of
WHO (2004)! derived using the ANZECC and ARMCANZ (2000) methodology and an
updated dataset of 90 ug/L. It is also greater than the WHO trigger value for slightly-
moderately disturbed ecosystems of 200 pg/L. The DHI modelling indicated that mixing
with the Mary River receiving waters would be sufficient to keep the receiving water
manganese concentrations below the trigger values at all times.

No other calculated parameters exceeded the marine trigger values in the predicted
discharge water for the most-likely scenario.

4 SUMMARY

The concentrations of contaminants that have been predicted to be present in the Colton
Mine discharge water have been compared to relevant local and international guidelines or

1WHO (2004) only provides a trigger value for 95% protection of 0.2 mg/L but the 99% protection
level value can be derived using the dataset provided in the WHO publication.
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toxicity data if no relevant guidelines were available. Of the 12 elements investigated,
maximum concentrations of aluminium, cobalt, chromium and manganese were found to
exceed the corresponding water quality guidelines in the discharge, of these, aluminium and
cobalt were found to be potentially above the 99% marine trigger values after mixing with
the Mary River waters. Following the revision of the mine site water balance model which
included a predictive standard operating rule for mine site water discharge, DHI modelling
indicated that exceedances of aluminium were reduced in both number and length (from a
single tide/months to a maximum duration of eight hours) and cobalt did not exceed water
quality trigger values under any scenario.

While the modelling and impact assessment has shown there to be some exceedences of
water quality guidelines, a highly conservative approach has been used. The modelling
approach used does not take into account any other ameliorative processes, such as co-
precipitation with colloids, organic complexation or interaction with particulates. Of
particular importance is that upon mixing with sea water, dissolved aluminium (Takayanagi
and Gobeil 2000) and cobalt (Nolan et al.1992 and Ellwood et a} 2005) concentrations can be
expected to decrease by several orders of magnitude as precipitates are formed.

Therefore, although the full details of this process have not been modelled, and the kinetics
of the processes within the slightly-moderately disturbed reach have not been investigated, it
is likely that under most scenarios the dissolved aluminium and cobalt concentrations at the
upstream limit of the high conservation value reach would be below the trigger value.

4.1 Adaptive Monitoring/Management

In order to verify the results presented herein over which there is a degree of acknowledged
uncertainty, it will be necessary to implement a monitoring program to identify potential
changes to Mary River water quality that may be due to the proposed mine discharge water.
This is particularly the case for aluminium and cobalt.

While the details of this plan can be determined in due course, it is expected that weekly
sampling for key parameters at (1) the point of discharge, (2) Beaver Rocks (start of the HEV
reach), (3) upstream at Site 1 (near Maryborough), and (4) end-of-pipe would occur until it
could be demonstrated that receiving water quality was within the expected range of values.
Should that not be the case, changes to operational procedures may be required.
Additionally, the use of the predictive standard operating rule will enable prediction of for
the risk of exceedance in the following ten days using Mary River flow data and contaminant
concentrations at the end-of-pipe. This would allow adjustments to discharge flow to be
made as appropriate.
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APPENDIX 2 WATER QUALITY RESULTS



Analyte

Total Dissolved Solids
Suspended Solids

Bicarbonate Alkalinity as CaCOfhg/L 1
Total Alkalinity as CaCO3

Sulfate as SO4 2-
Chloride

Calcium
Magnesium

Sodium

Potassium
Dissolved Mercury
Total Mercury
Dissolved Iron
Dissolved Arsenic
Dissolved Barium
Dossolved Beryllium
Dissolved Cadmium
Disolved Chromium
Dissolved Cobalt
Dissolved Copper
Dissolved Lead
Dissolved Manganese
Dissolved Nickel
Dissolved Uranium
Dissolved Zinc
Total Iron

Total Arsenic

Total Barium

Total Beryllium
Total Cadmium
Total Chromium
Total Cobalt

Total Copper

Total Lead

Total Manganese
Total Nickel

Total Uranium

Total Zinc
Ammonia as N
Nitrite + Nitrate as N

Total Kjeldahl Nitrogen as N

Total Nitrogen as N
Total Phosphorus as P

Dissolved Organic Carbon

Total Organic Carbon
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mg/L 5 263 239 253 243 279 250 253 268 331 267 262 248 855 2290 253 265
mg/L 5 41 84 57 104 64 65 67 231 45 63 110 185 83 203 88 138
82 80 82 82 % 9 88 87 82 80 91 9 73 72 87 87
mg/L 1 82 80 82 82 90 90 88 87 82 80 91 90 73 72 87 87
mg/L 1 9 9 9 9 11 10 10 10 12 12 10 10 54 166 11 11
mg/L 1 73 73 75 75 83 84 78 76 95 101 80 80 435 1210 88 88
mg/L 1 15 15 16 16 17 17 17 17 15 15 17 17 19 36 16 16
mg/L 1 15 15 15 15 17 17 16 16 17 17 17 17 34 84 17 17
mg/L 1 46 40 47 47 50 51 43 44 57 60 49 44 245 708 53 54
mg/L 1 2 2 2 2 2 2 2 2 2 2 2 2 10 27 2 2

mg/L 0.0001 <0.0001.<0.0001.<0.0001.<0.0001.<0.0001.<0.0001.<0.0001.<0.0001.<0.0001.<0.0001.<0.0001.<0.0001.<0.0001.<0.0001.<0.0001.<0.0001
mg/L 0.0001 <0.0001.<0.0001.<0.0001.<0.0001.<0.0001.<0.0001.<0.0001.<0.0001.<0.0001.<0.0001.<0.0001.<0.0001.<0.0001.<0.0001.<0.0001.<0.0001
pg/lL 2 34 36 35 20 25 20 23 20 48 41 23 25 22 9 29 28
pg/L 0.2 . 2.4

pg/L 0.5 343 339 319 317 207 201 257 226 173 163 222 227 8.8 123 174 175
pg/L 0.1 <0.1 <01 <01 <01 <01 <01 <01 <01 <01 <01 <01 <01 <01 <01 <01 <01
ug/L 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05

ug/L 0.2

ug/L 0.1 <0.1 <01 <01 <01 <01 <01 <01 <01 <01 <01 <01 <01 <01 <01 <01 <01
g/l 0.5 10 10 10 08 10 10 09 10 12 12 10 10 16 17 11 11
ug/L 0.1 <0.1 <01 <01 <01 <01 <01 <01 <01 <01 <01 <01 <01 <01 0.2 <0.1 <0.1
ug/lL 05 06 06 07 19 15 08 08 <05 07 05 06 06 <05 <05 06 05
g/l 0.5 12 12 12 11 14 14 12 1.2 12 12 13 13 11 11 13 12
pg/L 005 012 012 012 013 012 009 013 015 010 011 011 010 012 018 015 014
ug/L 1 <1 <1 <1 <1 <1 <1 <1 2 2 <1 <1 <1 <1 1 <1 1
pglL 2 2020 2940 2260 4010 2300 2350 2250 8450 1410 2530 3460 4920 4200 8840 3870 6320
ug/ll 0.2 24 25 26 32 42 40 31 63 27 30 44 52 36 64 43 56
pg/l 05 " 478 " 538 " 460 " 558 " 340 " 339 " 378 " 671 " 240 " 271 " 404 " 481 " 175 " 268 " 344 7 433
pgb 01 T 01 "o02 "o01 "o02 <01 <01 <01 03 <01 <01 01 "02 "o01 "03 "o01 " o2
ug/L 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
mg,02 " 28 " 43 " 37 "68 749 "50 " 41 "172 " 30 "853 " 71 "103 " 95 "202 " 83 137

r r r r r r r r r r r r r r r r r

pg/lL 0.1 11 7 18 13 7 26 17 16 " 14 "57 "o08 " 16 "22 "34 724 " 56 " 26 " 42
pgb 05 T 20 T 27 T 22 " 34 " 25 " 25 " 24 "67 " 20 " 28 "32 "42 " 47 " 80 " 38 " 58
pgL 01 " 16 T 19 T 17 T 24 " 16 " 16 T 16 " 51 "o08 " 17 " 24 "28 "28 "51 " 21 " 35
g/ 05 " 796 " 154 " 108 " 225 " 264 " 262 " 146 " 778 " 615 " 120 " 301 " 475 " 106 " 311 7 253 " 468
ug/L 05 " 31 T a4 T 37 " 64 " 52 " 51 " 44 "144 "33 "52 "66 "89 " 79 "163 " 78 " 116
pg/l 005 " 020 "022 "021 "026 "022 "0238 0238 "o044 "017 "021 "028 "033 "028 "055 " 029 " 036
pg/l 1 "4 "7 7 4 7T 8 "5 "6 T a4 "9 37 6 "7 "1 " 10 "2 " 9 7 s
mg/L0.01 " 005 " 003 " 002 " 003 " 007 "005 " 004 004 "001 "001 "o006 005 " 003 " 003 003 003
mg/001 " 012 "o011 o010 "o011 " o005 " 004 " 010 " 009 " 007 "006 " 007 "007 " 027 "040 " 007 " 005
mgL01 " 09 "o04 " 04 "o04 "03 "04 "07 "29 "04 "06 "05 "06 "05 "08 " 05 " 05
mgL01 " 10 "o5 "o05 "o05 "04 "04 "08 "30 "05 "07 "06 "07 "o08 " 12 " o6 " 06
mg/L001 " 025 " 028 "023 "027 "020 "022 "019 "o040 "005 "016 " 022 " 030 "010 " 032 " 030 " 030
mg/L1 "6 "5 "5 "5 "5 "5 "6 "5 "6 "6 "5 "5 "6 "6 " 5 "5
mg/L1 "1 " a7 s 1 72 T <1 " 2 <17 2 <1 <1 "2 "3 " 2 <1

Note: AT = flood/high tide surface sample; AM = flood/high tide mid-depth sample; BT = ebb tide surface sample; BM = ebb tide mid-

depth sample
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EXECUTIVE SUMMARY

Preliminary, indicative assessments of the chemical impacts of surface and groundwaters
from the proposed Northern Energy Corporation mine near Maryborough, Queensland,
have been undertaken using numerous modelling options within Geochemists WorkBench
Professional. These assessments included investigation of surface waters and groundwaters
with sediments, and upon mixing and reaction with the fresh and marine waters of the
Mary River.

The investigations were limited by incomplete and limited data sets for all constituents of
the system including groundwaters, surface waters, sediments, Mary River fresh waters,
and Mary River marine waters. This lack of data necessitated the application of data from
numerous other sources including surrogate data, data from similar contexts and data from
standard data sources. The collection of comprehensive chemical analytical data for all
these components of the system is recommended so that a detailed site specific chemical
assessment can be made. Notwithstanding the above, the assumptions made and the
results obtained were based on sound professional judgement and considered to be
realistic.

Based upon fifteen geochemical models using six groundwater -categories, four
sediment/soil categories, surface water, ebb and flood tide compositions, and with a 50%
evaporation option, major findings included:

1 Aluminium, iron and manganese: Maximum concentration levels found were
relatively high, but these high concentrations probably relate to the presence of
colloids in the water system. These colloids are not readily bioavailable.

f The presence of colloids, especially manganese, leads to the surface adsorption of a
number of metal ions including cadmium, copper, lead, nickel and zinc,
subsequently leading to higher levels of these analytes upon chemical analysis.
These components are also not readily bioavailable.

1 Levels of barium in the system will be largely controlled by equilibria involving
barium carbonate and barium sulphate, both relatively insoluble phases

1 Levels of boron relate to the presence of clays within the coal bearing strata. The
levels are considered quite normal for groundwaters in these sequences. The
application of ANZECC (2000) trigger values to assess these groundwaters is
considered inappropriate.

Further site specific investigations of water quality are considered necessary to reduce the
uncertainty associated with these results.
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INTRODUCTION

Northern Energy Corporation is proposing to develop an open cut coal mine to the north
of Maryborough in south east Queensland. The mine is to be known as the Colton Mine
and NEC has made application for two mining leases (MLA50271 and MLA50274)
whichwil occupy a portion of NECO&6s current

C&R Consulting has been commissioned through Hydrobiology QLD Pty. Ltd to provide
an assessment of the probable quality of surface and ground waters discharged from
the proposed Northern Energy Corporation mine on the natural environment. This
assessment consisted of an analysis of the chemistry of both the surface water and the
mine discharge water, and an analysis of how these chemistries will mix with that of the
waters of the receiving environment, the Mary River.

INFORMATION SOURCES

The key information sources for this study are outlined below:

1 Most of the primary data came from the Environmental Management Plan for
the Colton Coal project prepared by AustralAsian Resource Consultants
(AARC), including Appendices 1, 2 and 3 to the AARC Report:

1 Water and sediment chemistry results for the Mary River and ADCP data on
flow rates of the Mary River provided by Hydrobiology.

M Bore hole data from Blomfeld Environmental.

1 Climate data was downloaded from the Bureau of Meteorology website for the
region surrounding Maryborough, and these data are described in section 3.2
below.

1 Where data were incomplete or missing, these gaps were remedied by using
chemical data from similar contexts and/or from published sources and/or from
standard data sets.

Expl orat
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PHYSICAL SETTNG

8.1

8.2

Location

The site for the proposed Colton Mine is located within the lower reaches of the Mary River
catchment, 8 km to the north of Maryborough (Figure 1). The discharge from the proposed
mine will be directly into the Mary River via a pipeline, to a point approximately 1 km
downstream of Maryborough (Figure 1). At the end of the discharge pipe, the discharge
environment is the tidally dominated estuary of the Mary River.

The Mary River

Temperature and Conductivity readings were available at a number of points along the Mary
River and were used in the chemical modelling to constrain compositions of marine waters.
Sites 1-6 are located longitudinally along the river with Site 1 upstream, immediately
downstream of Maryborough, Sites 2 & 3 immediately upstream of the proposed mine
discharge point, Sites 4 & 5 immediately downstream of this point and Site 6 towards the
mouth of the estuary. It is interesting to note that for Site 6, the conductivity and
temperature data showed an inverse relationship whereas at Site 1 conductivity and
temperature increased together. For each of the six sites, three samples were taken and
labelled M, Q and T, where Q and T are the banks of the river and M is the middle.

Based on data from these 6 sites, the tidal salinity influence on the Mary River was
noticeable as far upstream as Site 2, with Site 1 dominated by fresh water flow. All other
sites registered noticeable differences in conductivity during a tidal cycle.
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9 GAPS ANALYSIS

As a part of the Hydrogeological Study, (Appendix E of the Environmental Management
Plan), a number of monitoring bores were installed for the proposed Colton Coal Mine.
These bores were sampled with a number of analytes being measured at 4 different times.
Most of the analytes were metals and metalloids, but there were no data available for the
four major cations 7 sodium, magnesium, calcium and potassium. Although this is
potentially a serious deficiency, a number of assumptions were made with relation to
missing data which were based on sound professional judgement. As such, the results of
the modelling were considered to be realistic.

Any geochemical modelling requires information regarding these cations, and depending
on the concentration of any of these four cations, the final result can vary drastically
especially with respect to minor constituents. To proceed with the modelling, surface water
data were compared to the bore data and the relationship between chloride and these
cations was assumed to be the same. The assumption is that the bore water is a sodium
based system which is the likely scenario, however there is a possibility that the system
could be based on a different cation (e.g. calcium or magnesium). If this is true,
geochemical models will need to be re-run to take account of the predominance of a
divalent rather than a monovalent cation.

Before final modelling is carried out complete sets of actual analytical data for critical ions

(Al, As, B, Be, Cd, Cr, Cu, Fe, Hg, Mn, Ni, Pb and Zn) should be obtained. This would

assist in determining the chemical status of the individual waters. Additionally, more
comprehensi ve Afwhol e sedi ment o chemical and
undertaken to obtain actual, rather than inferred, soil / sediment compositions.

10 WATER GEOCHEMICAL MODELLING

10.1 water and sediment / soil Methodology

Data regarding the water and sediment chemistry of the Mary River were obtained in order
to develop a detailed snapshot of existing conditions for the estuarine reaches of the river
system. Water surface run-off chemistry was available for the Colton Mine area in the form
of 8 monitoring points. Samples were taken by Hydrobiology at each of these points during
both an ebb and a flood time period, and at two heights in the river (Surface and Mid-
Depth)

The modelling programme Ge o c h e mi st 6 s (P\Wessidnd&)evascutilised in order to
determinethegeochemi stry of these individual water
(GWB) consists of several programmes; the main two that were used for this project are

REACT and X1t. REACT is designed to model simple systems based on the water quality,

and to perform simple reactions such as evaporation. X1t allows for the mixing of two
different waters, and can also consider 1 dimensional flow. This can be extended by
undertaking three one-dimensional analytical runs on orthogonal axes. The programme

can provide information on the way in which each analyte will react with every other analyte

in the system. Each model results in detailed information regarding the concentration of
analytes

Due to the amount of data available, and the large number of potential combinations that
can be mixed, the average and the maximum values for each analyte are generally used
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for the surface water data. This ensures that the likely scenario and the worst case
scenario are both accurately modelled.

From C&R Consultingbs experience, it is believ
prolonged periods, allowing for some evaporation to occur. In order to predict a likely worst

case scenario, another model was considered where different waters were evaporated to

50% of their original volumes. In this instance, the concentration of all analytes was

doubled, and significantly impacted on the geochemistry of the waters.

It is believed from the information provided that the surface water is likely to discharge
directly into the estuarine reach of the Mary River. Hydrobiology data indicated that the
water chemistry for the Mary River varied slightly during an ebb and a flood event and also
varied with depth. Therefore four models were developed, mixing average, maximum
surface water compositions with average and maximum flood waters in a 1 to 1 ratio.
Furthermore, a 50% evaporation model was also conducted to model a worst case
scenario. This information will determine any further modelling that may be required.

10.2 Ground Water AND SEDIMENT / SOIL Methodology

Bore sampling was conducted in the vicinity of the Colton Mine by Blomfeld Consultants.
Samples were analysed to produce a detailed water chemistry of the area. Each of these
samples was separated into groups dependent on the geology of the bore hole. Based on
the data, six groundwater categories were devised as shown below:

9 Category 1 = Clay & Coal

Category 2 = Clay & sandstone

Category 3 = Claystone with minor coal seams
Category 4 = Coal Seams

Category 5 = Fine Grained Sandstone

=A =4 4 -4 =4

Category 6 = Fine Grained Sandstone with minor coal

Soil / sediment mineralogical and whole rock data were not available for modelling.
Consequently, simulated soil compositions were devised using experience from
comparable environments. The simulated soil types used for the modelling were
constructed as follows:

1 Soil Type 1: Quartz 60%, Goethite 5%, Dolomite (representative of calcium carbonate
phases) 5%, Kaolinite 20%, and high iron Montmorillonite 10%.

1 Soil Type 2: Quartz 59.5%, Goethite 5%, Dolomite 5%, Kaolinite 20%, high iron
Montmorillonite 10%, and Pyrolusite (representative of manganese phases) 0.5%.

1 Soil Type 3: Quartz 58.5%, Goethite 5%, Dolomite 5%, Kaolinite 20%, high iron
Montmorillonite 10%, Pyrolusite 0.5%, and Dawsonite (representative of evaporative
phases that may form from coal aquifers) 1%.

1 Soil Type 4: Quartz 58.5%, Goethite 5%, Dolomite 5%, Kaolinite 20%, high iron
Montmorillonite 10%, Pyrolusite 0.5%, and Hydroxyapatite (representative of phosphatic
phases in the soil) 1%.

The average and the maximum values for each analyte was calculated for each category.
These values were then run through Geochemistod
the baseline chemistry.

It is also important to consider groundwater/surface water interactions. This was done by
comparing the surface water data described earlier in Chapter 10. To consider the likely

47



C&R

result of a mix between surface water and bore water, the averages of the two were mixed
on a one-to-one ratio.

Based on the results of these models, additional models may be developed.

10.3 water modelling Results

Multiple model runs were calculated for the various potential water interactions for the
proposed mine, each combining different variables and analytes and reactants. These
model runs are summarised below.

Set A:  Speciating the six categories of groundwater. This set considers the mean values,
maximum values and a 50% evaporation of each sample.

Set B: Speciating surface water values without barium. This set considers the mean
values, maximum values and a 50% evaporation of each sample.

Set C: Mixing surface water values with the six categories of groundwater without barium.
This set also considers evaporating the surface water values by 50% and then
mixing.

Set D: Speciating surface water values with barium. This set considers the mean values,
maximum values and a 50% evaporation of each sample.

Set E: Mixing surface water values with the six categories of groundwater with barium.
This set also considers evaporating the surface water values by 50% and then
mixing.

Set F:  Mary River global mean, maximum and a 50% evaporation.

Set G: Mary River divided into 8 categories; (ebb tide mid-depth mean, ebb tide mid-
depth Maximum, ebb tide surface mean, ebb tide surface maximum, flood tide
mid-depth mean, flood tide mid-depth maximum, flood tide surface mean, and
flood tide surface maximum).

Set H: Surface water mixed with the 8 categories of the Mary River water.

Setl:  Reacting the six categories of groundwater with soil typel, then mixing it into the
surface water.

SetJ: Reacting the six categories of groundwater with soil type 2, then mixing it into the
surface water.

Set K: Reacting the six categories of groundwater with soil type 3, then mixing it into the
surface water.

SetL: Reacting the six categories of groundwater with soil type 4, then mixing it into the
surface water.

Set M: Reacting the surface water with soil type 1 and then mixing it into the 8 categories
of the Mary River water.

Set N: Reacting the surface water with soil type 3 and then mixing it into the 8 categories
of the Mary River water.

Set O: Reacting the surface water with soil type 4 and then mixing it into the 8 categories
of the Mary River water.

These sets of models were then divided into four categories for analysis of results:
1 All models using groundwater,
1 All models using surface water,

1 All models using the Mary River water, and
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Table 2:

Table 3:

Table 4:

1 All models using the Mary River with a marine influence.

These results have been tabulated below: (Refer also Figures 1 to 13 in Appendix A).

Category 1 results i All groundwater models

Average
Analyte (mg/L) Max (mg/L) Min (mg/L)
Al+++ 3.873E-05 1.161E-03 2.930E-09
As(OH)3 3.545E-03 3.334E-02 3.258E-13
B(OH)3 2.500E+00 1.293E+01 4.633E-01
Cd++ 5.337E-06 1.435E-05 1.227E-08
Cr+++ 6.734E-04 5.231E-03 7.614E-40
Cu+ 1.564E-02 6.787E-02 8.868E-13
Fe(total) 2.646E+00 5.992E+01 9.249E-15
Mn++ 1.742E+00 7.132E+00 2.764E-09
Ni++ 5.218E-02 3.038E-01 1.162E-02
Pb++ 1.988E-03 7.896E-03 4.058E-07
Zn++ 1.579E-01 8.584E-01 4.400E-02
Category 2 results 1 All surface water models
Average

Analyte (mg/L) Max (mg/L) Min (mg/L)
Al+++ 2.808E-08 | 1.776E-07 5.12E-12
As(OH)3 0.0008222 0.00336 3.26E-13
B(OH)3 0.34285 0.4572 0.2285
Cd++ 2.473E-05 0.000259 1.23E-08
Cr+++ 0.0047579 0.08029 7.61E-40
Cu+ 0.0099479 0.06787 1.33E-16
Fe(total) 0.9809579 6.847 1.61E-19
Mn++ 0.8268527 6.704 1.61E-19
Ni++ 0.0140388 0.05258 0.00097
Pb++ 0.0035908 0.02647 9.57E-06
Zn++ 0.0584845 0.2411 0.000717

Category 37 Mary River model

Average
Analyte (mglL)
AsO4--- 8.767E-07
Be++ 4.646E-11
Cd++ 1.276E-05
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Table 5:

Cr+++ 3.492E-04

Cut++ 2.080E-16

Fe(total) 1.879E-02

Mn++ 6.648E-04

Ni++ 1.209E-03

Pb++ 1.001E-05

Zn++ 8.615E-04

Hg++ 2.210E-08

Category 41 all models of Mary River water with marine influence
Average

Analyte (mg/L) Max (mg/L) | Min (mg/L)
Al+++ 1.742E-11 8.38E-11 5.12E-12
AsO4--- 9.175E-07 1.404E-06 6.33E-07
Be++ 6.804E-11 1.989E-10 3.97E-11
Cd++ 3.69E-05 0.000259 3.78E-06
Cr+++ 0.0110628 0.08029 0.000343
Cu++ 9.881E-15 1.005E-13 1.33E-16
Fe(total) 0.765935 6.847 1.61E-19
Mn++ 0.1543699 1.841 1.61E-19
Ni++ 0.007386 0.04887 0.001192
Pb++ 0.0043237 0.02647 9.53E-06
Zn++ 0.0321581 0.2411 0.000711
Hg++ 3.33E-08 1.016E-07 1.87E-08

There is general consistency in all modelled runs under all conditions.

The elements of major interest in the models are barium, aluminium, iron and manganese.
Control of barium was achieved by witherite (barium carbonate) or barite (barium sulphate).
These mineral phases will maintain solution levels of barium consistently less than 0.05
mg/L. The modelling indicates that a range of aluminium, Iron and manganese phases are
stable in the system, including gibbsite and diaspore for aluminium, siderite for iron, with
some co-precipitation of Iron into the stable aluminium phases, and bixbyite, pyrolusite and
rhodochrosite for manganese.

Although the precipitation of these aluminium, Iron and manganese minerals indicates the
presence of free ions, the modelling also indicates the presence of hydroxylated chemical
species in solution for these components. These are normally indicative of the presence of
colloidal phases.

Within the worst-case scenario modelled (i.e. the 50% evaporation of groundwaters),
values of aluminium as the free ion ranged from 1.161 E-03 to 3.79 E-07 mg/kg. Similarly,
within this modelled event, values for Iron as free ion range from 59.92 to 0.3458 mg/kg
and values of manganese as the free ion ranged from 7.132 to 0.3339 mg/kg. These
manganese values were the highest encountered in this investigation and are considerably
in excess of values commonly quoted in Guidelines. Uncontrolled discharge into the
receiving environment of groundwaters comprising this composition probably represents
the most serious of any environmental impacts.
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When phosphate is in the system, the solution values for manganese were low and are
within the compliance range of Guidelines. Thus, the presence of phosphate in the soll
system, the groundwater system and the marine system will act to limit the levels of active
manganese in the discharge. This probably represents an optimum scenario.

Although not considered serious as the amounts formed are small, it should be noted that
where groundwaters react with soils of Type 1 and the fluid then passes into seawater,
there is the potential for the formation of pyrite and of limited amounts of cadmium
sulphide. Cadmium levels in the system are generally low and the formation of cadmium
Sulphide is not considered likely, particularly when carbonate phases are stable within the
system. In the contexts it is believed that cadmium (a calcium or manganese compatible
ion) will co-precipitate with calcium into the carbonate mineral phases. Pyrite may show a
slightly greater tendency to form in reactions involving Groundwater Category 2 (clay and
sandstone) and Groundwater Category 6 (fine grained sandstone with minor coal) with
soils of Type 1. This pyrite has the potential to become involved in acid rock drainage
producing reactions. However, the small amounts of acidity produced will be buffered by
the carbonate / biocarbonate ions present in seawater and / or the likely carbonate
minerals present within the soils.

11 COMPOSITIONS OF RUNOFF AND DISCHARGE

The table below illustrates the average concentrations of analytes for all model records. In
many cases these levels are above the ANZECC (2000) guideline trigger levels for 95%
species protection of freshwater and marine ecosystems. In some cases these
contraventions of the ANZECC (2000) guidelines are by up to 2 orders of magnitude, and
all contravening levels are highlighted in red.

It should be noted that these global results discussed in the following section represent

ffend of piped composition only, not gener al oV
water.
Table 6: Global Average Concentrations of Models
Average
Analyte (mglL) Max (mg/L) | Min (mg/L)

Al+++ 2.582E-05 1.161E-03 5.121E-12
As(OH)3 2.019E-03 3.334E-02 6.947E-11
B(OH)3 1.062E+00 1.293E+01 4.633E-01
Be 4.469E-10 1.989E-10 3.972E-11
Cd 2.292E-05 2.590E-04 1.227E-08
Cr+++ 3.243E-03 8.029E-02 1.117E-26
Cu+ 4.067E-03 5.968E-02 1.327E-16
Fe (total) 1.977E+00 5.992E+01 1.611E-19
Mn++ 8.552E-01 7.132E+00 1.611E-19
Ni++ 2.177E-02 3.038E-01 1.192E-03
Pb++ 2.132E-03 2.647E-02 4.058E-07
Zn++ 6.973E-02 8.584E-01 7.107E-04
Hg 2.388E-07 1.016E-07 1.872E-08
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It is important to note that this Table represents the overall global averages of the
modelling results, with modelling of some aspects of water interactions revealing little to no
toxicity. Detailed descriptions of each of the contravening analytes are discussed below
and levels are represented diagrammatically in Figures 1 to 13 in Appendix A.

Arsenic

The modelling results within this study indicate that the maximum value within the models
is 1.5 times the trigger value for freshwater ecosystems, however the average is well below
the trigger values. This maximum level was calculated within the models involving
groundwater interactions. Arsenic Il is removed by sulphides and arsenic V by clays, with
iron 11, chromium 11l and barium also reducing arsenic toxicity

Boron

The modelling results from this study reveal that the maximum values for Boron are up to
34 times the ANZECC trigger value for 95% species protection level, with the minimum
values not even falling within the 80% protection trigger values. This is likely due the
combination of the coal waters and the groundwaters flowing though aquifers high in Boron
in the clays in the geological sequence. High levels of Boron in natural groundwaters are
normal and reference to the ANZECC Guidelines for groundwater is generally not
applicable. If these groundwaters are discharged at the surface, then mitigation strategies
may have to be put in place to manage the levels of Boron. If the groundwaters are not
discharged at surface, then the high Boron levels are not considered of concern.

Cadmium

The modelling results from this study reveal that the maximum value for cadmium is slightly
above the trigger level for 95% species protection for freshwaters. However, it is below the
90% species protection trigger level, indicating that only the worst case scenarios of 50%
evaporation of surface water mixes could have an effect on the freshwater aquatic
ecosystems. It is important to note that the average values for cadmium are well under the
95% species protection levels for freshwaters. All levels are below the 95% ecosystem
protection guidelines for marine waters. Cadmium, together with zinc, may be easily
adsorbed on to manganese colloids where it is less readily bioavailable.

Copper

The modelling results of this study indicate that the average values for copper
concentration are 10 times the 95% species protection trigger levels. The maximum value
calculated within the models is 47 times the 95% trigger level. These contraventions of the
ANZECC guidelines occur within both the surface and groundwater model runs. However
levels of copper above the ANZECC (2000) guidelines may be widely found in
groundwaters and surface waiters associated with high levels of organic matter. In addition,
as indicated below, copper may be easily adsorbed on to manganese colloids where it is
less readily bioavailable

Lead

The modelling results from this study indicate that the maximum modelled Lead
concentration is 8 times the 95% ANZECC species protection trigger level. This high value
was within the surface water models only. The average Lead concentration in these
surface waters also just contravenes the 95% trigger level. This indicates that in terms of
Lead concentrations, the surface water runoff and discharge from the mine lease may
represent a higher risk than seepage through the groundwater. The source of the higher
lead levels is not known but lead in solution may be easily treated by the addition of
hydroxyl ions, phosphate, sulphate of carbonate to form insoluble lead compounds. In
addition lead, to some degree, may be adsorbed on to manganese colloids where it is less
readily bioavailable.
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Manganese

The modelling results from this study indicate that the maximum modelled values of
manganese are 3.5 times the ANZECC 95% species protection trigger level. It is also
important to note that:

1 The average manganese levels within the groundwater models is also high,
T I't doesndt exceed the trigger | evel s,

1 Whilst the average modelled levels within the surface water models is
considerably lower than the groundwater values, the maximum for surface water
models is also 3.5 times the ANZECC 95% trigger level, and

I The toxicity of manganese is inversely related to the hardness of the water.

The above commentary is based on the assumption that all the manganese is present as
the free-ion. However, the modelling data also indicate a considerable presence of
hydroxide related manganese species usually indicative of the presence of manganese
colloids. Bioavailability from these colloids is not adequately quantified but is likely to be
less than that of free manganese ions in solution. These colloids may also adsorb
considerable levels of other metals including cadmium, copper, lead, nickel and zinc thus
leading to higher levels of these analytes upon chemical analysis.

Nickel

The modelling results of this study reveal that the maximum modelled concentration of
nickel occurs within the groundwater models at approximately 27 times the ANZECC 95%
species protection trigger. The average groundwater values are of similar concentration as
the maximum surface water values, at approximately 5 times the 95% trigger. These
results show that the modelled groundwater levels are a higher risk to the aquatic
environment than the surface runoff and discharge, however this too is potentially an issue.

Nickel toxicity has an inverse relationship with both hardness and pH in the aquatic
environment, and with salinity in the marine environment. Nickel is moderately toxic to
freshwater organisms and presents as significantly decreased growth rates, and acutely
toxic to marine species. As noted above, the high nickel values may be associated with
manganese colloids where it is less readily bioavailable.

Zinc

Zinc is an essential trace element required by most organisms for their growth and

devel opment . However it is toxic at higher <co
pH but decreases with an increase in both hardness and salinity, and is adsorbed by

suspended material.

The water modelling results of this study reveal that the maximum values of zinc
concentration are 30 times greater than the ANZECC 95% trigger levels for surface water
models. There are two orders of magnitude greater within the groundwater models. The
average values calculated by these models are seven and five times greater than the 95%
trigger levels, respectively. This indicates that the zinc concentrations within the mine
discharge waters, both surface runoff, and groundwater seepage are potentially an issue
for the aquatic environment. Once these waters flow into the marine environment, the
concentrations are not quite as extreme, however the average concentrations from the
models indicate that the zinc level will be twice the 95% trigger level, and the maximum
calculated value is an order of magnitude larger. Zinc toxicity decreases with pH but
decreases with and increase in both hardness and salinity. It is adsorbed by suspended
material (organic matter, clays and colloids). Specifically, it is efficiently adsorbed by
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manganese colloids with resultant high levels. However the adsorbed load may not be
readily bioavailable.

The water speciation models for all types of waters and soil / sediment interactions show a
broad spread of data. This may be partially accounted for by the need to use extrapolated
and/or inferred data from similar contexts. Thus, more detailed models need to be
developed using actual, comprehensive, site specific water compositions rather than the
incomplete, generalised data sets used in this indicative study.
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APPENDIX A: GRAPHS OF WATER
MODELLING RESULTS

ALL MODELS, CATEGORIES 1, 2, 3,4
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Figure 1: Aluminium Concentrations in Colton Waters
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Figure 2: Arsenic Concentrations in Colton Waters
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Figure 3: Boron Concentration in Colton Waters
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Figure 4: Beryllium Concentrations in Colton Waters
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Log Concentration in mg/L

Figure 5: Cadmium Concentrations in Colton Waters
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Log Concentration in mg/L

Figure 6: Chromium Concentration in Colton Waters
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Figure 7: Copper Concentrations in Colton Waters

Water Model Category
Category 1 Category 2 Category 3 Category 4

1.000E+00

1.000E-02

1.000E-04

1.000E-06

1.000E-08

1.000E-10

1.000E-12

1.000E-14

1.000E-16

62



Log Concentration in mg/L

Figure 8: Iron Concentration in Colton Waters
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Log Concentration in mg/L

Figure 9: Manganese Concentration in Colton Waters
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Figure 10: Nickel Concentration in Colton Waters
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Figure 11: Lead Concentrations in Colton Waters
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Figure 12: Zinc Concentration in Colton Waters
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Figure 13: Mercury Concentration in Colton Waters
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REPORT TO COLTON COAL

MOST LIKELY WATER MIXING SCENARIO

AMENDMENT TO GENERAL REPORT Y C &R CONSDULTING OF APRIL 2011

1 INTRODUCTION

C&R Consulting Pty Ltd (C&R) were commissioned by Hydrobiology Pty Ltd on behalf of

Colton Coal to undertake chemical speciation reaction and kinetic modelling for the

evolution, mixing and inter-reaction of several water sources associated with the Colton

Coal devel opment near Maryborough, Queensl and
scenarioso to explore potential causes of adve
interaction of these waters. This modelling information was fed into a variety of flow

models to determine environmental impacts from water released from the mine
development.

As a result of the flow modelling in May 2011 (undertaken by 3" parties), C&R were
reqguested t o underta&mrara o mamsotd el i kbealsyeds on b
judgement. This judgement incorporated a number of factors, including:

1 Judgement of the most likely mixing scenarios from a number of different input water
(refer earlier report), and

1 Judgement as to the most likely chemical compositions of the mixing waters. As
pointed out in the initial report, detailed chemical analytical data was very short and
consequently concentrations of many analytes were based on best professional
judgement of assessments of numerous data sources. It was a strong recommendation
that actual detailed chemical analyses be obtained for the various water types prior to
design of the mine site.

2 MODELLING SCENARIOS

Detailed modelling (with allowance for 50% evaporation) were undertaken for a variety of
water mixes, principally to model probable levels of aluminium and manganese actually in
solution rather than in colloidal form. These elements were indicated to be of potential
concern in the earlier investigation. This modelling was undertaken using several of the
component programmes in GeoChemists WorkBench Professional. During the course of
this modelling, several other analytes were indicated to be of potential concern. These
analytes are the main focus of this report.

It was found that manganese, actually in solution and not colloidal, ranged from 480 to
550ppb with an approximate mean of 520ppb. Initial, total levels of manganese were
above 1000ppb. Initial levels of aluminium were in excess of 240ppb, of which 110 to
150ppb, with an approximate mean of 125ppb, was actually in solution and not colloidal. It
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should be noted that upon mixing with the marine waters of the Mary River Estuary
(pH8.2), concentrations of many aluminium species dropped to below 10ppb.

The model scenarios listed below represent the most likely range in water quality

conditions:

(&) Where the water mixing, evaporation, and reactions have principally been with
aluminosilicate rocks, and

(b) Where carbonate minerals have been involved in these reactions.

Silicate Mix Carbonate Mix
pH 7.2 8.4
TDS 353 mg/Kg 794 mg/Kg
Al 0.242 mg/Kg 0.110 mg/Kg
AlO, 0.225 mg/Kg 0.050 mg/Kg
Al(OH)," 0.0045 mg/Kg 0.0000016 mg/Kg
As 0.0008 mg/Kg 0.00078 mg/Kg
Ba 0.022 mg/Kg 0.020 mg/Kg
B(OH); 0.226 [BO O . DrdglKg 0.273 mg/Kg
Cd 0.00006 mg/Kg 0.00005 mg/Kg
CO 0.0004 mg/Kg mg/Kg0.0003 mg/Kg
Cr 0.001 mg/Kg 0.0008 mg/Kg
CrO,”~ 0.0019 mg/Kg 0.00017 mg/Kg
Cu 0.0003 mg/Kg 0.0001 mg/Kg
Fe 0.023 mg/Kg 0.010 mg/Kg
Mn 0.550 mg/Kg 0.480 mg/Kg
Ni <0.001 mg/Kg <0.00001 mg/Kg
Pb 0.0010 Mg/Kg 0.0006 mg/Kg
Se 0.005 [Seogz' =HSeO3;] mg/Kg 0.005 [Seo32' >>HSeO3] mg/Kg
Zn 0.0048 mg/Kg 0.0019 mg/Kg
3 INTERPRETATION

As indicated above, minor concerns may exist with the compliance of the modelled waters
and the 99% ANZECC trigger levels for species protection with respect to manganese
(mean 520 ppb) and aluminium (mean125 ppb). Indications from the modelling are that for
aluminium, once waters enter all marine waters of the Mary River Estuary, then levels of
total aluminium in solutions, as distinct from colloidal forms, are likely to be less than 1x10?
ppb for individual species and less than 1x10* ppb for total dissolved aluminium species.
Indications for manganese from the modelling are a little more conjectural, but it is likely
that levels of manganese will fall to approximately one half to two thirds of those quoted
above (i.e. mean 520 ppb) as the waters enter the marine waters of the Mary River
Estuary.

The modelling also indicated several other possible exceedances of the 99% ANZECC
Species Protection Guidelines.

1 Cobalt: Levels of 0.0003 to 0.0004mg/Kg exceed the 99% trigger level for marine
waters of 0.00005mg/L. Levels of cobalt in the actual waters of the site need to be
defined to assess whether this trigger level is locally achievable.
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1 Chromium: Levels of 0.0008 to 0.001mg/Kg exceed the 99% trigger level for
freshwater for chromium(vi) (the likely form) of 0.00001mg/L. Levels of chromium(vi) in
the actual waters of the site need to be determined to assess whether this trigger level
is locally achievable.

1 Lead: Levels up to 0.0019mg/Kg may be present in waters with pH levels below
approximately 8.0. The 99% ANZECC Species Protection Level for lead in freshwater
is 0.001mg/L and in marine waters 0.0022mg/L. All values modelled comply with the
marine guidelines. However, compliance violations may occur with the freshwater
guidelines. Within the ANZECC Guidelines, it is recognised that hardness corrections
are applicable to some metals. These include lead, and it is reasonable to predict that
once a hardness correction is done, then all levels will be reduced to less than
0.001mgl/L.

1 Zinc: Levels up to 0.0048mg/Kg may be present in waters with pH levels below
approximately 8.0. The 99% ANZECC Species Protection Level for zinc in freshwater is
0.0024mg/L and 0.007mg/L in marine systems. All values modelled comply with the
marine guidelines, However, compliance violations may occur with the freshwater
guidelines. Within the ANZECC Guidelines it is recognised that hardnes corrections are
applicable to some metals. These include zinc, and it is reasonable to predict that once
a hardness correction is done, then all levels will be reduced to less than 0.0024mg/L.

4 CONCLUSIONS AND RECOMMENDATIONS

T On the basis of modelling of @ mdevdlopmentkearl y o c o
Maryborough, Queensland, it is predicted that some non-compliance with the 99%
ANZECC Species Protection Guidelines.

1 Non-compliances with respect to aluminium and manganese are likely to be almost
eliminated by chemical interactions and consequent changes in the dissolved species /
colloidal species balance when the waters enter the saline, alkaline marine waters of
the Mary River Estuary.

1 Non-compliances with respect to lead and zinc are likely to be non-existent when
appropriate hardness corrections are carried out. This will require a programme of
chemical analyses of the waters to be carried out so that accurate, actual, levels of
hardness can be determined.

1 Non-compliances with respect to cobalt and chromium are problematical and are, in
part, due to the very low compliance levels for the 99% ANZECC Species Protection
Guidelines. A programme of chemical analyses of the waters for a comprehensive
range of analytes is necessary to determine real, local, baseline levels to ascertain
whether these levels are locally achievable.

1 Overall, it is strongly recommended that a broad ranging chemical analytical
programme be carried out for the range of waters associated with this development so
that more detailed modeling can be undertaken using actual concentrations for all
analytes rather than values based on best professional judgement.
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