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Important note about your report

The sole purpose of this report and the associated services performed by Jacobs is to undertake Eneabba
Phase 3: Environmental Referral - Hydrogeology in accordance with the scope of services set out in the contract
between Jacobs Australia Pty Ltd (Jacobs) and the Iluka Resources Limited (‘the Client’). That scope of services,
as described in this report, was developed with the Client.

In preparing this report, Jacobs has relied upon, and presumed accurate, any information (or confirmation of the
absence thereof) provided by the Client and/or from other sources. Except as otherwise stated in the report,
Jacobs has not attempted to verify the accuracy or completeness of any such information. If the information is
subsequently determined to be false, inaccurate or incomplete then it is possible that our observations and
conclusions as expressed in this report may change.

Jacobs derived the data in this report from information sourced from the Client (if any) and/or available in the
public domain at the time or times outlined in this report. The passage of time, manifestation of latent
conditions or impacts of future events may require further examination of the project and subsequent data
analysis, and re-evaluation of the data, findings, observations and conclusions expressed in this report. Jacobs
has prepared this report in accordance with the usual care and thoroughness of the consulting profession, for the
sole purpose described above and by reference to applicable standards, guidelines, procedures and practices at
the date of issue of this report. For the reasons outlined above, however, no other warranty or guarantee,
whether expressed or implied, is made as to the data, observations and findings expressed in this report, to the
extent permitted by law.

This report should be read in full and no excerpts are to be taken as representative of the findings. No
responsibility is accepted by Jacobs for use of any part of this report in any other context.

This report has been prepared on behalf of, and for the exclusive use of, the Client, and is subject to, and issued
in accordance with, the provisions of the contract between Jacobs and the Client. Jacobs accepts no liability or
responsibility whatsoever for, or in respect of, any use of, or reliance upon, this report by any third party.
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Executive summary
Iluka Resources Limited (Iluka) has engaged Jacobs Group (Australia) Pty Limited (Jacobs) to undertake work to
support Iluka’s Phase 3 Referral submission to the Western Australian Environmental Protection Authority (EPA).
This work builds upon recently completed work for Eneabba Phase 2 and includes a conceptual model,
additional geochemistry assessment and further numerical flow and solute transport modelling.

The project involves the investigation into potential groundwater water quality impacts that may arise from the
Process Water Dam (PWD) and tailings disposal associated with the implementation of the Eneabba Project
Phases 1, 2 and 3 at the Eneabba Mine.  The tasks undertaken included:

 Hydrogeological conceptualisation of the Site to provide an understanding of the hydrogeology.

 Geochemical assessment to characterise the groundwater chemistry at the Site and determine
Contaminant of Potential Concern (COPC) for input to solute transport modelling

 Groundwater flow and solute transport modelling to assess migration of the contaminant plume

Hydrogeological conceptualisation

The main hydrogeological units at the Site are the Superficial formation and the Yarragadee Formation.  The
Superficial formations are unsaturated.  The top of the Yarragadee Formation is also largely unsaturated;
however, based on historical data, perched aquifers may develop on low permeability horizons within the
sediment pile in response to seepage from the PWD and tailings storage facilities (TSF).  Leakage from the
perched watertable may subsequently enter the regional watertable.  Regionally, groundwater in the Yarragadee
Formation aquifer flows from east to west.

No groundwater dependant ecosystems (GDEs) are located within the Site area or downgradient of the Site that
will be impacted.  This is because the regional watertable is typically greater than 20m below the ground surface
which is well below the rooting depth of native vegetation.

Hydrogeochemistry

As part of Eneabba Phase 1 and 2, a review of the process water to be stored in the Process Water Dam (PWD)
(formerly the West Dam) indicates that concentrations of TDS, Na, SO4, Al, As and Fe exceed both background
groundwater concentrations and drinking water guideline limits.

Geochemical analysis of Fe indicates that attenuation within the PWD and TSFs due to atmospheric exchange
processes is expected to occur and therefore it is unlikely to pose a risk to the beneficial use of groundwater.  In
addition, Al and As are expected to be heavily retarded during their migration in the sub-surface and are also not
considered to pose a risk to the beneficial use of groundwater in the regional aquifer flow system.

Concentrations of TDS, Na and SO4 in the process water stream exceed background concentrations. Of these
three analytes SO4 was selected as the contaminant of potential concern (COPC) for solute transport modelling
for Phase 1 and 2.

For Eneabba Phase 3, analysis by ANSTO indicated concentrations of Ca, Na and SO4 in the liquid in the waste to
be stored in the Yellow Dam, Yellow Dam South, North Monazite Pit and the Monazite Pit exceed background
concentrations. Of these three analytes SO4 was selected as the COPC for solute transport modelling for Phase 3.

Groundwater flow and solute transport modelling

Solute transport modelling was implemented to assess the future increase in concentrations of sulfate that may
occur as the result of seepage from the PWD and TSFs.  Geochemical modelling of the tailings water suggests
that sulfate concentrations may reach about 544 mg/L in Phase 2 and 2340 mg/L in Phase 3 which is elevated
compared to background groundwater concentrations of about 70 mg/L.
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Solute transport model results indicate that there is likely to be a plume of elevated sulfate concentration
created beneath the PWD and TSFs and that this plume will gradually migrate to the west.  As the plumes grow
they are predicted to merge and move away from the site.  The sulfate concentrations are predicted to decrease
with time once site operations end, and dispersion and dilution effects develop.  The size and concentration of
the predicted sulfate plumes generated by the proposed operations depend on the effectiveness of the linings of
the Phase 3 TSFs.

No receptors (i.e. no GDEs and no third-party groundwater extraction bores) occur within the predicted plume's
extent, and thus no direct impacts are expected.

Recommended monitoring

Six bores sites consisting of one shallow (conditions suitable for perched watertable development) and one deep
(regional aquifer) bore are proposed.  The bore sites are located west of the PWD and each of the TSFs (as shown
in Figure 5.1). It is recommended that monitoring for both water levels and water quality (field and laboratory)
be undertaken on a quarterly basis for two years, and the frequency reviewed thereafter.

Results should be reviewed as part of the Eneabba Operation Annual Aquifer Review and the Eneabba Operating
Licence Annual Environmental Report.  The need for additional monitoring bores further to the west will be
determined based on this annual review, although should a plume of sulfate be identified it is intended that
additional monitoring points will be installed to enable surveillance of plume migration.
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1. Introduction

Iluka Resources Limited (Iluka) has engaged Jacobs Group (Australia) Pty Limited (Jacobs) to undertake
groundwater, geochemical, human health, and environmental risk assessments for the Eneabba Mineral Sands
Recovery Project at Eneabba Mine, Western Australia. Iluka Resources (Iluka) and its predecessor companies
have, since about the 1970s, carried out mineral sands mining at Eneabba, approximately 300 km north of Perth.
Mining and rehabilitation activities have occurred on the area of Mining Lease 267SA, granted under the Mineral
Sands (Eneabba) Agreement 1975 (WA) (State Agreement).

Iluka has been transporting a ‘by-product’ from its Mineral Separation Plant (MSP) processing facilities at
Narngulu (10km from Geraldton) to Eneabba since the early 1990s. The MSP by-product, comprised of about
20% rare earth minerals (primarily monazite), has been stored in the Eneabba Monazite Pit (EMP) since 1994.

Following ministerial approval in July 2019, Iluka commenced operation of the Eneabba Phase 1 Project (Phase
1) involving the recovery/mining of the ‘MSP by-product’ material from the EMP and processing through a
small-scale physical separation plant (Plant 1) to produce a heavy mineral product (HMP) of approximately 20%
rare earth minerals. Iluka recently received ministerial approval on April 2021 to commence the construction
and operation of the Eneabba Phase 2 Project (Plant 2) with involves upgrading and separating the 20% HMP
from Phase 1 to produce an approximately 90% rare earth HMP.

The Eneabba Phase 3 project involves the construction and operation of a new Rare Earth Cracking, Leaching and
Purification plant (Rare Earth Refinery) at the current Eneabba Mineral Sands Mine. The plant will use the Phase
2 rare earth HMP along with other sources of rare earth mineral concentrate as feed material.

1.1 Background

Figure 1.1 shows the proposed layout (the “Site”), which includes the Process Water Dam (PWD), the pre-existing
EMP, North Gas Pit, North Monazite Pit, East Tails Dam, Yellow Dam and Yellow Dam South (herein referred to as
the Tailings Storage Facilities [TSFs]).

The Site is located approximately 150 km south of Geraldton, 300 km north of Perth, to the east of the Brand
Highway and approximately 30 km inland from the coast.

The proposed recovery project will involve the storage of process water into the pre-existing PWD and
placement of tailings into the TSFs.  The Eneabba Project schedule is shown in in Figure 4.10 and shows the three
phases of the project and when the PWD and each TSF is operating.

The aim of this investigation was to develop groundwater, solute transport and geochemical models of the Site
to help quantify changes that may occur in groundwater chemistry as a result of the proposed operation of the
PWD and TSFs.

1.2 Scope of works

The following tasks were undertaken:

1) Hydrogeological conceptualisation.  This task provides an appropriate understanding of the
hydrogeology of the Site and formed the basis for subsequent groundwater flow and transport models
prepared as part of this investigation.  The review of existing information to develop an appropriate
understanding of the hydrogeology at the site with particular focus placed on the interface between the
Superficial aquifer and the underlying Yarragadee Formation aquifer, both in terms of depth/elevation
and hydrogeological significance of the interface, formed part of this task.

2) Geochemistry review and geochemical modelling was undertaken for Eneabba Phase 2.  Building upon
this work, further assessment was undertaken for Eneabba Phase 3 to assess the risk to the beneficial
uses of groundwater from the Eneabba Project Phase 3.
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3) Groundwater flow and solute transport modelling. Numerical groundwater flow and solute transport
models were developed for Eneabba Phase 2. Additional numerical modelling was completed to assess
potential impacts of the expanded operation.  No assessment of radioactivity has been undertaken.

4) Project reporting.  Findings from each task were summarised in this report.

Figure 1.1: Site layout
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2. Hydrogeological conceptualisation

2.1 Climate

The Eneabba area is characterised by a Mediterranean type climate with hot dry summers and cool wet winters.
High rainfall occurs in the winter months (Figure 2.3) although sporadic high rainfall can occur in summer
months from tropical rain storms and thunderstorms. Potential evaporation exceeds precipitation by an order of
magnitude throughout the year (Johnson and Commander, 2006).

Two rainfall gauges are available to the project:

 Bureau of Meteorology (BoM) gauge 008225 has rainfall records 1972 to 2016. This station closed on
1 April 2017.

 Department of Agriculture and Food (DAFWA) weather station EN001 has rainfall, temperature and
evaporation records. This station opened in Eneabba in June 2012.

Figure 2.1 shows the cumulative departure from mean precipitation (CDMP) for the combined BoM and DAFWA
gauges. The data show that average rainfall has been decreasing since the start of the millennia (downward
trends in CDMP charts indicate below-average conditions). This trend has continued into 2020, but as Figure 2.2
shows, total rainfall for 2020 was slightly greater than 2019. Monthly total rainfall for 2020 compared to the
previous five years is shown in Figure 2.3. August was the wettest month in 2020, with January and October
being the driest.

Figure 2.1: Cumulative departure from mean monthly rainfall at Eneabba (008825)1.

1 Note the DAFWA gauge has been added to the record from May 2017 onwards owing to insufficient length of record for the DAFWA gauge for CDMP
analysis. Combining the rainfall records from DAFWA gauge EN001 and BoM gauge 008825 is considered the most reasonable approach, the
gauges show relatively similar rainfall totals and the locations are similar.
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Figure 2.2: Annual rainfall at Eneabba (BoM gauge 008825) and DAFWA gauge EN001

Figure 2.3: Monthly total and average rainfall at Eneabba gauges: BoM gauge 008825 (until April 2017) and
DAFWA gauge EN001 (2016-2020)

2.2 Regional setting

2.2.1 Previous investigations and reports

Previous investigations and reports reviewed include:

 Jacobs (2020). Eneabba Operation – Annual Aquifer Review, 2019 Annual Aquifer Review, 17 March 2020.

 Department of Water (DOW) (2017). Northern Perth Basin: Geology, Hydrogeology and Groundwater
Resources. Hydrogeological Bulletin Series Report no. HB1, January 2017.

 Johnson & Commander (2006). Mid West Regional Minerals Study – Groundwater Resource Appraisal,
Hydrogeological Record HG17.

 Nidagal, V. (1995). Hydrogeology of the Coastal Plain Between Leeman and Dongara, Perth Basin.
Geological Survey of Western Australia, Record 1994/10.
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2.2.2 Regional geology and aquifers

The regional geology in the vicinity of the Site is summarised in Table 2.1. Figure 2.4 shows the regional pre-
Cenozoic geology.

Table 2.1: Geological and hydrogeological units

Age Stratigraphy Hydrogeological unit and
lithology

Aquifer Characteristics

Quaternary

Su
pe

rf
ic

ia
l f

or
m

at
io

ns

Alluvium, colluvium,
lacustrine and swamp
deposits

Clay, sand and peat Minor to major aquifer
beneath Swan Coastal Plain

Fresh to saline

Safety Bay Sand Sand

Bassendean Sand Sand, minor silt and clay

Tamala Limestone Calcareous arenite,
limestone, sand and clay

Guildford Formation Sand and clay with clay
acting as local confining bed

Tertiary Yoganup Formation Sand, clay

Jurassic Yarragadee Formation Sandstone, siltstone, shale.
Weakly cemented.

Major regional aquifer
though siltstone/shale can
act as local aquitard

Mostly fresh

Cadda Formation Sandstone, siltstone,
claystone/shale and
limestone

Interbedded aquifer –
aquitard

Mostly brackish

Cattamarra Coal Measures Sandstone, siltstone, shale
and coal

Note: reference Nidagal (1995)

Figure 2.5 shows a regional cross-section called the Eneabba Line which runs west to east through Eneabba. The
section line for this cross-section is shown on Figure 2.4.  The Eneabba Line is approximately 8 km north of the
Site. The Site is located to the west of the Gingin Scarp between EL6 and EL7.

The most important of the deep aquifers at the Site area is the Yarragadee Formation aquifer (herein referred to
as Yarragadee aquifer). The Yarragadee aquifer is the source of water for Eneabba, a township located 5.5 km
from the nearest point to Iluka’s Eneabba operations (Yellow Dam).

The Jurassic Yarragadee Formation is a relatively thick geological unit in the Perth Basin. The formation is
composed primarily of non-marine fluviatile feldspathic, poorly sorted sandstones which are porous and poorly
cemented. It grades from a shale-siltstone dominated base to a cleaner sandstone in the upper portions of the
formation, probably representing increased subsidence or filling of the basin during the late Jurassic. Locally,
however, less transmissive sediments can occur towards the top of the Yarragadee Formation as indicated in
Section 2.3.1.

There is no distinct confining unit between the Superficial aquifers and the underlying regional aquifers;
however, the vertical hydraulic conductivity of the Yarragadee aquifer can be low (see Section 2.2.4).
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Figure 2.4: Regional pre-Cenozoic geology map and lines of section (DOW, 2017)
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Figure 2.5: Eneabba line – hydrogeological cross-section (DOW, 2017)

2.2.3 Regional depth to watertable and groundwater flow

The regional depth to watertable is shown in Figure 2.6 and shows the depth the watertable at the Site is
between 10 to 40 m.  At the Site the Superficial formation is shown to be unsaturated (see Figure 2.7).

Groundwater flow in the Superficial aquifer is predominantly east to west, from the elevated areas along the
Gingin Scarp towards the coast as shown in Figure 2.8. The watertable is highest adjacent to the Gingin Scarp,
where it is up to about 90 m AHD near Eneabba and Cataby, and declines westward to the coast (DOW, 2017).
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Figure 2.6: Regional depth to watertable (DOW, 2017)
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Figure 2.7: Regional Superficial formations saturated thickness (Nidagal, 1995)
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Figure 2.8: Regional depth to watertable (DOW, 2017)
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2.2.4 Regional hydraulic parameters

There is considerable variability in hydraulic properties through the Yarragadee aquifer, depending on the
proportions of sand and clay, and, in deeper parts of the aquifer, the degree of diagenesis. The permeability of
sandstone beds tends to decrease with depth due to an increasing clay matrix and cementation of the sandstone.
(DOW, 2017)

High permeability sands are present within Yarragadee aquifer.  Aquifer tests conducted in the Bunbury area
indicate an average hydraulic conductivity of around 14 m/day, but can be over 20 m/day (Water Corporation,
2005).

The vertical hydraulic conductivity of the Yarragadee aquifer is highly variable and difficult to assess. Vertical
hydraulic conductivity is dependent on the presence of shale beds that restrict the vertical movement of
groundwater within the aquifer. Based on the lithologies present in the Yarragadee aquifer, the vertical hydraulic
conductivity across the whole aquifer is likely to range between 1 x 10-2 and 1 x 10-4 m2/day (DOW, 2017)

Storativity ranges from 1.0 x 10-4 to 9.4 x 10-3, with an average of 1.7 x 10-3. At Eneabba, storativity of 2 x 10-4 to
9 x 10-3 and 3 x 10-4 to 2 x 10-3 where determined for two separate tests.  Aquifer tests of bore TP1 in the Hill
River area yielded a storativity of 1.5 x 10-4 using the Jacob method and 2.1 x 10-4 using the Theis method
(DOW, 2017)

2.2.5 Regional recharge

Groundwater recharge to the watertable aquifer occurs by rainfall infiltration and intermittently by seepage from
rivers and creeks. Most recharge is thought to occur during heavy rainfall when it is also enhanced by recharge
from surface runoff and flooding (Johnson & Commander, 2006).  Recharge of the Superficial formation also
occurs from upward leakage from the underlying deep aquifers, albeit to the west of the Site. Groundwater
discharge occurs through evapotranspiration (particularly to the west of the Swan Coastal Plain where the
watertable is shallow), discharge to rivers and lakes and outflow to the ocean (Jacobs, 2020).

The Yarragadee aquifer is recharged by rainfall and surface runoff east of Gingin Scarp, where it outcrops on the
Dandaragan Plateau, or through the saturated Superficial sediments where they overlie the Yarragadee
Formation. The Cattamarra Coal Measures are recharged by rainfall where it outcrops, leakage through the
Superficial sediments and by some leakage across the Warradarge Fault (Jacobs, 2020).

2.2.6 Regional discharge

There is significant evaporative loss of groundwater in the Bassendean Dunes and Eneabba Plain, where the
watertable is shallow and numerous wetlands are present (west of the Site). Many of the rivers and streams
crossing the coastal plain receive baseflow where the watercourse is positioned below the watertable. This
baseflow is seasonal, with groundwater discharging when groundwater levels are elevated by winter rains.

2.3 Site setting

2.3.1 Site geology and aquifer systems

The primary geological units of interest in the area of the Site are the Quaternary Superficial formations and the
underlying Yarragadee Formation.  Figure 2.9 shows the base of the Superficial formations and the Gingin Scarp,
which defines their eastern extent.

Figure 2.10 shows a hydrogeological cross-section through an area approximately 20 km north of the site.

Figure 2.11 is an Iluka resource model section through the EMP and shows the depth to the Yarragadee
Formation. The formation is shown to be between 2 and 15m deep at the EMP, which is located against the
Gingin Scarp where the Superficial formations pinch out.  West of the scarp, the Superficial formations’ thickness
increases and the top of the Yarragadee Formation becomes deeper as shown by a review of bores further west
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of the EMP.  At WTE10, the top of the Yaragadee Formation is 25.5m deep.  Further west at WT09s, the
Yaragadee Formation is 33m deep.  The location of bores WTE09s and WTE10 are shown in Figure 2.13.

Bore log information in the vicinity of the Site are shown in Appendix A.  These indicate that the underlying
sediments are comprised of a combination of sand, silt and clay.  Laterite and cementing are also present.  The
silt and clay, laterite and cementing will impede vertical groundwater flow.  Cementing is potentially an
indication of the Yarragadee Formation, which has weakly-cemented characteristics at depth or in older parts.

Figure 2.9: Subcrop map and contours on base of Superficial formations (Nidagal, 1995)
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Figure 2.10: Hydrogeological cross-section north of Eneabba (Nidagal, 1995)
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Figure 2.11: Model section through the Eneabba Monazite Pit (provided by Iluka)

2.3.2 Site groundwater levels

Historical activities at the site have modified the depth to groundwater and groundwater elevation near the mine.
Impacts such as localised groundwater mounding from seepage of water from water storage facilities and
tailings dams, along with groundwater drawdown at production borefield sites have been observed (Jacobs,
2020).

A review of Figure 2.12 shows that in the vicinity of the Site, the regional watertable is located within the
Yarragadee Formation.

Figure 2.13 shows that bores close to the EMP (EM78, EM90 and EM91) have groundwater levels well above the
regional watertable (82b1, 82b2, EM83, EM84).  This is considered to be a mounded watertable from the legacy
TSF south of the EMP.

The persistence of mounding many years after the cessation of mining suggests the downward vertical flow
through the uppermost Yarragadee Formation sediments has been impeded. In other words, a confining or
leaky-confining layer of relatively low vertical hydraulic conductivity underlies the PWD and TSFs. There are
insufficient data available to confirm whether the area below this layer is unsaturated or otherwise. Regardless,
the term “perched watertable” or similar has been used to describe such conditions in this report.

It is worth noting that the top of the Yarragadee Formation at the EMP is approximately 125 mAHD (assuming
approximate ground surface elevation of 140 mAHD and a maximum depth to top of Yarragadee Formation of
15m as per Figure 2.11) which means that the perched watertable associated with EM78, EM90 and EM91 is
located in the Yarragadee Formation and that the Superficial formations are unsaturated.
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Figure 2.12: Groundwater contours in monitoring wells screened below 100 mAHD (Jacobs, 2020)
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Figure 2.13: Groundwater levels for bores near the proposed PWD and TSFs with accompanying location map
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2.3.3 Background water quality and environmental values

Groundwater resources can support environmental values such as ecosystems (i.e. groundwater dependent
ecosystems (GDEs)), amenity, cultural values, recreation, public drinking water supplies and agricultural and
industry use of water (EPA(WA), 2018 and 2020). Protection of these values and uses relies on an understanding
of the groundwater resource and its existing (i.e. background) water quality and quantity.

Relevant guidelines should be referenced depending on environmental values in vicinity of the Site, including
the:

 Australian Drinking Water Guidelines (NHMRC, 2018) – for use where activities occur within or in proximity to
groundwater used for drinking water supplies

 Water Quality Guidelines for the Protection of Aquatic Ecosystems (ANZECC and ARMCANZ, 2000) – for
general use in relation to the protection of aquatic ecosystem health and beneficial uses

 Various water quality protection guidelines and notes available at DoW (www.water.wa.gov.au).

Bore EM84 is representative of background regional water quality in the area of the Site.  Background water
quality is discussed further in Section 3.1 with Table 3.2 showing the water quality for bore EM84.  The salinity
for bore EM84 is 1000 mg/L.

Based on NHMRC (2018) drinking water quality is defined based on taste as:

 <600 mg/L is regarded as good quality drinking water.

 600-900 mg/L is regarded as fair quality

 900-1200 mg/L is regarded as poor quality

 >1200 mg/L is regarded as unacceptable.

Therefore, the background water quality at the Site is considered to be of “poor quality” for drinking water and
therefore would be precluded.  However, as noted in Section 2.2.2, the Eneabba town water supply uses the
regional aquifer (Yarragadee aquifer); however, it is located approximately 5.5 km from the Site.

Agricultural use is a potential groundwater use as the salinty of the groundwater is such that it could be used for
both stock and irrigation.

2.3.4 Groundwater dependent Ecosystems

No groundwater dependant ecosystems (GDEs) are located within the Site area or downgradient of the Site that
will be impacted.  This is because the regional watertable is typically greater than 20m below the ground surface
which is well below the rooting depth of native vegetation.

SWC (2009) assessed potential impacts on GDEs by comparing the maximum depth of soil profile needed to
support the transpiration requirements of the native vegetation, with the depth to groundwater across the site.  It
was considered that if the depth to groundwater is lower (or deeper) than the required rooting depth than the
vegetation will be reliant on soil stored moisture (non-phreatophytic), whilst if the depth to groundwater is
higher than the required rooting depth then the vegetation will be dependent to some extent on the
groundwater (phreatophytic or GDE).

Laboratory measured water retention data determined that a maximum soil depth of 8.75 m was required to
support native vegetation with a transpiration requirement of 700 mm/year.  The depth to groundwater across
the Site is typically greater than 20 m below the surface, and it is only on the far western side of this area, west of
the Warradarge Fault and well west of the site and the area of interest for this current study, where groundwater
levels are higher than 8.75 m, and that GDEs are likely to occur.
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2.4 Conceptual hydrogeological model

A conceptual hydrogeological model for the project, which shows the potential impact of PWD and TSFs
operation on site aquifers, is presented in Figure 2.14.  Available data suggest the Superficial formations, and a
relatively thin veneer of the Yarragadee Formation sediments, are unsaturated.  Where seepage from PWD and
TSFs occurs, infiltrating water is locally perched on units of low permeability.  Nevertheless, some leakage from
the perched system to the underlying aquifer occurs. Despite this leakage, the regional east-to-west hydraulic
gradient is maintained.

Figure 2.14: Conceptual hydrogeological model cross-section during the operation of the PWD and TSFs
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3. Hydrogeochemistry

This section provides a review of the groundwater chemistry surrounding the proposed PWD and TSFs and the
chemistry of the process water streams that may be discharged into the proposed PWD and TSFs during Eneabba
Project Phases 1, 2 and 3 in order to (1) characterise the existing groundwater hydrogeochemistry and (2)
evaluate the analytes of greatest potential risk posed to the groundwater system via discharge of process water
streams. The results of this assessment will subsequently be incorporated into solute transport models to assess
the overall risk of process water discharge to the proposed PWD and TSFs on the beneficial uses of groundwater.

3.1 Existing groundwater chemistry

The locations of the proposed PWD and TSFs and proximal groundwater monitoring wells are illustrated in
Figure 2.13. Accordingly, the monitoring wells assessed as part of this review include WTE01, WTE02, WTE03,
WTE08, WTE10, EM57, EM58A, EM78, EM79, EM83, EM84, EM90 and EM91.

A list of these bores and their respective screen depth, last recorded groundwater level and general trend in
groundwater level has been summarised in Table 3.1, along with the interpreted aquifer system. Accordingly,
bores WTE01, WTE02, WTE03, WTE08 and WTE10 are ex-production bores (ExPB) that have subsequently been
used for groundwater monitoring. While this does not preclude the usefulness of these bores, these bores have
not been routinely monitored for groundwater chemistry, with only one sample collected from WTE08 in 2013.
Likewise, EM57 was only monitored briefly between 2006 and 2008 and given the possible changes in
groundwater chemistry that may have occurred since 2008, this bore has been excluded from subsequent
discussion.  Accordingly, the bores selected for assessing the local groundwater chemistry proximal to the
proposed PWD and TSFs has been limited to EM58A, EM78, EM79, EM84, EM90 and EM91.

Table 3.1: Summary of bores proximal to proposed PWD and TSFs

Well ID Type Screen From Screen To Trend Head
(m AHD)1

Interpreted
aquifer system

WTE01 ExPB 164.5 447.5 Increasing 78.28 Regional
WTE02 ExPB 262 678 Increasing 79.78 Regional
WTE03 ExPB 182 342 Increasing 79.54 Regional
WTE08 ExPB 155 471 Increasing 79.15 Regional
WTE10 ExPB 198 534 Increasing 81.03 Regional
EM57 Mon 18.5 36.5 Increasing 84.2 Perched
EM58A Mon 8.4 26.4 Decreasing 89.81 Perched
EM78 Mon 23.5 47.5 Decreasing 99.49 Perched
EM79 Mon 68 86.6 Increasing 79.73 Regional
EM83 Mon 75 87 Increasing 83.45 Perched
EM84 Mon 82 100 Increasing 80.98 Regional
EM90 Mon 21 33 Decreasing 99.43 Perched
EM91 Mon 36 48 Decreasing 99.17 Perched

1Value taken as most recent recorded level in well

Monitoring of groundwater salinity as total dissolved solids (TDS) has been illustrated for EM58A, EM78, EM79,
EM84, EM90 and EM91 in Figure 3.1. This shows that groundwater TDS is relatively consistent at all monitoring
wells except EM91, which has declined from 3,400 mg/L to 1,600 mg/L between 2015 and 2020. However, this
decline was most prevalent between 2015 and 2018 and since 2018, TDS has become relatively stable, ranging
between 2,000 and 1,600 mg/L. Elevated groundwater TDS at this bore has been attributed to historical tailings
seepage and appear to be a localised effect that is not exhibited anywhere else at the site. Groundwater TDS in
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the remaining bores is relatively low compared to EM91, ranging between 400 and 1,200 mg/L over the 2015-
2020 period.

In general, the concentration of most major ions follow similar trends to those of TDS, with higher concentrations
of sodium, potassium, magnesium, chloride and sulfate (Na, K Mg, Cl and SO4) recorded at EM91, and declining
concentrations of dissolved ions between 2015 and 2020 (see Appendix C). However, it is noted that
groundwater samples from EM91 tends to have a higher proportion of Na relative to other major cations, such as
K or Ca (see Figure 3.2). This may reflect the chemistry of historical tailings seepage near EM91, or simply that as
the smallest, monovalent major cation, Na acts more conservatively than other species which may adsorb to the
aquifer matrix at higher salinities.

Figure 3.1: Groundwater salinity (as TDS)

Figure 3.2: Molar ratio of Na to K versus chloride concentrations

Groundwater pH has not been monitored in EM58A since 2008; however historical monitoring during 2006-
2008 indicates pH levels ranging between 6.4 and 6.8. Similarly, pH has not been monitored in EM79 since
2013, with pH ranging between 5.9 and 7.2 between 2010 and 2013. The pH levels in both of these bores are
similar to those in EM91 which have ranged between 6.1 and 6.7 between 2015 and 2020 (Figure 3.3).
Groundwater pH at EM78 and EM90 is lower, ranging between 4.2-4.4 and 4.3-5.4, respectively. Groundwater
pH at EM90 appears somewhat more variable, with increased pH values (approximately 5) occurring between
April-June of some years, perhaps in response to enhanced local recharge during higher rainfall periods.
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Groundwater pH at EM84 reflects an intermediate groundwater pH, with values ranging between 5.5 and 5.9
since 2015.

These data indicate significant local variability in groundwater pH surrounding the proposed PWD and TSFs.
Locally, in the perched system, groundwater pH appears to be more acidic, with pH ranging between 4.5 and 5.5.
It is possible that the lower pH values in this area may be related to historical activities proximal to the EMP or
increased rainfall recharge due proximity to the EMP excavation. Further from the EMP, while still moderately
acidic, pH values tend to be higher, ranging between 5.5 and 7.0.

Figure 3.3: Temporal trends in groundwater pH

Potential sources of acidity can be identified via covariance plots of major ions and pH, such as that illustrated in
Figure 3.4. This illustrates trends in SO4 concentrations relative to Cl against pH. This is useful in indicating if
lower pH values are the result of pyrite oxidation or other sulfate rich sources (such as sulfuric acid in wash down
bays or acidic process water treated with alum – Al2(SO4 )3). The mass SO4:Cl ratio typical of rainfall and seawater
is 0.15 (Sullivan et al., 2018). Accordingly, only groundwater from EM90 exhibits SO4:Cl ratios greater than those
typical of groundwater systems which reflect rainfall recharge or connate seawater.

In addition to covariance plots, it is also useful to assess how such trends in ratios have evolved over time. For
example, Figure 3.5 illustrates how the ratio of SO4:Cl has varied over time in monitoring wells. This indicates
that the ratio of SO4:Cl has not varied significantly over time  at any of the monitoring wells except EM90, in
which ratios have declined from >0.35 in 2016 to <0.25 in 2020. This suggests the input of sulfate rich water
during operations around the EMP, followed by plume dissipation subsequent to cessation of operations. In
addition, there is no clear relationship between SO4:Cl ratios and pH over time, and no ongoing decline in pH in
EM90 is observed, even as SO4:Cl ratios decline.

A review of monitoring data in both the perched and deeper systems indicates that groundwater is generally
considered oxidising, with nitrogen generally present as nitrate and concentrations of ammonia generally below
detection (see Appendix C). Preliminary PHREEQC modelling runs based on generalised local groundwater
chemistry suggest groundwater with an oxidation reduction potential (pe) of approximately 9 is reasonable.
Given this, and the absence of trends in declining pH or increasing SO4:Cl ratios over time, there is no indication
that ongoing pyrite oxidation in response to enhanced recharge of oxidising water surrounding the EMP is
occurring.
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Figure 3.4: SO4:Cl mass ratios versus pH

Figure 3.5: SO4:Cl mass ratio trends over time

3.2 Process water and potential analytes of concern

3.2.1 Eneabba Project Phases 1 and 2

To assess the potential for the discharge of process water to affect groundwater chemistry via seepage from the
proposed PWD and TSFs, water from the streams was analysed by ALS Laboratories for physical properties,
major anions, cations, metals and organic carbon. The screening criteria adopted to evaluate which, if any
analytes from the stream may pose a risk to groundwater quality included:

1- Comparison of analytes in streams to existing groundwater chemistry at the site. To do this,
groundwater from EM84 was used as it (1) shows no indication of effect from previous site activities and
(2) represents deeper more regional groundwater near the proposed PWD and TSFs. This was adopted
as the first stage of the screening criteria as if the discharge does not increase the concentration of
analytes above background groundwater concentrations, then negative impacts to groundwater are
unlikely to be realised.

2- Comparison of analytes in water circuit streams to Australian drinking water guidelines (NHMRC,
2018). This was adopted as the second stage of the screening criteria as if limits set by the drinking
water guideline are not exceeded, the beneficial use of the aquifer very likely will not be impacted.
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3- Further evaluation of the potential analytes of concern and selection of analytes for solute transport
modelling. This includes (1) assessing the magnitude to which groundwater or guideline values were
exceeded, (2) undertaking PHREEQC modelling to assess if TSF disposal, atmospheric exchange and
mineral precipitation is likely to reduce the concentration of analytes in seepage and (3) reviewing
processes that may alter analyte concentrations in aquifer.

Accordingly, Table 3.2 provides concentrations of analytes in the process water stream, background water
groundwater from EM84 (based on the most comprehensive suite during a monitoring event in 2016) and
Australian drinking water guidelines. Analytes which exceed both background groundwater concentrations and
drinking water guideline limits include TDS, Na, SO4, Al and As. The potential for these analytes to impact on the
beneficial use of groundwater are further evaluated below.
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Table 3.2: Phase 1 and 2: Summary of potential process water streams and potential analytes of concern

3.2.1.1 Aluminium

The concentration of dissolved aluminium in process water exceeded both background groundwater
concentrations and drinking water guideline limits.  While this is the case, the phase of Al is heavily influenced by
pH. The Pourbaix diagram for Al is illustrated in Figure 3.6, which shows the dominant solid and dissolved phases
of Al under different redox potential and pH conditions. Accordingly, under oxidising conditions (such as those in
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the local groundwater system as evidence by N speciation – see section 3.1) or atmospheric conditions, and
higher (>6) pH conditions, it is anticipated that Al will dominantly occur as solid phase aluminium oxides and/or
hydroxides.

Figure 3.6: Pourbaix diagram for Al

To assess this effect on dissolved Al concentrations, a PHREEQC simulation was run with the inclusion of an
amorphous Al(OH)3 equilibrium term to account for the precipitation of Al from solution during atmospheric
exchange during disposal (by adopting a log of CO2 gas pressure of -3.5 and the log of O2 gas pressure of -0.7 to
represent full equilibration at atmospheric gas pressures). The initial run indicated that amorphous forms of
Al(OH)3 reached saturation resulting in Al precipitation in the storage facilities (PWD and TSFs). No
corresponding drop in pH was observed following precipitation of Al(OH)3 as concentrations of Al were low
compared to alkalinity and as such, the existing alkalinity in the solution combined with and atmospheric
exchanged buffered the effects of hydroxide precipitation from solution.

Additionally, gibbsite (also Al(OH)3) was found to be saturated in solution and as such, a gibbsite equilibrium
term was included to account for the further precipitation of Al from solution. The resulting solution was found
to have an Al concentration of 0.06 mg/L, below that of background groundwater concentrations or drinking
water guideline limits.

It should be noted that while gibbsite was found to be saturated in this solution, the formation of crystalline
gibbsite occurs far more slowly than other amorphous forms of Al(OH)3 and can often take years (Hem and
Roberson, 1967). Given this, the results suggest that while Al may be removed from solution, this is unlikely to
occur within the storage facility, and more likely to take place within the groundwater system.

Based on the above, it is likely that the discharge of water from the process circuit may increase local
groundwater concentrations of Al, resulting in drinking water guideline exceedance. However, this is likely to fall
out within the perched groundwater system through the precipitation of gibbsite, and the filtration-type removal
of Al(OH)3 flocs as groundwater moves through aquifer pores. Further, Al is unlikely to act conservatively at the
pH values within the storage facility or groundwater system, further limiting its movement. While reactive solute
transport modelling to determine Al liberation and adsorption of Al along groundwater flow paths is beyond the
scope of this report, the modelling results presented here suggest it is highly unlikely that elevated
concentrations of dissolved Al will migrate from the storage facility into the regional groundwater system as
readily and at a magnitude greater than other potential analytes of concern which are likely to act more
conservatively (see 3.2.1.3).
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3.2.1.2 Arsenic

The concentration of dissolved arsenic in process water exceeded both background groundwater concentrations
and drinking water guideline limits. Unlike Al, which tends to be more soluble under lower pH conditions, As
tends be more soluble under higher pH conditions (see Figure 3.7). This is consistent with the observed
analytical data from potential process water streams which yielded higher concentrations of arsenic in streams
which had pH values of approximately 10.

Figure 3.7: Pourbaix diagram for As (Panagiotaras et al., 2012)

To assess the effect of atmospheric exchange, pH and mineral precipitation on dissolved As concentrations, the
same PHREEQC simulations discussed above were run with the inclusion of a surface-complexation term was
included for Fe(OH)3 which is a known to readily complex with As under pH values greater than 5 (e.g. Shi et al.,
2020).

The results indicate significant reductions in dissolved As concentrations, such that concentrations of dissolved
As are expected to fall below detection. This is because concentrations of dissolved Fe are approximately 6 times
the concentration of As, yielding a high relative proportion of surfaces available for As complexation.

Accordingly, the modelling suggests that concentrations of As in seepage water will be <0.001 mg/L and will not
exceed drinking water guidelines. Adsorption of dissolved As and aluminium hydroxides has not been
specifically considered as part of geochemical modelling as formation in the storage facility may not occur
rapidly. However, as discussed above, gibbsite precipitation may occur more broadly in the perched aquifer, and
adsorption of dissolved As to gibbsite is known to occur (Xu and Catalano, 2016). Given this, it is likely that even
in the event that As does not fully complex with iron hydroxides in the storage facility, As concentrations in
groundwater will fall and/or be retarded by secondary adsorption with gibbsite along groundwater flow paths.

In addition, as the Yarragadee Formation is known to contain lateritic layers (see Section 2.3.1), it is likely that As
will complex with iron hydroxides in the aquifer matrix and effectively remove it from solution. Further, As is
likely to become less soluble during pH reduction within the groundwater system. While reactive solute transport
modelling is beyond the scope of this assessment, this suggests that it is highly unlikely that elevated
concentrations of dissolved As will migrate from the storage facility into the regional groundwater system as
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readily and at a magnitude greater than other potential analytes of concern, which are likely to act more
conservatively (see 3.2.1.3).

3.2.1.3 Sulfate, sodium and TDS

In addition to the trace metals discussed above, salinity in the form of TDS, SO4 and Na form the remaining
analytes which exceed both background concentrations and drinking water guidelines. While it is likely that Na
and SO4 will not act in a completely conservative manner through processes such as cation exchange or sulfate
reduction (though this is likely to be limited given the oxidising nature of the groundwater system), historical
monitoring at EM91 does indicate that Na and TDS impacts can be realised in response to site activities. Likewise,
monitoring at EM90 indicates that SO4 inputs to groundwater can yield impacts to groundwater quality. While
these effects appear to be limited to the perched system to date, it is possible that prolonged discharge of
process water to a PWD or TSF that is elevated in these major ions could affect the deeper system. PHREEQC
modelling runs do not suggest that Na or SO4 species will become saturated in the PWD and TSFs or precipitate
out of solution. As such, with respect to these analytes:

 TDS concentrations were 1.2 times the background groundwater concentrations.

 Na concentrations were 1.1 times the background groundwater concentration.

 SO4 concentrations were 8.6 times the background groundwater concentration.

Accordingly, SO4 appears to represent the analyte of greatest risk to the beneficial use of groundwater at
Eneabba.

3.2.2 Eneabba Project Phase 3

Eneabba Project Phase 3 will involve additional processing of Monazite concentrate and will generate a
concentrated waste stream that will be stored in the Yellow Dam, Yellow Dam South, North Monazite Pit and the
Monazite Pit.  During the extraction process, gypsum is precipitated following reaction of off gas with limestone
which limits the mobility of various analytes in the waste stream (ANSTO, 2021).

ANSTO (2021) Table 4.3 indicates that the liquid in this waste will contain elevated concentrations of calcium,
sodium and sulfate as follows:

 1,452 mg/L Ca

 5,179 mg/L Na

 2,340 mg/L SO4 (converted from 781 mg/L S)

To assess the potential for the discharge from the storage facilities to affect groundwater chemistry via seepage
a similar screening process was adopted as outlined in Section 3.2.1.

A comparison to background water quality, represented by bore EM84, indicates:

 Ca concentrations are 440 times the background groundwater concentrations.

 Na concentrations are 18.5 times the background groundwater concentration.

 SO4 concentrations are 37.1 times the background groundwater concentration.

A comparison to Australian drinking water guidelines (NHMRC, 2018) indicates:
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 No drinking water guideline value exists for Ca; therefore, stock water guideline (ANZECC, 2000) was
used.  Ca stock water guideline value is 1000 mg/L.  Ca concentrations are 1.5 times the stock water
guideline value.

 Na guideline value is 180 mg/L which is lower than the background concentrations (based on bore
EM84) of 280 mg/L.  Therefore, the background groundwater quality exceeds the drinking water
guideline thus precluding the beneficial use.

 SO4 concentrations are 9.4 times the drinking water guideline.

On this basis, sulfate is considered to be the most suitable parameter to be used as the analyte of concern as it is
considered to pose the greatest risk to the beneficial use of the aquifer.

3.3 Summary and inputs for solute transport modelling

3.3.1 Eneabba Project Phases 1 and 2

For Phase 1 and 2, concentrations of TDS, Na, SO4, Al and As exceed both background groundwater
concentrations and drinking water guideline limits.

Within the storage facilities (PWD and TSFs), atmospheric exchange is likely to result in CO2 degassing and
subsequent pH modification which will keep the pH between 6.6 and 8.7 depending on the discharge stream.
This process will maintain the process water within drinking water guidelines for pH and appears highly unlikely
to affect the beneficial use of groundwater.

Concentrations of both Al and As exceed background groundwater concentrations by factors of up to 34 and 13,
respectively. However, modelling suggests that Al and As may precipitate in both the storage facility and over
longer residence times, as (1) gibbsite precipitates over longer residence times and (2) as As complexes with
lateritic iron hydroxides within the aquifer matrix. As such, concentrations are likely to be significantly reduced in
the groundwater system and heavily retard their migration.

Concentrations of TDS, Na and SO4 exceed background concentrations by factors of 1.2, 1.1 and 8.6 times
background groundwater concentrations, respectively. Geochemical modelling does not suggest that these
analytes will be removed from solution in the storage facility and historical monitoring on site indicates that
groundwater effects related to these analytes can be realised. Given this, to provide a conservative estimate of
potential effects on groundwater quality, solute transport modelling assuming waste stream SO4 concentrations
at storage facilities was undertaken.

The SO4 concentration in the discharge stream associated with the preferred processing method is 544 mg/L
and is considered suitable for solute transport modelling.

3.3.2 Eneabba Project Phase 3

For Phase 3, ANSTO (2021) indicates that the liquid in the waste to be stored in the Yellow Dam, Yellow Dam
South, North Monazite Pit and the Monazite Pit will contain elevated concentrations of calcium, sodium and
sulfate.  An assessment against background and drinking water guideline values for sodium and sulfate / stock
water guideline value for calcium indicates that sulfate is considered to be the most suitable parameter to be
used as the analyte of concern.  The sulfate concentration in the waste to be stored in the Yellow Dam, Yellow
Dam South, North Monazite Pit and the Monazite Pit was measured by ANSTO to be 2,340 mg/L SO4 (converted
from 781 mg/L S).  Sulfate is considered to be the most suitable parameter to be used as the analyte of concern
as it is considered to pose the greatest risk to the beneficial use of the aquifer.
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4. Groundwater flow and solute transport modelling

This chapter describes the development and operation of a groundwater flow and solute transport model of the
aquifers beneath the Eneabba Mine Site.  The work involves the use of a groundwater flow model to provide the
groundwater flow field for solute transport simulations.  The model was then run in predictive mode to assess
how solute concentrations may evolve in future.

4.1 Objectives

A groundwater flow and solute transport model has been developed to help illustrate the potential for planned
water storage in the PWD and tailings disposal in the TSFs at the mine site to produce unwanted groundwater
quality impacts in the underlying aquifers.  The modelling objectives are specifically to illustrate potential
contaminant concentrations in groundwater beneath the site during and after operation of tailings storage
facilities that are required for the Eneabba Project Phase 2.

4.2 Conceptualisation

The physical and hydrogeological setting is described in Section 2.  Unlike other Iluka sites, there is no existing
pre-mining groundwater model at Eneabba East Mine.  Previous mining occurred above the watertable and as a
result, mining activities did not require the detailed analysis provided by a numerical model.  The current
understanding of the groundwater conditions beneath the site has been gained through the collection and
analysis of groundwater level and quality data from Iluka’s groundwater monitoring well network.  Historic
observations of groundwater response to mining dewatering stresses are typically used to gain insights into
groundwater conditions but are not available at Eneabba (as no dewatering occurred) and in consequence, the
conceptual understanding of the hydrogeology is less advanced than at other Iluka sites that have been mined
and modelled.

Observations of groundwater levels to the south of the EMP indicate elevated groundwater heads in shallow
bores compared to deeper nearby bores, suggesting that the presence of a shallow perched system that has
been replenished from historic seepage from the East Tails Dam.  The existence of a truly perched system with
an unsaturated zone separating the perched aquifer from the deeper regional aquifer has not been proven by
observation, though low permeability layers are noted in nearby bores (e.g. EM78, EM90 and EM91).
Observations do, however, suggest that groundwater heads below the site are artificially elevated or supported
by an inferred low permeability horizon that hinders groundwater movement downward towards the regional
watertable.  As a result, there are significant head differences between this perched watertable and the deeper
regional watertable.

Regionally, previous mining in the Yoganup Formation has demonstrated that the undisturbed watertable
resides in the underlying Yarragadee Formation and the Superficial formation is unsaturated.  Indeed,
observations suggest the water seeping from a TSF will need to travel a significant distance (in the order of 50
m) downward until it reaches the regional watertable.  Simulating the movement of water and contaminants
through the unsaturated zone and through perched conditions above the regional watertable is a key aspect
considered during modelling.

4.3 Model design

4.3.1 Numerical code

The model has been developed in the Feflow numerical modelling code (Diersch, 2014) in line with similar
models that Iluka has recently developed at other mine sites in Western Australia and Victoria.  The Feflow code
is particularly useful for the current work as it has options to simulate variably saturated and perched watertable
settings through the implementation of Richards Equation to model partially saturated sediments above the
watertable.  It also has powerful meshing options that allow a numerically efficient calculation mesh of triangular
finite elements arranged with a dense distribution of nodes in areas of interest and sparse distribution elsewhere.
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4.3.2 Model domain and calculation mesh

A model domain has been chosen that extends approximately 5 km to the west of the EMP and is about 3.3 km
in the north south direction.  The model mesh is shown in Figure 4.1.  It consists of about 285,000 triangular
shaped elements ranging in size from about 10 m to 50 m sides and about 160,000 calculation nodes. The
region surrounding the EMP and the proposed PWD and TSFs includes finer spatial discretisation.  The location
and size of the groundwater model domain in relation to Iluka’s mining lease is shown in Figure 4.2.

The model includes nine layers that discretise the vertical space as illustrated in Figure 4.3

Figure 4.1: Model domain and finite element calculation mesh.
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Figure 4.2: Location of model domain

Figure 4.3: Model layer structure and estimated hydraulic conductivity on east-west cross section.
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4.3.3 Hydrogeological units and model layers

A model layer structure was chosen to represent the hydrogeological setting and the conditions beneath the site
as inferred from observations in bores located in the model domain.  The principal units present include:

 Sediments of the Superficial formations which are present at ground surface and to depths less than
40 m.  As noted above, the Superficial formations are unsaturated at the site.

 The Yarragadee aquifer which underlies the Superficial formations and hosts the regional watertable at
the site.  Although the Yarragadee aquifer is known to be hundreds of metres thick throughout much of
the North Perth Basin and Swan Coastal Plain, the model only includes a small portion of its full
thickness with the base of the model set at a constant elevation of -20 mAHD.

 A thin confining layer which has been incorporated in the upper part of the Yarragadee aquifer as
inferred by the existence of perched groundwater conditions near the EMP.  This unit is assumed to be
about 4 m thick and to be continuous across the model domain.

Additional model layers are incorporated in those units below the watertable to help simulate the vertical
movement of groundwater and solutes emanating from the PWD and TSF locations.

4.3.4 Hydrogeological parameters

The hydrogeological units present at the site have been investigated and modelled at numerous locations along
the southwest of Western Australia.  In this regard there is considerable prior knowledge that can be used in
guiding parameter choices in calibration.  Both the Superficial formations and the Yarragadee Formation are
known to be transmissive with hydraulic conductivity values typically in the range 1 to 20 m/d.  The clay rich
Guilford Formation, found discontinuously in the Superficial formations, acts as an aquitard and is an obvious
exception to high transmissivity conditions, where present.

Drainable porosity of the aquifers is expected to be in the range 0.1 to 0.25.  In the Feflow saturated/unsaturated
module, the input parameters include the total porosity and a relationship between the effective hydraulic
conductivity and water saturation that helps to define the specific retention (immobile water fraction that does
not drain under gravity).  The drainable porosity is then estimated from these inputs.

4.3.5 Boundary conditions

Constant head boundary conditions were assigned to the eastern and western model edges as shown in Figure
4.1.  Heads assigned to the boundaries were iteratively refined during calibration to help replicate the observed
hydraulic gradient across the model domain.  All other model boundaries were assumed to be no-flow
boundaries in which there is no exchange of groundwater between the model and its surrounds.

The choice of boundary condition supports regional groundwater flow from east to west across the model
domain and is consistent with the conceptualisation and with observed hydraulic gradients indicating
groundwater movement towards the coast.

4.3.6 Recharge

Background aquifer recharge in the model domain has two principal components being:

 infiltration and downward percolation of rainfall.  This component of recharge is implemented in the
model as a constant flux assigned to the ground surface.  The magnitude of the flux has been
estimated in the calibration process described below; and

 recharge from groundwater, principally in the deep regional aquifer, flowing into the model domain
from the east.  The flux of groundwater through the model domain is largely controlled by the constant
head boundary conditions described above.
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Both recharge mechanisms were assessed and adjusted during calibration to optimise the observed hydraulic
heads and gradients present at the site.

4.4 Calibration

4.4.1 Procedure

A rudimentary calibration procedure was implemented to obtain reasonable initial conditions for subsequent
predictive analysis and to help select appropriate hydrogeological parameters and recharge rates.  The approach
involved running the model in steady state to generate a stable pre-mining condition and then to run a period of
10 years in which there was assumed tailings and water disposal to the East Tails Dam.  The model simulates the
historic tailings and water disposal that occurred in the East Tails Dam in the past.  The model-predicted heads in
the regional and perched aquifers were compared to measured groundwater heads in observation bores near the
TSF.  The target of the calibration was to demonstrate that the model is able to produce perched or elevated
heads in the shallow system compared to the deeper regional aquifer and that heads are similar to those
recently observed in shallow and deep bores.

It is acknowledged that the approach provides a non-unique calibration in that many different combinations of
hydraulic conductivity and recharge will provide equally good matches to the observed steady state heads.
However, prior knowledge of aquifer properties has helped to constrain the non-uniqueness and subsequent
sensitivity analyses used to address uncertainty in predictions.

4.4.2 Results

It was found that after ten years of operation of the East Tails Dam with a continuous seepage rate of 70 m3/hr
the model produces a small perched system in which heads range from 100 to 125 m AHD and are in line with
observations in Bores EM78, EM90 and EM91.  Predicted pressures on an east-west cross section are shown in
Figure 4.5.  In this figure the zero-pressure isobar is used to illustrate the modelled watertable surfaces.  The
figure illustrates a thin zone of saturation immediately above the confining layer with a perched watertable
typically above 100 mAHD.  The watertable is perched above a desaturated zone with an underlying regional
watertable at about 90 mAHD.  The behaviour mimics the conceptual understanding of groundwater conditions
at the site and is able to explain the vertical head gradients seen between shallow bores near the EMP area and
proposed East Tails Dam (with measured heads exceeding 100 mAHD) and deeper bores in which measured
heads are between 75 and 90 mAHD.
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Figure 4.4: Predicted water saturation in the Yarragadee Formation above and below the confining layer.
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Figure 4.5: Predicted pressures on an east-west section (A-A’) through the Process Water Dam with zero pressure
isobar showing the watertable.  Refer to Figure 4.4 for Cross Section Location.
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Figure 4.6: Predicted groundwater heads in the Yarragadee Formation above and below the confining layer.
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Calibration residuals (modelled heads minus measured heads) after 10 years of TSF operation are presented in
Figure 4.7.  Figure 4.8 shows a scatter plot of the measured and modelled heads.  The residuals at this time
represent a scaled RMS error of about 10% which suggests a reasonably good match between observed and
predicted heads in a complex and heterogeneous hydrogeological system that features a perched aquifer in part
of the model domain.

Figure 4.7: Calibration residuals at key observation bores.

Figure 4.8: Measured heads compared to modelled heads.

Hydrogeological parameters included in the calibrated model are summarised in Table 4.1.
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Table 4.1: Parameters included in calibrated model.

Parameter Unit Hydrogeological Unit Value

Horizontal Hydraulic Conductivity m/d Superficial formations 5

Upper Yarragadee (Perched) 10

Lower Yarragadee (Regional) 10

Confining layer (aquitard) 0.01

Vertical Hydraulic Conductivity m/d Superficial formations 0.05

Upper Yarragadee (Perched) 0.1

Lower Yarragadee (Regional) 0.1

Confining layer (aquitard) 0.0005

Porosity n/a All 0.15

Specific Storage m-1 All 5.0E-06

Constant head boundary conditions in the regional aquifer are set as 92 mAHD and 72 mAHD on the eastern and
western boundaries respectively.  In the perched aquifer the constant head boundary conditions are set at
145 mAHD in the southern part of the eastern boundary and at 75 mAHD on the western boundary.

Recharge from rainfall infiltration is assumed to be 25.5 mm/year which is consistent with regional
hydrogeological studies that have estimated recharge as being in the range of 16 to 39 mm/year in the Northern
Perth Basin (DoW, 2017).  It is also consistent with models developed for Iluka at Narngulu in a similar
hydrogeological setting (Jacobs, 2016).  Historic tailings seepage rate is assumed to be constant at 70 m3/hour
evenly distributed across a small sector of the eastern TSF.

In the Feflow unsaturated zone module, spline curves are used to define relationships between unsaturated zone
hydraulic conductivity and capillary pressure and the degree of water saturation.  The relationships adopted in
the calibrated model are presented in Figure 4.9 and are typical of a freely draining sand.
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Figure 4.9: Effective hydraulic conductivity and capillary pressure plotted against water saturation for the
unsaturated zone.

4.5 Predictive scenarios

4.5.1 Procedure

Predictive scenarios were constructed to help determine the likely changes in groundwater heads and
groundwater quality as a result of the historic Phase 1, and future Phase 2 and 3 operations.  The schedule of
TSF and water storage facility operations assumed for all scenarios is presented in Figure 4.10.

The predictive groundwater flow model was used to create a groundwater flow field for solute transport
simulations.  It was created with seepage assumed to accompany tailings disposal in the TSFs and operation of
the PWD in Phases 1, 2 and 3 for a combined period of about 25 years.  The following scenarios have been
modelled:

 Scenario 1 assumes that the TSFs and PWD will be unlined.  Modelled seepage rates for the PWD in the
historic Phase 1 operation are assumed to be extremely small and those for Phase 2 facilities have
been estimated from the anticipated volumes of tailings and water disposed at each site.  For Phase 3
the tailings and water volumes are currently unknown and the conservative assumption, that all
facilities will leak at maximum capacity, has been made.  In this instance the maximum capacity has
been estimated from modelling of the PWD with lower bound estimates of hydraulic conductivity that
identified an infiltration rate of about 25 mm/day that resulted in watertable mounding reaching the
base of both facilities within their operating lifetimes.

 Scenario 2 assumes that the TSFs used in Phase 3 will be fully lined and will not leak.  This scenario was
developed in recognition that unlined facilities may lead to unwanted water quality impacts.  In this

Hydraulic Conductivity

Capillary Pressure
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scenario the only seepage above background rainfall recharge is assumed to occur during the Phase 1
and 2 operations.

 Scenario 3 assumes that the Phase 3 ponds will be lined but that they will leak at a rate equivalent to
20% of maximum capacity.  This scenario is considered to be a realistic representation of the seepage
rates that typically occur below lined ponds.

 Scenario 4 is a sensitivity analysis that considers the operation and impacts that may occur in the event
there is no confining layer present.  This scenario is based on the seepage assumptions included in
Scenario 3.   It recognises the fact that the modelled confining layer, assumed to be present across the
full model domain, maybe quite constrained in area and its presence may have a strong influence on
the groundwater flow field and associated solute migration.

Seepage rates assumed for each TSF and the PWD in all scenarios are summarised in Table 4.2.

Seepage through the TSFs and the PWD leads to groundwater mounding in the underlying aquifers with the
magnitude of mounding proportional to the assumed seepage rates.

Figure 4.10: Predictive scenarios schedule of operation of tailings and water storage facilities.

Phase Facility/Years 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

3

Yellow Dam

North Monazite Pit

Yellow Dam South

Monazite Pit

1

2

Process Water Dam

Process Water Dam

East Dam

North Gas Pit
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Table 4.2: Assumed seepage rates and sulfate concentrations for all scenarios.

Phase Facility Seepage Rate m3/hr Seepage Flux mm/d Sulfate Concentration
mg/L

SC1 SC2 SC3 SC4 SC1 SC2 SC3 SC4

1 Process

Water

Dam

0.01 0.01 0.01 0.01 0.18 0.18 0.18 0.18 544

2 Process

Water

Dam

17.5 17.5 17.5 17.5 8 8 8 8 544

East Dam 0.58 0.58 0.58 0.58 0.2 0.2 0.2 0.2 544

North

Gas Pit

0.52 0.52 0.52 0.52 0.2 0.2 0.2 0.2 544

3 Yellow

Dam
158 0 31.7 31.7 25.6 0 5.1 5.1 2340

North

Monazite

Pit

174 0 34.8 34.8 25.6 0 5.1 5.1 2340

Yellow

Dam

South

115 0 23.2 23.4 25.6 0 5.1 5.1 2340

Monazite

Pit
110 0 22 22 25.6 0 5.1 5.1 2340

4.5.2 Results

Seepage of water from the tailings and process water leads to minor mounding of the underlying regional
watertable as illustrated in Figure 4.11.  The figure illustrates the predicted mounding in the Regional aquifer
below the confining layer at completion of Phase 3 for Scenarios 1 and 3 (those scenarios that include seepage
from Phase 3 TSF’s). The maximum mounding of about 1 m below the East Dam in Scenario 1 reflects a
relatively small increase in heads with the potentiometric surface remaining well below ground level at this
location.
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Figure 4.11: Predicted mounding in the lower Yarragadee regional aquifer at completion of Phase 3.

4.6 Solute transport modelling

4.6.1 Procedure

Solute transport simulations were undertaken to assess the potential for sulfate concentrations to become
elevated in groundwater beneath the PWD and TSFs.  The solute transport simulation involves superimposing
solute boundary and initial conditions to the groundwater flow model and by defining dispersion coefficients
that simulate the spreading of the solute interface with background groundwater.  A constant sulfate
concentration of 544 mg/L was assigned to the seepages from the Phase 1 and 2 facilities, i.e., East Dam, PWD
and North Gas Pit and a concentration of 2340 mg/L was assigned to the water seeping into the Phase 3

Scenario 1

Scenario 3
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facilities, i.e., Yellow Dam, Yellow Dam South, North Monazite Pit and Monazite Pit.  A concentration of 70 mg/L
was assumed for the initial conditions throughout the model domain and for the water entering the model
through the constant head boundary conditions on the eastern edge of the model domain.  Rainfall recharge is
assumed to carry no additional sulfate.

The solute transport models assume an advection – dispersion system.  That is, the sulfate concentrations are
not influenced by retardation, decay or reaction.  In this case the longitudinal and transverse dispersion
coefficients are assumed to be 50 m and 2 m respectively and are in keeping with typical values for the size of
the model domain and expected groundwater travel distances.

An additional analysis was undertaken to assess the potential increase in concentration of sodium resulting from
Phase 1, 2 and 3 operations.  Estimates of the sodium concentration in both the Phase 3 disposal water and the
background groundwater are relatively high at 5179 mg/L and 280 mg/L suggesting that Phase 3 operations
may lead to a significant increase in sodium concentrations in groundwater.  For this analysis, Phase 1 and 2
operations were assumed to include sodium at a nominal concentration of about 1200 mg/L.

Solute transport models were run for one hundred years following completion of Phase 3 disposal operations to
assess the long-term movement of sulfate through the aquifer during and after operation of the proposed PWD
and TSFs.

4.6.2 Results

Predicted concentrations of sulfate in the regional aquifer at completion of operations of each TSF and PWD and
at various times up to 100 years after operations cease are presented for Scenario 1 in Figure 4.12, for Scenario
2 in Figure 4.13 and for Scenario 3 in Figure 4.14.  Figure 4.15 to Figure 4.21 show the predicted sodium
concentrations (and sulfate concentrations for reference) at key times during and after Phase 2 and 3 operations
for Scenario 3.

Results for Scenario 1 shown in Figure 4.12 indicate that when all facilities are unlined, sulfate concentrations
are predicted to rise below all TSFs and PWD with the most significant increases seen below the Phase 3 facilities
namely, Yellow Dam, Yellow Dam South, the North Monazite Pit and the Monazite Pit.  Sulfate concentrations are
expected to exceed 2000 mg/L beneath the North Monazite and Monazite Pits with lower concentrations
predicted in the Lower Yarragadee Aquifer below Yellow Dam and Yellow Dam South.  Sulfate concentrations in
excess of drinking water guideline level of 250 mg/L are predicted during and immediately after operations
below all Phase 3 and briefly below the East Dam.  The plumes emanating from the Phase 3 facilities are
predicted to coalesce soon after Phase 3 is completed.  The 250 mg/L contour is predicted to spread across
much of the central part of the model domain and to persist until more than 100 years after completion of
Phase 3.  The result suggests that if the ponds are unlined and with the conservative seepage assumptions
included in this scenario, a large portion of the aquifer included in the model domain will be adversely impacted.

Results for Scenario 2 shown in Figure 4.13 indicate relatively small impacts arising from the Phase 2 operations.
In this case concentrations are predicted to exceed the drinking water guideline level of 250 mg/L briefly in a
small area beneath the East Dam.   Concentrations following the completion of Phase 2 are predicted to
dissipate with predicted levels being below 250 mg/L by the end of Phase 3.

Figure 4.14 to Figure 4.21 suggest that for Scenario 3, the model predicts sulfate concentrations in excess of
drinking water guidelines beneath Phase 3 facilities.  Sulfate plumes propagating from the Phase 3 TSFs are
predicted to coalesce with migration towards the west.  Predicted concentrations in excess of 250 mg/L are
predicted to persist for more than 100 years following completion of Phase 3 within a central part of the model
domain.  Predicted sodium concentrations have a similar pattern to the predicted sulfate concentrations.
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Figure 4.12: Predicted sulfate concentrations in the Lower Yarragadee Aquifer – Scenario 1.
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Figure 4.13: Predicted sulfate concentrations in the Lower Yarragadee Aquifer at the end of Phase 1 – Scenario 2
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Figure 4.14: Predicted sulfate concentrations in the Lower Yarragadee Aquifer at the end of Phase 1 – Scenario 3
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Figure 4.15: Predicted Sulfate and Sodium concentrations in the Yaragadee Aquifer at completion of Yellow Dam operation – Scenario 3.
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Figure 4.16: Predicted Sulfate and Sodium concentrations in the Yaragadee Aquifer at completion of North Monazite Pit operation – Scenario 3.
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Figure 4.17: Predicted Sulfate and Sodium concentrations in the Yaragadee Aquifer at completion of Yellow Dam South – Scenario 3.
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Figure 4.18: Predicted Sulfate and Sodium concentrations in the Yaragadee Aquifer at completion of Phase 3 – Scenario 3.
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Figure 4.19: Predicted Sulfate and Sodium concentrations in the Yaragadee Aquifer 10 years after completion of Phase 3 – Scenario 3.
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Figure 4.20: Predicted Sulfate and Sodium concentrations in the Yaragadee Aquifer 50 years after completion of Phase 3 – Scenario 3.
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Figure 4.21: Predicted Sulfate and Sodium concentrations in the Yaragadee Aquifer 100 years after completion of Phase 3 – Scenario 3.
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4.7 Sensitivity analyses

4.7.1 Procedure

Predictive Scenario 3 has been repeated with upper and lower bound hydraulic conductivity and dispersion
parameters chosen to illustrate the likely maximum and minimum travel velocities for contaminants in the
regional aquifer.  In selecting parameters for the sensitivity analysis, consideration was given to the conceptual
relationship between hydraulic conductivity in unconsolidated sand aquifers.  In this case it is expected that when
the hydraulic conductivity of an aquifer is increased, the porosity will also increase.  On the one hand an increase
in hydraulic conductivity will lead to more rapid groundwater and contaminant movement while the opposite is
expected when the porosity is increased.  In order to avoid the compensating effects of hydraulic conductivity
and porosity, the upper and lower bound estimates included changes in hydraulic conductivity and not in
porosity.

The parameters used in the upper and lower bound estimate models are defined in Table 4.3.  Generally, the
upper bound estimate parameters have been chosen to reflect the maximum plausible rate of groundwater and
contaminant movement from the PWD and TSFs to the regional aquifer, and then in the regional aquifer.
Conversely, the lower bound model parameters have been chosen to represent minimum plausible rate of
contaminant movement.  In the case of dispersion, it was found that reducing the longitudinal and transverse
dispersion coefficient from those values used in the best estimate model caused numerical dispersion and hence
smaller values were not adopted for the lower bound estimate.

Table 4.3: Parameters included used as upper and lower bound estimates.

Parameter Unit Hydrogeological Unit Lower
Bound

Best
Estimate

Upper
Bound

Horizontal Hydraulic Conductivity m/d Superficial formations 1 5 10

Upper Yarragadee (Perched) 1 10 15

Lower Yarragadee (Regional) 1 10 15

Confining layer (aquitard) 0.01 0.01 0.01

Vertical Hydraulic Conductivity m/d Superficial formations 0.01 0.05 1

Upper Yarragadee (Perched) 0.01 0.1 1.5

Lower Yarragadee (Regional) 0.01 0.1 1.5

Confining layer (aquitard) 0.001 0.001 0.01

Porosity n/a All 0.15 0.15 0.15

Specific Storage m-1 All 5.0E-06 5.0E-06 5.0E-06

Longitudinal Dispersion m All 50 50 75

Transverse Dispersion m All 2 2 4

A further model simulation was run to assess impact of the assumed presence of a confining layer across the
model domain.  The confining layer has been introduced to the model to be able to replicate the perched aquifer
conditions observed in the region around the Monazite Pit and PWD.  While its presence in the area of perching is
supported by observations, there is no evidence to suggest that it occurs over the entire model domain.  This
scenario has been run to assess whether a substantially different outcome would occur should the confining unit
be constrained to the relatively small area where perched aquifer conditions are observed.  This scenario has
been formulated with no confining layer present at all.  An initial steady state model was run without the
confining layer to generate stable initial heads and to confirm that the model was still calibrated to the observed
groundwater heads in the deeper Yarragadee Aquifer below the confining layer.
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4.7.2 Results

Results for the upper bound sensitivity case are presented in Figure 4.22.  In this case the sulfate plume is
predicted to migrate more rapidly across the model domain and concentrations are predicted to be lower than
for the base case estimate.  Concentrations in the sulfate plume are predicted to fall below 250 mg/L about 50
years after tailings operations cease.

Lower bound contaminant plume estimates are shown in Figure 4.23.  Here it can be seen that the plume
migration is slower than for the base case prediction.  Along with the slower movement of the contaminant, the
model predicts concentrations to remain higher within the plume than those predicted for the base case and
upper bound estimates.  This result reflects the fact that when groundwater movement is slowed, dilution and
dispersion effects are reduced and higher concentrations persist for longer periods.
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Figure 4.22: Predicted sulfate concentrations for upper bound estimate at the completion of the PWD and TSFs operation and after cessation of operations.
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Figure 4.23: Predicted sulfate concentrations for lower bound estimate at the completion of PWD and TSFs operation and after cessation of operations.
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The predicted zero pressure isobar showing the modelled watertable elevation at the end of operation of the
PWD and various TSFs are presented in Figure 4.24 for both the upper and lower bound estimates.  Mounding of
the watertable beneath the PWD, Yellow Dam and Yellow Dam South in the Lower Bound Model is clearly seen in
Figure 4.24.  the predicted watertable at these locations remain just below ground surface.  Similar levels of
mounding beneath the other TSFs in the Lower Bound Model is not apparent in Figure 4.24.  Predicted
watertable levels in the Upper Bound Model show no obvious mounding below the PWD and TSFs.

The Upper Bound Model results presented in Figure 4.24 indicates that the perched aquifer system is not
present in the region of any of the TSFs.  This outcome is a direct result of the higher hydraulic conductivity
assumptions included in the Upper Mound Model.  In this instance the hydraulic conductivity assigned to the
confining layer is too high to generate the perching conditions seen in other models.

Predicted mounding in the lower Yaragadee Aquifer beneath the Yellow Dam and the Monazite Pit at the
respective completion of disposal in these facilities can be seen in Figure 4.25.  The figure Illustrates the
predicted mounding for both the base case Scenario 3 and the Scenario 3 Lower Bound Model.  The Scenario 3
Upper Bound Model has almost no discernible mounding and is not shown in this figure.
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Figure 4.24: Predicted watertable on east west cross sections through PWD and TSFs at respective end of operation for Scenario 3 – Lower Bound (left) and Upper Bound
(right) Models.
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Figure 4.25: Predicted mounding in the Lower Yarragadee Aquifer beneath Yellow Dam and the Monazite Pit.  Scenario 3 base case(left) and Lower Bound Model (right).
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Predicted concentrations for the model with no confining layer are shown in Figure 4.26.  Results suggest that
the model predictions are not substantially different than those obtained with Scenario 3 base case model.  The
most significant difference is that the model predicts an eastward flow component from the mound formed
below the North Monazite Pit and Monazite Pit.  The outcome is related to the proximity of the model boundary
to these pits and a more reasonable representation of the operations would require an increased head assigned
to the boundary and/or a larger model domain.  Irrespective of this issue, the result suggests that, in the absence
of a confining layer, the predicted concentrations are most likely to be similar to those presented for Scenario 3.
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Figure 4.26: Predicted concentrations in the lower Yarragadee Aquifer in Scenario 3 with no confining layer
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4.8 Conclusions

Groundwater and solute transport modelling has been carried out in order to assess the potential for future
groundwater contamination beneath and downstream of the planned PWD and TSFs.  Limited groundwater data
are available at the site and this has limited the amount of model calibration that has been possible.  As a result,
the model is best described as having a Class 1 to 2 Confidence Level Classification and is suitable for providing
first pass estimates of water quality impacts that may arise from future operation of the PWD and TSFs.  Should
additional field data be collected in the future allowing a more rigorous calibration including a well-controlled
transient calibration (e.g. if aquifer tests were to be completed on site), then it is likely the confidence level
would be elevated above the current level.

Groundwater levels at the site indicate that the Superficial Formations are unsaturated and that the regional
watertable resides in the underlying Yarragadee Formation.  They also indicate a degree of mounding in shallow
levels of the Yarragadee Formation compared to those in the deeper regional aquifer indicating the possible
presence of perched groundwater.  The observed mounding and possible perching are considered to have arisen
from historic operations that has locally enhanced groundwater recharge in the recent past.

Solute transport modelling was implemented to assess the future increase in concentrations of sulfate that may
occur as the result of tailings disposal and enhanced recharge beneath the PWD and TSFs.  Geochemical
modelling of the water from the processing circuit suggests that sulfate concentrations may be as high as
544 mg/L in Phase 1 and 2 and 2340 mg/L in Phase 3, being well above background groundwater
concentrations of about 70 mg/L.

Solute transport models assume a constant flux of sulfate at elevated concentration in the PWD and TSFs.  The
flux of water and contaminant is assumed to decline to zero over a period of two years following completion of
disposal operations in the PWD and TSFs.  Results indicate that there is likely to be a plume of elevated sulfate
concentration created beneath the PWD and TSFs and that individual plume will gradually merge and migrate to
the west.  As the plume grows and moves away from the site, the concentrations are predicted to decrease as the
effects of dispersion and dilution occur.

Three different scenarios were considered each of which has a different assumption for the seepage from the
Phase 3 TSFs.  Scenario 1 assumes the TSFs are unlined and will leak at a nominal maximum rate.  Scenario 2
assumes the Phase 3 facilities are completely lined and will not leak and Scenario 3 assumes the ponds are lined
but will leak at a rate equivalent to 20% of the maximum rates assumed in Scenario 1.  The results suggest that
the unlined TSFs will generate a large plume of contaminated groundwater in the Lower Yarragadee Aquifer with
concentrations exceeding drinking water guidelines of 250 mg/L.  The lined option of Scenario 2 predicts very
small plumes of contaminated groundwater originating from the Phase 2 facilities.  Scenario 3 predictions
suggest large areas of the aquifer will be affected by the tailings disposal but that effects will be relatively short-
lived.

An uncertainty analysis was undertaken and involved the simulation of Scenario 3 with upper and lower bound
hydraulic conductivity estimates assumed for the hydrogeological units present at the site.  Results indicate that
when upper bound hydraulic conductivities are assumed, there is insignificant watertable mounding predicted
beneath the PWD and TSFs, sulfate concentrations are predicted to be relatively low and the sulfate plumes are
predicted to migrate rapidly away from the TSFs.  When lower bound hydraulic conductivity assumptions are
adopted, significant groundwater mounding beneath the PWD is predicted, sulfate concentrations are predicted
to remain relatively high (close to the source concentration) within relatively small, slow moving plumes.
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5. Recommended monitoring

5.1 Proposed groundwater monitoring bores

It is recommended that groundwater monitoring bores be initially installed to monitor the groundwater quality
immediately down gradient of the PWD and TSFs.  Groundwater monitoring bores should include:

 Two directly west of the PWD – one shallow and one deep

 Two directly west of the East Tails Dam – one shallow and one deep

 Two directly west of the Yellow Dam – one shallow and one deep

 Two directly west of the South Yellow Dam – one shallow and one deep

 Two directly west of the North Gas Pit – one shallow and one deep

 Two directly west of the North Monazite Pit – one shallow and one deep

Approximate location of six bore sites is shown in Figure 5.1.  At each bore site, the shallow bores should be
installed into the perched watertable (or where it may be expected to form) and the deep bores into the regional
watertable.  Bores should be positioned close to the down gradient side of the PWD or TSF towards the middle of
down gradient side.  This is to ensure that both the perched and regional watertable will be intersected.
Additional bores further to the west may be required as indicated in Section 5.2.

Figure 5.1: New proposed groundwater monitoring bore locations

Proposed Monitoring Bore
locations
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5.2 Monitoring program and frequency

It is recommended that water level and water quality (field and laboratory) monitoring be undertaken on a
quarterly basis for a minimum of two years, with frequencies and parameters reviewed thereafter.  Water level
depths measured in each monitoring bore should be converted to elevations.  Water quality samples should be
sent to an accredited laboratory and analysed for the analytical suite shown in Section 5.3.  Field water quality
parameters should also be measured at the time of sampling.

Results should be reviewed as part of the Eneabba Operation Annual Aquifer Review and the Eneabba Operating
Licence Annual Environmental Report.  This review will determine if further monitoring bores are required
downgradient of the PWD and each TSF (North Gas Pit, North Monazite Pit, East Tails Dam and Yellow Dam).  If a
plume is detected in groundwater then additional monitoring bores are required further downgradient but only
the regional watertable need be monitored.

5.3 Groundwater analytical suite

It is recommended the following groundwater analytical suite be adopted to allow groundwater quality to be
monitored for the initial two-year period:

1. Field parameters – Field pH, Eh, TDS, EC, Temperature (quarterly)

2. Major Ions (Chloride, Sulfate, Alkalinity, Sodium, Potassium, Calcium, Magnesium) and TDS (quarterly)

3. Dissolved metals (Aluminium, Arsenic, Boron, Cadmium, Chromium [III, IV], Cobalt, Copper, Iron, Manganese,
Mercury, Nickel, Selenium, Thallium, Zinc) (six monthly)

4. ASS Monitoring Suite (Ammonia, Nitrate, Nitrite, Total Kjeldahl Nitrogen [TKN], Total Phosphorus and
Orthophosphate [as PO4]) (six monthly)

5. Radionuclides (uranium-238, thorium-228, thorium-232, radium-226 and radium-228). To be measured by
ANSTO Minerals. (six monthly)
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6. Conclusions
Based on the assessment work undertaken the following conclusions are made.

6.1 Hydrogeological conceptualisation

The main hydrogeological units at the Site are the Superficial formation and the Yarragadee Formation.  The
Superficial formations are unsaturated.  The top of the Yarragadee Formation is also largely unsaturated;
however, based on historical data, perched aquifers may develop on low permeability horizons within the
sediment pile in response to seepage from the PWD and tailings storage facilities (TSF).  Leakage from the
perched watertable may subsequently enter the regional watertable.  Regionally, groundwater in the Yarragadee
Formation aquifer flows from east to west.

No GDEs are located within the Site area or downgradient of the Site that will be impacted.  This is because the
regional watertable is typically greater than 20m below the ground surface which is well below the rooting depth
of native vegetation.

6.2 Hydrogeochemistry

As part of Eneabba Phase 1 and 2, a review of the process water to be stored in the Process Water Dam (PWD)
(formerly the West Dam) indicates that concentrations of TDS, Na, SO4, Al, As and Fe exceed both background
groundwater concentrations and drinking water guideline limits.

Geochemical analysis of Fe indicates that attenuation within the PWD and TSFs due to atmospheric exchange
processes is expected to occur and therefore it is unlikely to pose a risk to the beneficial use of groundwater.  In
addition, Al and As are expected to be heavily retarded during their migration in the sub-surface and are also not
considered to pose a risk to the beneficial use of groundwater in the regional aquifer flow system.

Concentrations of TDS, Na and SO4 in the process water stream exceed background concentrations. Of these
three analytes SO4 was selected as the contaminant of potential concern (COPC) for solute transport modelling
for Phase 1 and 2.

For Eneabba Phase 3, analysis by ANSTO indicated concentrations of Ca, Na and SO4 in the liquid in the waste to
be stored in the Yellow Dam, Yellow Dam South, North Monazite Pit and the Monazite Pit exceed background
concentrations. Of these three analytes SO4 was selected as the COPC for solute transport modelling for Phase 3.

6.3 Groundwater flow and solute transport modelling

Solute transport modelling was implemented to assess the future increase in concentrations of sulfate that may
occur as the result of seepage from the PWD and TSFs.  Geochemical modelling of the tailings water suggests
that sulfate concentrations may reach about 544 mg/L in Phase 2 and 2340 mg/L in Phase 3 which is elevated
compared to background groundwater concentrations of about 70 mg/L.

Solute transport model results indicate that there is likely to be a plume of elevated sulfate concentration
created beneath the PWD and TSFs and that this plume will gradually migrate to the west.  As the plumes grow
they are predicted to merge and move away from the site.  The sulfate concentrations are predicted to decrease
with time after the completion of Phase operations as the effects of dispersion and dilution are felt.  The size and
concentration of the predicted sulfate plumes generated by the proposed operations depend on the
effectiveness of the linings of the Phase 3 TSFs.
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No receptors (i.e. no GDEs and no groundwater extraction bores) are identified within the forecast area of the
predicted plume that could potentially be impacted.

6.4 Recommended monitoring

Six bores sites consisting of one shallow (perched watertable) and one deep (regional aquifer) bore are
proposed.  The bore sites are located west of the PWD and each of the TSFs (as shown in Figure 5.1). It is
recommended that monitoring for both water levels and water quality be undertaken on a quarterly basis for the
analytical suite shown in Section 5.3.

Results should be reviewed as part of the Eneabba Operation Annual Aquifer Review and the Eneabba Operating
Licence Annual Environmental Report.  The need for additional monitoring bores further to the west will be
determined based on this annual review, with additional bores expected to be needed should a plume develop
and need to be monitored.
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Appendix A. Relevant Bore Logs
1. Eneabba East Mine Memo – monitoring well installation EM53A, EM90, EM91

2. Bore logs for EM57, EM58, EM78, EM82b1 and b2, EM83 and EM84

3. Lithology and Stratigraphy for WTE09s, WTE10, WTE01, WTE02, WTE03, WTE08, WTE16 and
WTE17



 

 

Eneabba East Mine Memo 
 

To: Anel Joubert; Sarah Barron; Wayne Brockman 
From: Zoe Kosmadopoulos; Andrew Nelson Date: 6/10/15 
CC:  Trim Ref: 1786811
Subject: Eneabba East Mine – Monitoring Well Installation 
 

Background 

Jacobs (2015) was engaged by Iluka Resources Limited (Iluka) to undertake a groundwater and 
potential contamination assessment at Iluka’s Eneabba East Mine to assist with the Preliminary 
Site Investigation.  

An updated hydrogeological conceptualisation identified a number of potential contaminants of 
concern at sites across Eneabba East including hydrocarbons, sulfates and radionuclides.  

Currently, elevated but declining sulfate concentrations are observed in wells near the Mids 
Storage Dam, despite baseline bores not normally exceeding guideline values 
(ANZECC/ARMCANZ, 2000). This has been attributed to the Zircon Upgrade Plant waste stream 
disposal that ceased in 2002, and requires further monitoring.  

A 10 m thick unsaturated zone was inferred to separate the base of disposal locations (Monazite 
Pit and Mids Storage Dam) and the water table in the Superficial Aquifer, resulting in: 

• minimised risks to surface features and receptors; 
• reduced groundwater recharge rates due to the greater potential for evapotranspiration; 

and 
• limited groundwater contamination and solute load. 

Although no elevated radionuclide concentrations have been recorded around the Monazite Pit 
(Jacobs, 2015), groundwater contamination remains a potential risk. The extremely low solubility of 
monazite under near-surface conditions, combined with a substantial unsaturated zone that 
resides between the base of the Monazite Pit and the water table, are attributed to the preservation 
of groundwater quality. However, no bores exist within the pit boundary to confirm groundwater 
disconnection. 

A number of recommendations for further work were based on the premise of maintaining 
groundwater quality such that the beneficial use of groundwater is sustainable. That is, so that the 
Superficial Aquifer can continue to be used for irrigation in the future. 

Objectives and Rationale 

In order to delineate groundwater data gaps and the unsaturated zone conceptualisation, Jacobs 
(2015) recommended the installation of three additional monitoring wells. Furthermore, additional 
monitoring wells would allow the assessment of potential leachate, carrying contaminants of 
concern (hydrocarbons, sulfates and radionuclides), to migrate from active disposal locations 
(Monazite Pit and Mids Storage Dam) into the Superficial Aquifer.  

The rationale for installing each new well is as follows: 



 

Page 2 of 5 
 

• EM53A – a re-drill of EM53 for additional groundwater sampling of sulfate concentration 
around the Mids Storage Dam area. It is located approximately 150 m west of the SSC 
Mids Stockpile (Figure 1). The original EM53 had been buried by the wind-blown sediment. 

• EM90 – a new down-gradient well for Monazite Pit Phase 1 radionuclide monitoring 
(Jacobs, 2015). As it is located on the southwestern corner, directly south of existing well 
EM78 (Figure 2), it was drilled on pre-mined/backfilled land.  

• EM91 – a new up-gradient well for baseline groundwater monitoring and radionuclide 
sampling of the Superficial Aquifer. It is located below the Monazite Pit, to the southeast 
(Figure 2), and intercepts relatively undisturbed land. Road instability and native vegetation 
prevented drilling any closer. 

Drilling Program 

The tender was awarded to Geraldton-based Harrington Drilling who installed these new wells 
between 14 September and 18 September 2015. 

Key equipment in Harrington Drilling’s setup included: 

• Versa-drill drilling rig with automated rod-handler 
• Modified Mud-puppy that could clean up to 500 gallons per minute 
• Water truck with a 5000 L tank 

The wells were drilled using a conventional mud-rotary method. Only shallow in-ground mud-pits, 
dug by shovels, were required as the Mud-puppy and de-sander unit were utilised to reduce the 
disturbance footprint and contractor costs.  

All wells were drilled with a 200 mm ND (nominal diameter) tri-cone bit, to a depth of 5.5 metres 
below ground level (mbgl), facilitating the installation of 150 mm ND steel surface casing. Upon 
emplacement of the steel casing and grout curing, a 150 mm ND telescoped-tail was drilled to 
borehole depth. 

EM53A took approximately 4 hours to drill a total depth of 39 mbgl. As indicated in the well 
completion report (Appendix A), drilling difficulties were encountered in the top 6 meters as a result 
of rocks placed during the tailings-capping stage of pit backfill/rehabilitation activities, and caused 
minor bridging. Cuttings were collected and logged throughout the entire drilling profile. 

EM90 also proved challenging for drilling as the mined area appeared unconsolidated. Mud-loss to 
the formation was experienced at approximately 2 mbgl, with the limited mud circulation resulting 
in no samples returned to the surface. Once the steel casing was emplaced, it was possible for 
cuttings to be collected from 6 to 18 mbgl. Due to the combination of unstable formation and 
insufficient time for grout-curing, drilling ceased when the casing slipped approximately 30 cm and 
the borehole was abandoned. The casing was removed, the borehole was backfilled, and the drill 
rig stepped off 6 metres to start again. The decision to step-off served two purposes; 1) it provided 
an opportunity to drill through more favourable ground conditions, and 2) confirmed if the 
unconsolidated formation was an anomaly. However, on the second attempt, mud-loss was still 
experienced at approximately 4.5 and 10 mbgl. The drillers felt the rod “fall” from 10 to 12 mbgl, hit 
a harder layer (possibly the clayey silt logged from the abandoned borehole; see Appendix A for 
lithology) and then drop again from 13 to 14 mbgl. As a result, they had to drill “blind” until clay 
blocked the rods at 33 mbgl (total depth). Drilling took 3 hours and 30 minutes, and no samples 
were collected except for the clay at the bottom of the borehole. 
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There were no difficulties experienced while drilling EM91. The top 6 samples were collected from 
the mud-pit, while the rest were collected from the Mud-puppy in order to retrieve more cuttings. 
Drilling took approximately 2 hours to reach a total depth of 60 mbgl. 

Well Design and Installation 

All wells were constructed with swell-jointed 50 mm ND Class 12 µPVC casing with a 12 m long 
screen, machine-slotted with 1 mm aperture (see Appendix A for well design). A centraliser was 
attached every 6 metres, and an end cap attached on the bottom of each casing string. Due to 
depth to groundwater uncertainty, the drillers were more comfortable installing this length of 
screen, particularly for EM91, as there was a greater chance of intercepting the water table. 

Gravel of 1.6 to 3.2 mm diameter quartz particles was gravity-poured down the well annulus, to the 
bottom of the borehole, to a depth 2 metres above the screened interval. At EM91, the gravel was 
poured too quickly and it sits approximately 10 metres above the screen. 

A 1 m thick bentonite plug was installed above the gravel pack using bentonite pellets. After an 
allowance of half an hour for swelling, a cement-bentonite grout (5% wt) was placed, via a tremie 
pipe, to fill the annulus to the surface. Construction and grouting took between 2 and 4 hours. 

The wells were airlifted between 1.75 and 2.5 hours using the compressor on the Versa-drill. 
Table 1 outlines the development details for each well. At EM53A, drillers suggested the water 
may be coming from the 2 meters of sand below the screen (and below the clay; see Appendix A) 
at 30 mbgl, because the coarse sand screened should be producing much more water. This could 
also be due to the sand being clayey/silty, and explain why the well did not completely clean-up 
even after 2 hours and 30 minutes of airlifting. 

Table 1 – Well and development details 

 
EM53A EM90 EM91 

Total Drilled Depth (mbgl) 39 33 60 
Screened Interval (mbgl) 13 – 25 21 – 33 36 – 48 
Casing Material 50 mm ND Class 12 µPVC 
Development Duration (hours) 2.5 1.75 2 
Water Appearance Slightly murky Clear Clear 
Approximate Yield (L/s) 0.06 0.22 0.12 
Standing Water Level (mbgl) 11* 23.37# 36.5** 
 
* based on EM53, to be confirmed 
# recorded the day after airlifting 
** recorded the same day as airlifting 

Lithology 

The lithology encountered during the drilling varied at each location, and appeared discontinuous 
(refer to Appendix A for more detailed lithology descriptions).  

EM53A was drilled through a surface of light brown silty sand (fine) with minor heavy mineral (HM; 
originating from the Mids Stockpile) and rocks believed to originate from tailings-capping material. 
At 6 to 9 mbgl, light brown clayey sand was intercepted. At 9 to 13 mbgl, the lithology transitioned 
to light brown and orange silty sand (medium to coarse) with minor strongly-cemented pieces 
(possibly associated with the expected water level). From 13 to 24 mbgl lithology comprised mostly 
light brown silty sand (medium to coarse) with a clay layer at 15 to 17 mbgl. At 24 to 39 (total 
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depth), light brown sandy clay transitioned to clay, with a sandier horizon of coarse to medium 
grains at 30 to 32 mbgl. 

The lithology west of the Monazite Pit was based on the limited EM90 cuttings collected from 6 to 
18 mbgl. It comprised orange medium to fine sand of low to moderate sphericity. A layer of clayey 
silt was intercepted at 12 to 13 mbgl, and major plant matter and tree roots were found at 14 to 
15 mbgl. Orange clay of moderate plasticity was tagged at 32 mbgl. 

EM91 was drilled through the relatively undisturbed land to the east of the Monazite Pit. It 
intercepted orange silty sand (medium-coarse) associated with the Safety Bay Sands, with a 
laterite horizon at the surface from 1 to 4 mbgl. At 14 mgbl, grey-brown sand associated with the 
Superficial Aquifer was encountered. The sand transitioned from fine-medium, to medium-coarse 
(poorly sorted), to fine, and finally to medium grains (becoming well-sorted) around 60 mbgl (total 
depth). 

A cross-section across the wells EM90 and EM91 is depicted in Figure 3, along with dipped water 
levels. The cross-section highlights that the unsaturated zone between the base of the Monazite 
Pit and the water table may be as thick as 3.5 to 5.8 metres, significantly thinner than previously 
thought. This will be confirmed once the wells are accurately surveyed and the water levels are 
measured again. 

Constraints 

A number of constraints were noted during the Eneabba East monitoring well installation program, 
namely: 
 

• Designing discrete screened intervals was difficult due to the lack of information from old, 
existing wells; many existing wells had no recorded lithology or construction details.  

• It was not practical to delineate where the water table had been intercepted due to the 
conventional mud-rotary drilling method employed. Depth to water had to be determined by 
the appearance of the drill cuttings and inferring water level contours from a limited number 
of adjacent wells. In retrospect, it may have been beneficial to explore more appropriate 
drilling methods. 

• The nature of the backfill material and its spatial extent/delineation was unknown, and 
caused unexpected difficulties while drilling EM90. It was also uncertain whether the backfill 
material lined with clay/slime was causing localised mounding of groundwater. 

Recommendations 

Groundwater sampling of EM53A is recommended for major iron chemistry to confirm that the 
decline in sulfate concentration over time is representative of the area. 

Iluka now has sufficient wells to assess the groundwater chemistry both down-gradient (EM90) and 
up-gradient (EM91) of the Monazite Pit, in order to understand vertical and lateral radionuclide 
distribution, water table conditions and variability of acidity and redox. Soil samples have been 
logged and elevations of the new wells are being surveyed. 

It is recommended that: 

• EM90 and EM91 soil samples undergo X-ray fluorescence (XRF) spectrometry in-house; 
• regular groundwater sampling for pH, temperature and redox potential be undertaken for 

EM90 (and existing EM78), particularly due to evidence of a thinner unsaturated zone; and 
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• groundwater sampling for pH, temperature and redox be undertaken for EM91, and then 
for EM91 to be incorporated in the existing baseline radionuclide sampling program 
(potentially also including the Department of Water monitoring well LTS3C; Jacobs, 2015). 

If EM90 is found to contain radionuclide concentrations similar to EM91 baseline levels, it will 
provide confidence to the unsaturated zone conceptualisation. However, if EM90 has 
proportionally higher concentrations, additional geological data will be needed to create an 
unsaturated zone model (Jacobs, 2015).  

As per Jacobs (2015), additional data to inform the model would include: 

• PSD analysis of the unsaturated zone samples that were collected during drilling; and 
• obtaining a soil sample from directly under the Monazite Pit in order to determine grain 

size and pore fluid characteristics.  

Appendix A 

Well Completion Reports 
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Cross-section through the Monazite Pit wells EM90 and EM91
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Bore Construction Details
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23.5 to 47.5 m, 50 mm ID, 
slotted cl.18 uPVC casing

+1.6 - 3.2 mm graded sand pack

+0.66 - 23.5 m, 50 mm ID 
blank cl.18 uPVC casing

~0 - 3 m,200 mm, PVC

Cement grout

E.O.H. 50 m

Client:             Iluka Resources Ltd.

Project:           Eneabba Operations

Date:               November 2007

Drg. No.:        8.2/07/1-I.11

Monitoring Bore EM78
Composite Log

 Rockwater Pty Ltd
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Figure I.11

1 to 2 m bentonite seal

Collar Co-ords:      336004.4 mE
(MGA94)                 6692452.2 mN 
Ground Level:        126.75 m AHD  
Air-lift yield:            0.21 L/s
Salinity:                   820 mg/L TDS

Steel riser with lid

+1.09 - 23.35 m, 152 mm diameter 
mud-rotary hole

LATERITE/SAND
orange-purple

medium to pebble grained
 quartz and laterite grains

SAND grey
fine to very coarse grained

quartz

SAND yelow, clayey, very fine quartzfall back

0 - 3 m, 279 mm diameter 
mud-rotary hole

Centralisers

SWL
22.30
m bgl









Date: Client: Telephone:

Job No: Site: Driller: 

Bore Number Bore Completion Sketch
Location
Bore Status  

Drill Method Grout

Bentonite Chips

Start Date Graded Gravel Pack

End Date Screen

Back Fill

Depth Drilled PVC

Depth Cased Steel bore head embedded in concrete

Casing 0 - 0.6m - Backfill

Diameter Casing 6.2m - Grout

Screen Type
Slot Width 59m - Bentonite Chips

Screen Diameter
Screened Interval 61.5m - Gravel Pack

Gravel Size 75m - Top of screen

Bentonite Chips

Development Soil sock over screen

Water Table
Draw Down

87m - Bottom of screen
DEPTH AQUIFER
0-3m
3-6m
6-9m
9-12m

12-15m
15-18m
18-21m
21-48m
48-51m
51-54m
54-57m
57-60m
60-74m
74-78m
78-81m
81-84m
84-87m

Legend

31/01/10

22.36m from top of bore head

from 59-61.5m

Air Lift 2 Hours

Mud Rotary 4 7/8'

BORE COMPLETION DETAILS 

PVC CL18 (39-75m)
50mm

16/01/10

87m

EM 83

87m

15/01/10

Iluka

Eneabba

Laterite and sands

75-87m

12:20 from 61.5-87m

15 Thou

Completed

0408093223

Ian McKellJ10001MB

GROUND CONDITION WATER LOSS

Light grey sandy clay then cream clayey sands

50mm

PVC CL9 (0-39m) 

PVC CL18 

Sandy clay to 7m then medium quartz sand and clay bands
Medium to coarse grey sand traces of silty clay
Light grey clayey sand
Light grey clayey sands - more clay from 17m light grey/white
Cemented sand - medium plus clay bands
Cemented sands - assorted grain sizes with clay bands
Loose clean grey sand
Cemented sand and clay
Cemented sand with giffer clay
Cream clay with fine sand bands
Cream - Light brown clayey sand, fine - medium
Mainly clay cream - light grey with small traces of sand
Fine - medium clayey sand
Mainly fine light to medium brown silty sands - very cemented at 83.5m bands of ironstone
Medium - dark grey clay with bands of silty cemented fine sand with traces of coal

J:\Drill Logs and Reports\Bore Completion & Drawing '10\Company\Iluka Eneabba EM83 31.1.10.xls



Date: Client: Telephone:

Job No: Site: Driller: 

Bore Number Bore Completion Sketch
Location
Bore Status  

Drill Method Grout

Bentonite Chips

Start Date Graded Gravel Pack

End Date Screen

Back Fill

Depth Drilled PVC

Depth Cased Steel bore head embedded in concrete

Casing 0 - 0.6m - Backfill

Diameter Casing
4.6m - Grout

Screen Type
Slot Width 66.8m - Bentonite Chips

Screen Diameter
Screened Interval 69.5m - Gravel Pack

Gravel Size 82m - Top of screen

Bentonite Chips

Development Soil sock over screen

Water Table
Draw Down

100m - Bottom of screen
DEPTH AQUIFER
0-3m
3-6m
6-21m

21-30m
30-33m
33-36m
36-39m
39-42m
42-45m
45-48m
48-51m
51-54m
54-57m
57-60m
60-63m

63-69m
69-100m

(fine) with bands of coarser, looser sands at 84.5 and 92.5m all the while with traces of coal

Mottled clay and find sand clay bands
Probably coarse seam - in and out of dark grey clays interspersed with lighter sandy clay bands

Very fine sandy light grey clay - dark grey stiff clay - laterite bands at 62m followed by
mottled clay

Dark grey clay to 59.5m then fine sandy clay

clays - brown-reddy, grey, cream stiff dark grey clay at 53m
Dark grey clay

Tan sandy clay then cream clay with sand bands
Cream clay and sand - orange/tan clay - small laterite bands at 50.5m then brown clay

Weakly cemented sands with cream/grey clay
As above with 100mm laterite bands at 43.7m

Stiffer clay - cream grey and tan
Clays as above then light brown sands from 38m

Cream sandy clay
Clayey sand - weakly cemented - 300mm laterite at 31m

Yellow sand becoming cream with traces of silty clay
Cream med' sand-traces of clay, weakly cemented with small laterite bands at 15.5 and 19m

0408093223

Ian McKellJ10001MB

GROUND CONDITION WATER LOSS

Iluka

Eneabba

15 Thou

Completed

Sand and Laterite gravel

82-100m

12:20 from 69.5 - 100m

50mm

PVC CL12

PVC CL18

BORE COMPLETION DETAILS 

50mm

24/01/10

100m

EM 84

100m

23/01/10

Legend

31/01/10

70.18m from top of bore head

from 66.8 - 69.5m

Air Lift 5.5hours

Mud Rotary 4 7/8'
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SITE DETAILS
Site
Name
(ZK)

DWER
Site Ref

Site
Short
Name

Site Type Site
Subtype

Site
Geographic
Feature

All Site
References

Zone Easting Northing Longitude Latitude Geographic
Datum

1:250,000
Map
Index

GgStn
Catchment
Area(km2)

Catchment BOM
Rainfall
District

Local
Govt
Authority

Locality Department
Region

Groundwater
Province

River
Basin

Groundwater
Area

Surfacewater
Area

Site Comment

WTE09S 61711450 Wte 9S Groundwater Bore or Well Ground 1938-2-SW-0021
[AQWAB];
20007801
[WIN_ID];
WTE9S
[SITE_REF]

50 334994 6692406 115.291210 -29.887933 GDA94 SH5005 N/A IndoonLogue 8 - North
Coast

SHIRE OF
CARNAMAH

ENEABBA Mid West-
Gascoyne

Perth 617 - Moore-
Hill Rivers

Arrowsmith Eneabba Coastal
Tributaries

Geophysical log supplied. Lab analysis (analabs)=
t.D.S sum 643 mg/L. Ph 5.6. Pwd lic nos 3690 gs
317/79 and 4006 gs 347/80. Pumped 48 hrs at 2455
m3d drawdown 1634m. Thought capable of yielding
2700 m3d. Swl recorded as: 19.33 m b/c.

WTE10 61711447 Wte10 Groundwater Bore or Well Ground 1938-2-SW-0017
[AQWAB];
20007797
[WIN_ID]; WTE10
[SITE_REF]

50 336268 6692345 115.304389 -29.888654 GDA94 SH5005 N/A IndoonLogue 8 - North
Coast

SHIRE OF
CARNAMAH

ENEABBA Mid West-
Gascoyne

Perth 617 - Moore-
Hill Rivers

Arrowsmith Eneabba Coastal
Tributaries

Drilled: mar/Apr 1980.  Pwd lic nos. 3760  gs 317/79
and 4006 gs 347/80. Lab anal(analabs)=tds sum.
471 mg/L and ph 6.5.  Pumped 48 hrs at  3300 m3d.
W.L. Fell 16.8m in the 1st 10 minutes at  a further
5.0m to the end of the test, is not believed to
represent the true aquifer response under sustained
pumping.  Swl recorded as: b/c.  Elev: collar.

WTE01 61711439 Wte 1 Groundwater Bore or Well Ground 1938-2-SW-0007
[AQWAB];
20007787
[WIN_ID]; WTE1
[SITE_REF]

50 334529 6693143 115.286510 -29.881222 GDA94 SH5005 N/A IndoonLogue 8 - North
Coast

SHIRE OF
CARNAMAH

ENEABBA Mid West-
Gascoyne

Perth 617 - Moore-
Hill Rivers

Arrowsmith Eneabba Coastal
Tributaries

Geophysical log supplied.  Drilled: 20/5/75-30/10/75.
Rockwater:- acc 467- tds sum. 643 mg/L, ph 5.6.]
Pwd lic 2884.  For w.L. Measurements see rockwater
rpt oct. 79  acc 324.  See acc 240 for information and
hydrograph data.  Pumped 48 hours at 3300 m3d
final d/d 27.5m.  Recommended rate 2700 m3d lab
anal total (sum) 826 mg/L  ph 6.1.  Swl b/c.  Elev.
Collar

WTE02 WTE02 WTE02 Groundwater Bore or Well Ground 23071108
[WIN_ID]; WTE02
[SITE_REF]

50 334578 6691486 115.286763 -29.896177 GDA94 SH5005 N/A IndoonLogue 8 - North
Coast

SHIRE OF
CARNAMAH

ENEABBA Mid West-
Gascoyne

Perth 617 - Moore-
Hill Rivers

Arrowsmith Eneabba Coastal
Tributaries

Chemistry data available

WTE02 61711440 WTE02 Groundwater Bore or Well Ground 1938-2-SW-0008
[AQWAB];
20007788
[WIN_ID]; WTE2
[SITE_REF]

50 334630 6691866 115.287359 -29.892756 GDA94 SH5005 N/A IndoonLogue 8 - North
Coast

SHIRE OF
CARNAMAH

ENEABBA Mid West-
Gascoyne

Perth 617 - Moore-
Hill Rivers

Arrowsmith Eneabba Coastal
Tributaries

Drilled: 31/5/75 to 14/8/75. Collar.  Pwd lic 2884.  For
monitoring data see rockwater rpt 10/79.  See
accession 240 for hydrograph data.  Pumped 48
hours at 3300 m3d final d/d 19.5m.  Recommended
rate 3300 m3d.  Lab anal (sum) 423 mg/L ph 7.0.
Swl recorded  36.30m b/c.  Depth recorded as:
700m/691m.   Aug 79:- (mg/L) na=162.5, k=15, ca=
3, mg= 16.5, fe=2.2, cl= 261.3, hc03=45.1, s04=32.0,
n03=0.22, f=0.412, ph=6.15, total filtrable residue=
636, tds cond.=643.8.

WTE03 61711441 WTE03 Groundwater Bore or Well Ground 1938-2-SW-0009
[AQWAB];
20007789
[WIN_ID]; WTE3
[SITE_REF]

50 336556 6693250 115.307509 -29.880528 GDA94 SH5005 N/A IndoonLogue 8 - North
Coast

SHIRE OF
CARNAMAH

ENEABBA Mid West-
Gascoyne

Perth 617 - Moore-
Hill Rivers

Arrowsmith Eneabba Coastal
Tributaries

Elevation: collar.  Pwd lic 2884, 4006.   For
monitoring data see rockwater rpt oct 79.   See acc
240 for hydrograph data.  Drilled: 6/1/76-15/1/76.
Pumped 48 hours at 3800 m3d final d/d 19.7m.
Recommended rate 2700 m3d lab anal(sum) 538
mg/L  ph 6.0.  Depth recorded as: 641m/348m.  Swl
recorded b/c.   Chem anal aug 79(mg/L):- na=182.5,
k=12,  ca=2,  mg=16,  fe=0.7, cl=306.7, hco3=29.3,
s04=30.0,  no3= 0.26, f=0.432,  ph 6.55, total filtrable
residue=688, tds (cond)=722.6.

WTE08 61711444 Wte 8 Groundwater Bore or Well Ground 1938-2-SW-0014
[AQWAB];
20007794
[WIN_ID]; WTE8
[SITE_REF]

50 336169 6692658 115.303412 -29.885817 GDA94 SH5005 N/A IndoonLogue 8 - North
Coast

SHIRE OF
CARNAMAH

ENEABBA Mid West-
Gascoyne

Perth 617 - Moore-
Hill Rivers

Arrowsmith Eneabba Coastal
Tributaries

Completion rpt records 35 hour test yield 3640 m3d.
Pwd lic 3465 mc7002 pumped 35 hours at 42 litres
per second or 3628.8 m3d  drawdown 9.29m.  Pwd
lic 3465,  4006.  Chem anal (mg/L): na 143,  k  13,
mg  12.5, ca 5,  fe 1.35,  cl 224.3,  hc03 42.7,  s04
44,  n03  1.33,  total filtrable residue 567,  tds (sum)
487.2.

WTE16 WTE16 Wte16 Groundwater Bore or Well Ground 23071103
[WIN_ID]; WTE16
[SITE_REF]

50 335475 6694094 115.296449 -29.872772 GDA94 SH5005 N/A IndoonLogue 8 - North
Coast

SHIRE OF
CARNAMAH

ENEABBA Mid West-
Gascoyne

Perth 617 - Moore-
Hill Rivers

Arrowsmith Eneabba Coastal
Tributaries

Chemistry data available

WTE17 WTE17 Wte17 Groundwater Bore or Well Ground 23071104
[WIN_ID]; WTE17
[SITE_REF]

50 334655 6694223 115.287982 -29.871498 GDA94 SH5005 N/A IndoonLogue 8 - North
Coast

SHIRE OF
CARNAMAH

ENEABBA Mid West-
Gascoyne

Perth 617 - Moore-
Hill Rivers

Arrowsmith Eneabba Coastal
Tributaries

Chemistry data available



LITHOLOGY LOG AND STRATIGRAPHY
Site Ref From

(mbGL)
To (mbGL) Interpreted By Lithological Description Interpreted Date Stratigraphy Lithology1 Lithology2 Lithology3

WTE09S 0 33 Non geologist--Unknown
Org Type

Sand, quartz yellow to buff, medium to coarse
grained poorly sorted sub rounded clayey in part,
trace heavy minerals.  Lateritized horizon 27m.

9/01/1995 ? Quaternary sand quartz clayey

WTE09S 33 84 Non geologist--Unknown
Org Type

Sandstone, quartz, light buff to medium grained,
poorly sorted, sub rounded.  Slightly clayey in part.

9/01/1995 Yarragadee Fm sandstone quartz claystone

WTE09S 84 97 Non geologist--Unknown
Org Type

Claystone, medium gry, firm coal seam 84-87m,
pyritic 84-96m.

9/01/1995 Yarragadee Fm sandstone quartz claystone

WTE10 0 25.5 Non geologist--Unknown
Org Type

Sand, yellow, fine to medium grained, poorly
sorted, sub rounded, poorly consolidated, silty,
heavy minerals to 30%

9/01/1995 ? Quaternary sand silt, silty heavy minerals

WTE10 25.5 110 Non geologist--Unknown
Org Type

Claystone and siltstone.  Claystone light grey to
light yellow, silty and sandy.  Trace mica and heavy
minerals.  Siltstone, light grey and light yellow,
sandy and clayey in part.

9/01/1995 Yarragadee Fm claystone sandstone siltstone

WTE10 110 196 Non geologist--Unknown
Org Type

Claystone, siltstone, minor sandstone, claystone,
grey and silty.  Siltstone, grey clayey and sandy.
Sandstone, grey, fine to medium grained.  Minor
coal 159-165m.

9/01/1995 Yarragadee Fm claystone sandstone siltstone

WTE10 196 205 Non geologist--Unknown
Org Type

Sandstone, light grey, fine to coarse grained,
poorly sorted, clayey.

9/01/1995 Yarragadee Fm claystone sandstone siltstone

WTE10 205 220 Non geologist--Unknown
Org Type

Claystone, grey, sandy, micaceous. 9/01/1995 Yarragadee Fm claystone sandstone siltstone

WTE10 220 319 Non geologist--Unknown
Org Type

Sandstone, grey brown, fine to coarse grained,
poorly sorted minor silt and clay.  Trace garnet and
pyrite.

9/01/1995 Yarragadee Fm claystone sandstone siltstone

WTE10 319 332 Non geologist--Unknown
Org Type

Claystone, light grey, silty 9/01/1995 Yarragadee Fm claystone sandstone siltstone

WTE10 332 457 Non geologist--Unknown
Org Type

Siltstone and minor claystone and sandstone,
siltstone, grey, sandy and clayey.  Claystone light
grey, silty.  Sandstone, light grey, very fine to
medium grained.  Minor pyrite.

9/01/1995 Yarragadee Fm claystone sandstone siltstone

WTE10 457 465 Non geologist--Unknown
Org Type

Sandstone, grey, fine to coarse grained. 9/01/1995 Yarragadee Fm claystone sandstone siltstone

WTE10 465 472 Non geologist--Unknown
Org Type

Claystone, dark grey, silty and sandy 9/01/1995 Yarragadee Fm claystone sandstone siltstone

WTE10 472 588 Non geologist--Unknown
Org Type

Sandstone, grey, fine to coarse grained, poorly
sorted, sub angular, minor pyrite, garnet.  Silty and
clayey in part.

9/01/1995 Yarragadee Fm claystone sandstone siltstone

WTE01 0 21 Non geologist--Unknown
Org Type

Sand qtz, yellow coarse grained sub-rounded mod
sorted, trace heavy minerals

9/01/1995 ? Quaternary sand heavy minerals (none)

WTE01 21 40 Non geologist--Unknown
Org Type

Sandstone, qtz, light grey, medium to coarse
grained sub-rounded mod sorted soft, minor
feldspar trace heavy minerals.

9/01/1995 Yarragadee Fm sandstone claystone siltstone

WTE01 40 44 Non geologist--Unknown
Org Type

Sandstone, silty, clayey 9/01/1995 Yarragadee Fm sandstone claystone siltstone

WTE01 44 73 Non geologist--Unknown
Org Type

Sandstone, qtz, light grey, med grained,
subrounded, poor to mod sorted, soft, trace
feldspar, heavy minerals, clayey 45-47.

9/01/1995 Yarragadee Fm sandstone claystone siltstone

WTE01 73 83 Non geologist--Unknown
Org Type

Sandstone, qtz, light grey - yellow, very coarse,
mod to well sorted, soft , sub rounded

9/01/1995 Yarragadee Fm sandstone claystone siltstone

WTE01 83 89 Non geologist--Unknown
Org Type

Sandstone, qtz light grey, med grained, sub ang,
soft

9/01/1995 Yarragadee Fm sandstone claystone siltstone

WTE01 89 102 Non geologist--Unknown
Org Type

Sandstone, qtz, yellow coarse, sub ang. Mod
sorted, soft.  Very coarse 96-99m.  Clayey 96-
105m.

9/01/1995 Yarragadee Fm sandstone claystone siltstone

WTE01 102 121 Non geologist--Unknown
Org Type

Shale, dark grey, fissile, carbonaceous 9/01/1995 Yarragadee Fm sandstone claystone siltstone

WTE01 121 127 Non geologist--Unknown
Org Type

Sandstone, med grey, med grained, sub ang mod
hardness

9/01/1995 Yarragadee Fm sandstone claystone siltstone

WTE01 127 150 Non geologist--Unknown
Org Type

Siltstone med to dark grey.  Sandy 123-129 and
138-143m.  Clayey 130-143m.

9/01/1995 Yarragadee Fm sandstone claystone siltstone

WTE01 150 154 Non geologist--Unknown
Org Type

Sandstone, med grey coarse 9/01/1995 Yarragadee Fm sandstone claystone siltstone

WTE01 154 158 Non geologist--Unknown
Org Type

Sandstone med grey, fine silty 9/01/1995 Yarragadee Fm sandstone claystone siltstone

WTE01 158 180 Non geologist--Unknown
Org Type

Sandstone, qtz light grey, coarse to v/coarse
grained, sub ang, mod sorted, trace garnet.  Well
sorted and sub-rounded 162-166m.

9/01/1995 Yarragadee Fm sandstone claystone siltstone

WTE01 180 214 Non geologist--Unknown
Org Type

Sandstone, qtz, light grey, med grained, sub ang,
poor to mod sorted, trace feldspar, silty soft.
Coarse to v/coarse 192-198m and 205-214m.

9/01/1995 Yarragadee Fm sandstone claystone siltstone

WTE01 214 267 Non geologist--Unknown
Org Type

Sandstone, qtz, light grey, fine grained, sub ang,
poor to mod sorted, silty, soft-coarse 234-240m.

9/01/1995 Yarragadee Fm sandstone claystone siltstone

WTE01 267 390 Non geologist--Unknown
Org Type

Claystone, light grey silty, sandy, mod hardness
grading to coarse sandstone 298-315m, 327-
331m and 360-365m.  High swelling index 267-
279 and 318-325m.  Trace lignite at 367m.

9/01/1995 Yarragadee Fm sandstone claystone siltstone

WTE01 390 450 Non geologist--Unknown
Org Type

Sandstone, qtz, light grey, coarse, mod sorted, sub-
rounded, very soft 411-432m, med hardness 435-
448m.  Poorly sorted and angular 399-405m.  Silty
400-408m.  Very coarse 438-448m.  Trace garnet
ranging to 22.  417-435m.  Trace heavy minerals
ranging to 20% 423-447m.

9/01/1995 Yarragadee Fm sandstone claystone siltstone



WTE01 450 486 Non geologist--Unknown
Org Type

Sandstone, qtz light grey, fine grained, poorly
sorted, sub ang, mod to hard, silty, clayey.  Med
grained 448-460m.  No clay below 480.  Trace
lignite at 484m.

9/01/1995 Yarragadee Fm sandstone claystone siltstone

WTE01 486 500 Non geologist--Unknown
Org Type

Claystone, light grey, soft, sandy silty 9/01/1995 Yarragadee Fm sandstone claystone siltstone

WTE02 0 17 Non geologist--Unknown
Org Type

Sand, qtz, yellow, med grained, sub-rounded mod
sorted.  4% heavy minerals.

9/01/1995 ? Quaternary sand heavy minerals (none)

WTE02 17 41 Non geologist--Unknown
Org Type

Sandstone, qtz, light yellow, fine to med grained,
mod sorted sub-rounded, mod hard, trace heavy
minerals.  Minor clay 15-27m.

9/01/1995 Yarragadee Fm sandstone siltstone claystone

WTE02 41 67 Non geologist--Unknown
Org Type

Sandstone, qtz, light yellow, med to coarse
grained, poorly sorted, subrounded, mod hard,
minor feldspar.  Minor clay 60-69m.

9/01/1995 Yarragadee Fm sandstone siltstone claystone

WTE02 67 73 Non geologist--Unknown
Org Type

Shale, medium grey, clayey, silty, soft
carbonaceous

9/01/1995 Yarragadee Fm sandstone siltstone claystone

WTE02 73 104 Non geologist--Unknown
Org Type

Sandstone/siltstone, light to med grey, clayey med
grained, grading to coarse at base of section.
Poorly sorted, sub rounded, minor feldspar.

9/01/1995 Yarragadee Fm sandstone siltstone claystone

WTE02 104 125 Non geologist--Unknown
Org Type

Sandstone, qtz, med grey, med grained, mod
sorted, sub rounded soft, trace feldspar

9/01/1995 Yarragadee Fm sandstone siltstone claystone

WTE02 125 160 Non geologist--Unknown
Org Type

Sandstone/siltstone, med. Grey, fine to med
grained, poorly sorted, sub rounded, mod hard,
trace garnet.  Clayey 147-156m.

9/01/1995 Yarragadee Fm sandstone siltstone claystone

WTE02 160 185 Non geologist--Unknown
Org Type

Claystone/sandstone, med grey.  Sand, med to
v/coarse poorly sorted except 177-180m, sub
rounded.  Numerous beds of claystone in upper
section.

9/01/1995 Yarragadee Fm sandstone siltstone claystone

WTE02 185 258 Non geologist--Unknown
Org Type

Claystone/sandstone, med. Grey, soft, high
swelling character 192-219m.  Sand generally fine
grained

9/01/1995 Yarragadee Fm sandstone siltstone claystone

WTE02 258 276 Non geologist--Unknown
Org Type

Sandstone qtz light grey, coarse to v/coarse
grained, sub ang, mod sorting, mod hard, minor
clay

9/01/1995 Yarragadee Fm sandstone siltstone claystone

WTE02 276 386 Non geologist--Unknown
Org Type

Sandstone, qtz light grey, pinkish 297-336m med
grained coarse 318-321m.  360-367m.  Mod hard
clayey, especially 276-300m, silty.

9/01/1995 Yarragadee Fm sandstone siltstone claystone

WTE02 386 497 Non geologist--Unknown
Org Type

Siltstone light grey hard.  Numerous bands of white
and pink claystone and some dark silty shale 375-
402m.  Grading to coarse soft sandstone.  420-
438m with trace garnet.

9/01/1995 Yarragadee Fm sandstone siltstone claystone

WTE02 497 589 Non geologist--Unknown
Org Type

Sandstone, qtz, light grey, mostly coarse but med
grained 492-501m, 537-588m.  Mod to well sorted
sub rounded, generally soft garnetiferous, trace
heavy minerals.  Minor thin beds dark grey shale
coal.

9/01/1995 Yarragadee Fm sandstone siltstone claystone

WTE02 589 700 Non geologist--Unknown
Org Type

Sandstone, qtz, light grey, med grained with coarse
sections 657-663m and 690-693m sub rounded,
mod sorted, mod hard garnetiferous, trace heavy
minerals.  Numerous beds of grey shale and minor
thin coal.

9/01/1995 Yarragadee Fm sandstone siltstone claystone

WTE03 0 35 Non geologist--Unknown
Org Type

Sand,qtz, yellow, coarse grained, poorly sorted.
Some pisolite gravel 0-6m.

9/01/1995 ? Quaternary sand quartz gravel

WTE03 35 98 Non geologist--Unknown
Org Type

Claystone, light grey to light yellow, silty.  Generally
soft trace mica

9/01/1995 Yarragadee Fm sandstone claystone gravel

WTE03 98 158 Non geologist--Unknown
Org Type

Sandstone, qtz, light grey (light yellow 123-
129m)fine poorly sorted subang 20% gravel 108-
114m and 132-141m.  Coarse grained 108-120m
and 132-144m

9/01/1995 Yarragadee Fm sandstone claystone gravel

WTE03 158 163 Non geologist--Unknown
Org Type

Gravel, orange pisolitic, clayey.  Possible fossil
lateritic surface

9/01/1995 Yarragadee Fm sandstone claystone gravel

WTE03 163 240 Non geologist--Unknown
Org Type

Sandstone, qtz, light grey, coarse, sub rounded,
mod to well sorted.  Poorly sorted 165-198m,
much gravel 165-198m.  Mod hardness, trace
garnet 16-237m.  Feldspathic 186-210m.

9/01/1995 Yarragadee Fm sandstone claystone gravel

WTE03 240 318 Non geologist--Unknown
Org Type

Sandstone, qtz, light grey, fine grained, silty, sub
ang mod to poorly sorted, trace garnet 260-280m.
Med grained 273-285m.  Mod hardness.

9/01/1995 Yarragadee Fm sandstone claystone gravel

WTE03 318 331 Non geologist--Unknown
Org Type

Claystone, light grey, moderate hardness 9/01/1995 Yarragadee Fm sandstone claystone gravel

WTE03 331 345 Non geologist--Unknown
Org Type

Sandstone, qtz, light grey, coarse, sub ang, mod
sorted

9/01/1995 Yarragadee Fm sandstone claystone gravel

WTE03 345 365 Non geologist--Unknown
Org Type

Claystone, light grey, very silty 9/01/1995 Yarragadee Fm sandstone claystone gravel

WTE03 365 390 Non geologist--Unknown
Org Type

Sandstone, qtz, light grey, fine grained, silty, sub
rounded, mod sorted, soft

9/01/1995 Yarragadee Fm sandstone claystone gravel

WTE03 390 468 Non geologist--Unknown
Org Type

Claystone, light grey, silty, soft 9/01/1995 Yarragadee Fm sandstone claystone gravel

WTE03 468 613 Non geologist--Unknown
Org Type

Sandstone, qtz, light grey, predom fine grained sub
rounded, mod sorted, garnetiferous, trace heavy
minerals soft.  Coarse 465-492 minor thin bands
of claystone

9/01/1995 Yarragadee Fm sandstone claystone gravel

WTE03 613 641 Non geologist--Unknown
Org Type

Sandstone, qtz, light grey, fine grained, silty mod
sorted, soft, garnetiferous. Clayey 612-625m.

9/01/1995 Yarragadee Fm sandstone claystone gravel

WTE08 0 3 Non geologist--Unknown
Org Type

Gravel, pisolite, orange cemented 9/01/1995 Quaternary gravel pisolites cement

WTE08 3 63 Non geologist--Unknown
Org Type

Sand, yellow to buff med to coarse grained 9/01/1995 Yarragadee Fm sandstone claystone sand

WTE08 63 75 Non geologist--Unknown
Org Type

Clay, yellow to grey brown, silty 9/01/1995 Yarragadee Fm sandstone claystone sand



WTE08 75 150 Non geologist--Unknown
Org Type

Interbedded claystone, and sandstone, claystone,
grey silty, sandstone grey, yellow, medium grained

9/01/1995 Yarragadee Fm sandstone claystone sand

WTE08 150 212 Non geologist--Unknown
Org Type

Sandstone, light brown, fine to med grained 9/01/1995 Yarragadee Fm sandstone claystone sand

WTE08 212 357 Non geologist--Unknown
Org Type

Sandstone, clayey, dark grey, fine grained, silty 9/01/1995 Yarragadee Fm sandstone claystone sand

WTE08 357 480 Non geologist--Unknown
Org Type

Sandstone, light grey, fine grained, silty.  Thin
claystone bands

9/01/1995 Yarragadee Fm sandstone claystone sand
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Appendix B. Eneabba Residual Reagents Spreadsheet



Eneabba Residual Reagents_040321

Waste Water Flow (m3/h) 80
Adsorption/reaction assumed.  No data currently available.
Reagent doses based on best available assumptions based on piloting and bench testwork conducted in 2020.

Dose rate Adsorption/Reaction Flot Conc. Flot. Tail Flot. Slimes
Reagent Purpose Supplier t/h % t/h g/h ppm t/h t/h t/h Comment

Sodium Silicate N42 Grade Depressant/Dispersant Coogee Chemicals 0.044 80% 0.009 8800 110 0.004 0.032 - Assume 80% adsorbed by minerals. Assume absorption by minerals, 90% follows flot tails stream.
Clariant FS3 Collector Clariant 0.013 70% 0.004 3960 50 0.008 0.001 - Assume 70% adsorbed by minerals. Assume absorption by minerals, 90% follows flot conc. stream.
NaOH (Na+) 0.004 5% 0.004 3745 47 - - 0.000 Very little Na+ (assume 5%) will adsorb or react. Some interaction with collector.
NaOH (OH-) 0.003 80% 0.001 620 8 0.001 0.001 - Majority of OH- (est 80%) either adsorbed by minerals or consumed by reaction. Assume absorption by minerals, 50% follows flot tails stream.

Conc. Sulphuric (H+) 0.017 50% 0.008 8291 104 - - 0.008 Majority of H+ (est 50%) either adsorbed by slimes or consumed by reaction.
Conc. Sulphuric (HSO4

-) 0.008 5% 0.008 7654 96 - - 0.000 Very little HSO4 will adsorb or react (est 5%)

Guar Gum Depressant/Dispersant Redox 0.004 90% 0.000 352 4 0.000 0.003 - Assume 90% adsorbed by minerals. Assume absorption by minerals, 90% follows flot tails stream.
Aluminium Sulphate (Al3+) 0.014 99% 0.000 141 2 - - 0.014 Majority of Al3+ (est 99%) either adsorbed by slimes or consumed by reaction

Aluminium Sulphate (SO42-) 0.074 70% 0.022 22176 277 - - 0.052 Majority of SO42- (est 70%) either adsorbed by slimes or consumed by reaction
Nalco 44560 Coagulant Nalco 0.009 90% 0.001 880 11 - - 0.008 Assume 90% adsorbed by slimes.

Flotation Feed Rate 17.6 tph
Yield to Concentrate 20 %
Yield to Concentrate 3.52 tph

Estimated Flot Slimes Generation 0.088 tph Based on 0.5% of flotation feed

Dose Hourly
Rate Consumption
(kg/t) (t/h)

Sodium Silicate 2.50 0.04
Fatty Acid (Clariant FS3) 0.75 0.01

NaOH 0.40 0.01

Guar Gum 0.20 0.00
H2SO4 1.40 0.02

Aluminium Sulphate 5.00 0.09
Nalco 44560 0.50 0.01

Estimate residual
to solid streams

Reagent

Residual in Waste Water

Target

pH modifier Coogee Chemicals

Coogee ChemicalspH modifier

Coagulant Coogee Chemicals
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Appendix C. Major Ion Time Series Plots
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Appendix D. PHREEQC Output Example



   Input file: \\Jacobs.com\ANZ\IE\Projects\03_Southern\IA254300\Technical\Geochemical
modelling\Base case\Base_CO2-3.5_O2-0.7.pqi
  Output file: \\Jacobs.com\ANZ\IE\Projects\03_Southern\IA254300\Technical\Geochemical
modelling\Base case\Base_CO2-3.5_O2-0.7.pqo
Database file: C:\Program Files (x86)\USGS\Phreeqc Interactive 3.5.0-14000\database
\minteq.v4.dat

------------------
Reading data base.
------------------

SOLUTION_MASTER_SPECIES
SOLUTION_SPECIES
SOLUTION_SPECIES
PHASES
PHASES
SURFACE_MASTER_SPECIES
SURFACE_SPECIES
END

------------------------------------
Reading input data for simulation 1.
------------------------------------

DATABASE C:\Program Files (x86)\USGS\Phreeqc Interactive 3.5.0-14000\database
\minteq.v4.dat

PHASES
Magnesite_llnl
        MgCO3 +1.0000 H+  =  + 1.0000 HCO3- + 1.0000 Mg++
        log_k           2.2936

delta_h -44.4968 kJ/mol # Calculated enthalpy of reaction
Magnesite
        analytical_expression -1.6665e+002 -4.9469e-002 6.4344e+003 6.5506e+001

1.0045e+002
Sphaerocobaltite
        CoCO3 +1.0000 H+  =  + 1.0000 Co++ + 1.0000 HCO3-
        log_k           -0.2331

delta_h -30.7064 kJ/mol # Calculated enthalpy of reaction
Sphaerocobaltite
        analytical_expression -1.5709e+002 -4.8957e-002 5.3158e+003 6.2075e+001

8.2995e+001
Fe(OH)3_llnl
       Fe(OH)3 +3.0000 H+  =  + 1.0000 Fe+++ + 3.0000 H2O
        log_k           5.6556

delta_h -84.0824 kJ/mol # Calculated enthalpy of reaction Fe(OH)
3

        analytical_expression -1.3316e+002 -3.1284e-002 7.9753e+003 4.9052e+001
1.2449e+002

Fe(OH)3(a)_pqe
Fe(OH)3 + 3 H+ = Fe+3 + 3 H2O
log_k    4.891

Basaluminite
        Al4(OH)10SO4 + 10H+ = 4Al+3 + SO4-2 + 10H2O
        log_k           22.7
Witherite_wateq
        BaCO3 = Ba+2 + CO3-2
        log_k           -8.562
        delta_h 0.703 kcal
        analytical_expression     607.642         0.121098        -20011.25       -

236.4948       0.0
Fe(OH)3_Maj
      Fe(OH)3 + 3 H+ = Fe+3 + 3H2O
      log_k 3.4
Schwertmannite
      FeO(OH)0.75(SO4)0.125 + 2.75H+ = Fe+3 + 0.125SO4-2 + 1.75H2O
      log_k 1.2
SELECTED_OUTPUT



        file Eneabba.sel
        reset false
USER_PUNCH
heading Na K Ca Mg Fe Mn Cl SO4 Alkalinity NO3 NH3N SiO2 Al As Cr Cu Li Mo Ni Tl

V Zn Ba Sr B pH SI_Gypsum SI_Magnesite SI_Calcite SI_Fe(OH)3_llnl SI_Fe(OH)3(a)_pqe SI_Al
(OH)3(am) SI_SiO2(am-ppt) SI_Barite SI_O2(g) SI_CO2(g) %error

05  PUNCH TOT("Na")*RHO*1e3*22.9898
10  PUNCH TOT("K")*RHO*1e3*39.0983
15  PUNCH TOT("Ca")*RHO*1e3*40.078
20  PUNCH TOT("Mg")*RHO*1e3*24.305
25  PUNCH TOT("Fe")*RHO*1e3*55.847
30  PUNCH TOT("Mn")*RHO*1e3*54.938
35  PUNCH TOT("Cl")*RHO*1e3*35.453
40  PUNCH TOT("S(+6)")*RHO*1e3*96.066
45  PUNCH ALK*1e3*50.05
50  PUNCH TOT("N(+5)")*RHO*1e3*62.007
55  PUNCH TOT("N(-3)")*RHO*1e3*14.0067
60  PUNCH TOT("Si")*RHO*1e3*60.0843
65  PUNCH TOT("Al")*RHO*1e3*26.9815
70  PUNCH TOT("As")*RHO*1e3*74.9216
75  PUNCH TOT("Cr")*RHO*1e3*51.996
80  PUNCH TOT("Cu")*RHO*1e3*63.546
85  PUNCH TOT("Li")*RHO*1e3*6.941
90  PUNCH TOT("Mo")*RHO*1e3*95.94
95  PUNCH TOT("Ni")*RHO*1e3*58.69
100  PUNCH TOT("Tl")*RHO*1e3*204.383
105  PUNCH TOT("V")*RHO*1e3*50.94
110  PUNCH TOT("Zn")*RHO*1e3*65.39
115  PUNCH TOT("Ba")*RHO*1e3*137.33
120  PUNCH TOT("Sr")*RHO*1e3*87.62
122  PUNCH TOT("B")*RHO*1e3*10.81
125 PUNCH LA("H+")*-1
130 PUNCH SI("Gypsum")
135 PUNCH SI("Magnesite")
140 PUNCH SI("Calcite")
145 PUNCH SI("Fe(OH)3_llnl")
150 PUNCH SI("Fe(OH)3(a)_pqe")
155 PUNCH SI("Al(OH)3(am)")
160 PUNCH SI("SiO2(am-ppt)")
175 PUNCH SI("Barite")
200 PUNCH SI("O2(g)")
210 PUNCH SI("CO2(g)")
400 PUNCH PERCENT_ERROR
SOLUTION 1 - Base
    temp      25
    pH       6.6
    pe        8
    redox     pe
    units     ppm
    density   1
    Alkalinity 24
    Si        65.7
    Ca        5
    Mg        1
    Na        305
    K         7
    S(6)      544
    Cl        116
    Al        2.38
    Sb        0.0005
    As        0.013
    Be        0.0005
    Ba        0.014
    Cd        0.0002
    Cr        0.003
    Co        0.0005



    Cu        0.005
    Pb        0.0005
    Li        0.007
    Mn        0.0033
    Mo        0.029
    Ni        0.017
    Se        0.005
    Sr        0.012
    Tl        0.0005
    Sn        0.0005
    U         0.003
    V         0.05
    Zn        0.009
    B         0.11
    Fe        0.07
    water    1 # kg
EQUILIBRIUM_PHASES 1
CO2(g) -3.5 10.0
O2(g) -0.7 10.0
Al(OH)3(am) 0.0 10.0
Fe(OH)3_llnl 0.0 10.0
Gibbsite 0.0 10.0
SAVE SOLUTION 2
SURFACE 1
Hfo_wOH Fe(OH)3_llnl equilibrium_phase 0.2 600
SAVE SOLUTION 2
END

-------------------------------------------
Beginning of initial solution calculations.
-------------------------------------------

Initial solution 1. - Base

-----------------------------Solution composition------------------------------

Elements           Molality       Moles

Al                8.830e-05   8.830e-05
Alkalinity        3.937e-04   3.937e-04
As                1.737e-07   1.737e-07
B                 1.019e-05   1.019e-05
Ba                1.021e-07   1.021e-07
Be                5.554e-08   5.554e-08
Ca                1.249e-04   1.249e-04
Cd                1.781e-09   1.781e-09
Cl                3.275e-03   3.275e-03
Co                8.493e-09   8.493e-09
Cr                5.776e-08   5.776e-08
Cu                7.877e-08   7.877e-08
Fe                1.255e-06   1.255e-06
K                 1.792e-04   1.792e-04
Li                1.010e-06   1.010e-06
Mg                4.119e-05   4.119e-05
Mn                6.013e-08   6.013e-08
Mo                3.026e-07   3.026e-07
Na                1.328e-02   1.328e-02
Ni                2.900e-07   2.900e-07
Pb                2.416e-09   2.416e-09
S(6)              5.669e-03   5.669e-03
Sb                4.111e-09   4.111e-09
Se                6.339e-08   6.339e-08
Si                1.095e-03   1.095e-03
Sn                4.216e-09   4.216e-09
Sr                1.371e-07   1.371e-07
Tl                2.449e-09   2.449e-09
U                 1.262e-08   1.262e-08



V                 9.826e-07   9.826e-07
Zn                1.378e-07   1.378e-07

----------------------------Description of solution----------------------------

                                       pH  =   6.600
                                       pe  =   8.000
                        Activity of water  =   1.000
                 Ionic strength (mol/kgw)  =   1.949e-02
                       Mass of water (kg)  =   1.000e+00
                    Total carbon (mol/kg)  =   1.258e-04
                       Total CO2 (mol/kg)  =   1.258e-04
                         Temperature (°C)  =  25.00
                  Electrical balance (eq)  =  -9.474e-04
 Percent error, 100*(Cat-|An|)/(Cat+|An|)  =  -3.39
                               Iterations  =  10
                                  Total H  = 1.110186e+02
                                  Total O  = 5.553461e+01

----------------------------Distribution of species----------------------------

                                               Log       Log       Log    mole V
   Species          Molality    Activity  Molality  Activity     Gamma   cm³/mol

   H+              2.881e-07   2.512e-07    -6.540    -6.600    -0.060      0.00
   OH-             4.615e-08   4.007e-08    -7.336    -7.397    -0.061     (0)
   H2O             5.551e+01   9.996e-01     1.744    -0.000     0.000     18.07
Al            8.830e-05
   Al(OH)4-        6.146e-05   5.365e-05    -4.211    -4.270    -0.059     (0)
   Al(OH)2+        1.517e-05   1.330e-05    -4.819    -4.876    -0.057     (0)
   Al(OH)3         1.063e-05   1.063e-05    -4.973    -4.973     0.000     (0)
   AlOH+2          7.069e-07   4.179e-07    -6.151    -6.379    -0.228     (0)
   AlSO4+          2.895e-07   2.527e-07    -6.538    -6.597    -0.059     (0)
   Al+3            3.579e-08   1.043e-08    -7.446    -7.982    -0.536     (0)
   Al(SO4)2-       9.684e-09   8.453e-09    -8.014    -8.073    -0.059     (0)
   AlMo6O21-3      3.165e-33   7.237e-34   -32.500   -33.140    -0.641     (0)
As(3)         1.879e-22
   H3AsO3          1.874e-22   1.874e-22   -21.727   -21.727     0.000     (0)
   H2AsO3-         4.508e-25   3.826e-25   -24.346   -24.417    -0.071     (0)
   H4AsO3+         2.748e-29   2.332e-29   -28.561   -28.632    -0.071     (0)
   HAsO3-2         2.677e-30   1.389e-30   -29.572   -29.857    -0.285     (0)
   AsO3-3          9.325e-37   2.132e-37   -36.030   -36.671    -0.641     (0)
As(5)         1.737e-07
   H2AsO4-         1.013e-07   8.602e-08    -6.994    -7.065    -0.071     (0)
   HAsO4-2         7.235e-08   3.755e-08    -7.141    -7.425    -0.285     (0)
   H3AsO4          3.738e-12   3.755e-12   -11.427   -11.425     0.002     (0)
   AsO4-3          2.068e-12   4.727e-13   -11.685   -12.325    -0.641     (0)
B             1.019e-05
   H3BO3           1.016e-05   1.020e-05    -4.993    -4.991     0.002     (0)
   H2BO3-          2.733e-08   2.359e-08    -7.563    -7.627    -0.064     (0)
   NaH2BO3         4.259e-10   4.259e-10    -9.371    -9.371     0.000     (0)
   CaH2BO3+        8.029e-11   6.931e-11   -10.095   -10.159    -0.064     (0)
   MgH2BO3+        1.698e-11   1.466e-11   -10.770   -10.834    -0.064     (0)
   H5(BO3)2-       2.374e-13   2.049e-13   -12.625   -12.688    -0.064     (0)
   SrH2BO3+        5.648e-14   4.876e-14   -13.248   -13.312    -0.064     (0)
   BaH2BO3+        4.981e-14   4.299e-14   -13.303   -13.367    -0.064     (0)
   H8(BO3)3-       2.422e-16   2.091e-16   -15.616   -15.680    -0.064     (0)
Ba            1.021e-07
   Ba+2            1.020e-07   5.897e-08    -6.991    -7.229    -0.238     (0)
   BaHCO3+         4.702e-11   4.135e-11   -10.328   -10.384    -0.056     (0)
   BaCO3           4.144e-13   4.144e-13   -12.383   -12.383     0.000     (0)
   BaH2BO3+        4.981e-14   4.299e-14   -13.303   -13.367    -0.064     (0)
   BaOH+           1.179e-14   1.031e-14   -13.929   -13.987    -0.058     (0)
Be            5.554e-08
   BeOH+           4.844e-08   4.269e-08    -7.315    -7.370    -0.055     (0)
   Be+2            4.629e-09   2.676e-09    -8.335    -8.573    -0.238     (0)



   BeSO4           1.294e-09   1.294e-09    -8.888    -8.888     0.000     (0)
   Be(OH)2         1.079e-09   1.079e-09    -8.967    -8.967     0.000     (0)
   BeCO3           6.590e-11   6.590e-11   -10.181   -10.181     0.000     (0)
   Be(SO4)2-2      1.982e-11   1.029e-11   -10.703   -10.988    -0.285     (0)
   BeCl+           1.387e-11   1.214e-11   -10.858   -10.916    -0.058     (0)
   Be(OH)3-        1.233e-12   1.086e-12   -11.909   -11.964    -0.055     (0)
   Be2OH+3         5.909e-14   1.896e-14   -13.228   -13.722    -0.494     (0)
   Be3(OH)3+3      5.862e-15   1.881e-15   -14.232   -14.726    -0.494     (0)
   Be(OH)4-2       4.552e-20   2.747e-20   -19.342   -19.561    -0.219     (0)
C(4)          1.258e-04
   HCO3-           8.373e-05   7.342e-05    -4.077    -4.134    -0.057     (0)
   H2CO3           4.148e-05   4.148e-05    -4.382    -4.382     0.000     (0)
   NaHCO3          4.703e-07   4.703e-07    -6.328    -6.328     0.000     (0)
   CaHCO3+         7.936e-08   6.979e-08    -7.100    -7.156    -0.056     (0)
   CO3-2           2.370e-08   1.370e-08    -7.625    -7.863    -0.238     (0)
   MgHCO3+         1.546e-08   1.346e-08    -7.811    -7.871    -0.060     (0)
   UO2CO3          4.316e-09   4.316e-09    -8.365    -8.365     0.000     (0)
   NaCO3-          3.314e-09   2.906e-09    -8.480    -8.537    -0.057     (0)
   CuCO3           2.369e-09   2.369e-09    -8.625    -8.625     0.000     (0)
   UO2(CO3)2-2     2.274e-09   1.180e-09    -8.643    -8.928    -0.285     (0)
   NiHCO3+         1.303e-09   1.106e-09    -8.885    -8.956    -0.071     (0)
   CaCO3           1.109e-09   1.109e-09    -8.955    -8.955     0.000     (0)
   MgCO3           2.042e-10   2.042e-10    -9.690    -9.690     0.000     (0)
   CuHCO3+         1.602e-10   1.360e-10    -9.795    -9.866    -0.071     (0)
   ZnHCO3+         1.529e-10   1.297e-10    -9.816    -9.887    -0.071     (0)
   SrHCO3+         7.886e-11   6.935e-11   -10.103   -10.159    -0.056     (0)
   BeCO3           6.590e-11   6.590e-11   -10.181   -10.181     0.000     (0)
   NiCO3           6.246e-11   6.246e-11   -10.204   -10.204     0.000     (0)
   BaHCO3+         4.702e-11   4.135e-11   -10.328   -10.384    -0.056     (0)
   ZnCO3           4.407e-11   4.407e-11   -10.356   -10.356     0.000     (0)
   PbHCO3+         4.243e-11   3.602e-11   -10.372   -10.444    -0.071     (0)
   MnHCO3+         4.046e-11   3.541e-11   -10.393   -10.451    -0.058     (0)
   PbCO3           2.719e-11   2.719e-11   -10.566   -10.566     0.000     (0)
   CoHCO3+         2.224e-11   1.888e-11   -10.653   -10.724    -0.071     (0)
   UO2(CO3)3-4     1.117e-11   8.104e-13   -10.952   -12.091    -1.139     (0)
   CoCO3           7.658e-13   7.658e-13   -12.116   -12.116     0.000     (0)
   SrCO3           5.153e-13   5.153e-13   -12.288   -12.288     0.000     (0)
   BaCO3           4.144e-13   4.144e-13   -12.383   -12.383     0.000     (0)
   FeHCO3+         2.972e-13   2.613e-13   -12.527   -12.583    -0.056     (0)
   CdCO3           1.954e-13   1.954e-13   -12.709   -12.709     0.000     (0)
   Cu(CO3)2-2      1.683e-13   8.737e-14   -12.774   -13.059    -0.285     (0)
   CdHCO3+         1.232e-13   1.046e-13   -12.909   -12.981    -0.071     (0)
   Pb(CO3)2-2      2.071e-15   1.075e-15   -14.684   -14.969    -0.285     (0)
   Cd(CO3)2-2      3.824e-18   1.985e-18   -17.417   -17.702    -0.285     (0)
Ca            1.249e-04
   Ca+2            8.830e-05   5.105e-05    -4.054    -4.292    -0.238     (0)
   CaSO4           3.651e-05   3.651e-05    -4.438    -4.438     0.000     (0)
   CaHCO3+         7.936e-08   6.979e-08    -7.100    -7.156    -0.056     (0)
   CaCO3           1.109e-09   1.109e-09    -8.955    -8.955     0.000     (0)
   CaH2BO3+        8.029e-11   6.931e-11   -10.095   -10.159    -0.064     (0)
   CaOH+           4.641e-11   4.081e-11   -10.333   -10.389    -0.056     (0)
Cd            1.781e-09
   Cd+2            1.082e-09   6.256e-10    -8.966    -9.204    -0.238     (0)
   CdSO4           4.578e-10   4.578e-10    -9.339    -9.339     0.000     (0)
   CdCl+           2.010e-10   1.706e-10    -9.697    -9.768    -0.071     (0)
   Cd(SO4)2-2      3.715e-11   1.928e-11   -10.430   -10.715    -0.285     (0)
   CdCl2           2.032e-12   2.032e-12   -11.692   -11.692     0.000     (0)
   CdOHCl          2.805e-13   2.805e-13   -12.552   -12.552     0.000     (0)
   CdOH+           2.346e-13   1.991e-13   -12.630   -12.701    -0.071     (0)
   CdCO3           1.954e-13   1.954e-13   -12.709   -12.709     0.000     (0)
   CdHCO3+         1.232e-13   1.046e-13   -12.909   -12.981    -0.071     (0)
   CdCl3-          4.313e-15   3.661e-15   -14.365   -14.436    -0.071     (0)
   CdSeO4          1.313e-15   1.313e-15   -14.882   -14.882     0.000     (0)
   Cd(OH)2         5.035e-17   5.035e-17   -16.298   -16.298     0.000     (0)
   Cd(CO3)2-2      3.824e-18   1.985e-18   -17.417   -17.702    -0.285     (0)
   Cd2OH+3         2.731e-21   6.244e-22   -20.564   -21.205    -0.641     (0)



   Cd(SeO3)2-2     3.291e-22   1.708e-22   -21.483   -21.768    -0.285     (0)
   Cd(OH)3-        1.452e-22   1.233e-22   -21.838   -21.909    -0.071     (0)
   Cd(OH)4-2       1.558e-30   8.084e-31   -29.808   -30.092    -0.285     (0)
Cl            3.275e-03
   Cl-             3.275e-03   2.856e-03    -2.485    -2.544    -0.060     (0)
   NiCl+           1.052e-09   8.929e-10    -8.978    -9.049    -0.071     (0)
   ZnCl+           4.605e-10   4.009e-10    -9.337    -9.397    -0.060     (0)
   CdCl+           2.010e-10   1.706e-10    -9.697    -9.768    -0.071     (0)
   CuCl+           1.526e-10   1.329e-10    -9.816    -9.876    -0.060     (0)
   MnCl+           9.931e-11   8.691e-11   -10.003   -10.061    -0.058     (0)
   PbCl+           7.882e-11   6.690e-11   -10.103   -10.175    -0.071     (0)
   CoCl+           3.848e-11   3.266e-11   -10.415   -10.486    -0.071     (0)
   ZnOHCl          2.103e-11   2.103e-11   -10.677   -10.677     0.000     (0)
   TlCl            1.777e-11   1.777e-11   -10.750   -10.750     0.000     (0)
   BeCl+           1.387e-11   1.214e-11   -10.858   -10.916    -0.058     (0)
   CdCl2           2.032e-12   2.032e-12   -11.692   -11.692     0.000     (0)
   ZnCl2           1.815e-12   1.815e-12   -11.741   -11.741     0.000     (0)
   PbCl2           8.535e-13   8.535e-13   -12.069   -12.069     0.000     (0)
   CuCl            5.170e-13   5.170e-13   -12.286   -12.286     0.000     (0)
   UO2Cl+          4.318e-13   3.665e-13   -12.365   -12.436    -0.071     (0)
   CuCl2-          3.544e-13   3.085e-13   -12.451   -12.511    -0.060     (0)
   MnCl2           3.506e-13   3.506e-13   -12.455   -12.455     0.000     (0)
   CdOHCl          2.805e-13   2.805e-13   -12.552   -12.552     0.000     (0)
   CuCl2           1.316e-13   1.316e-13   -12.881   -12.881     0.000     (0)
   CrCl+2          5.519e-14   2.864e-14   -13.258   -13.543    -0.285     (0)
   TlCl2-          3.521e-14   2.989e-14   -13.453   -13.525    -0.071     (0)
   NiCl2           1.284e-14   1.284e-14   -13.891   -13.891     0.000     (0)
   ZnCl3-          4.729e-15   4.117e-15   -14.325   -14.385    -0.060     (0)
   CdCl3-          4.313e-15   3.661e-15   -14.365   -14.436    -0.071     (0)
   PbCl3-          1.143e-15   9.705e-16   -14.942   -15.013    -0.071     (0)
   FeCl+2          3.862e-16   2.265e-16   -15.413   -15.645    -0.232     (0)
   CuCl3-2         3.212e-16   1.884e-16   -15.493   -15.725    -0.232     (0)
   MnCl3-          3.152e-16   2.758e-16   -15.501   -15.559    -0.058     (0)
   CrOHCl2         6.230e-17   6.230e-17   -16.205   -16.205     0.000     (0)
   ZnCl4-2         1.002e-17   5.880e-18   -16.999   -17.231    -0.232     (0)
   CrCl2+          9.145e-18   7.762e-18   -17.039   -17.110    -0.071     (0)
   CuCl3-          4.029e-18   3.508e-18   -17.395   -17.455    -0.060     (0)
   FeCl2+          3.303e-18   2.890e-18   -17.481   -17.539    -0.058     (0)
   PbCl4-2         2.441e-18   1.267e-18   -17.612   -17.897    -0.285     (0)
   VOCl+           4.795e-19   4.070e-19   -18.319   -18.390    -0.071     (0)
   CrO3Cl-         2.396e-20   2.034e-20   -19.621   -19.692    -0.071     (0)
   FeCl3           8.254e-22   8.254e-22   -21.083   -21.083     0.000     (0)
   CuCl4-2         8.561e-23   5.021e-23   -22.067   -22.299    -0.232     (0)
   TlOHCl+         3.088e-24   2.621e-24   -23.510   -23.581    -0.071     (0)
   TlCl3           7.803e-27   7.803e-27   -26.108   -26.108     0.000     (0)
   TlCl2+          3.074e-27   2.609e-27   -26.512   -26.584    -0.071     (0)
   TlCl4-          1.657e-27   1.406e-27   -26.781   -26.852    -0.071     (0)
   TlCl+2          3.059e-30   1.587e-30   -29.514   -29.799    -0.285     (0)
   CoCl+2          1.474e-33   7.648e-34   -32.832   -33.116    -0.285     (0)
   SnCl+           1.762e-39   1.495e-39   -38.754   -38.825    -0.071     (0)
   SnCl2           0.000e+00   0.000e+00   -40.579   -40.579     0.000     (0)
   UCl+3           0.000e+00   0.000e+00   -43.489   -44.130    -0.641     (0)
   SnCl3-          0.000e+00   0.000e+00   -44.226   -44.297    -0.071     (0)
Co(2)         8.493e-09
   Co+2            6.370e-09   3.306e-09    -8.196    -8.481    -0.285     (0)
   CoSO4           2.059e-09   2.059e-09    -8.686    -8.686     0.000     (0)
   CoCl+           3.848e-11   3.266e-11   -10.415   -10.486    -0.071     (0)
   CoHCO3+         2.224e-11   1.888e-11   -10.653   -10.724    -0.071     (0)
   CoOH+           3.114e-12   2.643e-12   -11.507   -11.578    -0.071     (0)
   CoCO3           7.658e-13   7.658e-13   -12.116   -12.116     0.000     (0)
   CoSeO4          1.867e-14   1.867e-14   -13.729   -13.729     0.000     (0)
   Co(OH)2         8.413e-15   8.413e-15   -14.075   -14.075     0.000     (0)
   Co(OH)3-        7.924e-21   6.726e-21   -20.101   -20.172    -0.071     (0)
   CoOOH-          1.989e-21   1.688e-21   -20.701   -20.773    -0.071     (0)
   Co2OH+3         1.915e-21   4.379e-22   -20.718   -21.359    -0.641     (0)
   Co(OH)4-2       8.230e-29   4.272e-29   -28.085   -28.369    -0.285     (0)



   Co4(OH)4+4      1.342e-37   9.737e-39   -36.872   -38.012    -1.139     (0)
Co(3)         5.163e-28
   CoOH+2          5.163e-28   2.680e-28   -27.287   -27.572    -0.285     (0)
   Co+3            4.516e-33   1.316e-33   -32.345   -32.881    -0.536     (0)
   CoCl+2          1.474e-33   7.648e-34   -32.832   -33.116    -0.285     (0)
Cr(2)         3.567e-26
   Cr+2            3.567e-26   1.851e-26   -25.448   -25.733    -0.285     (0)
Cr(3)         5.774e-08
   Cr(OH)2+        3.902e-08   3.312e-08    -7.409    -7.480    -0.071     (0)
   Cr(OH)+2        1.309e-08   6.793e-09    -7.883    -8.168    -0.285     (0)
   CrOHSO4         5.032e-09   5.032e-09    -8.298    -8.298     0.000     (0)
   Cr(OH)3         4.986e-10   4.986e-10    -9.302    -9.302     0.000     (0)
   CrSO4+          6.655e-11   5.648e-11   -10.177   -10.248    -0.071     (0)
   Cr+3            3.389e-11   7.749e-12   -10.470   -11.111    -0.641     (0)
   CrO2-           1.111e-12   9.430e-13   -11.954   -12.026    -0.071     (0)
   Cr(OH)4-        9.370e-13   7.953e-13   -12.028   -12.099    -0.071     (0)
   CrCl+2          5.519e-14   2.864e-14   -13.258   -13.543    -0.285     (0)
   Cr2(OH)2SO4+2   5.953e-15   3.090e-15   -14.225   -14.510    -0.285     (0)
   Cr2(OH)2(SO4)2   5.729e-16   5.729e-16   -15.242   -15.242     0.000     (0)
   CrOHCl2         6.230e-17   6.230e-17   -16.205   -16.205     0.000     (0)
   CrCl2+          9.145e-18   7.762e-18   -17.039   -17.110    -0.071     (0)
Cr(6)         1.527e-11
   CrO4-2          9.588e-12   5.543e-12   -11.018   -11.256    -0.238     (0)
   HCrO4-          5.308e-12   4.506e-12   -11.275   -11.346    -0.071     (0)
   NaCrO4-         3.696e-13   3.137e-13   -12.432   -12.503    -0.071     (0)
   KCrO4-          3.710e-15   3.149e-15   -14.431   -14.502    -0.071     (0)
   CrO3SO4-2       2.074e-18   1.076e-18   -17.683   -17.968    -0.285     (0)
   H2CrO4          9.174e-19   9.174e-19   -18.037   -18.037     0.000     (0)
   CrO3Cl-         2.396e-20   2.034e-20   -19.621   -19.692    -0.071     (0)
   Cr2O7-2         1.357e-21   7.042e-22   -20.868   -21.152    -0.285     (0)
Cu(1)         1.041e-12
   CuCl            5.170e-13   5.170e-13   -12.286   -12.286     0.000     (0)
   CuCl2-          3.544e-13   3.085e-13   -12.451   -12.511    -0.060     (0)
   Cu+             1.694e-13   1.438e-13   -12.771   -12.842    -0.071     (0)
   CuCl3-2         3.212e-16   1.884e-16   -15.493   -15.725    -0.232     (0)
Cu(2)         7.877e-08
   Cu+2            5.079e-08   2.936e-08    -7.294    -7.532    -0.238     (0)
   CuSO4           2.100e-08   2.100e-08    -7.678    -7.678     0.000     (0)
   CuOH+           4.273e-09   3.720e-09    -8.369    -8.429    -0.060     (0)
   CuCO3           2.369e-09   2.369e-09    -8.625    -8.625     0.000     (0)
   CuHCO3+         1.602e-10   1.360e-10    -9.795    -9.866    -0.071     (0)
   CuCl+           1.526e-10   1.329e-10    -9.816    -9.876    -0.060     (0)
   Cu(OH)2         2.974e-11   2.974e-11   -10.527   -10.527     0.000     (0)
   Cu2(OH)2+2      6.698e-13   3.476e-13   -12.174   -12.459    -0.285     (0)
   Cu(CO3)2-2      1.683e-13   8.737e-14   -12.774   -13.059    -0.285     (0)
   CuCl2           1.316e-13   1.316e-13   -12.881   -12.881     0.000     (0)
   Cu(OH)3-        2.880e-15   2.445e-15   -14.541   -14.612    -0.071     (0)
   CuCl3-          4.029e-18   3.508e-18   -17.395   -17.455    -0.060     (0)
   Cu(OH)4-2       1.485e-21   7.710e-22   -20.828   -21.113    -0.285     (0)
   CuCl4-2         8.561e-23   5.021e-23   -22.067   -22.299    -0.232     (0)
Fe(2)         7.622e-10
   Fe+2            5.448e-10   2.827e-10    -9.264    -9.549    -0.285     (0)
   FeSO4           2.167e-10   2.167e-10    -9.664    -9.664     0.000     (0)
   FeOH+           5.154e-13   4.510e-13   -12.288   -12.346    -0.058     (0)
   FeHCO3+         2.972e-13   2.613e-13   -12.527   -12.583    -0.056     (0)
   Fe(OH)2         1.436e-17   1.436e-17   -16.843   -16.843     0.000     (0)
   Fe(OH)3-        2.079e-19   1.819e-19   -18.682   -18.740    -0.058     (0)
Fe(3)         1.254e-06
   Fe(OH)2+        1.208e-06   1.059e-06    -5.918    -5.975    -0.057     (0)
   Fe(OH)3         4.559e-08   4.559e-08    -7.341    -7.341     0.000     (0)
   Fe(OH)4-        1.940e-10   1.701e-10    -9.712    -9.769    -0.057     (0)
   FeOH+2          1.159e-10   6.795e-11    -9.936   -10.168    -0.232     (0)
   FeSO4+          1.051e-13   9.200e-14   -12.978   -13.036    -0.058     (0)
   Fe+3            9.013e-15   2.627e-15   -14.045   -14.581    -0.536     (0)
   Fe(SO4)2-       7.234e-15   6.140e-15   -14.141   -14.212    -0.071     (0)
   FeCl+2          3.862e-16   2.265e-16   -15.413   -15.645    -0.232     (0)



   FeCl2+          3.303e-18   2.890e-18   -17.481   -17.539    -0.058     (0)
   Fe2(OH)2+4      2.107e-18   1.529e-19   -17.676   -18.816    -1.139     (0)
   FeHSeO3+2       4.856e-19   2.520e-19   -18.314   -18.599    -0.285     (0)
   FeCl3           8.254e-22   8.254e-22   -21.083   -21.083     0.000     (0)
   Fe3(OH)4+5      1.411e-22   2.341e-24   -21.850   -23.631    -1.780     (0)
H(0)          8.894e-33
   H2              4.447e-33   4.467e-33   -32.352   -32.350     0.002     (0)
K             1.792e-04
   K+              1.754e-04   1.529e-04    -3.756    -3.816    -0.060     (0)
   KSO4-           3.854e-06   3.379e-06    -5.414    -5.471    -0.057     (0)
   KCrO4-          3.710e-15   3.149e-15   -14.431   -14.502    -0.071     (0)
Li            1.010e-06
   Li+             9.961e-07   8.685e-07    -6.002    -6.061    -0.060     (0)
   LiSO4-          1.352e-08   1.183e-08    -7.869    -7.927    -0.058     (0)
Mg            4.119e-05
   Mg+2            3.099e-05   1.792e-05    -4.509    -4.747    -0.238     (0)
   MgSO4           1.018e-05   1.018e-05    -4.992    -4.992     0.000     (0)
   MgHCO3+         1.546e-08   1.346e-08    -7.811    -7.871    -0.060     (0)
   MgOH+           3.243e-10   2.858e-10    -9.489    -9.544    -0.055     (0)
   MgCO3           2.042e-10   2.042e-10    -9.690    -9.690     0.000     (0)
   MgH2BO3+        1.698e-11   1.466e-11   -10.770   -10.834    -0.064     (0)
Mn(2)         6.013e-08
   Mn+2            4.657e-08   2.417e-08    -7.332    -7.617    -0.285     (0)
   MnSO4           1.342e-08   1.342e-08    -7.872    -7.872     0.000     (0)
   MnCl+           9.931e-11   8.691e-11   -10.003   -10.061    -0.058     (0)
   MnHCO3+         4.046e-11   3.541e-11   -10.393   -10.451    -0.058     (0)
   MnOH+           2.780e-12   2.433e-12   -11.556   -11.614    -0.058     (0)
   MnCl2           3.506e-13   3.506e-13   -12.455   -12.455     0.000     (0)
   MnSeO4          7.331e-14   7.331e-14   -13.135   -13.135     0.000     (0)
   MnCl3-          3.152e-16   2.758e-16   -15.501   -15.559    -0.058     (0)
   Mn(OH)3-        2.759e-23   2.414e-23   -22.559   -22.617    -0.058     (0)
   Mn(OH)4-2       5.325e-30   3.123e-30   -29.274   -29.505    -0.232     (0)
   MnSe            0.000e+00   0.000e+00   -56.581   -56.581     0.000     (0)
Mn(3)         3.705e-25
   Mn+3            3.705e-25   1.080e-25   -24.431   -24.967    -0.536     (0)
Mn(6)         0.000e+00
   MnO4-2          0.000e+00   0.000e+00   -41.008   -41.239    -0.232     (0)
Mn(7)         0.000e+00
   MnO4-           0.000e+00   0.000e+00   -42.549   -42.611    -0.063     (0)
Mo            3.026e-07
   MoO4-2          3.016e-07   1.743e-07    -6.521    -6.759    -0.238     (0)
   HMoO4-          1.027e-09   8.713e-10    -8.989    -9.060    -0.071     (0)
   H2MoO4          1.603e-12   1.603e-12   -11.795   -11.795     0.000     (0)
   AlMo6O21-3      3.165e-33   7.237e-34   -32.500   -33.140    -0.641     (0)
   Mo7O24-6        0.000e+00   0.000e+00   -44.556   -47.120    -2.563     (0)
   HMo7O24-5       0.000e+00   0.000e+00   -45.553   -47.333    -1.780     (0)
   H2Mo7O24-4      0.000e+00   0.000e+00   -48.011   -49.151    -1.139     (0)
   H3Mo7O24-3      0.000e+00   0.000e+00   -51.864   -52.505    -0.641     (0)
Na            1.328e-02
   Na+             1.306e-02   1.139e-02    -1.884    -1.943    -0.060     (0)
   NaSO4-          2.178e-04   1.909e-04    -3.662    -3.719    -0.057     (0)
   NaHCO3          4.703e-07   4.703e-07    -6.328    -6.328     0.000     (0)
   NaCO3-          3.314e-09   2.906e-09    -8.480    -8.537    -0.057     (0)
   NaH2BO3         4.259e-10   4.259e-10    -9.371    -9.371     0.000     (0)
   NaCrO4-         3.696e-13   3.137e-13   -12.432   -12.503    -0.071     (0)
Ni            2.900e-07
   Ni+2            2.114e-07   1.222e-07    -6.675    -6.913    -0.238     (0)
   NiSO4           7.610e-08   7.610e-08    -7.119    -7.119     0.000     (0)
   NiHCO3+         1.303e-09   1.106e-09    -8.885    -8.956    -0.071     (0)
   NiCl+           1.052e-09   8.929e-10    -8.978    -9.049    -0.071     (0)
   NiOH+           7.262e-11   6.164e-11   -10.139   -10.210    -0.071     (0)
   NiCO3           6.246e-11   6.246e-11   -10.204   -10.204     0.000     (0)
   Ni(SO4)2-2      1.516e-11   7.867e-12   -10.819   -11.104    -0.285     (0)
   NiSeO4          6.440e-13   6.440e-13   -12.191   -12.191     0.000     (0)
   Ni(OH)2         1.962e-13   1.962e-13   -12.707   -12.707     0.000     (0)
   NiCl2           1.284e-14   1.284e-14   -13.891   -13.891     0.000     (0)



   Ni(OH)3-        9.262e-18   7.861e-18   -17.033   -17.105    -0.071     (0)
O(0)          5.054e-28
   O2              2.527e-28   2.538e-28   -27.597   -27.595     0.002     (0)
Pb            2.416e-09
   Pb+2            1.142e-09   6.602e-10    -8.942    -9.180    -0.238     (0)
   PbSO4           1.009e-09   1.009e-09    -8.996    -8.996     0.000     (0)
   PbCl+           7.882e-11   6.690e-11   -10.103   -10.175    -0.071     (0)
   PbOH+           7.829e-11   6.645e-11   -10.106   -10.177    -0.071     (0)
   PbHCO3+         4.243e-11   3.602e-11   -10.372   -10.444    -0.071     (0)
   Pb(SO4)2-2      3.658e-11   1.899e-11   -10.437   -10.722    -0.285     (0)
   PbCO3           2.719e-11   2.719e-11   -10.566   -10.566     0.000     (0)
   PbCl2           8.535e-13   8.535e-13   -12.069   -12.069     0.000     (0)
   Pb(OH)2         8.420e-14   8.420e-14   -13.075   -13.075     0.000     (0)
   Pb(CO3)2-2      2.071e-15   1.075e-15   -14.684   -14.969    -0.285     (0)
   PbCl3-          1.143e-15   9.705e-16   -14.942   -15.013    -0.071     (0)
   Pb(OH)3-        3.975e-18   3.374e-18   -17.401   -17.472    -0.071     (0)
   Pb2OH+3         3.041e-18   6.953e-19   -17.517   -18.158    -0.641     (0)
   PbCl4-2         2.441e-18   1.267e-18   -17.612   -17.897    -0.285     (0)
   Pb(OH)4-2       6.380e-23   3.311e-23   -22.195   -22.480    -0.285     (0)
   Pb3(OH)4+2      1.800e-25   9.340e-26   -24.745   -25.030    -0.285     (0)
   Pb4(OH)4+4      6.751e-30   4.898e-31   -29.171   -30.310    -1.139     (0)
S(6)          5.669e-03
   SO4-2           5.400e-03   3.122e-03    -2.268    -2.506    -0.238     (0)
   NaSO4-          2.178e-04   1.909e-04    -3.662    -3.719    -0.057     (0)
   CaSO4           3.651e-05   3.651e-05    -4.438    -4.438     0.000     (0)
   MgSO4           1.018e-05   1.018e-05    -4.992    -4.992     0.000     (0)
   KSO4-           3.854e-06   3.379e-06    -5.414    -5.471    -0.057     (0)
   AlSO4+          2.895e-07   2.527e-07    -6.538    -6.597    -0.059     (0)
   HSO4-           8.778e-08   7.663e-08    -7.057    -7.116    -0.059     (0)
   NiSO4           7.610e-08   7.610e-08    -7.119    -7.119     0.000     (0)
   ZnSO4           3.817e-08   3.817e-08    -7.418    -7.418     0.000     (0)
   SrSO4           3.628e-08   3.628e-08    -7.440    -7.440     0.000     (0)
   CuSO4           2.100e-08   2.100e-08    -7.678    -7.678     0.000     (0)
   LiSO4-          1.352e-08   1.183e-08    -7.869    -7.927    -0.058     (0)
   MnSO4           1.342e-08   1.342e-08    -7.872    -7.872     0.000     (0)
   Al(SO4)2-       9.684e-09   8.453e-09    -8.014    -8.073    -0.059     (0)
   CrOHSO4         5.032e-09   5.032e-09    -8.298    -8.298     0.000     (0)
   CoSO4           2.059e-09   2.059e-09    -8.686    -8.686     0.000     (0)
   Zn(SO4)2-2      1.999e-09   1.038e-09    -8.699    -8.984    -0.285     (0)
   BeSO4           1.294e-09   1.294e-09    -8.888    -8.888     0.000     (0)
   PbSO4           1.009e-09   1.009e-09    -8.996    -8.996     0.000     (0)
   CdSO4           4.578e-10   4.578e-10    -9.339    -9.339     0.000     (0)
   UO2SO4          3.738e-10   3.738e-10    -9.427    -9.427     0.000     (0)
   FeSO4           2.167e-10   2.167e-10    -9.664    -9.664     0.000     (0)
   TlSO4-          1.658e-10   1.407e-10    -9.780    -9.852    -0.071     (0)
   CrSO4+          6.655e-11   5.648e-11   -10.177   -10.248    -0.071     (0)
   Cd(SO4)2-2      3.715e-11   1.928e-11   -10.430   -10.715    -0.285     (0)
   Pb(SO4)2-2      3.658e-11   1.899e-11   -10.437   -10.722    -0.285     (0)
   UO2(SO4)2-2     2.964e-11   1.538e-11   -10.528   -10.813    -0.285     (0)
   Be(SO4)2-2      1.982e-11   1.029e-11   -10.703   -10.988    -0.285     (0)
   Ni(SO4)2-2      1.516e-11   7.867e-12   -10.819   -11.104    -0.285     (0)
   FeSO4+          1.051e-13   9.200e-14   -12.978   -13.036    -0.058     (0)
   VO2SO4-         8.835e-14   7.499e-14   -13.054   -13.125    -0.071     (0)
   Fe(SO4)2-       7.234e-15   6.140e-15   -14.141   -14.212    -0.071     (0)
   Cr2(OH)2SO4+2   5.953e-15   3.090e-15   -14.225   -14.510    -0.285     (0)
   Cr2(OH)2(SO4)2   5.729e-16   5.729e-16   -15.242   -15.242     0.000     (0)
   VOSO4           4.367e-17   4.367e-17   -16.360   -16.360     0.000     (0)
   CrO3SO4-2       2.074e-18   1.076e-18   -17.683   -17.968    -0.285     (0)
   VSO4+           2.764e-32   2.346e-32   -31.558   -31.630    -0.071     (0)
   U(SO4)2         1.597e-38   1.597e-38   -37.797   -37.797     0.000     (0)
   USO4+2          1.241e-39   6.442e-40   -38.906   -39.191    -0.285     (0)
Sb(3)         2.608e-23
   Sb(OH)3         1.319e-23   1.319e-23   -22.880   -22.880     0.000     (0)
   HSbO2           1.288e-23   1.288e-23   -22.890   -22.890     0.000     (0)
   SbO2-           9.787e-29   8.307e-29   -28.009   -28.081    -0.071     (0)
   Sb(OH)2+        9.485e-29   8.051e-29   -28.023   -28.094    -0.071     (0)



   Sb(OH)4-        5.604e-29   4.757e-29   -28.252   -28.323    -0.071     (0)
   SbO+            3.271e-29   2.777e-29   -28.485   -28.556    -0.071     (0)
Sb(5)         4.111e-09
   SbO3-           4.107e-09   3.486e-09    -8.387    -8.458    -0.071     (0)
   Sb(OH)6-        4.670e-12   4.072e-12   -11.331   -11.390    -0.060     (0)
   SbO2+           7.434e-23   6.310e-23   -22.129   -22.200    -0.071     (0)
Se(-2)        0.000e+00
   HSe-            0.000e+00   0.000e+00   -50.108   -50.179    -0.071     (0)
   H2Se            0.000e+00   0.000e+00   -52.889   -52.889     0.000     (0)
   MnSe            0.000e+00   0.000e+00   -56.581   -56.581     0.000     (0)
   Se-2            0.000e+00   0.000e+00   -58.295   -58.579    -0.285     (0)
Se(4)         4.390e-08
   HSeO3-          4.278e-08   3.631e-08    -7.369    -7.440    -0.071     (0)
   SeO3-2          1.109e-09   5.755e-10    -8.955    -9.240    -0.285     (0)
   H2SeO3          3.891e-12   3.891e-12   -11.410   -11.410     0.000     (0)
   FeHSeO3+2       4.856e-19   2.520e-19   -18.314   -18.599    -0.285     (0)
   Cd(SeO3)2-2     3.291e-22   1.708e-22   -21.483   -21.768    -0.285     (0)
Se(6)         1.949e-08
   SeO4-2          1.949e-08   1.127e-08    -7.710    -7.948    -0.238     (0)
   NiSeO4          6.440e-13   6.440e-13   -12.191   -12.191     0.000     (0)
   HSeO4-          1.671e-13   1.419e-13   -12.777   -12.848    -0.071     (0)
   ZnSeO4          9.754e-14   9.754e-14   -13.011   -13.011     0.000     (0)
   MnSeO4          7.331e-14   7.331e-14   -13.135   -13.135     0.000     (0)
   CoSeO4          1.867e-14   1.867e-14   -13.729   -13.729     0.000     (0)
   CdSeO4          1.313e-15   1.313e-15   -14.882   -14.882     0.000     (0)
   Zn(SeO4)2-2     2.147e-21   1.115e-21   -20.668   -20.953    -0.285     (0)
Si            1.095e-03
   H4SiO4          1.094e-03   1.099e-03    -2.961    -2.959     0.002     (0)
   H3SiO4-         7.263e-07   6.323e-07    -6.139    -6.199    -0.060     (0)
   UO2H3SiO4+      5.004e-09   4.247e-09    -8.301    -8.372    -0.071     (0)
   H2SiO4-2        2.687e-13   1.588e-13   -12.571   -12.799    -0.228     (0)
Sn(2)         1.543e-32
   Sn(OH)2         1.530e-32   1.530e-32   -31.815   -31.815     0.000     (0)
   HSnO2-          8.340e-35   7.079e-35   -34.079   -34.150    -0.071     (0)
   Sn(OH)3-        2.284e-35   1.939e-35   -34.641   -34.713    -0.071     (0)
   SnOH+           2.254e-35   1.914e-35   -34.647   -34.718    -0.071     (0)
   Sn+2            2.311e-38   1.200e-38   -37.636   -37.921    -0.285     (0)
   SnCl+           1.762e-39   1.495e-39   -38.754   -38.825    -0.071     (0)
   SnCl2           0.000e+00   0.000e+00   -40.579   -40.579     0.000     (0)
   SnCl3-          0.000e+00   0.000e+00   -44.226   -44.297    -0.071     (0)
   Sn2(OH)2+2      0.000e+00   0.000e+00   -67.151   -67.436    -0.285     (0)
   Sn3(OH)4+2      0.000e+00   0.000e+00   -93.967   -94.252    -0.285     (0)
Sn(4)         4.216e-09
   Sn(OH)6-2       4.188e-09   2.421e-09    -8.378    -8.616    -0.238     (0)
   SnO3-2          2.880e-11   1.495e-11   -10.541   -10.825    -0.285     (0)
   Sn+4            1.392e-26   1.010e-27   -25.856   -26.996    -1.139     (0)
Sr            1.371e-07
   Sr+2            1.007e-07   5.824e-08    -6.997    -7.235    -0.238     (0)
   SrSO4           3.628e-08   3.628e-08    -7.440    -7.440     0.000     (0)
   SrHCO3+         7.886e-11   6.935e-11   -10.103   -10.159    -0.056     (0)
   SrCO3           5.153e-13   5.153e-13   -12.288   -12.288     0.000     (0)
   SrH2BO3+        5.648e-14   4.876e-14   -13.248   -13.312    -0.064     (0)
   SrOH+           1.762e-14   1.542e-14   -13.754   -13.812    -0.058     (0)
Tl(1)         2.449e-09
   Tl+             2.265e-09   1.923e-09    -8.645    -8.716    -0.071     (0)
   TlSO4-          1.658e-10   1.407e-10    -9.780    -9.852    -0.071     (0)
   TlCl            1.777e-11   1.777e-11   -10.750   -10.750     0.000     (0)
   TlCl2-          3.521e-14   2.989e-14   -13.453   -13.525    -0.071     (0)
   TlOH            4.751e-16   4.751e-16   -15.323   -15.323     0.000     (0)
Tl(3)         3.400e-19
   Tl(OH)3         3.400e-19   3.415e-19   -18.469   -18.467     0.002     (0)
   Tl(OH)2+        7.976e-24   6.770e-24   -23.098   -23.169    -0.071     (0)
   Tl(OH)4-        3.217e-24   2.731e-24   -23.493   -23.564    -0.071     (0)
   TlOHCl+         3.088e-24   2.621e-24   -23.510   -23.581    -0.071     (0)
   TlCl3           7.803e-27   7.803e-27   -26.108   -26.108     0.000     (0)
   TlCl2+          3.074e-27   2.609e-27   -26.512   -26.584    -0.071     (0)



   TlCl4-          1.657e-27   1.406e-27   -26.781   -26.852    -0.071     (0)
   TlOH+2          2.054e-29   1.066e-29   -28.687   -28.972    -0.285     (0)
   TlCl+2          3.059e-30   1.587e-30   -29.514   -29.799    -0.285     (0)
   Tl+3            4.632e-35   1.059e-35   -34.334   -34.975    -0.641     (0)
U(3)          0.000e+00
   U+3             0.000e+00   0.000e+00   -59.441   -60.081    -0.641     (0)
U(4)          4.665e-24
   U(OH)5-         4.623e-24   3.924e-24   -23.335   -23.406    -0.071     (0)
   U(OH)4          4.130e-26   4.130e-26   -25.384   -25.384     0.000     (0)
   U(OH)3+         4.470e-29   3.794e-29   -28.350   -28.421    -0.071     (0)
   U(OH)2+2        8.494e-33   4.408e-33   -32.071   -32.356    -0.285     (0)
   UOH+3           2.282e-37   5.217e-38   -36.642   -37.283    -0.641     (0)
   U(SO4)2         1.597e-38   1.597e-38   -37.797   -37.797     0.000     (0)
   USO4+2          1.241e-39   6.442e-40   -38.906   -39.191    -0.285     (0)
   U+4             0.000e+00   0.000e+00   -42.146   -43.285    -1.139     (0)
   UCl+3           0.000e+00   0.000e+00   -43.489   -44.130    -0.641     (0)
   U6(OH)15+9      0.000e+00   0.000e+00  -172.102  -177.870    -5.768     (0)
U(5)          5.682e-16
   UO2+            5.682e-16   4.822e-16   -15.246   -15.317    -0.071     (0)
U(6)          1.262e-08
   UO2H3SiO4+      5.004e-09   4.247e-09    -8.301    -8.372    -0.071     (0)
   UO2CO3          4.316e-09   4.316e-09    -8.365    -8.365     0.000     (0)
   UO2(CO3)2-2     2.274e-09   1.180e-09    -8.643    -8.928    -0.285     (0)
   UO2OH+          4.702e-10   3.991e-10    -9.328    -9.399    -0.071     (0)
   UO2SO4          3.738e-10   3.738e-10    -9.427    -9.427     0.000     (0)
   UO2+2           1.369e-10   7.912e-11    -9.864   -10.102    -0.238     (0)
   UO2(SO4)2-2     2.964e-11   1.538e-11   -10.528   -10.813    -0.285     (0)
   UO2(CO3)3-4     1.117e-11   8.104e-13   -10.952   -12.091    -1.139     (0)
   (UO2)2(OH)2+2   5.094e-13   2.644e-13   -12.293   -12.578    -0.285     (0)
   UO2Cl+          4.318e-13   3.665e-13   -12.365   -12.436    -0.071     (0)
   (UO2)3(OH)5+    1.514e-13   1.285e-13   -12.820   -12.891    -0.071     (0)
V(2)          0.000e+00
   V+2             0.000e+00   0.000e+00   -43.823   -44.108    -0.285     (0)
   VOH+            0.000e+00   0.000e+00   -43.924   -43.995    -0.071     (0)
V(3)          8.264e-16
   V(OH)3          8.264e-16   8.264e-16   -15.083   -15.083     0.000     (0)
   V(OH)2+         1.581e-25   1.342e-25   -24.801   -24.872    -0.071     (0)
   VOH+2           6.161e-28   3.198e-28   -27.210   -27.495    -0.285     (0)
   V+3             6.964e-32   1.592e-32   -31.157   -31.798    -0.641     (0)
   VSO4+           2.764e-32   2.346e-32   -31.558   -31.630    -0.071     (0)
   V2(OH)2+4       0.000e+00   0.000e+00   -53.051   -54.190    -1.139     (0)
   V2(OH)3+3       0.000e+00   0.000e+00   -53.275   -53.916    -0.641     (0)
V(4)          6.203e-16
   V(OH)3+         4.783e-16   4.059e-16   -15.320   -15.392    -0.071     (0)
   VO+2            9.787e-17   5.079e-17   -16.009   -16.294    -0.285     (0)
   VOSO4           4.367e-17   4.367e-17   -16.360   -16.360     0.000     (0)
   VOCl+           4.795e-19   4.070e-19   -18.319   -18.390    -0.071     (0)
   H2V2O4+2        1.593e-26   8.266e-27   -25.798   -26.083    -0.285     (0)
V(5)          9.826e-07
   H2VO4-          9.408e-07   7.985e-07    -6.027    -6.098    -0.071     (0)
   HVO4-2          1.539e-08   7.985e-09    -7.813    -8.098    -0.285     (0)
   H3V2O7-         1.219e-08   1.035e-08    -7.914    -7.985    -0.071     (0)
   H3VO4           2.006e-09   2.006e-09    -8.698    -8.698     0.000     (0)
   HV2O7-3         9.454e-12   2.162e-12   -11.024   -11.665    -0.641     (0)
   V3O9-3          2.335e-12   5.338e-13   -11.632   -12.273    -0.641     (0)
   VO2+            1.154e-12   1.006e-12   -11.938   -11.997    -0.060     (0)
   VO2SO4-         8.835e-14   7.499e-14   -13.054   -13.125    -0.071     (0)
   V2O7-4          3.192e-15   2.316e-16   -14.496   -15.635    -1.139     (0)
   V4O12-4         2.450e-15   1.778e-16   -14.611   -15.750    -1.139     (0)
   VO4-3           6.969e-16   1.593e-16   -15.157   -15.798    -0.641     (0)
   HV10O28-5       7.899e-36   1.310e-37   -35.102   -36.883    -1.780     (0)
   V10O28-6        1.242e-36   3.394e-39   -35.906   -38.469    -2.563     (0)
   H2V10O28-4      7.317e-38   5.309e-39   -37.136   -38.275    -1.139     (0)
Zn            1.378e-07
   Zn+2            9.667e-08   5.589e-08    -7.015    -7.253    -0.238     (0)
   ZnSO4           3.817e-08   3.817e-08    -7.418    -7.418     0.000     (0)



   Zn(SO4)2-2      1.999e-09   1.038e-09    -8.699    -8.984    -0.285     (0)
   ZnCl+           4.605e-10   4.009e-10    -9.337    -9.397    -0.060     (0)
   ZnOH+           2.638e-10   2.239e-10    -9.579    -9.650    -0.071     (0)
   ZnHCO3+         1.529e-10   1.297e-10    -9.816    -9.887    -0.071     (0)
   ZnCO3           4.407e-11   4.407e-11   -10.356   -10.356     0.000     (0)
   ZnOHCl          2.103e-11   2.103e-11   -10.677   -10.677     0.000     (0)
   ZnCl2           1.815e-12   1.815e-12   -11.741   -11.741     0.000     (0)
   Zn(OH)2         1.422e-12   1.422e-12   -11.847   -11.847     0.000     (0)
   ZnSeO4          9.754e-14   9.754e-14   -13.011   -13.011     0.000     (0)
   ZnCl3-          4.729e-15   4.117e-15   -14.325   -14.385    -0.060     (0)
   Zn(OH)3-        3.365e-16   2.856e-16   -15.473   -15.544    -0.071     (0)
   ZnCl4-2         1.002e-17   5.880e-18   -16.999   -17.231    -0.232     (0)
   Zn(SeO4)2-2     2.147e-21   1.115e-21   -20.668   -20.953    -0.285     (0)
   Zn(OH)4-2       8.779e-22   4.556e-22   -21.057   -21.341    -0.285     (0)

------------------------------Saturation indices-------------------------------

  Phase               SI** log IAP   log K(298 K,   1 atm)

  Al(OH)3(am)       1.02     11.82   10.80  Al(OH)3
  Al2(MoO4)3      -38.61    -36.24    2.37  Al2(MoO4)3
  Al2O3             3.98     23.64   19.65  Al2O3
  Al4(OH)10SO4      8.87     31.57   22.70  Al4(OH)10SO4
  AlAsO4:2H2O      -4.41      0.39    4.80  AlAsO4:2H2O
  AlOHSO4          -0.66     -3.89   -3.23  AlOHSO4
  AlSb           -164.28    -98.66   65.62  AlSb
  Alunite           8.23      6.83   -1.40  KAl3(SO4)2(OH)6
  Anglesite        -3.90    -11.69   -7.79  PbSO4
  Anhydrite        -2.44     -6.80   -4.36  CaSO4
  Antlerite        -7.49      1.30    8.79  Cu3(OH)4SO4
  Aragonite        -3.86    -12.16   -8.30  CaCO3
  Arsenolite      -84.15    -86.91   -2.76  As4O6
  Artinite        -13.76     -4.16    9.60  MgCO3:Mg(OH)2:3H2O
  As2O5           -29.56    -22.85    6.71  As2O5
  Atacamite        -5.20      2.19    7.39  Cu2(OH)3Cl
  Avicennite      -23.93    -36.93  -13.00  Tl2O3
  Azurite          -8.22    -25.12  -16.91  Cu3(OH)2(CO3)2
  Ba(OH)2:8H2O    -18.43      5.97   24.39  Ba(OH)2:8H2O
  Ba2V2O7:2H2O    -14.73      1.15   15.87  Ba2V2O7:2H2O
  Ba3(AsO4)2        3.97     -4.94   -8.91  Ba3(AsO4)2
  Ba3(VO4)2:4H2O  -25.82      7.12   32.94  Ba3(VO4)2:4H2O
  BaCrO4           -8.82    -18.49   -9.67  BaCrO4
  BaMoO4           -7.03    -13.99   -6.96  BaMoO4
  Barite            0.25     -9.73   -9.98  BaSO4
  Basaluminite      8.87     31.57   22.70  Al4(OH)10SO4
  BaSeO3           -9.90     -8.07    1.83  BaSeO3
  BaSeO4           -7.72    -15.18   -7.46  BaSeO4
  Be(OH)2(alpha)   -2.27      4.63    6.89  Be(OH)2
  Be(OH)2(am)      -2.57      4.63    7.19  Be(OH)2
  Be(OH)2(beta)    -1.87      4.63    6.49  Be(OH)2
  BeMoO4          -13.55    -15.33   -1.78  BeMoO4
  BeSeO4:4H2O     -13.58    -16.52   -2.94  BeSeO4:4H2O
  Bianchite        -7.99     -9.76   -1.76  ZnSO4:6H2O
  Birnessite       -8.66      9.43   18.09  MnO2
  Bixbyite         -9.69    -10.33   -0.64  Mn2O3
  Boehmite          3.24     11.82    8.58  AlOOH
  Breithauptite   -71.07    -89.59  -18.52  NiSb
  Brochantite      -8.26      6.96   15.22  Cu4(OH)6SO4
  Brucite          -8.39      8.45   16.84  Mg(OH)2
  Bunsenite        -6.16      6.29   12.45  NiO
  Ca(VO3)2         -7.55     -1.89    5.66  Ca(VO3)2
  Ca2V2O7         -10.48      7.02   17.50  Ca2V2O7
  Ca2V2O7:2H2O    -14.53      7.02   21.55  Ca2V2O7:2H2O
  Ca3(AsO4)2:4H2O -18.43      3.87   22.30  Ca3(AsO4)2:4H2O
  Ca3(VO4)2       -23.03     15.93   38.96  Ca3(VO4)2
  Ca3(VO4)2:4H2O  -23.93     15.93   39.86  Ca3(VO4)2:4H2O



  Ca3Sb2         -337.21   -194.23  142.97  Ca3Sb2
  CaCrO4          -13.28    -15.55   -2.27  CaCrO4
  Calcite          -3.68    -12.16   -8.48  CaCO3
  CaMoO4           -3.10    -11.05   -7.95  CaMoO4
  Carnotite         0.26      0.49    0.23  KUO2VO4
  CaSeO3:2H2O      -7.95     -5.13    2.81  CaSeO3:2H2O
  CaSeO4:2H2O      -9.22    -12.24   -3.02  CaSeO4:2H2O
  Cd(BO2)2        -15.83     -5.99    9.84  Cd(BO2)2
  Cd(OH)2          -9.65      4.00   13.64  Cd(OH)2
  Cd(OH)2(am)      -9.73      4.00   13.73  Cd(OH)2
  Cd3(OH)2(SO4)2  -26.13    -19.42    6.71  Cd3(OH)2(SO4)2
  Cd3(OH)4SO4     -26.28     -3.72   22.56  Cd3(OH)4SO4
  Cd4(OH)6SO4     -28.12      0.28   28.40  Cd4(OH)6SO4
  CdCl2           -13.63    -14.29   -0.66  CdCl2
  CdCl2:1H2O      -12.60    -14.29   -1.69  CdCl2:1H2O
  CdCl2:2.5H2O    -12.38    -14.29   -1.91  CdCl2:2.5H2O
  Cdmetal(alpha)  -38.72    -25.20   13.51  Cd
  Cdmetal(gamma)  -38.82    -25.20   13.62  Cd
  CdMoO4           -1.81    -15.96  -14.15  CdMoO4
  CdOHCl           -8.69     -5.15    3.54  CdOHCl
  CdSb            -91.53    -91.88   -0.35  CdSb
  CdSe            -32.58    -52.78  -20.20  CdSe
  CdSeO4:2H2O     -15.30    -17.15   -1.85  CdSeO4:2H2O
  CdSO4           -11.54    -11.71   -0.17  CdSO4
  CdSO4:1H2O       -9.98    -11.71   -1.73  CdSO4:1H2O
  CdSO4:2.67H2O    -9.84    -11.71   -1.87  CdSO4:2.67H2O
  Celestite        -3.12     -9.74   -6.62  SrSO4
  Cerussite        -3.91    -17.04  -13.13  PbCO3
  CH4(g)          -96.82   -137.86  -41.05  CH4
  Chalcanthite     -7.40    -10.04   -2.64  CuSO4:5H2O
  Chalcedony        0.59     -2.96   -3.55  SiO2
  Chrysotile      -12.76     19.44   32.20  Mg3Si2O5(OH)4
  Claudetite      -83.84    -86.91   -3.06  As4O6
  Clausthalite    -25.66    -52.76  -27.10  PbSe
  Co(BO2)2        -32.33     -5.26   27.07  Co(BO2)2
  Co(OH)2          -8.38      4.72   13.09  Co(OH)2
  Co(OH)3         -10.77    -13.08   -2.31  Co(OH)3
  CO2(g)           -2.92    -21.06  -18.15  CO2
  Co3(AsO4)2      -21.73     -8.69   13.03  Co3(AsO4)2
  Co3O4           -10.95    -21.44  -10.50  Co3O4
  CoCl2           -21.84    -13.57    8.27  CoCl2
  CoCl2:6H2O      -16.11    -13.57    2.54  CoCl2:6H2O
  CoCO3            -6.36    -16.34   -9.98  CoCO3
  CoFe2O4          18.69     15.16   -3.53  CoFe2O4
  CoMoO4           -7.48    -15.24   -7.76  CoMoO4
  CoO              -8.87      4.72   13.59  CoO
  CoSe            -35.86    -52.06  -16.20  CoSe
  CoSeO3          -10.64     -9.32    1.32  CoSeO3
  CoSeO4:6H2O     -14.90    -16.43   -1.53  CoSeO4:6H2O
  CoSO4           -13.79    -10.99    2.80  CoSO4
  CoSO4:6H2O       -8.51    -10.99   -2.47  CoSO4:6H2O
  Cotunnite        -9.49    -14.27   -4.78  PbCl2
  Cr(OH)2         -23.35    -12.53   10.82  Cr(OH)2
  Cr(OH)3          -2.22     -0.88    1.34  Cr(OH)3
  Cr(OH)3(am)      -0.13     -0.88   -0.75  Cr(OH)3
  Cr2O3             0.60     -1.76   -2.36  Cr2O3
  CrCl2           -44.91    -30.82   14.09  CrCl2
  CrCl3           -43.43    -28.31   15.11  CrCl3
  Cristobalite      0.39     -2.96   -3.35  SiO2
  Crmetal         -72.22    -41.73   30.48  Cr
  CrO3            -21.25    -24.46   -3.21  CrO3
  Cu(OH)2          -3.01      5.67    8.67  Cu(OH)2
  Cu(SbO3)2       -26.90     18.31   45.21  Cu(SbO3)2
  Cu2Sb:3H2O      -76.17   -111.05  -34.88  Cu2Sb:3H2O
  Cu2Se(alpha)    -23.46    -69.26  -45.80  Cu2Se
  Cu2SO4          -26.24    -28.19   -1.95  Cu2SO4



  Cu3(AsO4)2:2H2O -11.95     -5.85    6.10  Cu3(AsO4)2:2H2O
  Cu3Sb           -86.61   -129.21  -42.59  Cu3Sb
  Cu3Se2          -56.88   -120.38  -63.49  Cu3Se2
  CuCO3            -3.90    -15.40  -11.50  CuCO3
  CuCrO4          -13.35    -18.79   -5.44  CuCrO4
  Cumetal         -12.09    -20.84   -8.76  Cu
  CuMoO4           -1.21    -14.29  -13.08  CuMoO4
  CuOCuSO4        -14.67     -4.37   10.30  CuOCuSO4
  Cupricferrite    10.12     16.11    5.99  CuFe2O4
  Cuprite         -11.08    -12.48   -1.41  Cu2O
  Cuprousferrite    7.89     -1.02   -8.92  CuFeO2
  CuSe            -18.01    -51.11  -33.10  CuSe
  CuSe2           -45.33    -78.69  -33.37  CuSe2
  CuSeO3:2H2O      -8.88     -8.37    0.51  CuSeO3:2H2O
  CuSeO4:5H2O     -13.04    -15.48   -2.44  CuSeO4:5H2O
  CuSO4           -12.98    -10.04    2.94  CuSO4
  Diaspore          4.94     11.82    6.87  AlOOH
  Dolomite(disordered)  -8.23    -24.77  -16.54  CaMg(CO3)2
  Dolomite(ordered)  -7.68    -24.77  -17.09  CaMg(CO3)2
  Epsomite         -5.13     -7.25   -2.13  MgSO4:7H2O
  Fe(OH)2          -9.91      3.65   13.56  Fe(OH)2
  Fe(OH)2.7Cl.3     5.52      2.48   -3.04  Fe(OH)2.7Cl.3
  Fe(OH)3(a)_pqe    0.33      5.22    4.89  Fe(OH)3
  Fe(OH)3_llnl     -0.42      5.22    5.64  Fe(OH)3
  Fe(OH)3_Maj       1.82      5.22    3.40  Fe(OH)3
  Fe(VO3)2         -3.42     -7.14   -3.72  Fe(VO3)2
  Fe2(OH)4SeO3     -5.16     -3.60    1.55  Fe2(OH)4SeO3
  Fe2(SeO3)3:2H2O -11.06    -31.68  -20.63  Fe2(SeO3)3:2H2O
  Fe2(SO4)3       -32.94    -36.68   -3.73  Fe2(SO4)3
  Fe3(OH)8         -6.13     14.09   20.22  Fe3(OH)8
  FeAsO4:2H2O      -6.61     -6.21    0.40  FeAsO4:2H2O
  FeCr2O4          -5.31      1.89    7.20  FeCr2O4
  FeMoO4           -6.22    -16.31  -10.09  FeMoO4
  Ferrihydrite      2.03      5.22    3.19  Fe(OH)3
  Ferroselite     -62.11    -80.71  -18.60  FeSe2
  FeSe            -42.13    -53.13  -11.00  FeSe
  Gibbsite          3.53     11.82    8.29  Al(OH)3
  Goethite          4.73      5.22    0.49  FeOOH
  Goslarite        -7.75     -9.76   -2.01  ZnSO4:7H2O
  Greenalite      -15.77      5.04   20.81  Fe3Si2O5(OH)4
  Gummite          -4.57      3.10    7.67  UO3
  Gypsum           -2.19     -6.80   -4.61  CaSO4:2H2O
  H-Jarosite       -3.65    -15.75  -12.10  (H3O)Fe3(SO4)2(OH)6
  H2MoO4           -7.08    -19.96  -12.88  H2MoO4
  H2Se(g)         -51.82    -56.78   -4.96  H2Se
  H2Sn(OH)6         1.71    -21.82  -23.53  H2Sn(OH)6
  Halite           -6.09     -4.49    1.60  NaCl
  Halloysite        8.14     17.72    9.57  Al2Si2O5(OH)4
  Hausmannite     -15.08     45.95   61.03  Mn3O4
  Hematite         11.86     10.44   -1.42  Fe2O3
  Hercynite         4.39     27.29   22.89  FeAl2O4
  Huntite         -20.02    -49.98  -29.97  CaMg3(CO3)4
  Hydrocerussite  -11.30    -30.07  -18.77  Pb3(OH)2(CO3)2
  Hydromagnesite  -33.22    -41.99   -8.77  Mg5(CO3)4(OH)2:4H2O
  K-Alum          -11.64    -16.81   -5.17  KAl(SO4)2:12H2O
  K-Jarosite        1.83    -12.97  -14.80  KFe3(SO4)2(OH)6
  K2Cr2O7         -26.10    -43.34  -17.24  K2Cr2O7
  K2CrO4          -18.37    -18.89   -0.51  K2CrO4
  K2MoO4          -17.65    -14.39    3.26  K2MoO4
  K2SeO4          -14.85    -15.58   -0.73  K2SeO4
  Kaolinite        10.28     17.72    7.43  Al2Si2O5(OH)4
  Langite         -10.52      6.96   17.49  Cu4(OH)6SO4:H2O
  Larnakite        -7.23     -7.67   -0.43  PbO:PbSO4
  Laurionite       -5.75     -5.12    0.62  PbOHCl
  Lepidocrocite     3.85      5.22    1.37  FeOOH
  Li2CrO4         -28.24    -23.38    4.86  Li2CrO4



  Li2MoO4         -21.32    -18.88    2.44  Li2MoO4
  Lime            -23.79      8.91   32.70  CaO
  Litharge         -8.67      4.02   12.69  PbO
  Maghemite         4.05     10.44    6.39  Fe2O3
  Magnesioferrite   2.03     18.89   16.86  Fe2MgO4
  Magnesite        -5.15    -12.61   -7.46  MgCO3
  Magnesite_llnl   -4.55     -2.28    2.27  MgCO3
  Magnetite        10.69     14.09    3.40  Fe3O4
  Malachite        -4.42     -9.73   -5.31  Cu2(OH)2CO3
  Manganite        -5.16     20.18   25.34  MnOOH
  Massicot         -8.87      4.02   12.89  PbO
  Melanothallite  -18.88    -12.62    6.26  CuCl2
  Melanterite      -9.85    -12.06   -2.21  FeSO4:7H2O
  Mg(OH)2(active) -10.34      8.45   18.79  Mg(OH)2
  Mg(VO3)2        -13.62     -2.34   11.28  Mg(VO3)2
  Mg2Sb3         -316.21   -241.53   74.68  Mg2Sb3
  Mg2V2O7         -20.25      6.11   26.36  Mg2V2O7
  MgCr2O4          -9.51      6.69   16.20  MgCr2O4
  MgCrO4          -21.38    -16.00    5.38  MgCrO4
  MgMoO4           -9.66    -11.51   -1.85  MgMoO4
  MgSeO3:6H2O      -8.64     -5.59    3.06  MgSeO3:6H2O
  MgSeO4:6H2O     -11.50    -12.70   -1.20  MgSeO4:6H2O
  Minium          -32.26     41.26   73.52  Pb3O4
  Mirabilite       -5.28     -6.39   -1.11  Na2SO4:10H2O
  Mn(VO3)2        -10.11     -5.21    4.90  Mn(VO3)2
  Mn2(SO4)3       -51.74    -57.45   -5.71  Mn2(SO4)3
  Mn2Sb          -174.99   -113.91   61.08  Mn2Sb
  Mn3(AsO4)2:8H2O -18.60     -6.10   12.50  Mn3(AsO4)2:8H2O
  MnCl2:4H2O      -15.42    -12.71    2.72  MnCl2:4H2O
  MnSb           -112.74   -115.65   -2.91  MnSb
  MnSe            -54.70    -51.20    3.50  MnSe
  MnSeO3           -9.59     -8.46    1.13  MnSeO3
  MnSeO3:2H2O      -9.44     -8.46    0.98  MnSeO3:2H2O
  MnSeO4:5H2O     -13.52    -15.57   -2.05  MnSeO4:5H2O
  MnSO4           -12.71    -10.12    2.58  MnSO4
  Monteponite     -11.11      4.00   15.10  CdO
  MoO3            -11.96    -19.96   -8.00  MoO3
  Morenosite       -7.27     -9.42   -2.14  NiSO4:7H2O
  Na-Jarosite       0.10    -11.10  -11.20  NaFe3(SO4)2(OH)6
  Na2Cr2O7        -29.70    -39.60   -9.90  Na2Cr2O7
  Na2CrO4         -18.07    -15.14    2.93  Na2CrO4
  Na2Mo2O7        -14.01    -30.60  -16.60  Na2Mo2O7
  Na2MoO4         -12.14    -10.65    1.49  Na2MoO4
  Na2MoO4:2H2O    -11.87    -10.65    1.22  Na2MoO4:2H2O
  Na2SeO3:5H2O    -15.03     -4.73   10.30  Na2SeO3:5H2O
  Na2SeO4         -13.12    -11.84    1.28  Na2SeO4
  Na3Sb          -190.96    -96.51   94.45  Na3Sb
  Na3VO4          -28.11      8.57   36.68  Na3VO4
  Na4V2O7         -29.57      7.83   37.40  Na4V2O7
  Nantokite        -8.66    -15.39   -6.73  CuCl
  NaSb            -99.79    -76.62   23.17  NaSb
  Natron          -10.44    -11.75   -1.31  Na2CO3:10H2O
  NaVO3            -4.60     -0.74    3.86  NaVO3
  Nesquehonite     -7.94    -12.61   -4.67  MgCO3:3H2O
  Ni(OH)2          -6.51      6.29   12.79  Ni(OH)2
  Ni3(AsO4)2:8H2O -19.69     -3.99   15.70  Ni3(AsO4)2:8H2O
  Ni4(OH)6SO4     -22.56      9.44   32.00  Ni4(OH)6SO4
  NiCO3            -7.91    -14.78   -6.87  NiCO3
  NiMoO4           -2.53    -13.67  -11.14  NiMoO4
  NiSe            -32.79    -50.49  -17.70  NiSe
  NiSeO3:2H2O     -10.57     -7.75    2.81  NiSeO3:2H2O
  NiSeO4:6H2O     -13.34    -14.86   -1.52  NiSeO4:6H2O
  Nsutite          -8.07      9.43   17.50  MnO2
  O2(g)           -24.69     58.40   83.09  O2
  Otavite          -5.07    -17.07  -12.00  CdCO3
  Pb(BO2)2        -12.48     -5.96    6.52  Pb(BO2)2



  Pb(OH)2          -4.13      4.02    8.15  Pb(OH)2
  Pb10(OH)6O(CO3)6 -77.42    -86.18   -8.76  Pb10(OH)6O(CO3)6
  Pb2(OH)3Cl       -9.90     -1.11    8.79  Pb2(OH)3Cl
  Pb2O(OH)2       -18.15      8.04   26.19  Pb2O(OH)2
  Pb2O3           -23.80     37.24   61.04  Pb2O3
  Pb2OCO3         -12.47    -13.02   -0.56  Pb2OCO3
  Pb2V2O7          -0.86     -2.76   -1.90  Pb2V2O7
  Pb3(AsO4)2      -16.59    -10.79    5.80  Pb3(AsO4)2
  Pb3(VO4)2        -4.88      1.26    6.14  Pb3(VO4)2
  Pb3O2CO3        -20.02     -9.00   11.02  Pb3O2CO3
  Pb3O2SO4        -14.33     -3.65   10.69  Pb3O2SO4
  Pb4(OH)6SO4     -20.73      0.37   21.10  Pb4(OH)6SO4
  Pb4O3SO4        -21.50      0.37   21.88  Pb4O3SO4
  PbCrO4           -7.84    -20.44  -12.60  PbCrO4
  Pbmetal         -29.43    -25.18    4.25  Pb
  PbMoO4           -0.32    -15.94  -15.62  PbMoO4
  PbO:0.3H2O       -8.96      4.02   12.98  PbO:0.33H2O
  PbSeO4          -10.29    -17.13   -6.84  PbSeO4
  Periclase       -13.13      8.45   21.58  MgO
  Phosgenite      -11.50    -31.31  -19.81  PbCl2:PbCO3
  Plattnerite     -16.38     33.22   49.60  PbO2
  Portlandite     -13.90      8.91   22.80  Ca(OH)2
  Pyrochroite      -9.61      5.58   15.19  Mn(OH)2
  Pyrolusite       -6.60     34.78   41.38  MnO2
  Quartz            1.04     -2.96   -4.00  SiO2
  Retgersite       -7.38     -9.42   -2.04  NiSO4:6H2O
  Rhodochrosite    -4.90    -15.48  -10.58  MnCO3
  Rutherfordine    -3.46    -17.96  -14.50  UO2CO3
  Sb(OH)3         -15.77    -22.88   -7.11  Sb(OH)3
  Sb2O4           -19.96    -16.56    3.40  Sb2O4
  Sb2O5           -26.31    -35.98   -9.67  Sb2O5
  Sb2Se3         -148.34   -216.10  -67.76  Sb2Se3
  Sb4O6(cubic)    -73.26    -91.52  -18.26  Sb4O6
  Sb4O6(orth)     -73.62    -91.52  -17.90  Sb4O6
  SbCl3           -50.88    -50.31    0.57  SbCl3
  Sbmetal         -54.99    -66.68  -11.69  Sb
  SbO2             -4.77    -32.59  -27.82  SbO2
  Schoepite        -2.90      3.10    5.99  UO2(OH)2:H2O
  Schwertmannite    2.06      3.26    1.20  FeO(OH)0.75(SO4)0.125
  Semetal(am)     -20.47    -27.58   -7.11  Se
  Semetal(hex     -19.87    -27.58   -7.71  Se
  Senarmontite    -33.39    -45.76  -12.37  Sb2O3
  SeO2            -14.16    -14.04    0.12  SeO2
  SeO3            -42.19    -21.15   21.04  SeO3
  Sepiolite        -7.73      8.03   15.76  Mg2Si3O7.5OH:3H2O
  Sepiolite(A)    -10.75      8.03   18.78  Mg2Si3O7.5OH:3H2O
  Siderite         -7.17    -17.41  -10.24  FeCO3
  SiO2(am-gel)     -0.25     -2.96   -2.71  SiO2
  SiO2(am-ppt)     -0.22     -2.96   -2.74  SiO2
  Smithsonite      -5.12    -15.12  -10.00  ZnCO3
  Sn(OH)2         -26.38    -31.82   -5.43  Sn(OH)2
  Sn(OH)4           0.47    -21.82  -22.28  Sn(OH)4
  Sn(SO4)2        -38.01    -53.23  -15.21  Sn(SO4)2
  SnCl2           -40.83    -50.10   -9.28  SnCl2
  Snmetal(wht)    -58.69    -61.01   -2.33  Sn
  SnO             -26.90    -31.82   -4.91  SnO
  SnO2              7.16    -21.82  -28.97  SnO2
  SnSe            -58.10    -88.59  -30.49  SnSe
  SnSe2           -70.25   -135.37  -65.12  SnSe2
  SnSO4             9.45    -47.52  -56.97  SnSO4
  Sphaerocobaltite  -5.76     -6.01   -0.26  CoCO3
  Spinel           -4.76     32.09   36.85  MgAl2O4
  SrCrO4          -13.84    -18.49   -4.65  SrCrO4
  SrSeO3          -10.37     -8.07    2.30  SrSeO3
  SrSeO4          -10.78    -15.18   -4.40  SrSeO4
  Strontianite     -5.83    -15.10   -9.27  SrCO3



  Tenorite         -1.98      5.67    7.64  CuO
  Thenardite       -6.71     -6.39    0.32  Na2SO4
  Thermonatrite   -12.39    -11.75    0.64  Na2CO3:H2O
  Tl(OH)3         -13.03    -18.47   -5.44  Tl(OH)3
  Tl2CO3          -21.46    -25.30   -3.84  Tl2CO3
  Tl2CrO4         -16.68    -28.69  -12.01  Tl2CrO4
  Tl2MoO4         -16.20    -24.19   -7.99  Tl2MoO4
  Tl2O            -31.32     -4.23   27.09  Tl2O
  Tl2Se           -42.91    -61.01  -18.10  Tl2Se
  Tl2SeO4         -21.28    -25.38   -4.10  Tl2SeO4
  Tl2SO4          -16.15    -19.94   -3.79  Tl2SO4
  TlCl             -7.52    -11.26   -3.74  TlCl
  Tlmetal         -22.39    -16.72    5.68  Tl
  TlOH            -15.03     -2.12   12.92  TlOH
  Tyuyamunite       0.23      4.31    4.08  Ca(UO2)2(VO4)2
  U3O8            -13.34      7.74   21.08  U3O8
  U3Sb4          -644.96   -492.57  152.38  U3Sb4
  U4O9            -35.32    -38.34   -3.02  U4O9
  UO2(am)         -17.82    -16.89    0.93  UO2
  UO2(OH)2(beta)   -2.51      3.10    5.61  UO2(OH)2
  UO2SeO4:4H2O    -15.80    -18.05   -2.25  UO2SeO4:4H2O
  UO3              -4.60      3.10    7.70  UO3
  Uraninite       -12.22    -16.89   -4.67  UO2
  USb2           -247.44   -217.86   29.58  USb2
  V(OH)3          -19.59    -12.00    7.59  V(OH)3
  V2O5             -9.43    -10.79   -1.36  V2O5
  V3O5            -40.32    -38.48    1.84  V3O5
  V4O7            -48.76    -41.58    7.19  V4O7
  V6O13           -29.92    -90.78  -60.86  V6O13
  Valentinite     -37.28    -45.76   -8.48  Sb2O3
  VCl2            -63.76    -44.89   18.87  VCl2
  VCl3            -62.86    -39.43   23.43  VCl3
  Vmetal          -99.82    -55.80   44.03  V
  VO              -41.35    -26.60   14.76  VO
  VO(OH)2          -8.25     -3.09    5.15  VO(OH)2
  VO2Cl           -17.38    -14.54    2.84  VO2Cl
  VOCl            -32.29    -21.14   11.15  VOCl
  VOCl2           -34.14    -21.38   12.76  VOCl2
  VOSO4           -22.41    -18.80    3.61  VOSO4
  Witherite        -6.52    -15.09   -8.57  BaCO3
  Witherite_wateq  -6.53    -15.09   -8.56  BaCO3
  Zincite          -5.39      5.95   11.33  ZnO
  Zincosite       -13.69     -9.76    3.93  ZnSO4
  Zn(BO2)2        -12.32     -4.03    8.29  Zn(BO2)2
  Zn(OH)2          -6.25      5.95   12.20  Zn(OH)2
  Zn(OH)2(am)      -6.53      5.95   12.47  Zn(OH)2
  Zn(OH)2(beta)    -5.81      5.95   11.75  Zn(OH)2
  Zn(OH)2(epsilon)  -5.59      5.95   11.53  Zn(OH)2
  Zn(OH)2(gamma)   -5.79      5.95   11.73  Zn(OH)2
  Zn2(OH)2SO4     -11.31     -3.81    7.50  Zn2(OH)2SO4
  Zn2(OH)3Cl      -12.44      2.75   15.19  Zn2(OH)3Cl
  Zn3(AsO4)2:2.5H2O -18.66     -5.01   13.65  Zn3(AsO4)2:2.5H2O
  Zn3O(SO4)2      -32.48    -13.57   18.91  Zn3O(SO4)2
  Zn4(OH)6SO4     -20.32      8.08   28.40  Zn4(OH)6SO4
  Zn5(OH)8Cl2     -27.05     11.45   38.50  Zn5(OH)8Cl2
  ZnCl2           -19.39    -12.34    7.05  ZnCl2
  ZnCO3:1H2O       -4.86    -15.12  -10.26  ZnCO3:1H2O
  Znmetal         -49.04    -23.25   25.79  Zn
  ZnMoO4           -3.89    -14.01  -10.13  ZnMoO4
  ZnO(active)      -5.24      5.95   11.19  ZnO
  ZnSb           -100.95    -89.93   11.01  ZnSb
  ZnSe            -36.43    -50.83  -14.40  ZnSe
  ZnSeO4:6H2O     -13.68    -15.20   -1.52  ZnSeO4:6H2O
  ZnSO4:1H2O       -9.12     -9.76   -0.64  ZnSO4:1H2O

**For a gas, SI = log10(fugacity). Fugacity = pressure * phi / 1 atm.



  For ideal gases, phi = 1.

-----------------------------------------
Beginning of batch-reaction calculations.
-----------------------------------------

Reaction step 1.

Using solution 1. - Base
Using surface 1.
Using pure phase assemblage 1.

-------------------------------Phase assemblage--------------------------------

                                                      Moles in assemblage
Phase               SI  log IAP  log K(T, P)   Initial       Final       Delta

Al(OH)3(am)      -2.51     8.29     10.80    1.000e+01           0  -1.000e+01
CO2(g)           -3.50   -21.65    -18.15    1.000e+01   9.998e+00  -2.455e-03
Fe(OH)3_llnl     -0.00     5.64      5.64    1.000e+01   1.000e+01   1.049e-06
Gibbsite         -0.00     8.29      8.29    1.000e+01   2.000e+01   1.000e+01
O2(g)            -0.70    82.39     83.09    1.000e+01   1.000e+01  -2.471e-04

------------------------------Surface composition------------------------------

Diffuse Double Layer Surface-Complexation Model

Hfo
 -6.456e-04  Surface charge, eq
 -1.038e-02  sigma, C/m²
 -3.245e-02  psi, V
  1.263e+00  -F*psi/RT
  3.536e+00  exp(-F*psi/RT)
  6.000e+02  specific area, m²/mol Fe(OH)3_llnl
  6.000e+03  m² for   1.000e+01 moles of Fe(OH)3_llnl

Hfo_w
  2.000e+00  moles [0.2 mol/(mol Fe(OH)3_llnl)]
                                   Mole                     Log
Species               Moles    Fraction    Molality    Molality

Hfo_wOH           1.534e+00       0.767   1.534e+00       0.186
Hfo_wOH2+         2.335e-01       0.117   2.335e-01      -0.632
Hfo_wO-           2.308e-01       0.115   2.308e-01      -0.637
Hfo_wOHSO4-2      1.669e-03       0.001   1.669e-03      -2.777
Hfo_wSO4-         1.274e-04       0.000   1.274e-04      -3.895
Hfo_wOCa+         1.248e-04       0.000   1.248e-04      -3.904
Hfo_wOMg+         4.119e-05       0.000   4.119e-05      -4.385
Hfo_wH2BO3        8.463e-06       0.000   8.463e-06      -5.072
Hfo_wOHVO4-3      9.826e-07       0.000   9.826e-07      -6.008
Hfo_wONi+         2.900e-07       0.000   2.900e-07      -6.538
Hfo_wOHMoO4-2     2.625e-07       0.000   2.625e-07      -6.581
Hfo_wOHAsO4-3     1.736e-07       0.000   1.736e-07      -6.760
Hfo_wOZn+         1.378e-07       0.000   1.378e-07      -6.861
Hfo_wOBa+         1.009e-07       0.000   1.009e-07      -6.996
Hfo_wOCu+         7.877e-08       0.000   7.877e-08      -7.104
Hfo_wOBe+         5.554e-08       0.000   5.554e-08      -7.255
Hfo_wOHCrO4-2     5.391e-08       0.000   5.391e-08      -7.268
Hfo_wMoO4-        2.581e-08       0.000   2.581e-08      -7.588
Hfo_wOHSeO4-2     1.956e-08       0.000   1.956e-08      -7.709
Hfo_wOCo+         8.493e-09       0.000   8.494e-09      -8.071
Hfo_wCrO4-        3.753e-09       0.000   3.753e-09      -8.426
Hfo_wOPb+         2.416e-09       0.000   2.416e-09      -8.617
Hfo_wOCd+         1.781e-09       0.000   1.781e-09      -8.749
Hfo_wSeO4-        1.300e-09       0.000   1.300e-09      -8.886



Hfo_wHAsO4-       9.010e-11       0.000   9.010e-11     -10.045
Hfo_wOHSbO(OH)4-   3.527e-11       0.000   3.527e-11     -10.453
Hfo_wSbO(OH)4     3.468e-12       0.000   3.468e-12     -11.460
Hfo_wH2AsO4       4.438e-13       0.000   4.438e-13     -12.353
Hfo_wOHSeO3-2     2.369e-17       0.000   2.369e-17     -16.625
Hfo_wSeO3-        6.127e-18       0.000   6.127e-18     -17.213
Hfo_wH2AsO3       1.414e-38       0.000   1.414e-38     -37.849
Hfo_wOSn+         1.473e-43       0.000   1.473e-43     -42.832

-----------------------------Solution composition------------------------------

Elements           Molality       Moles

Al                2.068e-06   2.068e-06
As                1.730e-13   1.730e-13
B                 1.724e-06   1.724e-06
Ba                1.127e-09   1.127e-09
Be                9.096e-17   9.096e-17
C                 2.581e-03   2.581e-03
Ca                8.301e-08   8.301e-08
Cd                2.173e-15   2.173e-15
Cl                3.276e-03   3.275e-03
Co                1.211e-14   1.211e-14
Cr                9.733e-11   9.732e-11
Cu                2.956e-15   2.956e-15
Fe                2.056e-07   2.056e-07
K                 1.792e-04   1.792e-04
Li                1.010e-06   1.010e-06
Mg                1.435e-09   1.435e-09
Mn                6.013e-08   6.013e-08
Mo                1.434e-08   1.434e-08
Na                1.328e-02   1.328e-02
Ni                1.589e-13   1.589e-13
Pb                9.517e-17   9.517e-17
S                 3.872e-03   3.872e-03
Sb                4.073e-09   4.072e-09
Se                4.254e-08   4.253e-08
Si                1.095e-03   1.095e-03
Sn                4.217e-09   4.216e-09
Sr                1.371e-07   1.371e-07
Tl                2.449e-09   2.449e-09
U                 1.262e-08   1.262e-08
V                 9.666e-13   9.666e-13
Zn                3.204e-14   3.204e-14

----------------------------Description of solution----------------------------

                                       pH  =   8.656      Charge balance
                                       pe  =  11.941      Adjusted to redox equilibrium
                        Activity of water  =   1.000
                 Ionic strength (mol/kgw)  =   1.722e-02
                       Mass of water (kg)  =   1.000e+00
                 Total alkalinity (eq/kg)  =   2.750e-03
                       Total CO2 (mol/kg)  =   2.581e-03
                         Temperature (°C)  =  25.00
                  Electrical balance (eq)  =  -3.017e-04
 Percent error, 100*(Cat-|An|)/(Cat+|An|)  =  -1.12
                               Iterations  =  30
                                  Total H  = 1.110159e+02
                                  Total O  = 5.553267e+01

----------------------------Distribution of species----------------------------

                                               Log       Log       Log    mole V
   Species          Molality    Activity  Molality  Activity     Gamma   cm³/mol



   OH-             5.212e-06   4.559e-06    -5.283    -5.341    -0.058     (0)
   H+              2.515e-09   2.208e-09    -8.600    -8.656    -0.057      0.00
   H2O             5.551e+01   9.996e-01     1.744    -0.000     0.000     18.07
Al            2.068e-06
   Al(OH)4-        2.065e-06   1.815e-06    -5.685    -5.741    -0.056     (0)
   Al(OH)3         3.162e-09   3.162e-09    -8.500    -8.500     0.000     (0)
   Al(OH)2+        3.939e-11   3.476e-11   -10.405   -10.459    -0.054     (0)
   AlOH+2          1.583e-14   9.599e-15   -13.801   -14.018    -0.217     (0)
   AlSO4+          4.104e-17   3.607e-17   -16.387   -16.443    -0.056     (0)
   Al+3            6.795e-18   2.106e-18   -17.168   -17.677    -0.509     (0)
   Al(SO4)2-       9.707e-19   8.532e-19   -18.013   -18.069    -0.056     (0)
   AlMo6O21-3      0.000e+00   0.000e+00   -62.435   -63.038    -0.602     (0)
As(3)         0.000e+00
   H3AsO3          0.000e+00   0.000e+00   -43.445   -43.445     0.000     (0)
   H2AsO3-         0.000e+00   0.000e+00   -44.012   -44.079    -0.067     (0)
   HAsO3-2         0.000e+00   0.000e+00   -47.196   -47.463    -0.268     (0)
   AsO3-3          0.000e+00   0.000e+00   -51.619   -52.221    -0.602     (0)
   H4AsO3+         0.000e+00   0.000e+00   -52.340   -52.406    -0.067     (0)
As(5)         1.730e-13
   HAsO4-2         1.703e-13   9.192e-14   -12.769   -13.037    -0.268     (0)
   H2AsO4-         2.159e-15   1.851e-15   -14.666   -14.733    -0.067     (0)
   AsO4-3          5.271e-16   1.317e-16   -15.278   -15.881    -0.602     (0)
   H3AsO4          7.072e-22   7.100e-22   -21.150   -21.149     0.002     (0)
B             1.724e-06
   H3BO3           1.318e-06   1.323e-06    -5.880    -5.878     0.002     (0)
   H2BO3-          4.000e-07   3.480e-07    -6.398    -6.458    -0.060     (0)
   NaH2BO3         6.345e-09   6.345e-09    -8.198    -8.198     0.000     (0)
   SrH2BO3+        8.872e-13   7.719e-13   -12.052   -12.112    -0.060     (0)
   CaH2BO3+        8.278e-13   7.203e-13   -12.082   -12.142    -0.060     (0)
   H5(BO3)2-       4.504e-13   3.919e-13   -12.346   -12.407    -0.060     (0)
   MgH2BO3+        9.257e-15   8.054e-15   -14.034   -14.094    -0.060     (0)
   BaH2BO3+        8.048e-15   7.003e-15   -14.094   -14.155    -0.060     (0)
   H8(BO3)3-       5.959e-17   5.185e-17   -16.225   -16.285    -0.060     (0)
Ba            1.127e-09
   Ba+2            1.096e-09   6.511e-10    -8.960    -9.186    -0.226     (0)
   BaCO3           1.544e-11   1.544e-11   -10.811   -10.811     0.000     (0)
   BaHCO3+         1.530e-11   1.354e-11   -10.815   -10.868    -0.053     (0)
   BaOH+           1.471e-14   1.296e-14   -13.832   -13.887    -0.055     (0)
   BaH2BO3+        8.048e-15   7.003e-15   -14.094   -14.155    -0.060     (0)
Be            9.096e-17
   Be(OH)2         5.916e-17   5.916e-17   -16.228   -16.228     0.000     (0)
   BeOH+           2.320e-17   2.056e-17   -16.635   -16.687    -0.052     (0)
   Be(OH)3-        7.641e-18   6.775e-18   -17.117   -17.169    -0.052     (0)
   BeCO3           9.414e-19   9.414e-19   -18.026   -18.026     0.000     (0)
   Be+2            1.907e-20   1.133e-20   -19.720   -19.946    -0.226     (0)
   BeSO4           3.873e-21   3.873e-21   -20.412   -20.412     0.000     (0)
   BeCl+           5.874e-23   5.175e-23   -22.231   -22.286    -0.055     (0)
   Be(SO4)2-2      4.033e-23   2.177e-23   -22.394   -22.662    -0.268     (0)
   Be(OH)4-2       3.154e-23   1.949e-23   -22.501   -22.710    -0.209     (0)
   Be2OH+3         1.143e-34   3.867e-35   -33.942   -34.413    -0.471     (0)
   Be3(OH)3+3      0.000e+00   0.000e+00   -42.207   -42.677    -0.471     (0)
C(4)          2.581e-03
   HCO3-           2.467e-03   2.177e-03    -2.608    -2.662    -0.054     (0)
   CO3-2           7.782e-05   4.623e-05    -4.109    -4.335    -0.226     (0)
   NaHCO3          1.408e-05   1.408e-05    -4.851    -4.851     0.000     (0)
   NaCO3-          1.122e-05   9.902e-06    -4.950    -5.004    -0.054     (0)
   H2CO3           1.081e-05   1.081e-05    -4.966    -4.966     0.000     (0)
   UO2(CO3)3-4     1.181e-08   1.003e-09    -7.928    -8.999    -1.071     (0)
   CaCO3           2.635e-09   2.635e-09    -8.579    -8.579     0.000     (0)
   SrHCO3+         2.495e-09   2.207e-09    -8.603    -8.656    -0.053     (0)
   SrCO3           1.866e-09   1.866e-09    -8.729    -8.729     0.000     (0)
   CaHCO3+         1.648e-09   1.458e-09    -8.783    -8.836    -0.053     (0)
   UO2(CO3)2-2     8.022e-10   4.330e-10    -9.096    -9.363    -0.268     (0)
   MnHCO3+         1.563e-10   1.377e-10    -9.806    -9.861    -0.055     (0)
   MgCO3           2.566e-11   2.566e-11   -10.591   -10.591     0.000     (0)
   MgHCO3+         1.696e-11   1.487e-11   -10.771   -10.828    -0.057     (0)



   BaCO3           1.544e-11   1.544e-11   -10.811   -10.811     0.000     (0)
   BaHCO3+         1.530e-11   1.354e-11   -10.815   -10.868    -0.053     (0)
   UO2CO3          4.694e-13   4.694e-13   -12.328   -12.328     0.000     (0)
   NiCO3           6.438e-14   6.438e-14   -13.191   -13.191     0.000     (0)
   ZnCO3           1.458e-14   1.458e-14   -13.836   -13.836     0.000     (0)
   NiHCO3+         1.169e-14   1.002e-14   -13.932   -13.999    -0.067     (0)
   CoCO3           2.765e-15   2.765e-15   -14.558   -14.558     0.000     (0)
   CuCO3           2.192e-15   2.192e-15   -14.659   -14.659     0.000     (0)
   CoHCO3+         6.989e-16   5.991e-16   -15.156   -15.223    -0.067     (0)
   CdCO3           6.068e-16   6.068e-16   -15.217   -15.217     0.000     (0)
   Cu(CO3)2-2      5.054e-16   2.728e-16   -15.296   -15.564    -0.268     (0)
   ZnHCO3+         4.402e-16   3.773e-16   -15.356   -15.423    -0.067     (0)
   PbCO3           6.849e-17   6.849e-17   -16.164   -16.164     0.000     (0)
   Cd(CO3)2-2      3.853e-17   2.080e-17   -16.414   -16.682    -0.268     (0)
   Pb(CO3)2-2      1.692e-17   9.132e-18   -16.772   -17.039    -0.268     (0)
   CdHCO3+         3.330e-18   2.854e-18   -17.478   -17.544    -0.067     (0)
   CuHCO3+         1.291e-18   1.106e-18   -17.889   -17.956    -0.067     (0)
   BeCO3           9.414e-19   9.414e-19   -18.026   -18.026     0.000     (0)
   PbHCO3+         9.300e-19   7.972e-19   -18.031   -18.098    -0.067     (0)
   FeHCO3+         1.792e-21   1.586e-21   -20.747   -20.800    -0.053     (0)
Ca            8.301e-08
   Ca+2            6.054e-08   3.597e-08    -7.218    -7.444    -0.226     (0)
   CaSO4           1.819e-08   1.819e-08    -7.740    -7.740     0.000     (0)
   CaCO3           2.635e-09   2.635e-09    -8.579    -8.579     0.000     (0)
   CaHCO3+         1.648e-09   1.458e-09    -8.783    -8.836    -0.053     (0)
   CaOH+           3.698e-12   3.272e-12   -11.432   -11.485    -0.053     (0)
   CaH2BO3+        8.278e-13   7.203e-13   -12.082   -12.142    -0.060     (0)
Cd            2.173e-15
   Cd+2            9.693e-16   5.759e-16   -15.014   -15.240    -0.226     (0)
   CdCO3           6.068e-16   6.068e-16   -15.217   -15.217     0.000     (0)
   CdSO4           2.980e-16   2.980e-16   -15.526   -15.526     0.000     (0)
   CdCl+           1.845e-16   1.582e-16   -15.734   -15.801    -0.067     (0)
   Cd(CO3)2-2      3.853e-17   2.080e-17   -16.414   -16.682    -0.268     (0)
   CdOHCl          2.958e-17   2.958e-17   -16.529   -16.529     0.000     (0)
   CdOH+           2.433e-17   2.086e-17   -16.614   -16.681    -0.067     (0)
   Cd(SO4)2-2      1.643e-17   8.872e-18   -16.784   -17.052    -0.268     (0)
   CdHCO3+         3.330e-18   2.854e-18   -17.478   -17.544    -0.067     (0)
   CdCl2           1.896e-18   1.896e-18   -17.722   -17.722     0.000     (0)
   Cd(OH)2         5.999e-19   5.999e-19   -18.222   -18.222     0.000     (0)
   CdCl3-          4.014e-21   3.440e-21   -20.396   -20.463    -0.067     (0)
   CdSeO4          2.710e-21   2.710e-21   -20.567   -20.567     0.000     (0)
   Cd(OH)3-        1.949e-22   1.671e-22   -21.710   -21.777    -0.067     (0)
   Cd(OH)4-2       2.310e-28   1.247e-28   -27.636   -27.904    -0.268     (0)
   Cd2OH+3         2.410e-31   6.019e-32   -30.618   -31.220    -0.602     (0)
   Cd(SeO3)2-2     0.000e+00   0.000e+00   -50.824   -51.092    -0.268     (0)
   CdHS+           0.000e+00   0.000e+00  -149.596  -149.663    -0.067     (0)
   Cd(HS)2         0.000e+00   0.000e+00  -284.890  -284.890     0.000     (0)
   Cd(HS)3-        0.000e+00   0.000e+00  -425.354  -425.421    -0.067     (0)
   Cd(HS)4-2       0.000e+00   0.000e+00  -565.388  -565.656    -0.268     (0)
Cl            3.276e-03
   Cl-             3.276e-03   2.876e-03    -2.485    -2.541    -0.057     (0)
   MnCl+           1.303e-11   1.148e-11   -10.885   -10.940    -0.055     (0)
   MnCl2           4.662e-14   4.662e-14   -13.331   -13.331     0.000     (0)
   TlCl            1.144e-15   1.144e-15   -14.941   -14.941     0.000     (0)
   NiCl+           3.204e-16   2.746e-16   -15.494   -15.561    -0.067     (0)
   ZnOHCl          2.363e-16   2.363e-16   -15.627   -15.627     0.000     (0)
   CdCl+           1.845e-16   1.582e-16   -15.734   -15.801    -0.067     (0)
   ZnCl+           4.515e-17   3.959e-17   -16.345   -16.402    -0.057     (0)
   MnCl3-          4.192e-17   3.693e-17   -16.378   -16.433    -0.055     (0)
   CoCl+           4.106e-17   3.519e-17   -16.387   -16.454    -0.067     (0)
   CdOHCl          2.958e-17   2.958e-17   -16.529   -16.529     0.000     (0)
   TlCl2-          2.261e-18   1.938e-18   -17.646   -17.713    -0.067     (0)
   CdCl2           1.896e-18   1.896e-18   -17.722   -17.722     0.000     (0)
   TlOHCl+         1.711e-18   1.466e-18   -17.767   -17.834    -0.067     (0)
   ZnCl2           1.804e-19   1.804e-19   -18.744   -18.744     0.000     (0)
   PbCl+           5.866e-20   5.029e-20   -19.232   -19.299    -0.067     (0)



   CuCl+           4.186e-20   3.671e-20   -19.378   -19.435    -0.057     (0)
   UO2Cl+          1.388e-20   1.190e-20   -19.858   -19.925    -0.067     (0)
   CdCl3-          4.014e-21   3.440e-21   -20.396   -20.463    -0.067     (0)
   NiCl2           3.976e-21   3.976e-21   -20.401   -20.401     0.000     (0)
   FeCl+2          6.772e-22   4.078e-22   -21.169   -21.390    -0.220     (0)
   PbCl2           6.459e-22   6.459e-22   -21.190   -21.190     0.000     (0)
   ZnCl3-          4.701e-22   4.122e-22   -21.328   -21.385    -0.057     (0)
   BeCl+           5.874e-23   5.175e-23   -22.231   -22.286    -0.055     (0)
   TlCl3           3.889e-23   3.889e-23   -22.410   -22.410     0.000     (0)
   CuCl2           3.660e-23   3.660e-23   -22.437   -22.437     0.000     (0)
   CrO3Cl-         1.842e-23   1.579e-23   -22.735   -22.802    -0.067     (0)
   TlCl2+          1.507e-23   1.292e-23   -22.822   -22.889    -0.067     (0)
   TlCl4-          8.233e-24   7.057e-24   -23.084   -23.151    -0.067     (0)
   FeCl2+          5.947e-24   5.238e-24   -23.226   -23.281    -0.055     (0)
   ZnCl4-2         9.843e-25   5.927e-25   -24.007   -24.227    -0.220     (0)
   PbCl3-          8.627e-25   7.395e-25   -24.064   -24.131    -0.067     (0)
   CuCl            1.634e-26   1.634e-26   -25.787   -25.787     0.000     (0)
   TlCl+2          1.446e-26   7.805e-27   -25.840   -26.108    -0.268     (0)
   CuCl2-          1.120e-26   9.820e-27   -25.951   -26.008    -0.057     (0)
   PbCl4-2         1.801e-27   9.721e-28   -26.745   -27.012    -0.268     (0)
   FeCl3           1.506e-27   1.506e-27   -26.822   -26.822     0.000     (0)
   CuCl3-          1.120e-27   9.823e-28   -26.951   -27.008    -0.057     (0)
   CuCl3-2         1.003e-29   6.038e-30   -28.999   -29.219    -0.220     (0)
   CuCl4-2         2.351e-32   1.416e-32   -31.629   -31.849    -0.220     (0)
   CoCl+2          1.334e-35   7.200e-36   -34.875   -35.143    -0.268     (0)
   VOCl+           1.207e-37   1.035e-37   -36.918   -36.985    -0.067     (0)
   CrCl+2          0.000e+00   0.000e+00   -40.546   -40.813    -0.268     (0)
   CrOHCl2         0.000e+00   0.000e+00   -41.417   -41.417     0.000     (0)
   CrCl2+          0.000e+00   0.000e+00   -44.310   -44.377    -0.067     (0)
   SnCl+           0.000e+00   0.000e+00   -58.962   -59.029    -0.067     (0)
   SnCl2           0.000e+00   0.000e+00   -60.781   -60.781     0.000     (0)
   SnCl3-          0.000e+00   0.000e+00   -64.428   -64.495    -0.067     (0)
   UCl+3           0.000e+00   0.000e+00   -67.123   -67.725    -0.602     (0)
Co(2)         1.211e-14
   Co+2            6.553e-15   3.538e-15   -14.184   -14.451    -0.268     (0)
   CoCO3           2.765e-15   2.765e-15   -14.558   -14.558     0.000     (0)
   CoSO4           1.558e-15   1.558e-15   -14.807   -14.807     0.000     (0)
   CoHCO3+         6.989e-16   5.991e-16   -15.156   -15.223    -0.067     (0)
   CoOH+           3.754e-16   3.218e-16   -15.425   -15.492    -0.067     (0)
   Co(OH)2         1.165e-16   1.165e-16   -15.934   -15.934     0.000     (0)
   CoCl+           4.106e-17   3.519e-17   -16.387   -16.454    -0.067     (0)
   CoSeO4          4.481e-20   4.481e-20   -19.349   -19.349     0.000     (0)
   Co(OH)3-        1.237e-20   1.060e-20   -19.908   -19.975    -0.067     (0)
   CoOOH-          3.104e-21   2.661e-21   -20.508   -20.575    -0.067     (0)
   Co(OH)4-2       1.419e-26   7.660e-27   -25.848   -26.116    -0.268     (0)
   Co2OH+3         2.284e-31   5.706e-32   -30.641   -31.244    -0.602     (0)
   Co4(OH)4+4      0.000e+00   0.000e+00   -52.599   -53.670    -1.071     (0)
Co(3)         5.281e-28
   CoOH+2          5.281e-28   2.851e-28   -27.277   -27.545    -0.268     (0)
   Co+3            3.971e-35   1.231e-35   -34.401   -34.910    -0.509     (0)
   CoCl+2          1.334e-35   7.200e-36   -34.875   -35.143    -0.268     (0)
Cr(2)         0.000e+00
   Cr+2            0.000e+00   0.000e+00   -56.680   -56.947    -0.268     (0)
Cr(3)         8.400e-31
   Cr(OH)3         3.913e-31   3.913e-31   -30.407   -30.407     0.000     (0)
   Cr(OH)2+        2.666e-31   2.285e-31   -30.574   -30.641    -0.067     (0)
   CrO2-           9.825e-32   8.421e-32   -31.008   -31.075    -0.067     (0)
   Cr(OH)4-        8.286e-32   7.103e-32   -31.082   -31.149    -0.067     (0)
   Cr(OH)+2        7.630e-34   4.119e-34   -33.117   -33.385    -0.268     (0)
   CrOHSO4         2.157e-34   2.157e-34   -33.666   -33.666     0.000     (0)
   CrSO4+          2.483e-38   2.128e-38   -37.605   -37.672    -0.067     (0)
   Cr+3            1.653e-38   4.130e-39   -37.782   -38.384    -0.602     (0)
   CrCl+2          0.000e+00   0.000e+00   -40.546   -40.813    -0.268     (0)
   CrOHCl2         0.000e+00   0.000e+00   -41.417   -41.417     0.000     (0)
   CrCl2+          0.000e+00   0.000e+00   -44.310   -44.377    -0.067     (0)
   Cr2(OH)2SO4+2   0.000e+00   0.000e+00   -64.827   -65.095    -0.268     (0)



   Cr2(OH)2(SO4)2   0.000e+00   0.000e+00   -65.978   -65.978     0.000     (0)
Cr(6)         9.733e-11
   CrO4-2          9.314e-11   5.534e-11   -10.031   -10.257    -0.226     (0)
   NaCrO4-         3.690e-12   3.163e-12   -11.433   -11.500    -0.067     (0)
   HCrO4-          4.612e-13   3.953e-13   -12.336   -12.403    -0.067     (0)
   KCrO4-          3.716e-14   3.186e-14   -13.430   -13.497    -0.067     (0)
   CrO3SO4-2       1.087e-21   5.869e-22   -20.964   -21.231    -0.268     (0)
   H2CrO4          7.074e-22   7.074e-22   -21.150   -21.150     0.000     (0)
   CrO3Cl-         1.842e-23   1.579e-23   -22.735   -22.802    -0.067     (0)
   Cr2O7-2         1.004e-23   5.421e-24   -22.998   -23.266    -0.268     (0)
Cu(1)         3.282e-26
   CuCl            1.634e-26   1.634e-26   -25.787   -25.787     0.000     (0)
   CuCl2-          1.120e-26   9.820e-27   -25.951   -26.008    -0.057     (0)
   Cu+             5.267e-27   4.514e-27   -26.278   -26.345    -0.067     (0)
   CuCl3-2         1.003e-29   6.038e-30   -28.999   -29.219    -0.220     (0)
   Cu(S4)2-3       0.000e+00   0.000e+00  -290.203  -290.505    -0.302     (0)
   CuS4S5-3        0.000e+00   0.000e+00  -290.945  -291.235    -0.290     (0)
Cu(2)         2.956e-15
   CuCO3           2.192e-15   2.192e-15   -14.659   -14.659     0.000     (0)
   Cu(CO3)2-2      5.054e-16   2.728e-16   -15.296   -15.564    -0.268     (0)
   CuOH+           1.324e-16   1.161e-16   -15.878   -15.935    -0.057     (0)
   Cu(OH)2         1.056e-16   1.056e-16   -15.976   -15.976     0.000     (0)
   Cu+2            1.356e-17   8.054e-18   -16.868   -17.094    -0.226     (0)
   CuSO4           4.072e-18   4.072e-18   -17.390   -17.390     0.000     (0)
   CuHCO3+         1.291e-18   1.106e-18   -17.889   -17.956    -0.067     (0)
   Cu(OH)3-        1.152e-18   9.877e-19   -17.938   -18.005    -0.067     (0)
   CuCl+           4.186e-20   3.671e-20   -19.378   -19.435    -0.057     (0)
   Cu(OH)4-2       6.565e-23   3.544e-23   -22.183   -22.450    -0.268     (0)
   CuCl2           3.660e-23   3.660e-23   -22.437   -22.437     0.000     (0)
   CuCl3-          1.120e-27   9.823e-28   -26.951   -27.008    -0.057     (0)
   Cu2(OH)2+2      6.273e-28   3.386e-28   -27.203   -27.470    -0.268     (0)
   CuCl4-2         2.351e-32   1.416e-32   -31.629   -31.849    -0.220     (0)
   Cu(HS)3-        0.000e+00   0.000e+00  -418.421  -418.488    -0.067     (0)
Fe(2)         1.523e-19
   Fe+2            1.072e-19   5.785e-20   -18.970   -19.238    -0.268     (0)
   FeSO4           3.134e-20   3.134e-20   -19.504   -19.504     0.000     (0)
   FeOH+           1.192e-20   1.050e-20   -19.924   -19.979    -0.055     (0)
   FeHCO3+         1.792e-21   1.586e-21   -20.747   -20.800    -0.053     (0)
   Fe(OH)3-        6.223e-23   5.482e-23   -22.206   -22.261    -0.055     (0)
   Fe(OH)2         3.803e-23   3.803e-23   -22.420   -22.420     0.000     (0)
   Fe(HS)2         0.000e+00   0.000e+00  -295.150  -295.150     0.000     (0)
   Fe(HS)3-        0.000e+00   0.000e+00  -435.477  -435.544    -0.067     (0)
Fe(3)         2.056e-07
   Fe(OH)3         1.200e-07   1.200e-07    -6.921    -6.921     0.000     (0)
   Fe(OH)4-        5.775e-08   5.096e-08    -7.238    -7.293    -0.054     (0)
   Fe(OH)2+        2.778e-08   2.452e-08    -7.556    -7.611    -0.054     (0)
   FeOH+2          2.295e-14   1.382e-14   -13.639   -13.859    -0.220     (0)
   FeSO4+          1.320e-19   1.163e-19   -18.879   -18.934    -0.055     (0)
   Fe+3            1.515e-20   4.696e-21   -19.819   -20.328    -0.509     (0)
   Fe(SO4)2-       6.402e-21   5.487e-21   -20.194   -20.261    -0.067     (0)
   FeCl+2          6.772e-22   4.078e-22   -21.169   -21.390    -0.220     (0)
   FeCl2+          5.947e-24   5.238e-24   -23.226   -23.281    -0.055     (0)
   Fe2(OH)2+4      7.449e-26   6.326e-27   -25.128   -26.199    -1.071     (0)
   FeCl3           1.506e-27   1.506e-27   -26.822   -26.822     0.000     (0)
   Fe3(OH)4+5      1.057e-31   2.242e-33   -30.976   -32.649    -1.673     (0)
   FeHSeO3+2       1.665e-38   8.986e-39   -37.779   -38.046    -0.268     (0)
H(0)          0.000e+00
   H2              0.000e+00   0.000e+00   -44.347   -44.345     0.002     (0)
K             1.792e-04
   K+              1.765e-04   1.549e-04    -3.753    -3.810    -0.057     (0)
   KSO4-           2.744e-06   2.421e-06    -5.562    -5.616    -0.054     (0)
   KCrO4-          3.716e-14   3.186e-14   -13.430   -13.497    -0.067     (0)
Li            1.010e-06
   Li+             1.000e-06   8.780e-07    -6.000    -6.057    -0.057     (0)
   LiSO4-          9.602e-09   8.459e-09    -8.018    -8.073    -0.055     (0)
Mg            1.435e-09



   Mg+2            1.123e-09   6.674e-10    -8.949    -9.176    -0.226     (0)
   MgSO4           2.681e-10   2.681e-10    -9.572    -9.572     0.000     (0)
   MgCO3           2.566e-11   2.566e-11   -10.591   -10.591     0.000     (0)
   MgHCO3+         1.696e-11   1.487e-11   -10.771   -10.828    -0.057     (0)
   MgOH+           1.366e-12   1.211e-12   -11.864   -11.917    -0.052     (0)
   MgH2BO3+        9.257e-15   8.054e-15   -14.034   -14.094    -0.060     (0)
Mn(2)         7.327e-09
   Mn+2            5.872e-09   3.170e-09    -8.231    -8.499    -0.268     (0)
   MnSO4           1.244e-09   1.244e-09    -8.905    -8.905     0.000     (0)
   MnHCO3+         1.563e-10   1.377e-10    -9.806    -9.861    -0.055     (0)
   MnOH+           4.121e-11   3.630e-11   -10.385   -10.440    -0.055     (0)
   MnCl+           1.303e-11   1.148e-11   -10.885   -10.940    -0.055     (0)
   MnCl2           4.662e-14   4.662e-14   -13.331   -13.331     0.000     (0)
   MnSeO4          2.156e-14   2.156e-14   -13.666   -13.666     0.000     (0)
   MnCl3-          4.192e-17   3.693e-17   -16.378   -16.433    -0.055     (0)
   Mn(OH)3-        5.294e-18   4.664e-18   -17.276   -17.331    -0.055     (0)
   Mn(OH)4-2       1.140e-22   6.864e-23   -21.943   -22.163    -0.220     (0)
   MnSe            0.000e+00   0.000e+00  -105.092  -105.092     0.000     (0)
Mn(3)         3.993e-22
   Mn+3            3.993e-22   1.237e-22   -21.399   -21.908    -0.509     (0)
Mn(6)         2.054e-10
   MnO4-2          2.054e-10   1.237e-10    -9.687    -9.908    -0.220     (0)
Mn(7)         5.260e-08
   MnO4-           5.260e-08   4.589e-08    -7.279    -7.338    -0.059     (0)
Mo            1.434e-08
   MoO4-2          1.434e-08   8.519e-09    -7.843    -8.070    -0.226     (0)
   HMoO4-          4.366e-13   3.742e-13   -12.360   -12.427    -0.067     (0)
   H2MoO4          6.052e-18   6.052e-18   -17.218   -17.218     0.000     (0)
   AlMo6O21-3      0.000e+00   0.000e+00   -62.435   -63.038    -0.602     (0)
   Mo7O24-6        0.000e+00   0.000e+00   -70.335   -72.745    -2.410     (0)
   HMo7O24-5       0.000e+00   0.000e+00   -73.341   -75.014    -1.673     (0)
   H2Mo7O24-4      0.000e+00   0.000e+00   -77.817   -78.888    -1.071     (0)
   H3Mo7O24-3      0.000e+00   0.000e+00   -83.696   -84.298    -0.602     (0)
Na            1.328e-02
   Na+             1.310e-02   1.150e-02    -1.883    -1.939    -0.057     (0)
   NaSO4-          1.545e-04   1.363e-04    -3.811    -3.865    -0.054     (0)
   NaHCO3          1.408e-05   1.408e-05    -4.851    -4.851     0.000     (0)
   NaCO3-          1.122e-05   9.902e-06    -4.950    -5.004    -0.054     (0)
   NaH2BO3         6.345e-09   6.345e-09    -8.198    -8.198     0.000     (0)
   NaCrO4-         3.690e-12   3.163e-12   -11.433   -11.500    -0.067     (0)
Ni            1.589e-13
   NiCO3           6.438e-14   6.438e-14   -13.191   -13.191     0.000     (0)
   Ni+2            6.282e-14   3.732e-14   -13.202   -13.428    -0.226     (0)
   NiSO4           1.644e-14   1.644e-14   -13.784   -13.784     0.000     (0)
   NiHCO3+         1.169e-14   1.002e-14   -13.932   -13.999    -0.067     (0)
   NiOH+           2.499e-15   2.142e-15   -14.602   -14.669    -0.067     (0)
   Ni(OH)2         7.758e-16   7.758e-16   -15.110   -15.110     0.000     (0)
   NiCl+           3.204e-16   2.746e-16   -15.494   -15.561    -0.067     (0)
   Ni(OH)3-        4.126e-18   3.537e-18   -17.384   -17.451    -0.067     (0)
   Ni(SO4)2-2      2.225e-18   1.201e-18   -17.653   -17.920    -0.268     (0)
   NiSeO4          4.412e-19   4.412e-19   -18.355   -18.355     0.000     (0)
   NiCl2           3.976e-21   3.976e-21   -20.401   -20.401     0.000     (0)
O(0)          4.939e-04
   O2              2.469e-04   2.479e-04    -3.607    -3.606     0.002     (0)
Pb            9.517e-17
   PbCO3           6.849e-17   6.849e-17   -16.164   -16.164     0.000     (0)
   Pb(CO3)2-2      1.692e-17   9.132e-18   -16.772   -17.039    -0.268     (0)
   PbOH+           6.584e-18   5.644e-18   -17.181   -17.248    -0.067     (0)
   PbHCO3+         9.300e-19   7.972e-19   -18.031   -18.098    -0.067     (0)
   Pb+2            8.295e-19   4.928e-19   -18.081   -18.307    -0.226     (0)
   Pb(OH)2         8.137e-19   8.137e-19   -18.090   -18.090     0.000     (0)
   PbSO4           5.328e-19   5.328e-19   -18.273   -18.273     0.000     (0)
   PbCl+           5.866e-20   5.029e-20   -19.232   -19.299    -0.067     (0)
   Pb(SO4)2-2      1.313e-20   7.085e-21   -19.882   -20.150    -0.268     (0)
   Pb(OH)3-        4.328e-21   3.710e-21   -20.364   -20.431    -0.067     (0)
   PbCl2           6.459e-22   6.459e-22   -21.190   -21.190     0.000     (0)



   Pb(OH)4-2       7.673e-24   4.142e-24   -23.115   -23.383    -0.268     (0)
   PbCl3-          8.627e-25   7.395e-25   -24.064   -24.131    -0.067     (0)
   PbCl4-2         1.801e-27   9.721e-28   -26.745   -27.012    -0.268     (0)
   Pb2OH+3         1.765e-34   4.408e-35   -33.753   -34.356    -0.602     (0)
   Pb3(OH)4+2      0.000e+00   0.000e+00   -43.919   -44.186    -0.268     (0)
   Pb4(OH)4+4      0.000e+00   0.000e+00   -57.523   -58.594    -1.071     (0)
   Pb(HS)2         0.000e+00   0.000e+00  -287.899  -287.899     0.000     (0)
   Pb(HS)3-        0.000e+00   0.000e+00  -428.963  -429.030    -0.067     (0)
S(-2)         0.000e+00
   HS-             0.000e+00   0.000e+00  -142.364  -142.431    -0.067     (0)
   S5-2            0.000e+00   0.000e+00  -142.872  -143.140    -0.268     (0)
   S6-2            0.000e+00   0.000e+00  -143.388  -143.656    -0.268     (0)
   S4-2            0.000e+00   0.000e+00  -143.468  -143.736    -0.268     (0)
   H2S             0.000e+00   0.000e+00  -144.067  -144.067     0.000     (0)
   S3-2            0.000e+00   0.000e+00  -144.274  -144.542    -0.268     (0)
   S2-2            0.000e+00   0.000e+00  -145.290  -145.558    -0.268     (0)
   CdHS+           0.000e+00   0.000e+00  -149.596  -149.663    -0.067     (0)
   S-2             0.000e+00   0.000e+00  -150.855  -151.075    -0.220     (0)
   TlHS            0.000e+00   0.000e+00  -152.867  -152.867     0.000     (0)
   Tl2HS+          0.000e+00   0.000e+00  -162.210  -162.277    -0.067     (0)
   ZnS(HS)-        0.000e+00   0.000e+00  -283.590  -283.657    -0.067     (0)
   Cd(HS)2         0.000e+00   0.000e+00  -284.890  -284.890     0.000     (0)
   Zn(HS)2         0.000e+00   0.000e+00  -286.303  -286.303     0.000     (0)
   Pb(HS)2         0.000e+00   0.000e+00  -287.899  -287.899     0.000     (0)
   Cu(S4)2-3       0.000e+00   0.000e+00  -290.203  -290.505    -0.302     (0)
   CuS4S5-3        0.000e+00   0.000e+00  -290.945  -291.235    -0.290     (0)
   Fe(HS)2         0.000e+00   0.000e+00  -295.150  -295.150     0.000     (0)
   Tl2(OH)2(HS)2-2   0.000e+00   0.000e+00  -304.171  -304.439    -0.268     (0)
   Cu(HS)3-        0.000e+00   0.000e+00  -418.421  -418.488    -0.067     (0)
   Cd(HS)3-        0.000e+00   0.000e+00  -425.354  -425.421    -0.067     (0)
   Zn(HS)3-        0.000e+00   0.000e+00  -425.387  -425.454    -0.067     (0)
   ZnS(HS)2-2      0.000e+00   0.000e+00  -426.510  -426.778    -0.268     (0)
   Pb(HS)3-        0.000e+00   0.000e+00  -428.963  -429.030    -0.067     (0)
   Fe(HS)3-        0.000e+00   0.000e+00  -435.477  -435.544    -0.067     (0)
   Tl2OH(HS)3-2    0.000e+00   0.000e+00  -443.185  -443.453    -0.268     (0)
   Cd(HS)4-2       0.000e+00   0.000e+00  -565.388  -565.656    -0.268     (0)
   Zn(HS)4-2       0.000e+00   0.000e+00  -569.078  -569.345    -0.268     (0)
   Sb2S4-2         0.000e+00   0.000e+00  -611.240  -611.507    -0.268     (0)
S(6)          3.872e-03
   SO4-2           3.715e-03   2.207e-03    -2.430    -2.656    -0.226     (0)
   NaSO4-          1.545e-04   1.363e-04    -3.811    -3.865    -0.054     (0)
   KSO4-           2.744e-06   2.421e-06    -5.562    -5.616    -0.054     (0)
   SrSO4           2.753e-08   2.753e-08    -7.560    -7.560     0.000     (0)
   CaSO4           1.819e-08   1.819e-08    -7.740    -7.740     0.000     (0)
   LiSO4-          9.602e-09   8.459e-09    -8.018    -8.073    -0.055     (0)
   MnSO4           1.244e-09   1.244e-09    -8.905    -8.905     0.000     (0)
   HSO4-           5.418e-10   4.762e-10    -9.266    -9.322    -0.056     (0)
   MgSO4           2.681e-10   2.681e-10    -9.572    -9.572     0.000     (0)
   NiSO4           1.644e-14   1.644e-14   -13.784   -13.784     0.000     (0)
   TlSO4-          7.424e-15   6.363e-15   -14.129   -14.196    -0.067     (0)
   ZnSO4           2.647e-15   2.647e-15   -14.577   -14.577     0.000     (0)
   CoSO4           1.558e-15   1.558e-15   -14.807   -14.807     0.000     (0)
   CdSO4           2.980e-16   2.980e-16   -15.526   -15.526     0.000     (0)
   Zn(SO4)2-2      9.424e-17   5.088e-17   -16.026   -16.293    -0.268     (0)
   AlSO4+          4.104e-17   3.607e-17   -16.387   -16.443    -0.056     (0)
   Cd(SO4)2-2      1.643e-17   8.872e-18   -16.784   -17.052    -0.268     (0)
   UO2SO4          8.521e-18   8.521e-18   -17.070   -17.070     0.000     (0)
   CuSO4           4.072e-18   4.072e-18   -17.390   -17.390     0.000     (0)
   Ni(SO4)2-2      2.225e-18   1.201e-18   -17.653   -17.920    -0.268     (0)
   Al(SO4)2-       9.707e-19   8.532e-19   -18.013   -18.069    -0.056     (0)
   PbSO4           5.328e-19   5.328e-19   -18.273   -18.273     0.000     (0)
   UO2(SO4)2-2     4.593e-19   2.479e-19   -18.338   -18.606    -0.268     (0)
   FeSO4+          1.320e-19   1.163e-19   -18.879   -18.934    -0.055     (0)
   FeSO4           3.134e-20   3.134e-20   -19.504   -19.504     0.000     (0)
   Pb(SO4)2-2      1.313e-20   7.085e-21   -19.882   -20.150    -0.268     (0)
   Fe(SO4)2-       6.402e-21   5.487e-21   -20.194   -20.261    -0.067     (0)



   BeSO4           3.873e-21   3.873e-21   -20.412   -20.412     0.000     (0)
   CrO3SO4-2       1.087e-21   5.869e-22   -20.964   -21.231    -0.268     (0)
   Be(SO4)2-2      4.033e-23   2.177e-23   -22.394   -22.662    -0.268     (0)
   VO2SO4-         1.767e-24   1.514e-24   -23.753   -23.820    -0.067     (0)
   CrOHSO4         2.157e-34   2.157e-34   -33.666   -33.666     0.000     (0)
   VOSO4           7.796e-36   7.796e-36   -35.108   -35.108     0.000     (0)
   CrSO4+          2.483e-38   2.128e-38   -37.605   -37.672    -0.067     (0)
   VSO4+           0.000e+00   0.000e+00   -58.364   -58.431    -0.067     (0)
   U(SO4)2         0.000e+00   0.000e+00   -61.696   -61.696     0.000     (0)
   USO4+2          0.000e+00   0.000e+00   -62.672   -62.940    -0.268     (0)
   Cr2(OH)2SO4+2   0.000e+00   0.000e+00   -64.827   -65.095    -0.268     (0)
   Cr2(OH)2(SO4)2   0.000e+00   0.000e+00   -65.978   -65.978     0.000     (0)
Sb(3)         2.320e-37
   Sb(OH)3         1.174e-37   1.174e-37   -36.930   -36.930     0.000     (0)
   HSbO2           1.146e-37   1.146e-37   -36.941   -36.941     0.000     (0)
   SbO2-           0.000e+00   0.000e+00   -40.008   -40.075    -0.067     (0)
   Sb(OH)4-        0.000e+00   0.000e+00   -40.250   -40.317    -0.067     (0)
   Sb(OH)2+        0.000e+00   0.000e+00   -44.134   -44.201    -0.067     (0)
   SbO+            0.000e+00   0.000e+00   -44.596   -44.663    -0.067     (0)
   Sb2S4-2         0.000e+00   0.000e+00  -611.240  -611.507    -0.268     (0)
Sb(5)         4.073e-09
   SbO3-           4.068e-09   3.487e-09    -8.391    -8.458    -0.067     (0)
   Sb(OH)6-        4.640e-12   4.074e-12   -11.333   -11.390    -0.057     (0)
   SbO2+           5.689e-27   4.876e-27   -26.245   -26.312    -0.067     (0)
Se(-2)        0.000e+00
   HSe-            0.000e+00   0.000e+00   -99.797   -99.864    -0.067     (0)
   H2Se            0.000e+00   0.000e+00  -104.630  -104.630     0.000     (0)
   MnSe            0.000e+00   0.000e+00  -105.092  -105.092     0.000     (0)
   Se-2            0.000e+00   0.000e+00  -105.940  -106.208    -0.268     (0)
Se(4)         3.264e-21
   SeO3-2          2.419e-21   1.306e-21   -20.616   -20.884    -0.268     (0)
   HSeO3-          8.449e-22   7.242e-22   -21.073   -21.140    -0.067     (0)
   H2SeO3          6.820e-28   6.820e-28   -27.166   -27.166     0.000     (0)
   FeHSeO3+2       1.665e-38   8.986e-39   -37.779   -38.046    -0.268     (0)
   Cd(SeO3)2-2     0.000e+00   0.000e+00   -50.824   -51.092    -0.268     (0)
Se(6)         4.254e-08
   SeO4-2          4.254e-08   2.527e-08    -7.371    -7.597    -0.226     (0)
   MnSeO4          2.156e-14   2.156e-14   -13.666   -13.666     0.000     (0)
   HSeO4-          3.262e-15   2.796e-15   -14.487   -14.553    -0.067     (0)
   NiSeO4          4.412e-19   4.412e-19   -18.355   -18.355     0.000     (0)
   CoSeO4          4.481e-20   4.481e-20   -19.349   -19.349     0.000     (0)
   ZnSeO4          2.145e-20   2.145e-20   -19.669   -19.669     0.000     (0)
   CdSeO4          2.710e-21   2.710e-21   -20.567   -20.567     0.000     (0)
   Zn(SeO4)2-2     1.018e-27   5.497e-28   -26.992   -27.260    -0.268     (0)
Si            1.095e-03
   H4SiO4          1.018e-03   1.022e-03    -2.992    -2.990     0.002     (0)
   H3SiO4-         7.634e-05   6.694e-05    -4.117    -4.174    -0.057     (0)
   H2SiO4-2        3.154e-09   1.913e-09    -8.501    -8.718    -0.217     (0)
   UO2H3SiO4+      1.691e-14   1.449e-14   -13.772   -13.839    -0.067     (0)
Sn(2)         0.000e+00
   Sn(OH)2         0.000e+00   0.000e+00   -47.910   -47.910     0.000     (0)
   HSnO2-          0.000e+00   0.000e+00   -48.122   -48.189    -0.067     (0)
   Sn(OH)3-        0.000e+00   0.000e+00   -48.685   -48.752    -0.067     (0)
   SnOH+           0.000e+00   0.000e+00   -52.802   -52.869    -0.067     (0)
   Sn+2            0.000e+00   0.000e+00   -57.860   -58.128    -0.268     (0)
   SnCl+           0.000e+00   0.000e+00   -58.962   -59.029    -0.067     (0)
   SnCl2           0.000e+00   0.000e+00   -60.781   -60.781     0.000     (0)
   SnCl3-          0.000e+00   0.000e+00   -64.428   -64.495    -0.067     (0)
   Sn2(OH)2+2      0.000e+00   0.000e+00  -103.471  -103.739    -0.268     (0)
   Sn3(OH)4+2      0.000e+00   0.000e+00  -146.381  -146.649    -0.268     (0)
Sn(4)         4.217e-09
   Sn(OH)6-2       4.188e-09   2.488e-09    -8.378    -8.604    -0.226     (0)
   SnO3-2          2.846e-11   1.536e-11   -10.546   -10.813    -0.268     (0)
   Sn+4            5.636e-39   4.786e-40   -38.249   -39.320    -1.071     (0)
Sr            1.371e-07
   Sr+2            1.052e-07   6.251e-08    -6.978    -7.204    -0.226     (0)



   SrSO4           2.753e-08   2.753e-08    -7.560    -7.560     0.000     (0)
   SrHCO3+         2.495e-09   2.207e-09    -8.603    -8.656    -0.053     (0)
   SrCO3           1.866e-09   1.866e-09    -8.729    -8.729     0.000     (0)
   SrOH+           2.137e-12   1.883e-12   -11.670   -11.725    -0.055     (0)
   SrH2BO3+        8.872e-13   7.719e-13   -12.052   -12.112    -0.060     (0)
Tl(1)         1.520e-13
   Tl+             1.435e-13   1.230e-13   -12.843   -12.910    -0.067     (0)
   TlSO4-          7.424e-15   6.363e-15   -14.129   -14.196    -0.067     (0)
   TlCl            1.144e-15   1.144e-15   -14.941   -14.941     0.000     (0)
   TlOH            3.457e-18   3.457e-18   -17.461   -17.461     0.000     (0)
   TlCl2-          2.261e-18   1.938e-18   -17.646   -17.713    -0.067     (0)
   TlHS            0.000e+00   0.000e+00  -152.867  -152.867     0.000     (0)
   Tl2HS+          0.000e+00   0.000e+00  -162.210  -162.277    -0.067     (0)
   Tl2(OH)2(HS)2-2   0.000e+00   0.000e+00  -304.171  -304.439    -0.268     (0)
   Tl2OH(HS)3-2    0.000e+00   0.000e+00  -443.185  -443.453    -0.268     (0)
Tl(3)         2.449e-09
   Tl(OH)3         2.446e-09   2.456e-09    -8.611    -8.610     0.002     (0)
   Tl(OH)4-        2.606e-12   2.234e-12   -11.584   -11.651    -0.067     (0)
   Tl(OH)2+        4.992e-16   4.279e-16   -15.302   -15.369    -0.067     (0)
   TlOHCl+         1.711e-18   1.466e-18   -17.767   -17.834    -0.067     (0)
   TlCl3           3.889e-23   3.889e-23   -22.410   -22.410     0.000     (0)
   TlCl2+          1.507e-23   1.292e-23   -22.822   -22.889    -0.067     (0)
   TlOH+2          1.097e-23   5.922e-24   -22.960   -23.228    -0.268     (0)
   TlCl4-          8.233e-24   7.057e-24   -23.084   -23.151    -0.067     (0)
   TlCl+2          1.446e-26   7.805e-27   -25.840   -26.108    -0.268     (0)
   Tl+3            2.070e-31   5.171e-32   -30.684   -31.286    -0.602     (0)
U(3)          0.000e+00
   U+3             0.000e+00   0.000e+00   -87.019   -87.621    -0.602     (0)
U(4)          2.200e-37
   U(OH)5-         2.200e-37   1.885e-37   -36.658   -36.725    -0.067     (0)
   U(OH)4          0.000e+00   0.000e+00   -40.758   -40.758     0.000     (0)
   U(OH)3+         0.000e+00   0.000e+00   -45.784   -45.851    -0.067     (0)
   U(OH)2+2        0.000e+00   0.000e+00   -51.574   -51.842    -0.268     (0)
   UOH+3           0.000e+00   0.000e+00   -58.223   -58.825    -0.602     (0)
   U(SO4)2         0.000e+00   0.000e+00   -61.696   -61.696     0.000     (0)
   USO4+2          0.000e+00   0.000e+00   -62.672   -62.940    -0.268     (0)
   U+4             0.000e+00   0.000e+00   -65.813   -66.884    -1.071     (0)
   UCl+3           0.000e+00   0.000e+00   -67.123   -67.725    -0.602     (0)
   U6(OH)15+9      0.000e+00   0.000e+00  -283.199  -288.621    -5.422     (0)
U(5)          2.076e-27
   UO2+            2.076e-27   1.779e-27   -26.683   -26.750    -0.067     (0)
U(6)          1.262e-08
   UO2(CO3)3-4     1.181e-08   1.003e-09    -7.928    -8.999    -1.071     (0)
   UO2(CO3)2-2     8.022e-10   4.330e-10    -9.096    -9.363    -0.268     (0)
   UO2CO3          4.694e-13   4.694e-13   -12.328   -12.328     0.000     (0)
   UO2H3SiO4+      1.691e-14   1.449e-14   -13.772   -13.839    -0.067     (0)
   UO2OH+          1.708e-15   1.464e-15   -14.768   -14.834    -0.067     (0)
   UO2SO4          8.521e-18   8.521e-18   -17.070   -17.070     0.000     (0)
   UO2+2           4.293e-18   2.551e-18   -17.367   -17.593    -0.226     (0)
   UO2(SO4)2-2     4.593e-19   2.479e-19   -18.338   -18.606    -0.268     (0)
   UO2Cl+          1.388e-20   1.190e-20   -19.858   -19.925    -0.067     (0)
   (UO2)2(OH)2+2   6.589e-24   3.557e-24   -23.181   -23.449    -0.268     (0)
   (UO2)3(OH)5+    9.578e-26   8.210e-26   -25.019   -25.086    -0.067     (0)
V(2)          0.000e+00
   VOH+            0.000e+00   0.000e+00   -72.465   -72.532    -0.067     (0)
   V+2             0.000e+00   0.000e+00   -74.433   -74.701    -0.268     (0)
V(3)          2.717e-36
   V(OH)3          2.717e-36   2.717e-36   -35.566   -35.566     0.000     (0)
   V(OH)2+         0.000e+00   0.000e+00   -47.345   -47.411    -0.067     (0)
   VOH+2           0.000e+00   0.000e+00   -51.823   -52.090    -0.268     (0)
   V+3             0.000e+00   0.000e+00   -57.847   -58.449    -0.602     (0)
   VSO4+           0.000e+00   0.000e+00   -58.364   -58.431    -0.067     (0)
   V2(OH)3+3       0.000e+00   0.000e+00  -100.448  -101.050    -0.602     (0)
   V2(OH)2+4       0.000e+00   0.000e+00  -102.310  -103.381    -1.071     (0)
V(4)          1.364e-32
   V(OH)3+         1.360e-32   1.166e-32   -31.866   -31.933    -0.067     (0)



   VO+2            2.376e-35   1.283e-35   -34.624   -34.892    -0.268     (0)
   VOSO4           7.796e-36   7.796e-36   -35.108   -35.108     0.000     (0)
   VOCl+           1.207e-37   1.035e-37   -36.918   -36.985    -0.067     (0)
   H2V2O4+2        0.000e+00   0.000e+00   -58.898   -59.166    -0.268     (0)
V(5)          9.666e-13
   HVO4-2          6.222e-13   3.359e-13   -12.206   -12.474    -0.268     (0)
   H2VO4-          3.444e-13   2.952e-13   -12.463   -12.530    -0.067     (0)
   H3VO4           6.518e-18   6.518e-18   -17.186   -17.186     0.000     (0)
   VO4-3           3.053e-18   7.625e-19   -17.515   -18.118    -0.602     (0)
   HV2O7-3         1.346e-22   3.361e-23   -21.871   -22.473    -0.602     (0)
   VO2+            3.273e-23   2.873e-23   -22.485   -22.542    -0.057     (0)
   H3V2O7-         1.450e-23   1.243e-23   -22.839   -22.906    -0.067     (0)
   V2O7-4          4.826e-24   4.098e-25   -23.316   -24.387    -1.071     (0)
   VO2SO4-         1.767e-24   1.514e-24   -23.753   -23.820    -0.067     (0)
   V3O9-3          1.080e-31   2.698e-32   -30.967   -31.569    -0.602     (0)
   V4O12-4         0.000e+00   0.000e+00   -40.408   -41.479    -1.071     (0)
   V10O28-6        0.000e+00   0.000e+00  -108.605  -111.015    -2.410     (0)
   HV10O28-5       0.000e+00   0.000e+00  -109.811  -111.484    -1.673     (0)
   H2V10O28-4      0.000e+00   0.000e+00  -113.862  -114.933    -1.071     (0)
Zn            3.204e-14
   ZnCO3           1.458e-14   1.458e-14   -13.836   -13.836     0.000     (0)
   Zn+2            9.225e-15   5.481e-15   -14.035   -14.261    -0.226     (0)
   ZnOH+           2.915e-15   2.499e-15   -14.535   -14.602    -0.067     (0)
   ZnSO4           2.647e-15   2.647e-15   -14.577   -14.577     0.000     (0)
   Zn(OH)2         1.806e-15   1.806e-15   -14.743   -14.743     0.000     (0)
   ZnHCO3+         4.402e-16   3.773e-16   -15.356   -15.423    -0.067     (0)
   ZnOHCl          2.363e-16   2.363e-16   -15.627   -15.627     0.000     (0)
   Zn(SO4)2-2      9.424e-17   5.088e-17   -16.026   -16.293    -0.268     (0)
   Zn(OH)3-        4.813e-17   4.126e-17   -16.318   -16.385    -0.067     (0)
   ZnCl+           4.515e-17   3.959e-17   -16.345   -16.402    -0.057     (0)
   ZnCl2           1.804e-19   1.804e-19   -18.744   -18.744     0.000     (0)
   ZnSeO4          2.145e-20   2.145e-20   -19.669   -19.669     0.000     (0)
   Zn(OH)4-2       1.387e-20   7.488e-21   -19.858   -20.126    -0.268     (0)
   ZnCl3-          4.701e-22   4.122e-22   -21.328   -21.385    -0.057     (0)
   ZnCl4-2         9.843e-25   5.927e-25   -24.007   -24.227    -0.220     (0)
   Zn(SeO4)2-2     1.018e-27   5.497e-28   -26.992   -27.260    -0.268     (0)
   ZnS(HS)-        0.000e+00   0.000e+00  -283.590  -283.657    -0.067     (0)
   Zn(HS)2         0.000e+00   0.000e+00  -286.303  -286.303     0.000     (0)
   Zn(HS)3-        0.000e+00   0.000e+00  -425.387  -425.454    -0.067     (0)
   ZnS(HS)2-2      0.000e+00   0.000e+00  -426.510  -426.778    -0.268     (0)
   Zn(HS)4-2       0.000e+00   0.000e+00  -569.078  -569.345    -0.268     (0)

------------------------------Saturation indices-------------------------------

  Phase               SI** log IAP   log K(298 K,   1 atm)

  Al(OH)3(am)      -2.51      8.29   10.80  Al(OH)3
  Al2(MoO4)3      -61.93    -59.56    2.37  Al2(MoO4)3
  Al2O3            -3.07     16.58   19.65  Al2O3
  Al4(OH)10SO4     -9.50     13.20   22.70  Al4(OH)10SO4
  AlAsO4:2H2O     -17.66    -12.86    4.80  AlAsO4:2H2O
  AlOHSO4          -8.45    -11.68   -3.23  AlOHSO4
  AlSb           -217.85   -152.22   65.62  AlSb
  Alunite          -8.82    -10.22   -1.40  KAl3(SO4)2(OH)6
  Anglesite       -13.17    -20.96   -7.79  PbSO4
  Anhydrite        -5.74    -10.10   -4.36  CaSO4
  Anilite        -145.69   -177.57  -31.88  Cu0.25Cu1.5S
  Antlerite       -28.10    -19.31    8.79  Cu3(OH)4SO4
  Aragonite        -3.48    -11.78   -8.30  CaCO3
  Arsenolite     -171.02   -173.78   -2.76  As4O6
  Artinite        -14.98     -5.38    9.60  MgCO3:Mg(OH)2:3H2O
  As2O5           -49.00    -42.30    6.71  As2O5
  Atacamite       -18.15    -10.76    7.39  Cu2(OH)3Cl
  Avicennite       -4.22    -17.22  -13.00  Tl2O3
  Azurite         -25.73    -42.64  -16.91  Cu3(OH)2(CO3)2
  Ba(OH)2:8H2O    -16.27      8.12   24.39  Ba(OH)2:8H2O



  Ba2V2O7:2H2O    -27.39    -11.52   15.87  Ba2V2O7:2H2O
  Ba3(AsO4)2       -9.01    -17.92   -8.91  Ba3(AsO4)2
  Ba3(VO4)2:4H2O  -36.34     -3.40   32.94  Ba3(VO4)2:4H2O
  BaCrO4           -9.77    -19.44   -9.67  BaCrO4
  BaMoO4          -10.30    -17.26   -6.96  BaMoO4
  Barite           -1.86    -11.84   -9.98  BaSO4
  BaS            -159.14   -142.96   16.18  BaS
  Basaluminite     -9.50     13.20   22.70  Al4(OH)10SO4
  BaSeO3          -23.50    -21.67    1.83  BaSeO3
  BaSeO4           -9.32    -16.78   -7.46  BaSeO4
  Be(OH)2(alpha)   -9.53     -2.63    6.89  Be(OH)2
  Be(OH)2(am)      -9.83     -2.63    7.19  Be(OH)2
  Be(OH)2(beta)    -9.13     -2.63    6.49  Be(OH)2
  BeMoO4          -26.23    -28.02   -1.78  BeMoO4
  BeS            -173.10   -153.72   19.38  BeS
  BeSeO4:4H2O     -24.60    -27.54   -2.94  BeSeO4:4H2O
  Bianchite       -15.15    -16.92   -1.76  ZnSO4:6H2O
  Birnessite        6.57     24.66   18.09  MnO2
  Bixbyite          8.77      8.12   -0.64  Mn2O3
  BlaubleiI      -130.27   -154.43  -24.16  Cu0.9Cu0.2S
  BlaubleiII     -137.83   -165.11  -27.28  Cu0.6Cu0.8S
  Boehmite         -0.29      8.29    8.58  AlOOH
  Breithauptite  -117.51   -136.03  -18.52  NiSb
  Brochantite     -34.32    -19.10   15.22  Cu4(OH)6SO4
  Brucite          -8.71      8.14   16.84  Mg(OH)2
  Bunsenite        -8.56      3.88   12.45  NiO
  Ca(VO3)2        -23.56    -17.90    5.66  Ca(VO3)2
  Ca2V2O7         -25.54     -8.04   17.50  Ca2V2O7
  Ca2V2O7:2H2O    -29.59     -8.04   21.55  Ca2V2O7:2H2O
  Ca3(AsO4)2:4H2O -34.99    -12.69   22.30  Ca3(AsO4)2:4H2O
  Ca3(VO4)2       -37.13      1.83   38.96  Ca3(VO4)2
  Ca3(VO4)2:4H2O  -38.03      1.83   39.86  Ca3(VO4)2:4H2O
  Ca3Sb2         -434.40   -291.42  142.97  Ca3Sb2
  CaCrO4          -15.44    -17.70   -2.27  CaCrO4
  Calcite          -3.30    -11.78   -8.48  CaCO3
  CaMoO4           -7.56    -15.51   -7.95  CaMoO4
  Carnotite        -9.55     -9.32    0.23  KUO2VO4
  CaSeO3:2H2O     -22.74    -19.93    2.81  CaSeO3:2H2O
  CaSeO4:2H2O     -12.02    -15.04   -3.02  CaSeO4:2H2O
  Cd(BO2)2        -19.52     -9.68    9.84  Cd(BO2)2
  Cd(OH)2         -11.57      2.07   13.64  Cd(OH)2
  Cd(OH)2(am)     -11.66      2.07   13.73  Cd(OH)2
  Cd3(OH)2(SO4)2  -40.43    -33.72    6.71  Cd3(OH)2(SO4)2
  Cd3(OH)4SO4     -36.31    -13.75   22.56  Cd3(OH)4SO4
  Cd4(OH)6SO4     -40.08    -11.68   28.40  Cd4(OH)6SO4
  CdCl2           -19.66    -20.32   -0.66  CdCl2
  CdCl2:1H2O      -18.63    -20.32   -1.69  CdCl2:1H2O
  CdCl2:2.5H2O    -18.41    -20.32   -1.91  CdCl2:2.5H2O
  Cdmetal(alpha)  -52.64    -39.12   13.51  Cd
  Cdmetal(gamma)  -52.74    -39.12   13.62  Cd
  CdMoO4           -9.16    -23.31  -14.15  CdMoO4
  CdOHCl          -12.66     -9.13    3.54  CdOHCl
  CdSb           -137.49   -137.84   -0.35  CdSb
  CdSe            -86.25   -106.45  -20.20  CdSe
  CdSeO4:2H2O     -20.99    -22.84   -1.85  CdSeO4:2H2O
  CdSO4           -17.72    -17.90   -0.17  CdSO4
  CdSO4:1H2O      -16.17    -17.90   -1.73  CdSO4:1H2O
  CdSO4:2.67H2O   -16.02    -17.90   -1.87  CdSO4:2.67H2O
  Celestite        -3.24     -9.86   -6.62  SrSO4
  Cerussite        -9.51    -22.64  -13.13  PbCO3
  CH4(g)         -145.38   -186.43  -41.05  CH4
  Chalcanthite    -17.11    -19.75   -2.64  CuSO4:5H2O
  Chalcedony        0.56     -2.99   -3.55  SiO2
  Chalcocite     -151.55   -186.47  -34.92  Cu2S
  Chalcopyrite   -268.61   -303.88  -35.27  CuFeS2
  Chrysotile      -13.77     18.43   32.20  Mg3Si2O5(OH)4



  Claudetite     -170.72   -173.78   -3.06  As4O6
  Clausthalite    -82.42   -109.52  -27.10  PbSe
  Co(BO2)2        -35.97     -8.90   27.07  Co(BO2)2
  Co(OH)2         -10.23      2.86   13.09  Co(OH)2
  Co(OH)3          -6.63     -8.94   -2.31  Co(OH)3
  CO2(g)           -3.50    -21.65  -18.15  CO2
  Co3(AsO4)2      -46.75    -33.71   13.03  Co3(AsO4)2
  Co3O4            -4.53    -15.02  -10.50  Co3O4
  CoCl2           -27.80    -19.53    8.27  CoCl2
  CoCl2:6H2O      -22.07    -19.53    2.54  CoCl2:6H2O
  CoCO3            -8.81    -18.79   -9.98  CoCO3
  CoFe2O4          17.67     14.14   -3.53  CoFe2O4
  CoMoO4          -14.76    -22.52   -7.76  CoMoO4
  CoO             -10.73      2.86   13.59  CoO
  CoS(alpha)     -140.79   -148.23   -7.44  CoS
  CoS(beta)      -137.16   -148.23  -11.07  CoS
  CoSe            -89.46   -105.66  -16.20  CoSe
  CoSeO3          -28.26    -26.94    1.32  CoSeO3
  CoSeO4:6H2O     -20.52    -22.05   -1.53  CoSeO4:6H2O
  CoSO4           -19.91    -17.11    2.80  CoSO4
  CoSO4:6H2O      -14.64    -17.11   -2.47  CoSO4:6H2O
  Cotunnite       -18.61    -23.39   -4.78  PbCl2
  Covellite      -128.57   -150.87  -22.30  CuS
  Cr(OH)2         -50.45    -39.64   10.82  Cr(OH)2
  Cr(OH)3         -23.32    -21.99    1.34  Cr(OH)3
  Cr(OH)3(am)     -21.24    -21.99   -0.75  Cr(OH)3
  Cr2O3           -41.61    -43.97   -2.36  Cr2O3
  CrCl2           -76.12    -62.03   14.09  CrCl2
  CrCl3           -70.69    -55.58   15.11  CrCl3
  Cristobalite      0.36     -2.99   -3.35  SiO2
  Crmetal        -111.31    -80.83   30.48  Cr
  CrO3            -24.36    -27.57   -3.21  CrO3
  Cu(OH)2          -8.46      0.22    8.67  Cu(OH)2
  Cu(SbO3)2       -36.46      8.75   45.21  Cu(SbO3)2
  Cu2Sb:3H2O     -143.10   -177.99  -34.88  Cu2Sb:3H2O
  Cu2Se(alpha)    -98.10   -143.90  -45.80  Cu2Se
  Cu2SO4          -53.40    -55.35   -1.95  Cu2SO4
  Cu3(AsO4)2:2H2O -47.74    -41.64    6.10  Cu3(AsO4)2:2H2O
  Cu3Sb          -170.99   -213.58  -42.59  Cu3Sb
  Cu3Se2         -188.71   -252.20  -63.49  Cu3Se2
  CuCO3            -9.93    -21.43  -11.50  CuCO3
  CuCrO4          -21.91    -27.35   -5.44  CuCrO4
  Cumetal         -29.53    -38.29   -8.76  Cu
  CuMoO4          -12.09    -25.16  -13.08  CuMoO4
  CuOCuSO4        -29.84    -19.53   10.30  CuOCuSO4
  Cupricferrite     5.51     11.50    5.99  CuFe2O4
  Cuprite         -33.97    -35.38   -1.41  Cu2O
  Cuprousferrite   -3.13    -12.05   -8.92  CuFeO2
  CuSe            -75.20   -108.30  -33.10  CuSe
  CuSe2          -142.26   -175.63  -33.37  CuSe2
  CuSeO3:2H2O     -30.09    -29.58    0.51  CuSeO3:2H2O
  CuSeO4:5H2O     -22.25    -24.69   -2.44  CuSeO4:5H2O
  CuSO4           -22.69    -19.75    2.94  CuSO4
  Diaspore          1.42      8.29    6.87  AlOOH
  Djurleite      -150.20   -184.12  -33.92  Cu0.066Cu1.868S
  Dolomite(disordered)  -8.75    -25.29  -16.54  CaMg(CO3)2
  Dolomite(ordered)  -8.20    -25.29  -17.09  CaMg(CO3)2
  Epsomite         -9.71    -11.83   -2.13  MgSO4:7H2O
  Fe(OH)2         -15.49     -1.93   13.56  Fe(OH)2
  Fe(OH)2.7Cl.3     5.32      2.28   -3.04  Fe(OH)2.7Cl.3
  Fe(OH)3(a)_pqe    0.75      5.64    4.89  Fe(OH)3
  Fe(OH)3_llnl     -0.00      5.64    5.64  Fe(OH)3
  Fe(OH)3_Maj       2.24      5.64    3.40  Fe(OH)3
  Fe(VO3)2        -25.98    -29.70   -3.72  Fe(VO3)2
  Fe2(OH)4SeO3    -20.07    -18.52    1.55  Fe2(OH)4SeO3
  Fe2(SeO3)3:2H2O -57.48    -78.11  -20.63  Fe2(SeO3)3:2H2O



  Fe2(SO4)3       -44.89    -48.63   -3.73  Fe2(SO4)3
  Fe3(OH)8        -10.87      9.35   20.22  Fe3(OH)8
  FeAsO4:2H2O     -15.91    -15.51    0.40  FeAsO4:2H2O
  FeCr2O4         -53.10    -45.90    7.20  FeCr2O4
  FeMoO4          -17.22    -27.31  -10.09  FeMoO4
  Ferrihydrite      2.45      5.64    3.19  Fe(OH)3
  Ferroselite    -159.18   -177.77  -18.60  FeSe2
  FeS(ppt)       -150.06   -153.01   -2.95  FeS
  FeSe            -99.45   -110.45  -11.00  FeSe
  Galena         -138.11   -152.08  -13.97  PbS
  Gibbsite         -0.00      8.29    8.29  Al(OH)3
  Goethite          5.15      5.64    0.49  FeOOH
  Goslarite       -14.91    -16.92   -2.01  ZnSO4:7H2O
  Greenalite      -32.57    -11.76   20.81  Fe3Si2O5(OH)4
  Greenockite    -134.65   -149.01  -14.36  CdS
  Greigite       -549.96   -594.99  -45.03  Fe3S4
  Gummite          -7.95     -0.28    7.67  UO3
  Gypsum           -5.49    -10.10   -4.61  CaSO4:2H2O
  H-Jarosite      -10.92    -23.02  -12.10  (H3O)Fe3(SO4)2(OH)6
  H2MoO4          -12.51    -25.38  -12.88  H2MoO4
  H2S(g)         -143.08   -151.09   -8.01  H2S
  H2Se(g)        -103.56   -108.52   -4.96  H2Se
  H2Sn(OH)6        -2.39    -25.92  -23.53  H2Sn(OH)6
  Halite           -6.08     -4.48    1.60  NaCl
  Halloysite        1.03     10.60    9.57  Al2Si2O5(OH)4
  Hausmannite       6.60     67.63   61.03  Mn3O4
  Hematite         12.70     11.28   -1.42  Fe2O3
  Hercynite        -8.24     14.66   22.89  FeAl2O4
  Huntite         -22.34    -52.31  -29.97  CaMg3(CO3)4
  Hydrocerussite  -27.51    -46.28  -18.77  Pb3(OH)2(CO3)2
  Hydromagnesite  -37.14    -45.91   -8.77  Mg5(CO3)4(OH)2:4H2O
  K-Alum          -21.63    -26.80   -5.17  KAl(SO4)2:12H2O
  K-Jarosite       -3.37    -18.17  -14.80  KFe3(SO4)2(OH)6
  K2Cr2O7         -28.20    -45.45  -17.24  K2Cr2O7
  K2CrO4          -17.36    -17.88   -0.51  K2CrO4
  K2MoO4          -18.95    -15.69    3.26  K2MoO4
  K2SeO4          -14.49    -15.22   -0.73  K2SeO4
  Kaolinite         3.17     10.60    7.43  Al2Si2O5(OH)4
  Langite         -36.59    -19.10   17.49  Cu4(OH)6SO4:H2O
  Larnakite       -21.52    -21.96   -0.43  PbO:PbSO4
  Laurionite      -12.82    -12.19    0.62  PbOHCl
  Lepidocrocite     4.27      5.64    1.37  FeOOH
  Li2CrO4         -27.23    -22.37    4.86  Li2CrO4
  Li2MoO4         -22.62    -20.18    2.44  Li2MoO4
  Lime            -22.83      9.87   32.70  CaO
  Litharge        -13.69     -1.00   12.69  PbO
  Mackinawite    -149.41   -153.01   -3.60  FeS
  Maghemite         4.89     11.28    6.39  Fe2O3
  Magnesioferrite   2.56     19.42   16.86  Fe2MgO4
  Magnesite        -6.05    -13.51   -7.46  MgCO3
  Magnesite_llnl   -5.46     -3.18    2.27  MgCO3
  Magnetite         5.95      9.35    3.40  Fe3O4
  Malachite       -15.91    -21.21   -5.31  Cu2(OH)2CO3
  Manganite         4.07     29.41   25.34  MnOOH
  Massicot        -13.89     -1.00   12.89  PbO
  Melanothallite  -28.43    -22.18    6.26  CuCl2
  Melanterite     -19.69    -21.90   -2.21  FeSO4:7H2O
  Mg(OH)2(active) -10.66      8.14   18.79  Mg(OH)2
  Mg(VO3)2        -30.91    -19.63   11.28  Mg(VO3)2
  Mg2Sb3         -436.97   -362.28   74.68  Mg2Sb3
  Mg2V2O7         -37.86    -11.50   26.36  Mg2V2O7
  MgCr2O4         -52.03    -35.83   16.20  MgCr2O4
  MgCrO4          -24.81    -19.43    5.38  MgCrO4
  MgMoO4          -15.40    -17.25   -1.85  MgMoO4
  MgSeO3:6H2O     -24.72    -21.66    3.06  MgSeO3:6H2O
  MgSeO4:6H2O     -15.57    -16.77   -1.20  MgSeO4:6H2O



  Minium          -35.31     38.21   73.52  Pb3O4
  Mirabilite       -5.42     -6.54   -1.11  Na2SO4:10H2O
  Mn(VO3)2        -23.86    -18.96    4.90  Mn(VO3)2
  Mn2(SO4)3       -46.07    -51.78   -5.71  Mn2(SO4)3
  Mn2Sb          -224.57   -163.49   61.08  Mn2Sb
  Mn3(AsO4)2:8H2O -28.36    -15.86   12.50  Mn3(AsO4)2:8H2O
  MnCl2:4H2O      -16.30    -13.58    2.72  MnCl2:4H2O
  MnS(grn)       -142.44   -142.27    0.17  MnS
  MnS(pnk)       -145.61   -142.27    3.34  MnS
  MnSb           -153.54   -156.45   -2.91  MnSb
  MnSe           -103.21    -99.71    3.50  MnSe
  MnSeO3          -22.11    -20.98    1.13  MnSeO3
  MnSeO3:2H2O     -21.97    -20.98    0.98  MnSeO3:2H2O
  MnSeO4:5H2O     -14.05    -16.10   -2.05  MnSeO4:5H2O
  MnSO4           -13.74    -11.16    2.58  MnSO4
  Monteponite     -13.03      2.07   15.10  CdO
  MoO3            -17.38    -25.38   -8.00  MoO3
  Morenosite      -13.94    -16.09   -2.14  NiSO4:7H2O
  MoS2           -298.49   -368.75  -70.26  MoS2
  Na-Jarosite      -5.10    -16.30  -11.20  NaFe3(SO4)2(OH)6
  Na2Cr2O7        -31.81    -41.70   -9.90  Na2Cr2O7
  Na2CrO4         -17.07    -14.14    2.93  Na2CrO4
  Na2Mo2O7        -20.73    -37.33  -16.60  Na2Mo2O7
  Na2MoO4         -13.44    -11.95    1.49  Na2MoO4
  Na2MoO4:2H2O    -13.17    -11.95    1.22  Na2MoO4:2H2O
  Na2SeO3:5H2O    -26.66    -16.36   10.30  Na2SeO3:5H2O
  Na2SeO4         -12.76    -11.48    1.28  Na2SeO4
  Na3Sb          -234.82   -140.36   94.45  Na3Sb
  Na3VO4          -30.42      6.26   36.68  Na3VO4
  Na4V2O7         -38.30     -0.90   37.40  Na4V2O7
  Nantokite       -22.16    -28.89   -6.73  CuCl
  NaSb           -135.77   -112.60   23.17  NaSb
  Natron           -6.90     -8.22   -1.31  Na2CO3:10H2O
  NaVO3           -11.03     -7.17    3.86  NaVO3
  Nesquehonite     -8.84    -13.51   -4.67  MgCO3:3H2O
  Ni(OH)2          -8.91      3.88   12.79  Ni(OH)2
  Ni3(AsO4)2:8H2O -46.35    -30.65   15.70  Ni3(AsO4)2:8H2O
  Ni4(OH)6SO4     -36.43     -4.43   32.00  Ni4(OH)6SO4
  NiCO3           -10.89    -17.76   -6.87  NiCO3
  NiMoO4          -10.36    -21.50  -11.14  NiMoO4
  NiS(alpha)     -141.60   -147.20   -5.60  NiS
  NiS(beta)      -136.10   -147.20  -11.10  NiS
  NiS(gamma)     -134.40   -147.20  -12.80  NiS
  NiSe            -86.94   -104.64  -17.70  NiSe
  NiSeO3:2H2O     -28.73    -25.91    2.81  NiSeO3:2H2O
  NiSeO4:6H2O     -19.51    -21.03   -1.52  NiSeO4:6H2O
  Nsutite           7.15     24.66   17.50  MnO2
  O2(g)            -0.70     82.39   83.09  O2
  Orpiment       -479.08   -540.15  -61.07  As2S3
  Otavite          -7.57    -19.57  -12.00  CdCO3
  Pb(BO2)2        -19.27    -12.75    6.52  Pb(BO2)2
  Pb(OH)2          -9.15     -1.00    8.15  Pb(OH)2
  Pb10(OH)6O(CO3)6-131.08   -139.84   -8.76  Pb10(OH)6O(CO3)6
  Pb2(OH)3Cl      -21.98    -13.19    8.79  Pb2(OH)3Cl
  Pb2O(OH)2       -28.18     -1.99   26.19  Pb2O(OH)2
  Pb2O3           -21.84     39.20   61.04  Pb2O3
  Pb2OCO3         -23.08    -23.64   -0.56  Pb2OCO3
  Pb2V2O7         -27.86    -29.76   -1.90  Pb2V2O7
  Pb3(AsO4)2      -51.08    -45.28    5.80  Pb3(AsO4)2
  Pb3(VO4)2       -36.90    -30.76    6.14  Pb3(VO4)2
  Pb3O2CO3        -35.65    -24.63   11.02  Pb3O2CO3
  Pb3O2SO4        -33.64    -22.95   10.69  Pb3O2SO4
  Pb4(OH)6SO4     -45.05    -23.95   21.10  Pb4(OH)6SO4
  Pb4O3SO4        -45.83    -23.95   21.88  Pb4O3SO4
  PbCrO4          -15.96    -28.56  -12.60  PbCrO4
  Pbmetal         -46.44    -42.19    4.25  Pb



  PbMoO4          -10.76    -26.38  -15.62  PbMoO4
  PbO:0.3H2O      -13.98     -1.00   12.98  PbO:0.33H2O
  PbSeO4          -19.06    -25.90   -6.84  PbSeO4
  Periclase       -13.45      8.14   21.58  MgO
  Phosgenite      -26.22    -46.03  -19.81  PbCl2:PbCO3
  Plattnerite      -9.40     40.20   49.60  PbO2
  Portlandite     -12.94      9.87   22.80  Ca(OH)2
  Pyrite         -244.40   -262.90  -18.51  FeS2
  Pyrochroite      -6.38      8.81   15.19  Mn(OH)2
  Pyrolusite        8.63     50.01   41.38  MnO2
  Quartz            1.01     -2.99   -4.00  SiO2
  Realgar        -195.38   -215.13  -19.75  AsS
  Retgersite      -14.05    -16.09   -2.04  NiSO4:6H2O
  Rhodochrosite    -2.25    -12.83  -10.58  MnCO3
  Rutherfordine    -7.43    -21.93  -14.50  UO2CO3
  Sb(OH)3         -29.82    -36.93   -7.11  Sb(OH)3
  Sb2O4           -36.07    -32.67    3.40  Sb2O4
  Sb2O5           -30.42    -40.09   -9.67  Sb2O5
  Sb2Se3         -331.66   -399.42  -67.76  Sb2Se3
  Sb4O6(cubic)   -129.46   -147.72  -18.26  Sb4O6
  Sb4O6(orth)    -129.82   -147.72  -17.90  Sb4O6
  SbCl3           -71.09    -70.52    0.57  SbCl3
  Sbmetal         -87.03    -98.72  -11.69  Sb
  SbO2            -12.82    -40.64  -27.82  SbO2
  Schoepite        -6.28     -0.28    5.99  UO2(OH)2:H2O
  Schwertmannite    1.94      3.14    1.20  FeO(OH)0.75(SO4)0.125
  Semetal(am)     -60.22    -67.33   -7.11  Se
  Semetal(hex     -59.62    -67.33   -7.71  Se
  Senarmontite    -61.49    -73.86  -12.37  Sb2O3
  SeO2            -29.92    -29.80    0.12  SeO2
  SeO3            -45.95    -24.91   21.04  SeO3
  Sepiolite        -8.46      7.30   15.76  Mg2Si3O7.5OH:3H2O
  Sepiolite(A)    -11.48      7.30   18.78  Mg2Si3O7.5OH:3H2O
  Siderite        -13.33    -23.57  -10.24  FeCO3
  SiO2(am-gel)     -0.28     -2.99   -2.71  SiO2
  SiO2(am-ppt)     -0.25     -2.99   -2.74  SiO2
  Smithsonite      -8.60    -18.60  -10.00  ZnCO3
  Sn(OH)2         -42.48    -47.91   -5.43  Sn(OH)2
  Sn(OH)4          -3.64    -25.92  -22.28  Sn(OH)4
  Sn(SO4)2        -50.64    -65.85  -15.21  Sn(SO4)2
  SnCl2           -61.03    -70.30   -9.28  SnCl2
  Snmetal(wht)    -86.78    -89.10   -2.33  Sn
  SnO             -43.00    -47.91   -4.91  SnO
  SnO2              3.06    -25.92  -28.97  SnO2
  SnS            -179.88   -199.00  -19.11  SnS
  SnS2           -270.64   -328.09  -57.45  SnS2
  SnSe           -125.94   -156.43  -30.49  SnSe
  SnSe2          -177.84   -242.96  -65.12  SnSe2
  SnSO4           -10.90    -67.88  -56.97  SnSO4
  Sphaerocobaltite  -8.20     -8.46   -0.26  CoCO3
  Sphalerite     -136.59   -148.04  -11.45  ZnS
  Spinel          -12.13     24.72   36.85  MgAl2O4
  SrCrO4          -12.81    -17.46   -4.65  SrCrO4
  SrSeO3          -21.99    -19.69    2.30  SrSeO3
  SrSeO4          -10.40    -14.80   -4.40  SrSeO4
  Stibnite       -476.66   -527.12  -50.46  Sb2S3
  Strontianite     -2.27    -11.54   -9.27  SrCO3
  Sulfur         -107.75   -109.89   -2.14  S
  Tenorite         -7.43      0.22    7.64  CuO
  Thenardite       -6.86     -6.53    0.32  Na2SO4
  Thermonatrite    -8.85     -8.21    0.64  Na2CO3:H2O
  Tl(OH)3          -3.17     -8.61   -5.44  Tl(OH)3
  Tl2CO3          -26.32    -30.16   -3.84  Tl2CO3
  Tl2CrO4         -24.07    -36.08  -12.01  Tl2CrO4
  Tl2MoO4         -25.90    -33.89   -7.99  Tl2MoO4
  Tl2O            -35.60     -8.51   27.09  Tl2O



  Tl2S           -152.41   -159.60   -7.19  Tl2S
  Tl2Se           -98.93   -117.03  -18.10  Tl2Se
  Tl2SeO4         -29.32    -33.42   -4.10  Tl2SeO4
  Tl2SO4          -24.69    -28.48   -3.79  Tl2SO4
  TlCl            -11.71    -15.45   -3.74  TlCl
  Tlmetal         -30.53    -24.85    5.68  Tl
  TlOH            -17.17     -4.25   12.92  TlOH
  Tyuyamunite     -22.55    -18.47    4.08  Ca(UO2)2(VO4)2
  U3O8            -35.47    -14.39   21.08  U3O8
  U3Sb4          -891.22   -738.84  152.38  U3Sb4
  U4O9            -84.83    -87.85   -3.02  U4O9
  UO2(am)         -33.19    -32.26    0.93  UO2
  UO2(OH)2(beta)   -5.89     -0.28    5.61  UO2(OH)2
  UO2SeO4:4H2O    -22.94    -25.19   -2.25  UO2SeO4:4H2O
  UO3              -7.98     -0.28    7.70  UO3
  Uraninite       -27.59    -32.26   -4.67  UO2
  USb2           -350.89   -321.31   29.58  USb2
  V(OH)3          -40.07    -32.48    7.59  V(OH)3
  V2O5            -26.41    -27.77   -1.36  V2O5
  V3O5            -95.77    -93.93    1.84  V3O5
  V4O7           -118.70   -111.51    7.19  V4O7
  V6O13          -104.84   -165.70  -60.86  V6O13
  Valentinite     -65.38    -73.86   -8.48  Sb2O3
  VCl2            -94.35    -75.47   18.87  VCl2
  VCl3            -89.51    -66.07   23.43  VCl3
  Vmetal         -138.30    -94.27   44.03  V
  VO              -67.83    -53.08   14.76  VO
  VO(OH)2         -22.73    -17.58    5.15  VO(OH)2
  VO2Cl           -27.92    -25.08    2.84  VO2Cl
  VOCl            -54.83    -43.68   11.15  VOCl
  VOCl2           -52.73    -39.97   12.76  VOCl2
  VOSO4           -41.16    -37.55    3.61  VOSO4
  Witherite        -4.95    -13.52   -8.57  BaCO3
  Witherite_wateq  -4.96    -13.52   -8.56  BaCO3
  Wurtzite       -139.09   -148.04   -8.95  ZnS
  Zincite          -8.28      3.05   11.33  ZnO
  Zincosite       -20.85    -16.92    3.93  ZnSO4
  Zn(BO2)2        -17.00     -8.71    8.29  Zn(BO2)2
  Zn(OH)2          -9.15      3.05   12.20  Zn(OH)2
  Zn(OH)2(am)      -9.42      3.05   12.47  Zn(OH)2
  Zn(OH)2(beta)    -8.70      3.05   11.75  Zn(OH)2
  Zn(OH)2(epsilon)  -8.48      3.05   11.53  Zn(OH)2
  Zn(OH)2(gamma)   -8.68      3.05   11.73  Zn(OH)2
  Zn2(OH)2SO4     -21.37    -13.87    7.50  Zn2(OH)2SO4
  Zn2(OH)3Cl      -20.29     -5.10   15.19  Zn2(OH)3Cl
  Zn3(AsO4)2:2.5H2O -46.80    -33.15   13.65  Zn3(AsO4)2:2.5H2O
  Zn3O(SO4)2      -49.70    -30.78   18.91  Zn3O(SO4)2
  Zn4(OH)6SO4     -36.17     -7.77   28.40  Zn4(OH)6SO4
  Zn5(OH)8Cl2     -45.64     -7.14   38.50  Zn5(OH)8Cl2
  ZnCl2           -26.39    -19.34    7.05  ZnCl2
  ZnCO3:1H2O       -8.34    -18.60  -10.26  ZnCO3:1H2O
  Znmetal         -63.93    -38.14   25.79  Zn
  ZnMoO4          -12.21    -22.33  -10.13  ZnMoO4
  ZnO(active)      -8.14      3.05   11.19  ZnO
  ZnS(am)        -138.98   -148.04   -9.05  ZnS
  ZnSb           -147.88   -136.87   11.01  ZnSb
  ZnSe            -91.07   -105.47  -14.40  ZnSe
  ZnSeO4:6H2O     -20.34    -21.86   -1.52  ZnSeO4:6H2O
  ZnSO4:1H2O      -16.28    -16.92   -0.64  ZnSO4:1H2O

**For a gas, SI = log10(fugacity). Fugacity = pressure * phi / 1 atm.
  For ideal gases, phi = 1.

------------------
End of simulation.
------------------


