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1 Background

Many wetlands and damplands in southwest Western Australia possess carbon-rich
peaty substrates that have potential to acidify lake water due to their high entrained
concentrations of sulfate minerals, metals and metalloids. Acidification of lake water
can occur through both natural and anthropogenic induced changes where water
availability is reduced. Prolonged periods of drying can produce physical changes
within the substrate, such as desiccation, followed by geochemical changes that
sequentially exhaust the capacity of the soil and entrained water to buffer reductions
in pH.

Repeated drying and acidification of soil and water will alter the ecological character
of a wetland system. In 2012 reductions in pH (between 2 and 3) were noted in the
southern water body of Tordit-Gurrup Lagoon prior to the lake drying for the first time
in recorded history (last 40 years).

Tordit-Gurrup is one of the larger wetlands within the internationally important
(RAMSAR) listed Muir-Byenup wetland complex. The Muir-Byenup wetlands are
located around 290 km south-east of Perth and around 60 km east of Manjimup
(Figures 1 and 2). The wetlands are located on top of a Neogene palaeovalley and
drainage basin that contains a continuous suite of variably connected wetlands. The
wetlands provide important habitat and food sources for a high diversity of waterbirds,
including breeding sites for the threatened Australasian bittern (e.g. Storey 1998 and
Farrell and Cook 2009). The wetlands support particularly diverse and restricted
communities, with at least 32 short-range endemic aquatic invertebrates, the
threatened Balston’s pygmy perch (and 5 other endemic fish species, out of 8 in the
south-west) and 21 priority flora species.

The wetlands are managed by the Department of Biodiversity, Conservation and
Attractions (DBCA, the Department) and the Muir-Byenup RAMSAR site is seen as
priority asset (see Warren Region Nature Conservation Plan). Hydrological monitoring
has been undertaken by the Department since the 1980’s. In the late 1990’s and early
2000’s it was reported that rising groundwater levels was the cause of vegetation
stress due to water logging and water and soil salinisation (Gibson and Keighery 1999
and Smith 2003). In 2010 acidity was identified as another important threat to the
biodiversity within the lake with work by Smith (2010) concluding it was widespread in
the Muir-Byenup RAMSAR site. A follow up water balance investigation of Noobijup
Swamp in 2011, reported that the near-surface presence of groundwater was critical
in maintaining high moisture levels and preventing sediments oxidising and acidic
conditions developing (Wroe 2011).

The decline in average rainfall in the southwest of Western Australia since the 1970’s
has reduced surface water flows, lake hydro-periods and groundwater recharge. Peat
wetlands are particularly sensitive to change as when saturated their high porosities
and low permeabilities tend to limit their interactions with other water sources. As a
result, when they do experience prolonged drying it can result in deleterious changes
in their physical and chemical character.
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Figure 1: Map showing the location of DBCA managed tenure in relation to the Muir-
Byenup RAMSAR listed peat wetlands investigated in the DBCA peat wetlands study
(2015-2018); groundwater data logger sites are in red on both the main and coarse
scale inset map.
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Figure 2: Map showing the location of Muir-Byenup peat wetland study sites in relation
to current land use and boundaries of important wetlands. See Figure 4 for Cross
Section A-A".
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Drying induced chemical reactions change water retention, permeability and the pH of
peat soil water. As a result, the re-wetting of dry peat requires more water which due
to the changed permeability releases more acid.

How optimal water balance conditions can be maintained under a drying climate is the
subject of work undertaken in this study. In the Muir-Byenup RAMSAR site some
wetlands continue to sustain a peat substrate and show little change in relation to
these physico-chemical changes. However, there is a delay in the lake substrates and
vegetation showing the effects of moisture loss and once they do it is generally too
late to implement effective management actions. A lack of hydrological infrastructure
and sampling within the lakes currently prohibits an accurate assessment of current
groundwater condition and trends.

In 2015 the Department invested in the development of a 3yr project to assess peat
wetland resilience (BCS project SP 2014-24). The project involved installing
groundwater monitoring bores in lake/wetland shorelines and developing auger
transects to sample the peat substrate from the shoreline into the centre of the lake.
Data collected showed the different wetland groundwater responses to winter and
summer rainfall and the spatial distribution of acid generating soils in relation to
wetland open water bodies.

Project SP 2014-24 has entered its reporting phase and has been extended to assess
seasonal acid fluxesinto the Tordit-Gurrup southern water body (near TGSO01 in Figure
1). The project extension has been facilitated through funding provided by the South
West Catchments Council — Project number 022LM.5640 and the aims and anticipated
outcomes from the project extension are discussed in the following section of this
report.

2 Project aims and major tasks

The main project aims are to improve understanding of peat wetland water balances,
guantify peat acid stores, determine hydrological processes that encourage acid
generation and assess acid fluxes (e.g. vertical and lateral movement, seasonal
changes and recycling).

This will be achieved through undertaking the following activities over 24 months;

e Data collection: collection of augered peat soil and water data at Tordit-Gurrup
south and installation of data loggers in monitoring bores to collect groundwater
level and quality data at Tordit-Gurrup Lagoon, Byenup Lagoon and Noobijup
Swamp.

e Results: interpretation and data integration (including DBCA SP 2014-24 (2015-
2018) peat wetland study) and Tordit-Gurrup (southern water body) literature
review to assess the seasonal acid flux as a percentage of current acid
storages, identify the main hydrological processes driving acid release and
recommend appropriate methods for on ground trials (e.g. extension to small
scale laboratory/mesocosms scale trials at Tordit-Gurrup Lagoon (south),
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e Modelling and verification trials; geochemical and water balance modelling and
Tordit-Gurrup south laboratory/mesococms scale trial update and

e Reporting; including current and predicted acid resilience of Muir-Byenup
wetlands and recommendations for the rehabilitation of Tordit-Gurrup south.

As there continues to be debate on the most appropriate remediation activities at this
site, we recommend the investigation into acid stores in Tordit-Gurrup Lagoon be
undertaken to enable the potential longevity of the acid problem to be understood and
appropriate sites and strategies for rehabilitation be identified.

This will be followed by a peer reviewed analysis of remediation options, in
consideration of the field results, with recommendations of suitable
laboratory/mesocosm scale investigations to verify the assessment and identify the
most appropriate sites and methods for rehabilitation. The investigation design follows
best practice and the project is supported by Dr Grant Douglas (Geochemist and
Senior Principal Research Scientist CSIRO) and Dr Steve Appleyard (Senior Principal
Geochemist and hydrogeologist, Department of Water and Environmental Regulation
(DWER)).

The project proposes to deliver the following;

e An improved understanding (conceptual model) of the key regional and local
scale hydrological and hydrochemical processes that sustain the physical and
chemical character of peat and organic rich substrate material within the Muir-
Byenup wetlands, delivered as improved conceptual and numerical models that
characterise the physical and geochemical behaviour of peat wetlands

e A risk assessment of the frequency and duration of current and future
acidification events in Tordit-Gurrup and other Muir-Byenup peat wetlands

A basis on which to prioritise the conservation of peat wetlands within the Muir-Byenup
system based on the likely resilience of wetlands to hydrological change (Perup
Management Plan Hydrology and Altered Hydrology Regime Objective), An
assessment of strategies for remediation of acidified Muir-Byenup wetlands, including
lab/mesocosm scale investigations.

2.1 Report structure

The report presents a conceptual hydrological model and reports on the installation of
monitoring infrastructure to assess peat wetland acid fluxes and the interpretation of
initial monitoring results. Section one, two and three provide project background
information, project aims and the conceptual model. Section four explains the acid
flux investigation design and installation (Milestone 1: South West Catchments Council
— Project number 022LM.5640). Section 5 interprets monitoring data collected in
October and November 2019 (Milestone 2: South West Catchments Council — Project
number 022LM.5640), with Section 6 discussing the significance of the results.

10
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3 Hydrological conceptual model

This section contains a brief summary of our current hydrological understanding of
water and solute movement in the Muir-Byenup RAMSAR site.

3.1 Rainfall

The majority of hydrological studies in Muir-Byenup RAMSAR site refer to rainfall data
from the Bangalup Bureau of Meteorology (BOM) Station No. 9506, located
approximately 25km east of Tordit-Gurrup Lagoon. Average annual rainfall has
decreased with the rainfall deficit since the late 1960’s to early 1970’s, with some wet
years in the 2000’s produced from episodic rainfall in summer (e.g. 2005) and in winter
(e.g. 2016) (Figure 3).
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Figure 3: Annual rainfall BOM Station No. 9506; mean annual rainfall (1920-2018)
represented by the green line at ~743mm; (1920-1948) by the purple line at ~841mm
and (1970-2018) by the red line at ~680mm.

3.2 Groundwater and lakes

Reductions in average annual rainfall since the 1970’s result in declines in streamflow,
lake hydro-periods and groundwater recharge. At a coarse scale groundwater flow
follows topography and this was the preferred conceptualisation for investigations into
the mining of the peat wetlands (e.g. Env Res Aust 1971 and Martin 1982) (Figure 4).
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POSSIBLE SUBSURFACE WATER MOVEMENT BETWEEN POORGINUP, TORRDIT — GURRUP, BYENUP AND LAKE MUR.

LAKE MUR ~ (0.m) BYENUP  (4.25m)

TOROIT = GURRUP  (5.2m) POORGNUP ()
—  wmue WATR VL

| MAGNET INDUSTRIES PTY LTD
PEAT PROJECT

i REFERENCE : ENVIRONMENTAL RESOURCES OF AUSTRALIA PTY LTD

Figure 4: Conceptual model of groundwater movement between four southern lakes
in the Muir-Byenup RAMSAR site.

The hydrogeology and groundwater flow have been investigated and reported by the
Department at a sub-catchment and catchment scale (e.g. Smith 2003 and Smith
2011). Results of these studies indicate Archaean to Recent aged saprolite, and
sediments form a multi-layered aquifer with coarse scale flow supporting hypotheses
developed by researchers in the 1970’s and 1980’s (e.g. Figure 4). Recent research
into fine, wetland scale groundwater behavior has shown these trends are more
complex. Groundwater flow from the topographically higher Tordit-Gurrup Lagoon
towards Byenup Lagoon reverses following above average winter rainfall in 2016
(Figures 5 and 6).
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Figure 5: Hourly groundwater level data collected for lake shoreline bores; Byenup
Lagoon (orange linework, BY01/03) and Tordit-Gurrup Lagoon (blue linework,
TGNO01/03) between April 2015 to March 2018.
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Further hydrological complexity occurs where there is heterogeneity in the wetland
substrate, particularly where water bodies develop. This is evident in the southern
water body in Tordit-Gurrup Lagoon where over time previous carbon-rich sediments
have been removed. This low-lying area is likely to have been subjected to deflation,
resulting in the removal of surficial sandy clays and broadening and deepening of the
lagoon base. These fine-scale changes in geomorphology alter rainfall-runoff, surface
water flow, interflow and groundwater flow at a range of scales. This disrupts the
south-east to north-west flow trends and encourages aquifers to discharge into the
lake’s open water bodies (Figure 6).

The deficit in the lake water balance has been exacerbated by reductions in
groundwater recharge, in response to lower average annual rainfall. This has affected
groundwater levels in aquifers screened to depths of around 20 meters below ground
level to the south-east of Tordit-Gurrup Lagoon. In this area, groundwater levels in
the saprolite aquifer have been decreasing since 2010 (Figure 6 and bore MU51,
Figure 7). In contrast, groundwater levels 6 km downgradient, at the same depth and
within the same aquifer, have remained relatively constant, showing a small decline
(e.g. bore EMU27D; Figure 7).

The thickness of unsaturated sediments at EMU27D is thin compared to MU51,
allowing rainfall recharge to occur relatively promptly, which at this stage is reducing
the impacts of rainfall reductions (Figure 7).
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Figure 7: Manual (weekly and biannual) groundwater level data collected between
2004 and 2019 for saprolite aquifer bores screened at depths of around 20 metres
below ground level in the vicinity of Tordit-Gurrup Lagoon (see Table 1 for bore
construction).
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Muir-Byenup wetland and lagoon surface water bodies are more responsive to
seasonal and longer-term rainfall trends. Higher monitoring frequency lake water level
data have been collected by the DBCA Warren Region on a weekly and monthly basis
since 2006 (Figure 8).

Data for the wetlands examined in this project show similar responses indicating that
incident rainfall across this broad area is relatively consistent and under the current
climate wetlands are less sensitive to discrete channel flow into and out of wetlands.
Lake water depths that have filled’ Tordit-Gurrup Lagoon have occurred in 2006, 2009
and 2016 and these events appear to have been short-lived with groundwater
gradients reversing the following winter.

Important lake water depths for Tordit-Gurrup Lagoon are 273 mAHD (Lagoon is dry)
and 274.5 mAHD (northern peat shelf is close to being fully inundated and potentially
fully saturated).
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Byenup Lagoon lake water depths (NB Tordit-Gurrup Lagoon (beach) is the southern
water body).
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3.3 Peat wetland soil water retention and geochemistry

The Muir-Byenup Catchment is located on top of a Neogene palaeovalley that has a
long history of supporting peat wetlands. This is supported from the results of studies
on spores and pollen in palaeovalley drill core (e.g. Smith 2010 and Yew 2011).

Of particular interest to this study are results from drill core from bore MU46, located
on the south-eastern margin of Poorginup Swamp (Figure 1), where carbon-rich
sediments are intersected at around 12 to 20 metres below ground level (~165m AHD).
A study of the palynology of these sediments confirm they are early Oligocene in age
(27.8 to 33.9 Ma yrs), with species characteristic of a mesothermal rainforest grading
into a drier, more woodland type vegetation with arid-adaptive features (Yew 2011).

Carbon-rich sediments in the contemporary peat wetlands are Holocene in age
(~7,000 yrs BP) and carbon isotope data indicates they developed primarily from
Melaleuca species, a species which tends to now fringe the shoreline rather than
occupy large areas of the lake (Rutherford in prep). Sedge species occupy larger
areas of the peat wetland substrates and root to depths of around 10 to 15cm. Carbon
isotopic work indicating that the sedge root systems are important in stabilising
sediments, rather than contributing to the peat carbon store. This uppermost zone is
termed fibric peat and this is underlain by a 1 to 2-metre-thick ‘competent’ peat
generally characterised by both high porosity and water retention, but low permeability
(Rutherford in prep).

Based on this evidence peat wetland survival and resilience is linked to their location
and the underlying hydrogeology. A thick sequence of palaeovalley sediments, where
the uppermost sediments have a lower permeability, helps minimise the gravity
induced drainage of peat soil water (e.g. Werrilup Fm. sandy clays to clays, Figure 6).

Smith (2010) proposed the base beneath the peat could be important geochemically,
where it contained alkaline groundwater that could regularly mix with, and buffer, peat
soil water (e.g. sulfate and hydroxide ions sourced from oxidised pyrite in dry peat
being “flushed’ through moist peat in winter”). However, Smith (2010) noted this
doesn’t occur in the vicinity of lakes that have mined for peat, such as Cowerup
Swamp. In this area, the groundwater geochemical fingerprint indicates peat soil
water conveyed from the Cowerup Swamp to Lake Muir isn't buffered prior to it
recharging deeper aquifers (e.g. is Na-Mg-SOa type water) (Smith 2010).

The competency and chemistry of the sediments underlying the peat is an important
research question. It is likely that in some areas of Muir-Byenup Catchment, the
substrate beneath the peat leaks and resultant mixing helps buffer acidic water.
Understanding where and why this occurs is an important part of the work undertaken
in this study as it will help manage the fate and transport of acidic water.

Information gained to date from the collection and analysis of wetland peat in project
BCS SP 2014-24 demonstrates a commonality exists between the four wetlands
sampled (Figure 2). Initial results indicating there is limited mixing between the peat
soil water and underlying groundwater.

16
Department of Biodiversity, Conservation and Attractions



This project commenced in May 2015. Approximately 54 meters of core was collected
across four peat wetlands using a Geoprobe 7822DT push probe drill rig and a Dormer
split tube sampler (Figures 9 and 10; Table 1). Groundwater monitoring bores were
constructed and instrumented with data loggers to measure groundwater levels
(Rockwater 2015) (Figure 9; Table 1).

Geochemical analyses undertaken on peat wetland core samples, included ECL1:5,
pH, particle size, water retention, bulk density, volumetric and gravimetric water
content, X-Ray fluorescence (XRF), X-Ray diffraction (XRD), SWIR-NIR analysis,
scanning electron microscopy (SEM), pHfox and chromium reducible sulphur (CRS).

Preliminary results show peat contains on average 20 to 40% carbon, and 2% pyrite
(e.g. data obtained from X-Ray diffraction, isotopic and scanning electron microscope
(SEM) analyses) (Figure 11) (Rutherford in prep). Geochemically the peat soil sample
profiles in Transect 1 (Figure 9) show similarity indicating that vertical processes
across the transect have a common process. In this case it is seasonal evaporation,
with the drying of the peat initiating pH driven changes. For example, semi-
guantitative XRD results show gypsum occurs at depth and its dominance decreases
towards the upper part of the profile where pyrite is the sink for sulfate.

In contrast changes in relief across the transect yield different results that demonstrate
evaporation is the dominant lateral geochemical process. The major trends in this
direction are depicted in Figure 12, showing the geochemical changes as you move
from the shoreline to the northern open water body at Tordit-Gurrup Lagoon. The
quality of water draining into the water body changing markedly at the discharge point
(e.g. sample site TGNO6a_b in Figure 9); characterised by lower pH and increased
salinity and acidity (sulphides and metals). This abrupt change is important to
understand as it limits the area and volume of peat contributing to seasonal acid fluxes
into Tordit-Gurrup’s northern water body.

Beneath the peat, the geochemistry of water and sediments are both alkaline. The
substrate contains a higher percentage of clay minerals, including high cation
exchange capacity clays (e.g. montmorillonite and nontronite) indicating it has
potential to buffer peat soil water. However, these sediments also contain a high
percentage of iron oxides and oxyhydroxides (e.g. goethite and hematite), which adds
to the total potential acidity. The mineralogy and high percentage of clay sized material
suggests these materials have a low permeability and don’t readily interact/mix with
peat soil water (Rutherford in prep).

Under the current climate the peat wetland substrates are more responsive to vertical
near-surface processes such as rainfall and local runoff and evaporation. Where there
are changes in micro-topography (e.g. water body margin) and/or
porosity/permeability (e.g. desiccation) peat soil water discharges and evapo-
concentrates entrained solutes (e.g. NaCl and metals) (Figure 12).
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Figure 9: Landscape elevation change across Poorginup Swamp and Tordit-Gurrup
and Byenup Lagoons (sourced from LIDAR data) showing the location of pre 2019
infrastructure.
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Figure 10: Geoprobe 7822DT push-probe drill rig used to construct lake shoreline
bores; Byenup BY01/03 construction (left and centre) and geophysical logging with
VistaClara Dart NMR tool in May 2015.

3. (157)

4.(176)

5. (176) 6. (176)

Figure 11: Scanning electron microscopy (SEM) analysis of core from Transect 1
(Figure 9); fine bright material represents disseminated sulfides (1, 4, 5 & 6),
framboidal pyrite is common (2), gypsum is present in varied crystalline forms (6) and
sponge spicules and other microfossils are ubiquitous (3-6).
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Figure 12: Conceptual model of peat soil water, groundwater and solute movement;
northern Tordit-Gurrup Lagoon shown here as an example (Transect 1; Figure 9).

This conceptual model (Figure 12) will now be tested by extending the study to Tordit-
Gurrup Lagoon’s southern water body. The instrumentation and initial monitoring
results are discussed in the following sections.

4 Investigation program design and installation
(Oct-Nov 2019)

One of the main outcomes from work undertaken in the northern area of Tordit-Gurrup
Lagoon is that the geochemical stratification within the peat can be resolved and
mapped along a transect (Figure 12). This is important as it also provides information
on the scale of the different hydrological processes that are controlling the lake water
balance.

For example, zones exhibiting deleterious geochemical changes (e.g. low pH and
elevated metals and metalloids) occur where peat experiences greater seasonal
drying. This occurs in the upper 20cm to 50cm of the peat profile, dependent on the
vegetation root depth, seasonal temperatures and peat water retention. Deeper zones
also exhibit change where the peat profile is desiccated or eroded. These settings are
likely to yield acidic water, where gravity induced drainage can take place.

The area with the most prominent peat erosion in Transect 1 is the margin of northern
lake water body. The dynamics of seasonal wetting and drying here is different to
those on, or close to, the lake shoreline. The northern lake shoreline receives more
groundwater, or peat soil water, recharge, which is sourced from local runoff and
throughflow from shallow seasonal aquifers.
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To the south, the spatial density of desiccation appears greater based on observations
made at the ground surface. The eroded margin of the southern lake water body is
also larger in extent compared with the northern lake water body, indicating acid fluxes
should be higher.

As Tordit-Gurrup lagoon is large in its spatial extent it requires significant incident
rainfall, supported by local runoff and shallow aquifer throughflow, to maintain high
peat moisture conditions. The western and northern margins of the southern lake
water body are located towards the central part of the lake, which reduces the
likelihood that they receive runoff and throughflow. The southern lake water body is
therefore likely to be more reliant on incident rainfall, and be sensitive to reductions,
as evident by the recent acidification of the southern lake water body.

This study is designed to gain a better understanding of spatial and temporal controls
on the release of peat acid stores into the southern lake water body. The degree of
interaction (mixing) between the lake water body and aquifers beneath the lake in
response to declines in groundwater levels will also be assessed.

Intrinsic to answering these questions is determining the volume of water released
from storage as the water levels decline. However, this is complicated due to the
heterogeneity of the peat, at both a vertical and horizontal scale. Water retention
within the peat profile is generally high, which means not all water will be removed,
either via evapotranspiration or gravity induced drainage. This introduces a hysteretic
response, where summer or winter rainfall rewet the peat profile before it drains and
becomes dry. This complicates developing a robust quantitative water balance and
has been considered in the investigation design outlined below.

The competency of the Tordit-Gurrup Lagoon southern peat shelf doesn’t support the
weight of a push probe rig, which limits the investigation to hand augering methods.
The initial proposal design explored the use of moisture meters, provided sufficient
sites could be selected to characterise the spatial variability and yield enough data to
adopt a statistical approach. As the success of this plan was thought to be low, the
decision was made to build on the information gained in Transect 1. Focus on
monitoring and measuring peat fillable porosity (e.g. volume of water required to
saturate/rewet the profile) through the installation of mini-piezometers (see Section
3.3). Aswell as subsequent acid fluxes, where the profile dries and yields acidic water.

Two transects (Transect 2 and Transect 3) were planned and are aligned to
topographic and groundwater gradients (Figure 13). Transect 2 was thought to
intersect between 1-2 metres of peat in the north, decreasing to less than 0.5 metre of
peat to the south. The presence of peat in Transect 3 was uncertain but was tested
to reduce uncertainty. The coring plan was to auger peat to depths of around 1.5
metres below ground level and complete monitoring infrastructure in the peat layer.
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Figure 13: New investigation sites measuring hydrological and geochemical change
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Department of Biodiversity, Conservation and Attractions



Location Monitoring Sites Excavation Depth & Bore Construction
. On-going monitoring post Oct/Nov 2019 (Aprox . L
1 TGNO8a 474627 6180509 0.6 N/A N Auger
TGNO8b 474629 6180511 0.6 N/A N Auger
2 *TGNO9%b 474614 6180436 0.95 11 0.1 0.95 Y - 40mm perferated Field pH,Temp, EC & alkalinity (as CaC03) ~1100mL Y (CTD Diver) 1/20; 3/20; 5/20; 7/20; 9/20 Auger, mini piezo & data logger
TGN09c 474608 6180431 1.0 N/A N Auger
3 *TGN10b 474922 6180311 1.0 11 0.1 1.00 Y - 40mm perferated Field pH,Temp, EC & alkalinity (as CaC03) ~1100mL Y (CTD Diver) 1/20; 3/20; 5/20; 7/20; 9/20 Auger, mini piezo & data logger
TGN10c 474922 6180321 0.95 N/A N Auger
4 **TGN11a&b 474687 6180305 N/A N/A Field pH,Temp, EC & alkalinity (as CaC0O3) ~1100mL N 1/20; 3/20; 5/20; 7/20; 9/20 Soil/lake water grab sample
5 TGS03a 476234 6179540 031 N/A N Auger
TGS03b 476240 6179567 0.6 N/A N Auger
6 TGS04a 476116 6179556 0.56 N/A N Auger
TGS04c 476131 6179536 0.5 N/A N Auger
7 **TGS07a&b 475808 6179541 N/A N/A Field pH,Temp, EC & alkalinity (as CaC0O3) ~1100mL N 1/20; 3/20; 5/20; 7/20; 9/20 Soil/lake water grab sample
TGS01/02 476005 6179371 6 0.86 0.5 5 Existing bore Y (CTD Diver) 1/20; 5/20; 9/20 Data logger
TGN01/03 474754 6182394 6 0.71 0.5 6 Existing bore Y (CTD Diver) 1/20; 5/20; 9/20 Data logger
TGNO4a_b 474670 6182361 1.9 N/A N N/A
TGNO5a_b 474572 6182293 1.9 N/A N N/A
TGNO6a_b 474458 6182218 1.8 N/A N N/A
EMU27s 474773 6182424 2 0.54 1 2 Existing bore Y (CTD Diver) 1/20;5/20; 9/20 Data logger
EMU27D 474773 6182426 20 0.61 14 20 Existing bore Y (CTD & Baro Diver) 1/20; 5/20; 9/20 Data logger
MU51 477584.0 6178735.0 20 0.63 17.8 19.8 Existing bore Y (CTD Diver) 1/20; 5/20; 9/20 Data logger
MU46S 476500.2 6177082 27 0.62 20 26 Existing bore Y (CTD Diver) 1/20; 5/20; 9/20 Data logger
BYO1 475170.0 6182247.0 6 0.63 0.5 6 Existing bore Y (CTD Diver) 1/20; 5/20; 9/20 Data logger
NBO1 480825.0 6192604.0 6 0.75 0.5 6 Existing bore Y (CTD Diver) 1/20; 5/20; 9/20 Data logger
*if conditions are suitable a spear/mini piezometer with a vaccum pump or shallow excavation may be used if piezometer is dry or there is insufficient sample
**spatial locations of lake shoreline water and soil substrate grab samples (10cm depth) will change with extent of the open water body
***major ions (500 mL, unfiltered); minor ions and REE (125mL, filtered & pre-acidified); nutrients (125mL, unfiltered); nutrients (125mL, filtered); ferrous iron (60ml; unfiltered); reactive silica (125 mL, filtered); stable water isotopes (20ml, unfiltered (clear glass or HDPE))

Table 1 Muir-Byenup peat wetland acid release investigation and monitoring program

Investigations and installations were carried out in October 2019 (14th—15th & 29-30t" October 2019). Appendices 1 and 2 have information on site and soil descriptions, installation methods and

standard operating procedures followed and site photographs. The locations of sites are shown on cross sections in Figures 14 to 17 and key information tabulated in Table 1.

The October 2019 field program achieved the following;

N =
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Collecting peat and soil core for lab analyses: 7 sites (TGNO8a_b, TGN09a b, TGN10a b, TGN1la&b, TGS03a b, TGS4a c, TGS07a&b).
Installing PVC housings (mini-piezometers) and data loggers to measure peat soil water depth levels, temperature and electrical conductivity: 2 sites (TGN09b & TGN10b).
Installing data loggers in existing bores: 7 sites (TGS02, TGNO1, EMU27s, EMU27D, MU51, MU46s & NBO1).
Identifying and constructing peat soil water and surface water collection sites: 4 sites (TGN09b, TGN10b, TGN11 & TGSO07)
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Figure 14: Perspective view map of acid release investigation sites and cross sections of the three main transects showing the
different regolith materials sampled and their geometries (see Table 1 and Figures 15 to 17 for details).
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Figure 15: Tordit-Gurrup Lagoon acid release investigation design — Transect 1 geological cross section with monitoring
locations and graphed groundwater level data for TGNO1 (2015 to 2017).
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Figure 16: Tordit-Gurrup Lagoon acid release investigation design — Transect 2 geological cross section with monitoring infrastructure
locations and graphed surface water level data for Tordit-Gurrup Lagoon’s southern and northern water body.
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Transect 3

Location Monitoring Sites
. Aprox Depth .
Map ID Site ID PVC Casing & data logger
Fasting_ MGA50  Northing_MGA50 (mbgl)
5 TGS03a 476234 6179540 0.31 N/A
TGS03b 476240 6179567 0.6 N/A
6 TGS04a 476116 6179556 0.56 N/A
TGS04c 476131 6179536 0.5 N/A
7 **TGS07a&b 475808 6179541 N/A N/A
**surface water and shallow grab (10cm depth) sampling site (grab sample at shoreline)
Lagoon southern open water body
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Figure 17: Tordit-Gurrup Lagoon acid release investigation design — Transect 3 geological cross section with monitoring infrastructure

locations.
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5 Monitoring data interpretation — initial results;
Oct-Nov 2019

Sampling and monitoring commenced in October 2019, following the installation of
new sites and re-commissioning of data loggers in existing bores (Tablel). On the
19t to 21st November the first round of post installation monitoring was undertaken.
This included downloading data loggers and sampling peat soil water (2 sites) and
surface water in the Tordit-Gurrup southern water body (2 sites) (Table 1).

Water samples were tested in the field (Appendix 1) and delivered to laboratories to
undertake analyses detailed in Table 1. Chain of custody documentation for different
laboratory water analyses and peat core are in Appendix 3.

5.1 Mapping peat and fingerprinting water quality

Minor fibric peat was only identified in core TGS03 in Transect 3. This was at a depth
of around 10cm and no underlying competent peat layer was evident. Combining with
existing data from TGS02, this indicates the area sampled by Transect 3 doesn’t
provide a significant source of acid to the southern surface water body.

Transect 2 coring intersected around one metre of core at the margin and 300 metres
upgradient of the surface water body. Access was difficult further north due to thicker
vegetation, which limited hand coring success to around 0.6 metres depth (Figure 16).

Field physico-chemistry results show peat soil water have a similar pH and electrical
conductivity (EC) to samples collected in Transect 1. Peat soil water pH between 4
and 5 and decreasing to 3 to 4 in laboratory analyses (TGN09 & TGN10 Table 2). In
contrast surface water samples are lower at the time of collection (e.g. between 2.8
and 2.9 for TGN12 and TGSO06) and increase to around 3 in the laboratory (Table 2).
This is a common problem with low pH waters as post sampling the unacidified
samples no longer interact with the soil matrix and gases, which drives chemical
reactions and mineral dissolution and precipitation. The magnitude of this problem will
continue to be assessed and will be considered in subsequent interpretations.
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Electrical Electrical
. Temperature conductvity ~conductvity ~EC change = % change Hchange % change
St D Date Sarmpled (ﬁ;d)% (EC) (Iabt)y (EC) (ﬁekg (ﬁeld-lat?) s (e pH (e p(ﬁeld-lat?) oH :
(mS/cm) (mS/cm)
MGNO09c 16/10/2019 17.9 6.9 3.97
MGNO9c 20/11/2019 17.9 14.8 15.2 04 2.6 4.1 4.86 0.76 15.6
MGN10b 29/10/2019 18.9 19.6 4.1
MGN10b 20/11/2019 21.7 22.3 218 -0.5 2.3 3.2 3.88 0.68 17.5
MGN12 29/10/2019 19.5 229 2.95
MGN12 20/11/2019 19.1 224 23.0 0.6 2.6 3 2.8 -0.2 -7.1
mGS06 30/10/2019 18.0 16.9 2.79
mGS06 19/11/2019 213 20.2 21.0 0.8 38 2.9 2.76 -0.14 -5.1

Table 2: Comparison of field and laboratory physico-chemistry measurements
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Muir-Byenup Acid Flux Investigation

5.2 Identifying groundwater and surface water mixing and
interactions

Groundwater surface water interactions for data collected in October and November 2019 are
assessed by plotting the data within the broader dataset collected between 2015 and 2017.
Quiality assured October and November 2019 laboratory data for major and minor ion analyses
are compiled in Appendix 4.

5.2.1 Major ion chemistry

Major ion interpretations are shown in Appendix 5 as bivariate plots of different major ion
concentrations (mmol/L) against the conservative (tends to stay in solution) ion chloride.

Surface water trends were first examined and compared to lake water sampled in different
Muir-Byenup lakes between 1998 and 2019. Sampling was generally undertaken in the months
of September and October and bivariate plot results indicate the lakes have individual
geochemical fingerprints and most show little change over the past 20 years Appendix 5. The
only exception being historical sampling of Lake Muir and the October and November 2019
sampling at Tordit-Gurrup. Both displaying elevated SO4 and Ca, while Tordit-Gurrup also
shows elevated total N and dissolved Fe (Appendix 5).

Similar trends are present when groundwater and peat soil water data are plotted with surface
water data collected in lakes present in Figure 10. However, there is a higher degree of
scatter/variation within and between the peat soil water and groundwater groups.

522 Metals, metalloids and REE

Bivariate plots of metal, metalloid and rare earth element (REE) concentrations were examined
against chloride and pH to assess preliminary trends, sampling gaps and identify dominant
hydrological processes (Appendices 6 and 7).

Results and a preliminary interpretation show that some metals and metalloids are correlated
with one or both increases in chloride (e.g. evaporation) and pH (e.g. redox changes),
particularly when groundwater and peat soil water were treated as separate populations.
Evaporation appearing to be an important process in concentrating As, B, Fe, Li, Mn, Pb Rb,
Se and Sr, (Appendix 6). Reductions in pH driving geochemical changes that increase Al, B,
Co, Li, Mn, Ni and Rb (Appendix 6).

There are some gaps in distributions with the more recent October and November 2019
sampling often forming a separate population. These gaps are likely to be closed with the
autumn — winter 2020 sampling when the peat soil water and surface water will mix with rainfall
and local runoff.

REE concentrations generally increase with decreasing pH, apart from Re (Appendix 7).
Normalising and comparing 2019 REE data with previous data collected in 2015 fills data gaps
and will help interpret future REE results (Figure 18).
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Figure 18: REY plots of Post Archaean Australian Shale (PAAS) normalized data sampled in
October and November 2019 (top) and data sampled between 2015 and 2019 (bottom); (Note
that the highest values occur in shallow groundwater collected in 2015 from TGNO1).
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Correlation matrices for the full datasets were prepared (Appendix 8) to compare with individual
population graphs and design future multivariate statistical analyses.

5.2.3 Stable water isotopes (862H vs 8180)

Stable water isotope analyses were undertaken to provide an independent environmental
tracer dataset to assess evaporation and mixing. Results are plotted in Figure 19, with trends
similar to bivariate plot trends. This reaffirms the importance of evaporation in concentrating
solutes, including metals, in the Muir-Byenup peat wetlands.
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Figure 19: Bivariate plot of of a. ?H vs 6180, showing local meteroic water line (LMWL) from
Hearn (2011) unpublised data and local evaporation line (LEL) derived from data interpreted in
this report.
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5.3 Verifying groundwater and water quality gradients

Groundwater level and water quality data collected from data loggers in November 2019 was
interpreted to assess flow directions proposed in conceptual models presented in Figures 4, 6
and 12.

Information in major ion data is also assessed to understand the evolution of geochemical
evolution of groundwater along flow paths, as well as fine-scale water-rock/soil interactions that
occur within peat wetlands.

53.1 Geochemical modelling

Bivariate plots show an increase in salinity from Poorginup to Byenup (Appendix 5).
Groundwater quality generally increases along its flow path, so these results are aligned with
the simple model presented in Figure 4.

Major ion data were imported into the AquaChem™ 2014.2 software programme to undertake
data reliability checking, determine water type/facies and produce Piper Trilinear Diagrams.
Saturation indices (SI) were then modelled using the WATEQ4F thermodynamic database
within PHREEQC, with mineralogical outputs including, albite, anhydrite, chalcedony, goethite,
gypsum, halite, haematite and quartz.

Piper diagrams and PHREEQC output tables with station ID and date, key chemistry data,
modelled water type and mineralogical saturation indices and percentage error (charge
balance error) are tabled in Appendix 9.

Piper diagrams display the same geochemical flow trend as the bivariate plots (Appendix 9).
PHREEQC outputs confirm charge balance errors are generally small with only two samples
(Nov surface water samples) exceeding the acceptable + 5% range (Appendix 9).

Outputs from the PHREEQC model indicate that most minerals are more stable in solution (e.g.
have negative Sl values). A notable exception is the subtle variation in iron oxide and
oxyhydroxide minerals haematite and goethite. Both appear stable as precipitates in peat soil
water but not in nearby surface water. This preliminary interpretation verifying the presence of
an abrupt change in geochemical gradients in Transect 2.

5.3.2 Groundwater level and quality (data loggers)

Groundwater level and water quality data from Diver CTD data loggers were downloaded,
processed to compensate for barometric pressures and graphed to quality assured against
past data collected between 2015 and 2017 (Appendix 10).

Preliminary results presented in Tables 3 and 4 show groundwater level gradients (mMAHD)
conform to the conceptual model in Figure 6. Groundwater levels in the Tordit-Gurrup southern
water body forming a groundwater sink, or local low point along the flow path (e.g. TGN10b
and TGNO9b in Table 3).
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Date:last  Time: last Top of
) ) Date: Data manual manual Ground Depth  Topofhore Baseofhore  casing Diver CDT/Baro  Frequency Data
) Easting Northing , ) , Groundwater = Groundwater  Groundwater Battery (Nov
Site ID logger  groundwater = groundwater | elevation  drilled screen screen  height (TOC) data Logger Logger
MGAS0 MGAS0 . , level (mTOC) * level (mbgl)  level (mAHD) } 2019) (%)
installed level level (mAHD) ~ (mbgl) (mbgl) (mbgl)  (stick-up) SeriallNo  Measurements
measurement measurement (m)
NBO1 4308250 61926040 | 15/10/2019  20/11/2019 16:40 2990 6.00 0.50 6.00 0.75 0.76 001 2989 V9849 Hourly 97
MUS1 4775840 61787350 | 15/10/2019  20/11/2019 14:0 181.40 2000 17.80 19.80 0.63 11 6.49 17491 K6618 Hourly 69
MUA46S 476500.2 6177082 | 19/11/2019  19/11/2019 13:9 17132 27.00 2000 2600 0.62 3 265 174.67 X005 Hourly %
TGS02 4760050 61793710 | 15/10/2019 = 15/10/2019 1230 173.60 5.00 0.50 5.00 0.8 14 057 1713.03 K5037 Hourly 69
*TGN10b 4749223 61803106 | 29/10/2019 = 20/11/2019 10:37 173.50 0.9 010 110 110 13 0.13 17337 V9883 Hourly 97
*TGN0%b 4746138 61804357 | 29/10/2019 = 20/11/2019 10.13 174.00 010 010 110 110 133 0.3 13.77 V9179 Hourly 9%
TGNO1 4747500 61823940 | 16/10/2019  20/11/2019 757 17461 6.00 0.50 6.00 071 107 036 174.25 V8794 Hourly 9%
EMU27D 4767730 61824240 | 14/10/2019  20/11/2019 7.5 176.10 2000 14.00 2000 0.61 LN 21 1739 K6593 Hourly 69
EMU275 4767730 61824260 | 30/10/2019  20/11/2019 7:54 176.15 200 1.00 200 0.5 dry dry dry V5452 Hourly 3
BYOL 4751700 61822470 | 14/10/2019  20/11/2019 830 174.18 6.00 0.50 6.00 0.63 0.66 003 174.15 V6918 Hourly %
BARO (EMU27S) 447730 61824260 | 14/10/2019  20/11/2019 8:00 N/A N/A N/A N/A N/A N/A N/A N/A BN993 Hourly 100
*Note TGN03b and TGN10b have not been surveyed

Table 3: Groundwater level and electrical conductivity data logger compliance data
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Comparing data logger measured electrical conductivity data with the laboratory analyses of
electrical conductivity (EC) produce a reasonable relationship (correlation coefficient of around
0.7) (Table 4).

Data presented in Table 4 also provide a separate line of evidence that groundwater electrical
conductivity generally increases along a flow path from MU51 to BYO1 (Figure 10).

. Total Dissolved Solids (TDS) = Electrical Conductivity (EC) ~ Electrical Conductivity (EC)

Site ID Date sampled
(lab) (mg/L) (lab) (mS/cm) mS/cm (ave Oct-Nov 2019)

MU51 15/04/2015 10300 16.0 3.0
*TGS02 15/04/2015 3940 5.8 5.0
GN10b 20/11/2019 15000 22.3 12.5
TGN09c 20/11/2019 9900 14.8 8.3
TGNO1 14/04/2015 6450 6.7 134
EMU27D 14/04/2015 51800 67.6 40.9
BY01 14/04/2015 28600 35.4 38.7
NBO1 15/04/2015 5760 7.9 11.9
*ave EC calculated for period 9/11to 19/11

Table 4: Groundwater electrical conductivity data calibration

6 Summary and discussion

The work undertaken to date has complemented previous data collected in DBCA project SP
2014-24 and extended the conceptual model by broadening understanding on the following;

Mapped extent of peat (fibric and competent material).

Geochemical fingerprints and mixing of peat soil water, groundwater and surface water.
Limited mixing that occurs between peat soil water and underlying groundwater in peat
wetlands and

Dominant hydrological processes that concentrate solutes including metals that
contribute to peat wetland acidity.
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6.1 Further work

Detailed lithological logging and selection of peat materials for laboratory analyses will be
undertaken in January and February 2020. Geochemical analyses undertaken will at a
minimum include the analyses carried out on peat core samples in DBCA project SP 2014-24
(see Section 3).

Other activities will include;

e Continue monitoring as outlined in Table 1.

e Assess data gaps (e.g. the need to sample the sediments/substrate beneath peat near
TGNO0O9 and TGN10).

e Interpret peat soil geochemistry data within full peat soil database.

e Review and interpret groundwater logger data to ensure they are delivering fit for
purpose data to develop a water balance and

e Review and interpret water quality data to identify hydrological process boundaries.
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Appendices
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Appendix 1 Field procedures and notes: Oct/Nov 2019

Authored by Rachel Hamilton (Managed Recharge)

Water Quality Equipment

Water quality equipment utilised during October fieldwork and respective calibration procedures are described
herein. All equipment wastriple rinsed with deionised water after each use to ensure no contamination
between samples. Correct operation of all equipment was checked prior to fieldwork using a ‘dummy’ tap water
sample.

A 'YSI Professional Digital Sampling System (ProDSS) was used to measure pH (pH units), electrical conductivity
(mS/cm), dissolved oxygen (%) and oxygenredox potential (mV). The instrument was calibrated by ECO
Environmentalon 23/07/2019 with all probes passing calibration checks.

A Nalgene vacuum flask with a hand operated pump was used to filter water samplesthrough (individually
wrapped) 0.45um cellulose nitrate 47mm diameter filters. Due to filters clogging up more than one filter paper
was required per sample toget the adequate sample volume. Replacing a filter within the vacuum flask was
done with carefully with clean hands to avoid any contamination between the filtered and unfiltered sample.

A Hach Alkalinity Test Kit (10-400 mg/L, Model AL-DT) was used to test field alkalinity. All reagentsand
consumables in the kit were newly purchased and within their expiry dates. The low pH nature of the water
samples resulted in all samples having unmeasurable alkalinity values.

A Heron Water Level Meter was used for measuring the depth to groundwaterinbores prior to installation of
dataloggers.

Standard Open Water Body Sampling Collection Procedure

Open water body samples were collected along the analysis transect line in 20 cm deep water.Samples were
collected by lowering aninverted clean sample bottle 10cm deep in the lake and then displacing the air trapped
inside the bottle with water. During sampling turbidity was minimised by taking careful footsteps in order to
reduce suspending the lake-bed sediments into the open water body. Samples were takenfrom an area where
sediments had not been disturbed from accessing the locating.

Sample bottlesthat did not require filtration were filled at the sample location and immediately put into an
insulated ‘cooler’ bag with ice bricks. Samples requiring filtration were put in the same insulated bag and carried
immediately to the vehicle for filtration and field analyses. A volume of ~3L of sample was collectedto ensure
adequate sample volume for allanalyses.

Standard Vadose Zone Sampling Collection Procedure
Vadose zone water samples were taken adjacent tovadose zone logger housing sites (TGNO9b and TGN10b).

Samples were collected by hand excavating a hole to ~40cm depth, ~10cm below the saturatedzone,to enable
enough vadose zone water flow into the hole for a sample to be collected.

Department of Biodiversity, Conservation and Attractions 39



Sample bottlesthat did not require filtration were filled at the sample location and immediately put into aninsulated ‘cooler’ bag withice bricks. Samples
requiring filtration were put in the same insulated bag and carried immediately to the vehicle for filtration and field analyses. A volume of ~2-3L of sample
was collected to ensure adequate sample volume for all analyses.

Coring Hygiene
Augering equipment was handled carefully between samples to eliminate cross contamination. When cores where dry the augering equipment was wiped
down with a clean rag toremove any sediments and then rinsed with tap water. Following rinsing with tap water the equipment was double rinsed with

deionised water.

When cores where wet the augering equipment was initially washed with nearby lake water toremove sediments, clay and peat. The equipment was then
rinsed with tapwater and wiped down witha cleanragto dry. Following rinsing with tap water the equipment wasdouble rinsed with deionised water

Physical variations betweensites

Hole ID General area description Materials description DEgleeaiisa iationAskility
to make water
TGS03a Brown/ora nge, sandy clay, minor Igam and orgamcs (0-12cm) Dry
overlying a grey, sandy loam, sand s fine to medium
Located within the forest along the transect line from TGS beach
TGS03b Grey/brown, sahdy loam, nj|norf|brogs peat, antsintop 10cm Dry
(0-43cm) overlying a grey fine to medium sand
Beige/white sandy clay (0-10cm) overlying a white clayey sand, Dry, NB: white heavy clayis
TGSO04a ; )
white heavy clay at very base of hole slightlydamp
Located ~10m into the forest vegetation that encircles the beach Brgvvn, sgndy loam, organ|c§ ahd fine roots (0-9cm) overlying a
at TGS. Site is just within the forest white/beige sandy clay that is fine to very coarse, poorly sorted
TGS04c and moderately consolidated, below 40cm an orange sandy Dry, NB: orange sandy clay is
claythatis fine to very coarse, poorly sorted and moderately slightlydamp
consolidated with minor organics, heavily iron stained,
hematite and goethite mottling present
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Muir-Byenup peat wetland acid flux investigation

Degree of saturation/ Ability

Hole ID General area description Materials description
to make water
Black spongy peat with abundantl fine 'root matter (0-12cm) Wet, water flows slowly into
TGNO8a overlying a brown, clayey peat with minor large pieces of
i ) very base of auger hole
Located on northern peat shelf, in competent peat, ground is fibrous material
very spongy/bouncy to walkon
Dark brown, fibrous peat (0-10cm) overlying a brown, clayey Wet, water flows slowly into
TGNO8b ) ) :
peat with minor fine roots very base of auger hole
Dark brown, fibrous peat, abundant large pieces of Baumea
TGNO9b articulata debris (0-30cm) overlying a dark brown, peaty clay Wet, water flows readily into
thatis puggy and has minor fine roots, greensandy clay atvery | augerhole
base of hole
Located on northern peat shelf, some areas have large
desiccation cracks through the peat (~¥20-30cm deep) that have —
open water withinthem. ground is spongy/bouncy to walk on ) ) ) ) Wet, water flows readilyinto
Dark brown, fibrous clayey peat thatis reductive smelling (O- auger hole, dry between 20-
TGNO9c 30cm) overlying a dark brown, peaty clay thatis puggy, andhas | 30cm, suggests some
minor fine roots, green sandy clayin basal 10cm of hole lenses/pockets of water
within the peat
TGN10b Red/brown fibrous peat, salt crystals andiron staining present Wet, water flows readily into
) (0-10cm) overlying a brown/dark grey clayey peaty auger hole
Located on edge of northern peat shelf adjacent tolake open
water body, abundant desiccation cracks through the peat, i i —
) Red/brown fibrous peat, salt crystal andiron staining present o
ground is very soggy to walk on i Wet, water flows readily into
TGN10c (0-10cm) overlying a brown/dark grey clayey peaty, green
auger hole
sandy clay at very base of hole
TGS06 Lake sediments are made of yellow sand N/A N/A
TGN12 Located on edge of northern peat shelf adjacent tolake open N/A N/A

water body. Adjacent to thick Baumea articulata vegetated area
located to the north, in completely desiccated peat with large
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Hole ID

General area description

Materials description

Degree of saturation/ Ability
to make water

cracks, peat groundlevel is at the surface water level and is
spongy/bouncy to walk on

Water Sampling Protocols

Water sampling protocols for the various analysis are listed in the table below.

Analyses Description

Laboratory Provider

Volume at bottle type

Preservation method

Field Filtered/Unfiltered

Storage

Major lons Chem Centre 500mL plastic bottle Not preserved Unfiltered Onice or in fridge
Ferrous lon (Fe2+) Chem Centre 60mL plastic bottle Preserved with HCI Field filtered Onice orin fridge
Reactive SiO, Chem Centre 125mL plastic bottle Not preserved Field filtered Onice or in fridge

Nutrients

Chem Centre

2 x 125mL plastic
bottles

Not preserved

1 x 125mL field filtered, 1 x
125mL unfiltered

Onice thenin freezer
if storing overnight

Minor lon and REE’s

LabWest

125mL plastic bottle

Preserved with HNO;

Field filtered

Onice or in fridge

Isotopes

UWA

20mL glass vial

Not preserved

Unfiltered

Onice or in fridge
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Field physico-chemistry results - Octand Nov 2019

' Easting Northing .
Site ID Sample type Date Time EC T i Sample notes
em DO Turbidi L
MGASD  MGAS1 pH P 0RP DO (%) y Alkalinity
(mSfem) (°C) (mgll)  (NTU)
Water sampled from hand dug hole adjacent to bore (~5m NNW), next to dessication
TGNO9b Peat (vadose) zone | 474613.8 = 6180435.7 | 16/10/2019  13:35 6.852 3.97 17.9 341.1 100.7 9.27 0 0 .
cracked peat area in peat
Wat led from hand dug hole adj t to bore (~1m SE), siteis i t th
TGN10b Peat (vadose) zone | 4749223 | 6180310.6 |29/10/2019 1430 | 1957 = 411 | 189 2057 612 867 0 0 ater sampled from hand dug hole adjacent to bore (*1m SE), site s in peat near the
edge of the water body which lies to the W, couldn't wade further west safely
TGS06 open water body 475807.9  6179540.7 | 30/10/2019  9:30 16.85 2.79 18 487.4 97.1 8.92 0 0 windy day, water well mixed, sampled from ~10cm depth in ~20cm of water
Adjacent to thick baumea just to the north, in dessicated peat area, peatis spongy, too
TGN12 openwaterbody | 474686.6 61803055 [29/10/2019 1430 | 1955 295 = 229 48 1047 803 0 0 1 Ick baumea Ju ! Icated p peatls spongy
dangerous to wade further S, sampled from ~10cm depth in ~20cm of water
water sampled from hand dug hole adjacent to bore (~2m SSE), hole dug at ~10:15 and
TGNO9b Peat (vadose) zone | 474613.8 = 6180435.7 | 20/11/2019  12:15 15.19 4.86 17.9 2134 79.8 8.83 852 0 |eft open for water to seep in the allow sampling, next to dessication cracked peat area
in peat
water sampled from hand dug hole adjacent to bore (~3m SE), hole dug at ~10:45 and
TGN10b Peat (vadose) zone | 4749223  6180310.6 |20/11/2019  12:30 21.8 3.88 21.7 273.1 79 8 314 0 |eft open for water to seep in the allow sampling, site is in peat near the edge of the
water body which lies to the W, couldn't wade further west safely
windy and smoke haze around, water well mixed, sampled from ~10cm depth in ~20cm
TGS06 open water body 475792.9  6179540.7 [ 19/11/2019  14:30 21 2.76 213 486.1 91.9 8.03 2.04 0 of water General site comments - beach sand is light orange (in Oct it was more biege),
shoreline sediments are black and algaeis present
In dessicated peat area, peatis very spongy, too dangerous to wade further S, sampled
TGN12 open water body 474709.8  6180287.0 | 20/11/2019  10:00 23.13 2.8 19.1 480.7 102.2 8.35 5.89 0

from ~10cm depth in ~20cm of water
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Appendix 2 Field photographs: Oct/Nov 2019

Authored by Rachel Hamilton (Managed Recharge)

Transect 2 site TGNSb — mini piezometer construction, showing stick-up and screen slots
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Transect 2 site TGN9b — water sampling and peat core (fibric peat grading to competent peat (higher
carbon and clay material content); left to right)
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Transect 2 site TGN9b — peat desiccation and presence of light hydrocarbons in ponded soil/surface water
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Transect 2 site TGN10b — mini piezometer construction, showing location in relation to the southern
surface water body, stick-up and screen slots with filter sock
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Transect 2 site TGN10b — soil water sampling and peat core (fibric peat stained by iron oxyhydroxide - sulphide minerals
grading to competent peat (higher carbon and clay material content); left to right)
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Transect 2 site TGN10b — mini piezometer construction, showing stick-up and data logger installation to measure hourly
groundwater level, temperature and electrical conductivity
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Left to right; Transect 2 site TGN12 water sample site, Transect 3 TGN6 water sample site (two photos) and Tordit-Gurrup
southern water body depth gauge

50
Department of Biodiversity, Conservation and Attractions



Muir-Byenup peat wetland acid flux investigation

Appendix 3 Chain of custody documentation

DATE RESULTS
REQUIRED: n i i
CHAIN OF CUSTODY COC# :MUIR_OcL_2019 Q Samples analysis (samples may contain
DOCUMENTATION hazardous substances)
LABORATORY: DECA sol lsboratory Kensington Alin Jasmine Rutherford Ceetainer o
[CLIENT:  Department of Biodiversity, Conservation and Aftractions Type
POSTAL ADDRESS: Ci- Science, Locked Bag 104 BENTLEY DELIVERY CENTRE WhA 6883 Preserved
Delivory Address: 17 Dick Porry Ave, Technology Park, Kensington VWA 8151 Treatment | Preserved wih
PROJECT: Muir-Byenup (Tordit-Gurmup) P.O.#: NIA ered (0.47uM
PROJECT MANAGER: Jasmine Rutherford QUOTE NO.: NIA Starage Temp
SAMPLER: Rachel Hamilton I . 1 s — Notes: e.g. Highty contaminated samples
MOBILE: g le.0. “High PAHs expected”,
‘PHONE: 9218 8505 0407 722 635 g E Extra volume for QC or trace LORS etc
Igmul. REPORT TO: jasming. naherford@abea wa. gov.au g Bl x g
=Y
EMAIL INVOICE TO: )asmimmlheﬂord@m.wa.mv.au 8 & 5
SAMPLE INFORMATION l; 2 5
LAB ID SAMPLE ID MATRIY  DATE Time Site aame S § =
R- -
TC< 04 o L5101 320 [Huic-Bnerwp | 4 0~ 56cm  sondiy clowy
) J i ~ &N L
G 6 (:\) C 1 i5'10 CiCC' il 1 O OOJ"\ & feny {'c:w\ 40 50
—TC [ - ~
G\bo%@\ 1!J fo G]A(C‘ 1) 1 O Sl'f:f\
_ i [N N a1
16505 b A 101101 y ; Q- 60cn [ Fesihs AL
pr AL~ [TarY EITs e 2 o f Z
10O V) A NN 1 LA \WLSAA)
AN 151 114.00 Iy [EPETAVIN
) LA WA T 1 l‘1 T NS VAT
Tt A Tal] TTA NS L AT
T T LT [ A 1 T \¥) O e
- (V] !
16N0Y ¢, J1E-10[18= b ; 0-[00wm
" - ¢o
AGNOA b JIE10 iim ' 0-95
{GNO%O\ |]E‘[(‘ ‘H' 1 0'60
RELINQUISHED BY: RECEIVED BY METHOD OF SHIPMENT
(Name: Date: Name: Date: Con’ Note No: Dropped off by DPaW
Of: DPawW Time: of: (Time:
Name: Date: Name: Date: Transport Co: N/A
of: Time: or: Time:
IMatrix: 1 = Water, 2 = Soil; 3 = Sedimenl; 21 = Regolith
Water Container Cades: P = Plastic; N = Ntrc Preserved Plastic; ORC = Narc Preserved ORC, 5H = Sodium HydroxidedCd Preserved, § = Sodium Hydroxide Presenved Plastic, AG = Amber Glass Unpreserved, CG = Clear Glass unpreserved
[V = VOA Vial HCI Preserved: VS = VIOA Vial Sulphric Preserved; 88 = Sulfuric Preserved Amber Glass: H = HCI preserved Plastic: HS = HC! preserved Speciation beflle; 5P = Sullutc Proserved Plasss: F = Formaldonyde Praserved Glass;
2 = Zinc. Bottle, E = EDTA ST = Sterile Botile; ASS = Plastic Bag for Acid Sulphate Sois. B = Unpreserved Bag.

TeNOgh
16N\0O b

TEN10C
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T DATE RESULTS ) .
J@L i CHAIN OF CUSTODY COCH : MR a&a 2019 REQUIRED: Samples analysis (samples may contain
vy DOCUMENTATION T hazardous substances)
LABORATORY: DBCA scil laboratery Kensington Attn Jasmine Rutherford Conlalnes Voluma {ml)
CLIENT:  Department of Biodiversity, Conservation and Altractions Typo
POSTAL ADDRESS: _C/- Ecosystem Science, Locked Bag 104 BENTLEY DELIVERY CENTRE WA 6983 Proserved
Delivery Address: 17 Dick Perry Ave, Technology Park, Kensington WA 6151 Traaiment | Presonvod with
PROJECT: Muir-Byenup (Tordit-Gurrup) P.O.# NIA [itored (0.47:M
PROJECT MANAGER: Jasmine Rutherford QUOTE NO.: NIA Stornge Tome
SAMPLER: Rachel Hamillon COMMENTS | SPECIAL HANDLING / STORAGE OR DISPOSAL; Fiold moasuromenta Noles: e.g. Highly contaminaled samples
moBiLE: 040X 0L Ci % o.g. "High PAHs expected".
PHONE: 9219 9505 0407 722 635 £ = Extra volume for QC or trace LORs elc.
EMAIL REPORT TO: jasmine rutherford@dbea.wa.gov.au ‘a; g I _'g:‘
lEMAIL INVOICE TO: jasmine.rutherford@dbca.wa.gov.au 2] = %
w
SAMPLE INFORMATION 3 ]
LAE ID SAMPLE ID MATRIN DATE Time Site namo g §J = i .;
TGN 1o S0 020 [ fodik Gunef] shurbee oD Serple
Y] l a0 ] i ,‘\ U !
/r('; I\) | b 1 fig' ” \ - 1 (A(\Q
s ~iC l
/r(D S O T i ! ” \J ! 1
AT e ] ;
TGS CGTh LD Vv 1 \V
1 1
1 1
1 1
1 1
1 1
1 1
y RELINQUISHED BY: RECEIVED BY METHOD OF SHIPMENT
Name: [ s o d Ne~dAC A Date: Narme: Date: Cort Note No: Dropped off by DPaw
ot Myeoratd Fa Ll DPaw Time: Of: Time:
Name: < Date: Name: Date: Transport Co: N/A
Of: Time: Of: Time:

Matrix: 1 = Water; 2 = Soil; 3 = Sediment; 21 = Regolith

Z = Zinc Acotato Proserved Bottle: E = EDTA Prosorved Botlies; ST = Sterile Botto; ASS = Plastic Bag for Acid Sulphate Scils; 8 = Unpreserved Bag.

Water Containor Godes: P =Plaslic; N = Nitic Preserved Plastic: ORC = Nitric Preserved ORC: SH = Sodium Hydioxide/Cd Preserved: S = Sodium Hydroxido Presorved Plastic; AG = Amber Glass Unpreserved; CG = Clear glass unpreserved
V = VOA Vial HCI Presenved; VS = VOA Vial Sulphuric Preserved; SG = Sulfuric Presornved Amber Glass; H = HCI proserved Plastic; HS = HCI proserved Spociation bottle; SP = Sulfuric Presorvod Plastie; F = Formalkishyde Prosorved Glass:
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Muir-Byenup peat wetland acid flux investigation

 ;

i i CHAIN OF CUSTODY s ke, | AN Samples analysis (samples may contsin
— DOCUMENTATION ' i hazardous substances)
LABORATORY: Chem Centre WA vouume @t | 500 60 125 125 125
CLIENT:  Department of Biodiversity, Conservation and Attractions T P P P P P
POSTAL ADDRESS: _Cl- Ecosystem Science, Locked Bag 104 BENTLEY DELIVERY CENTRE WA 6963 e | Yo bhad h) No L)
[Delivery Address: 17 Dick Perry Ave, Technology Park, Kensington WA 6151 Thtimen |Prssadaiy WA Ho A DA A
PROJECT: Muir-Byenup (Tordit-Gurrup) P.O# NA (Wi @AMy Mo Yeos Yes Yes No
PROJECT MANAGER: Jasmine Rutherford QUOTE NO.: N/A Storage Yooy 4°C 4°C 4°c Frozen | Frozen
|SAMPLER: Rachel ¢ - P g Fiels measurements <75 _ z'z‘§ Notes: e.g. Highly contaminated sampies
MOBILE: ft{[/(o,/ /WW@ g g 2-‘ é : gsx—\ s g "High PAHs expocted”
PHONE: 0219 9505 0407 722 635 E gé L E §5 2| @2 lewavoumetoracortrace LORs eic
EMAIL REPORT TO: wa gov. § Bl z X5 £ §z§ 3%
EMAIL INVOICE TO jasmine rutherdord@dbca. wa.gov.au S sl ¢ w5 2 S |a23 z
— & 2| ¢ £ = (8% 3
LAB 1D SAMPLE ID MATRI _DATE | Time Ste rame g = 21228 45 4
A%ie5%l {ENOAC J6-10[13%° Vodd-Cureg], [CRIFICHO | vV v | V| V| /e pMoed bt st
, JI7 pRARIVCA as T
‘ : AR et hetlle |
: : low (N SomfR cumpiany
; 1 <o ok wdd be et~
' 7
1 1 C\/\D'LV\SU”O\ !
; : L
1 1
' 1
1 1
RELINQUISHED BY: NT
Name: Date: Name: 1 RODiws pate: ) 1* 1©-~\4 Con' Note No: off by DPaW
o: DPaw Time: or. CJ Time: \3 1S .
Name: Date: Name: Date: Transport Co: N/A
Of: Time: Of: Time:
Matrix: 1= Water, 2 = Sol; 3 = Sediment; 21 = Regolith
Water Container Codes: P« Plastic. N » Nerc Presarved Plastic. ORC = Nitric Preserved ORC, SH = Sodium s d S = Sodwm Hy Preserved Plastic; AG = Amber Glass Unpreserved. CG » Clear glass unpreserved

= VOA Vial HCI Preserved, VS = VOA Vial Sulphuric Preserved, 5G = Sulfurkc Preserved Amber Glass. M » HCI preserved Plastic. HS = HC! preserved Speciation bottie; SP = Suluric Presarved Plastic; F = Formaldenyde Preserved Glass;

'MMMME-E_DTAMMST-MM, ASS « Plastic Bag for Acid Subhate Soils; B » Ungreserved Bag.

Department of Biodiversity, Conservation and Attractions

53




DATE RESULTS
3 -___;n_i:___ cgg‘guazﬁ;':.:‘gzv COC# :MUIR_Oct_2019 o sa'“p'”h:'z':m:s:u';g;g contain
LABORATORY: A5 (hem (.D.th P volume (mb) | 500 60 125 126 125
CLIENT: D of Bi . Cor and %—Iq%\-%é = Tywe P P P P P
POSTAL ADDRESS: _C/- E Sclence, Locked Beg 104 BENTLEY DELIVERY CENTRE WA 8683 Parved. 1} N0 e Mo No No,
Address: 17 Dick Perry Ave, Technol WA 6151 Vi) | Ppintap]| NIK Ha NIA NA NA
PROJECT: Muir-Byenup (Tordit-Gurrup) P.O# NA [edaany o Yos Yes Yes No
PROJECT MANAGER:_Jasmine Rutherford QUOTE NO.: N/A Semee. bid gc 4c 4c Frozen | Frozen
SAMPLER: Rachel Hamilton Flekd mensuremants @ 2z
mosie: 04080/ Q64K g ;,.. § =§§A %z e.g. “High PAHS expected”
meﬁsx::)s;uorrm - / @ % 'l £ ’.‘2 g g E:gg 3; Extra volume for QC or race LORS otc
e W A IHEHE IR it
T e T T ELCE T ¥ : | ? |
oo) |7TEN]OR | 29-70 |14 *° |ferdid- bvrmug] AV 4-1[O | v | A~ | Jow pN  somple s
OOZ W 1 I 1 * ’ )
OCOR|TENIR 2910147 WerdT-bore]  [R]10 5380 | ~ A - A7 ]
1 el 0 | v ol Wl W5 W% A
1 1
1 1
1 1
1 1
1 1
T A T . “"“"ngﬁj - oee 2010~ T
ot OPaw Time: ot Time: - \S oM.
[Name Date: Name’ Date: I Transport Co: N/A
Of: Time: Of: Time:

Matrix: 1 = Water; 2 = Soil; 3 = Sediment. 21 = Regolith
Water Container Codos: P = Plasic. N = Ninc Pratarved Plactic. ORC = Nitric Proservod ORC, SH = Sodium Cd
V = VOA Vial HCI Prasarved. VS = VOA Visl Sulphuric Preserved. SG = Sullurc Prosarved Amber Glass. H = HCI preserved Plastic. HS » HCI preservad Speciation bottie: SP » Sulfuric
|22 2nc Acstate Proserved Botte: € = EDTA Praserved Botties: ST = Starle Botte: ASS = Plastc Bag for Acd Sulphate Sofs: B = Ungresarved Bag

Plastic. AG = Amber Glass Unpreserved. CG = Clear glass unprosorved

Plastic. F»
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Muir-Byenup peat wetland acid flux investigation

& CHAIN OF CUSTODY s ON;VMQ L Samples analysis (samples may contain
e DOCUMENTATION i i hazardous substances)
LABORATORY: Chem Centre WA iy | | 500 so0 | 6o 125 125 125
CLIENT: _ Department of Biodiversity, Conservation and Attractions Type P P P P 3 3
POSTAL ADDRESS: C/- Ecosystem Science, Locked Bag 104 BENTLEY DELIVERY CENTRE WA 6963 PRiwd | Mo IENoNi| Ye o o o
Address: 17 Dick Perry Ave, T Kensington WA 6151 Tosmant [Pesavetwm) NA | NJA | MO NA A L
PROJECT: Muir-Byenup (Tord#-Gurrup) P.O# NIA fawed 04784 No | No Yos Yes Yes No
PROJECT MANAGER: Jasmine Rutherford QUOTE NO.: N/A Sorge Tep 4°c 400 4°c 4°c Frozen | Frozen
|SAMPLER: Rachel Fioki messurements F, - I Zz
wome: Q40K01JELT T2 ¢z 3 333 | 2
HE : -
PHONE: 9219 9505 0407 722 635 § E gé g =P = i §§! az
EMAIL REPORT TO: wa.gov.au 2 § 5 £ 8 <b £ s |22 § .g i
EMAIL INVOICE TO: jasmine rutherford@dbca wa.gov.au g " : 55 S -2 é S gag i
SANPLE INFORMATION 1 B 3 | &
LAB ID SM_ElD MATRIY DATE Time Site name g -s é?— / gg y A -
OO\ [16506 N IA3C [ Todd-Gump ]|« gl v B B RGN Agdie,
OO [TENI L 407 10 °0 [Hoddd-Gorrag) Bl I AT | } So\“\jgk <
OOABHGNIChH 100-1) [133© | foddt-fueng] , 1) I S Al 74 ew(dhr)oemJMh [ 5
OOUITGNO9c 2011 {1213 [Tordut burrug] 4 Gl v e /Bl Sz
1 ' 1
O 7 2= 1 1
sl S S ;
1 1
1 1
1 1
D _ RECEIVED BY METHODOFSHPVENT |
¢ L N Date: Name: Date: Con' Note No: off by DPaW
o ib\m;igd ¥ 0 (Ag7)-oPaw Time: of: Time:
Name L Date: Name: Date: Transport Co: NIA
Of: Time: Of: Time:
|m:1-wmz-sa3-wzt-mn
Water Container Codes: P =Plastic. N = Nitic Preserved Plastc. ORC = Nitric Proserved ORC. SH » Sodium Pr $ = Sodium Hy WMAO‘W*‘W;&'MMM
= VOA Vial HCI Proserved. VS » VOA Vial Sulphuric Proserved, SG = Sulluric Preserved Amber Glass, H = HCI presarved Plastic; HS = HCI preserved Speciation bottle: SP = Sutfunc Preserved Plastic. F = Formaldehyde Preserved Glass,
-mmmms-soumm:sv-mm,Ass-mshumsugl-ms
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(®] O DATE FESULTS - )
) é CHAIN OF CUSTODY COCH :MUR Oct 2019 REQUIRED: Samples analysis (samples may contain
3::';"— DOCUMENTATION ST hazardous substances)
LABORATORY: LabWest Attn Andrew Day, 28 Biolulder Road, Malaga w4 6090 ph 9248 9321 | etemetm ] 125
CLIENT: _Department of Biodiversity, Conservation and Attractions Tree P (eiral riste)
POSTAL ADDRESS: Ci- Ecosystem Science, Locked Bag 104 BENTLEY DELIVERY CENTRE WA 6383 Prororved | Yes ltact: Yer Mo WA
Delivery Address: 17 Dick Perry Awve, Technology Park, Kensington WA 8151 Teetment | Procorveduil) HNOJ | sarpie TemPERaTURE
PROJECT: Muir-Byenup (Tordit-Gurrup) P.O.#: NIA irered(0arar) Yes Im_l._u_m
PROJECT MANAGER: Jasmine Rutherfor QUOTE NO. W& Sreras Teme C
SAMPLER: Rachel Hamilton COMMENTSS SPECIAL HANDLING STORAGE ORDISPOSAL: Flokimiarvromsnts Blotes: «.g. Highly contaminated samples
MOEILE: % «.9. “High PAHz cxpected”.
PHONE: J Rutherford 3213 9505 mob 0407 722 635 E = Extra volume for QC or trace LORs ete.
2
EMAIL REPORT TO: jasmine.rutherford@dbeawa.gov. 281z |3
EMAIL INVOICE TO: jasmine rutherford@dbea wa gov 3] & = F
SAMPLE INFORMATION 1 =
g b
LABID SAMPLE D MATRY DATE | Time Sitename F 3
TGNO%e 1| wiorzons | 13500 PM| Tordit-Gurtup Nth 1] s9] wl3er]| o
TGN10b 1] 2sroszons | 2:30:00 PM)| Tordit-Gurrup Nth 1] 196] 19| 40| 0
TGNI2 1| 29020 | 2:30.00 PM| Tordit-Gurrup Nth 1] 229] 20/295] o
TGS06 1] semoszers | 9:30:00 AM)| Tordit-Gurrup Sth 1] 189 1©l273] 0
1 1
1 1
1 1
1 1
1 1
1 1
BELINQUISHED BY: BECENVED BY METHODOF SHIPMENT |
Name: Date: Name: Date: Con’ Note No: Dropped off by DPa'w'
OF: DPaW Time: Of: Tirme:
Mame: Date: Marme: Date: Transport Co: N#A
Of: Time: [u] Time:
Adatriz: 1= Water; 2= Soil 3 = Sediment; 21= Regolith
Water Contaimer Codes: F.FPluvie N-NitricProrerved Flartieg ORC - Nitria P 40RC; SH- Sadivm Hy draxide G4 Py 4; 5 - Sadinm Hy draxids Pr. P larvic; &G - &mbor Glare U, 4; GG - Cloar 4l ]
V-VOA Vsl HCIProserved; V5 - VOA Vial Sulphuric Proverve d; 56 - Sulfuric Proserved mbor Glarr; H-HCI dPlartic; HE d Speciation borrle; SP - Sulfuric Proverved Plartic F - Formaldehy do Proserved Glarr;
Ta Pr, 24

56
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Muir-Byenup peat wetland acid flux investigation

DATE RESULTS . .
ﬂ CHAIN OF CUSTODY COC# :MUR Nov 2019 REQUIRED: Samples analysis (samples may contain
—— DOCUMENTATION ' -7 hazardous substances)
LABORATORY: LabWest Attn Andrew Day, 28 Bolulder Road, Malaga W 6030 ph 9248 9321 | Memetmtr | 125 |ecsLanoraronuscomy
CLIENT: _Department of Biodiversity, Conservation and Attractions Tree P COOLER SEAL (circls sppraprists)
POSTAL ADDRESS: Cf- Ecosystem Science, Locked Bag 104 BENTLEY DELIVERY CENTRE WA 6383 Provsrwed | Yes Intact:  Ter Mo MR
Delivery Address: 17 Dick Perry Awe, Technology Park, Kensington WA 6151 Treatment | Proserveduitf HNO3Z | samPLE TEMPERATURE
PROJECT: Muir-Byenup (Tordit-Gutrup) P.O.#: NIA frered0ana]  Ves I.m_u_u
PROJECT MANAGER: Jasmine Rutherford QUOTE NO: WA Sreres Teme i
SAMPLER: Rachel Hamilton COMMENTS ¢ SPECIALHANDLING ? STORAGE ORDISPOSAL: Fielmearurements Hates: e.g. Highly contaminsted samples
MOEBILE: g .9, "High PAH: expected”.
PHONE: 3213 3505 0407 722 635 E ‘:E-'“ Extra volume for QC of trace LORS ete.
EMAIL REPORT TO: jasmine.rutherford@dbea.wa.gov. 5E g z E
MAIL INY TO: jasmine.r for WAQOV. o |F i
@ -
y & 3
LABID SAMPLE ID T DATE Time Site name )
TGS08 1] 19002019] 2:30:00 PM| Tordit-Gurrup Lagoon| 1] 210] 211 276] 0
TGM12 1| 20002013] w0000 am | Tordit-Gurrup Lagoon| 1] 230 18280 0
TGN10b 1] 200102019| sz30worm | Tordit-Gurrup Lagoon| 1| 218 22| 388| 0
TGNO9e 1] 20MW2019] 12:15:00 PM)| Tordit-Gurrup Lagoon | 1] 152) 18| 486| 0
1 1
1 1
1 1
1 1
1 1
1 1
BELINQUISHED BY: BECEWEDBY METHOD OF SHIPMENT
Mame: Date: Mame: Date: Con' Mote No: Dropped off by DPa'w/
Of: DPaWw Time: Of: Tirme:
Mame: Date: Mame: Date: Transport Co: MIA
OF: Time: (a3 Time:
Adatrie: 1= Water; 2 = Soil 3 = Sediment; 21= Regolith
Water Contaimer Codes: F-Flatic; H-HNitric Proasorvod Plartic; ORC - Mitriz P JORC; SH- SadiuvmHy draxide G4 P 4; 5. Sodi ida P Plarvie; AG - Amber Gl Uy 4,06 - Cloar qlars 4
V- POA Vsl HCI Proserved; V5 - VOA Vial Sulphuric Proverve d; 5G - Sulfuric Proverved Amber Glarr; H-HClproseorved Plartic; HS - HClproserved Speciation bottle; SP - Sulfuric P dPlartie; F-F Idehyde P 4Glars;

Department of Biodiversity, Conservation and Attractions 57



DATE RESULTS
‘& CHAIN OF CUSTODY COCSE :MUR Oct 2019 REQUIRED: Samples analysis (samples may contain
—_——— DOCUMENTATION - hazardous substances)
LABORATORY: UWA, Western Australian Biogeochemistry Ctr, Attn Douglas Ford . Fohmelml)| 20
CLIENT: _Department of Biodiversity, Conservation and Attractions Tree ca COOLER SEAL (cirsle sppropriste)
POSTAL ADDRESS: Ci- Ecosystem Science, Locked Bag 104 BENTLEY DELIVERY CENTRE WA 6383 Frorerved . Intact:  Yer  Me IR
Delivery Address: 17 Dick Perry Ave, Technology Park, Kensington W4 6151 Trowtment | Pravorveduivl]  NIA | zamPiE TErHPERATURE
PROJECT: Muir-Byenup (Tordit-Gurrup) P.O.#: MR [reredtoarr]  No I.m_u_u
PROJECT mine Rutherf QUOTE NO. NiA Srersee Teme 4C
SAMPLER: Rachel Hamilton COMMENTS ¢ SPEOIAL HANDLING § STORAGE OR DISEOSAL: Fistimearuroments Matez: ¢.g. Highly contaminsted zamples
MOEILE: % «.g. "High PAHz cxpected”.
PHOME: J. Rutherford 9213 9505 mob 0407 722 635 E = Extra volume for QC or trace LOR: cte.
EMAIL REPORT TO: jasmine rutherford@dbea wa.gov.4 % gz |2
o a
EMAIL INVOICE TO: jasmine rutherford@dbea waqov.a] 2 = E
SAMPLE INFORMATION -
;£ 3
LABID SAMPLE ID Marrd pate | Time Sitename b &
TGNO3e 1| wewizers | 1£35:00 PM| Tordit-Gurrup Nth 1 63 18/397| 0
TGN10b 1| zsrorzors | 2:30:00 PM| Tordit-Gurrup Nth 1] 186] 1] 410] 0
TGNI2 1] zsmevzers | 2:30:00 PM| Tordit-Gurrup MNth 1] 229] 201255] O
TGS0E 1| zomorzors | 9:30:00 AM) Tordit-Gurrup Sth 1] 169] 1B]273] 0
1 1
1 1
1 1
1 1
1 1
1 1
BELINQUISHED BY: BECEWVED BY METHODQF SHPMENT |
MNarme: Date: Name: Date: Con' Note No: Dropped off by DP aWw/
Of: DPa'w Time: Of: Time:
MNarme: Date: MName: Diate: Transpor Co: Ni&
=3 Time: OF Time:

Adatriz: 1= Water; 2 = Soil; 3 = Sediment; 21 = Regolith

W - NOA Vsl HOI Procerved; V5 - VOA Vial Sulphuric Proserved; 56+ Sulfuric Prororved Aimbor Glarr; H-HClproserve dPlartic; HS - HClprocorved Spe ciation bottle; SP - Sulfuric P

dPlartic; F-F

Water Coataimer Codes: P-Plutic; N-Nitric Proserved Plartic; ORC - Nitric Provorved ORC; SH - Sadivm Hy drascidefCd Proserved; 5 - Sodivm Hy draxide Prosorved Plartic; AG - Ambar Glars Unprovorved; 0 - Cloar dlan unproverved

Ldehyds P 461
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Muir-Byenup peat wetland acid flux investigation

DATE REGULTS . .
Q CHAIN OF CUSTODY COC# :MUR Nov 2018 REQUIRED: Samples analysis (samples may contain
— DOCUMENTATION ' - hazardous substances)
LABORATORY: UWA, Western Australian Biogeochemistry Ctr, Attn Douglas Ford N Yalme (ml) | 20
CLIENT: _Department of Biodiversity, Conservation and Attractions Tre+ CG COOLER SEAL (eirel el
POSTAL ADDRESS: C!- Ecosystem Science, Locked Bag 104 BENTLEY DELIVERY CENTRE WA 6383 Proered | No Intacti  Yer Ma  NIA
Delivery Address: 17 Dick Perry Ave, Technology Park, Kensington W 6151 Treatment | Prorerveduinly IR | sarsere spserraruas
PROJECT: Muir-Byenup (Tordit-Gutrup) P.OM: NiA [ireredtoan]  No
PROJECT MANAGER: Jasmine Rutherford QUOTE NO. NI Sherre Yooy C
SAMPLER: Rachel Hamilton COMMENTS  SPECIAL HANDLING ? STORAGE OB DISPOSAL: Fieldmearuraments Botez: «.g. Highly contaminated samples
MOEILE: ~'é .g. "High PAHs expected™.
PHOME: J. Rutherford 9219 9505 mob 0407 722 635 E = Extra volume for GC or trace LORs ete.
o
EMAIL REPORT TO: jasmine rutherford@dbea.wa gov. 5’5' g‘ z s
]
EMAIL INVOICE TO: jasmine rutherford@dbes.wa gov.al 2 = §
SAMPLE INFORMATION 3 3
e 3 b
LABID SAMPLEID MATR DATE | Time Siasasns 5
TGS06 1| 182018 2:30:00 PM it-Gurr 1] 2100 210276] 0O
TGN12 1| 20/M02013] 10:00:00 AM| Tordit-Gurrn nl 1] 230] 19/280| 0
TGNI0b 1| 20/02013] 12:30:00 PM| Tordit-Gurr nl 1] 218 22/388| 0
TGOS 1] 20/12018] 12:15:00 PM| Tordit-Gurrup Lagoon| 1] 152] 18/ 486| 0
1 1
1 1
1 1
1 1
1 1
1 1
BELINQUISHED B'Y: BECEIWVED EY METHOD QF SHIPMENT
MName: Date: MName: Date: Con’ Note No: Dropped off by DP
Of: OFa'Ww Time: Oi: Time:
Mame: Date: Mame: Date: Transport Co: NiA
Of: Time: OF: Time:
Afatrie- 1= Water; 2 = Soil, 3 = Sediment; 21= Regolith
Water Coataimer Codes: P-Pluvic; N-MivicProsorved Plastic; ORD - Mitric Proverve d ORC; SH. Sodivm Hydraxide/C4P, 4; 5. Sedivm Hydraxide Prosorved Plartic; AG - Ambor Glars Unprovorved; CG - Cloar alas wnprarerved
¥ -YOA VIl HCI P, 4;VE - VOA Vial Sulpharic P 4;5G - SulfuricProserved Amber Glare; H-HClproverve dPlartic; HS - HCl proverved Spociation battle 5P i dPlarvie; F-F 1 debyde P 461
2-Zineficerare Provarve dBovtle L -EDTAPreserved Bortlor ST . Srarile Bavtle; 4SS . Plarvic Bagfor fcid Sulphate Soil B - Unprororved Bag
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Appendix 4 Laboratory data; quality assured major & minor ions (Oct/Nov 2019)

Department of Biodiversity, Conservation and Attractions

Alkalin Br Ca Cl ECond Fe Fell K Mg N_NH3 N_NO2 N_NO3 N_NOx N_TK N_total Na P SR P _total SO4 Si Si02  TDS_greTSS pH
Method Code IALK1WATI iANIO1WAICIMET1WCICF iCO1WCDA iEC1WZSE IMET1WCICF iCO1WCDA MET1WCICFMET1WCICFiNPSi1SFAA iNPSi1SFAA iNPCALC4 iNPSi1SFAA iINPCALC1 iNPT1SFAAIMET1WCICFINPSi1SFAA iNPT1SFAA iCO1WCDA IMET1WCICF iNPSi1SFAAISOL1WDGRiISOL1WPGR iPH1WASE
Limits of Reporting 1 0.1 0.1 1 0.2 0.005 0.05 0.1 0.1 0.01 0.01 0.01 0.01 0.025 0.025 0.1 0.005 0.005 1 0.05 0.002 10 1 0.1
Units mg/L mg/k mg/lk mg/k mS/m mg/k mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/lL mg/L mg/L mg/L mg/L mg/L mg/L
Site ID DateSampled ChemCentre Id
T6N09c  16/10/2019 19S1659/001 3.5 442 2190 13 0.12 20.6 287 41 <0.010 <0.01 0.015 44 44 1160 0.015 0.094 2100 12 27
TGNO09c 20/11/2019 19S52195/004 <1 5.7 660 3910 1480 3.1 3.1 36.2 503 60 <0.010 0.05 0.052 290 290 2020 0.031 2.1 2800 19 43 9900 4500 4.1
TGN10b 29/10/2019 19S1852/001 7.4 738 5330 160 160 58.7 696 110 <0.010 <0.01 0.01 160 160 2650 0.049 0.16 4200 17 43
MGN10b 20/11/2019 19S2195/003 <1 9.1 730 6310 2230 210 210 69.8 832 130 <0.010 0.06 0.064 170 170 3140 0.024 0.84 4600 22 46 15000 17000 3.2
TGN12 29/10/2019 19S51852/002 6.6 946 5080 22 5.8 59.2 663 99 <0.010 <0.01 <0.010 100 100 2570 0.041 0.12 4400 11 29
DGN12 20/11/2019 19S2195/002 <1 8.6 817 6370 2240 51 18 70.3 820 120 <0.010 <0.01 <0.010 130 130 3120 <0.005 0.015 4800 16 37 16000 18 3
MGS06 30/10/2019 19S1852/003 55 847 4040 15 3.9 50.3 552 80 <0.010 <0.01 <0.010 80 80 2150 0.024 0.038 4000 6.9 17
MIGS06 19/11/2019 19S52195/001 <1 7.1 967 5540 2020 21 5.8 62.5 702 100 <0.010 <0.01 <0.010 110 110 2660 <0.005 0.02 4900 9.5 20 15000 56 2.9
Element Group Date sampled Ag Al As Au B Ba Be Bi Ca cd Ce Co Cr Cs Cu Dy Er Eu Fe Ga Gd Ge Hf Hg Ho In K La Li Lu
Units ug/L mg/L  ug/L ug/L ug/L ug/L ug/L ug/L mg/L  ug/L ug/L ug/L mg/L  ug/L ug/L ug/L ug/L ug/L mg/L  ug/L ug/L ug/L ug/L ug/L ug/L ug/L mg/L  ug/L ug/L ug/L
DL 0.05 0.001 0.5 0.05 5 0.05 0.05 0.05 0.05 0.05 0.01 0.02 0.001 0.01 0.1 0.01 0.01 0.01 0.01 0.05 0.01 0.05 0.02 0.1 0.01 0.01 0.05 0.01 0.1 0.01
Method
ClientID/Scheme ENVO4 ENVO4 ENVO4 ENVO4 ENVO4 ENVO4 ENVO4 ENVO4 ENVO4 ENVO4 ENVO4 ENVO4 ENVO4 ENVO4 ENVO4 ENVO4 ENVO4 ENVO4 ENVO4 ENVO4 ENVO4 ENVO4 ENVO4 ENVO4 ENVO4 ENVO4 ENVO4 ENVO4 ENVO4 ENVO4
TGNOSc Peat soil water 16/10/2019 0.007 3.72 134 <0.01 758 38.1 0.3 0.47 306 <0.05 5.59 9.46 <0.5 0.54 0.7 0.19 0.14 0.05 16.41 0.16 0.24 0.06 <0.01 0.003 0.05 0.002 208 4.18 47.1 0.02
TGN10b Peat soil water 29/10/2019 0.011 16.4 254 <0.01 1180 44.1 0.91 0.24 604 0.07 55.2 27.1 0.9 1.35 1.7 1.46 0.88 0.36 1839 0.31 1.96 0.15 0.02 0.011 0.32 0.001 67.6 42.8 124 0.07
TGN12 Surface water 29/10/2019 0.016 40.3 252 <0.01 1250 51.1 2.18 0.94 734 0.11 128 37.5 2.7 1.29 2.7 3.53 2.03 1 26.36 0.48 4.76 0.39 001 0.031 0.68 0.005 69.5 83.5 143 0.16
TGS06 Surface water 30/10/2019 0.008 38 3.19 <0.01 1110 29.2 2.01 0.02 686 0.06 104 41.3 2.2 1.13 1.2 3.44 1.96 097 17.08 0.33 4.87 0.37 0.01 0.01 0.72 0.007 554 65 118 0.19
TGS06 Surface water 19/11/2019 0.014 449 4.54 0.03 1140 31.2 3.47 0.05 692 0.25 63.6 45.2 0.003 0.96 354 4.71 2.42 1.45 25 0.63 6.13 1.02 <0.01 <0.001 0.93 <0.001 91.6 39.8 174 0.11
TGN12 Surface water 20/11/2019 <0.005 42.6 3.14 0.05 1300 35.2 3.4 0.05 590 <0.05 522 324 0.004 1.02 18.1 4.18 1.84 1 57.89 0.59 4.7 1.02 <0.01 0.016 0.75 <0.001 107 353 191 0.08
TGN10b Peat soil water 20/11/2019 0.005 19.6 3.25 0.04 1190 50.5 1.99 0.06 534 0.31 34.6 19.8  0.002 1.21 4.7 2.03 1.21 0.65 266.7 0.59 3.03 0.85 0.08 <0.001 0.42 0.001 102 24.6 157 0.05
TGNOSc Peat soil water 20/11/2019 <0.005 0.706 6.06 0.03 879 53.9 0.39 0.03 425 0.11 2.83 4.24 0.001 0.48 0.5 0.2 0.12 0.05 39.21 0.23 0.25 0.44 <0.01 <0.001 0.03 0.029 504 2.45 66.7 <0.01
Element Group Date sampled Mg Mn Mo Na Nb Nd Ni P Pb Pd Pr Pt Rb Re S Sh Sc Se Si Sm Sn Sr Ta Tb Te Th Ti Tl Tm u % w Y Yb In Ir
Units mg/L  ug/L  ug/L mg/L ug/L ug/L ug/L mg/L ug/L ug/L ug/L ug/L ug/L ug/L mg/L wug/L ug/L ug/L ug/L ug/L ug/L mg/L wug/L ug/L ug/L ug/L mg/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L
DL 0.05  0.05 01 005 001 0.01 0.2 0.02 0.1 02 001 001 001 001 1 005 1 0.5 40 001 005 001 002 001 005 005 001 001 001 002 001 002 001 001 0.5 0.02
Method
ClientID/Scheme ENVO4 ENVO4 ENVO4 ENVO4 ENVO4 ENVO4 ENVO4 ENVO4 ENVO4 ENVO4 ENVO4 ENVO4 ENVO4 ENVO4 ENVO4 ENVO4 ENVO4 ENVO4 ENVO4 ENVO4 ENVO4 ENVO4 ENVO4 ENVO4 ENVO4 ENVO4 ENVO4 ENVO4 ENVO4 ENVO4 ENVO4 ENVO4 ENVO4 ENVO4 ENVO4 ENVO4
TGN09c Peat soil water ~ 16/10/2019 275 4640 0.07 1250 <0.005 1.66 6.2 0.14 0.5 <01 051 <0.01 262 0.001 747 0.02 0.2 14 3090 023 034 298 0.002 004 095 0.04 2 0.04 002 005 025 0.007 206 008 151 0.1
TGN10b Peat soil water ~ 29/10/2019 646 12300 <0.01 3690 0.005 145 77.7 035 2 <01 464 <001 78 0.002 1740 0.03 0.6 7.9 5360 189 037 657 <0002 028 025 0.09 1.2 0.08 0.1 0.04 216 0011 156 058 993 0.52
TGN12 Surface water 29/10/2019 576 10300 0.06 3500 <0.005 39.8 447 0.08 33 <01 122 <0.01 778 0.003 1800 0.03 11 11 3120 59 046 738 0.003 063 109 0.65 5.6 005 024 031 052 0.009 307 128 349 0.15
TGS06 Surface water 30/10/2019 465 8080 0.01 2600 <0.005 341 305 0.16 19 <0.1 10 <001 705 0.002 1580 0.01 14 6.5 2280 516 0.16 6.6 <0.002 0.61 078 0.63 5.5 005 024 023 017 0.005 289 133 153 0.04
TGS06 Surface water 19/11/2019 765 13300 0.19 3290 0.034 315 63.7 0.1 1.6 <01 597 <001 656 0.001 2840 0.07 1.7 107 2870 4.79 0.1 9.38 0.009 0.88 0.42 055 <0.01 0.04 0.3 0.23 0.17 0.016 36.6 1.59 39.3 0.06
TGN12 Surface water 20/11/2019 902 15900 0.11 3830 0.015 242 653 0.04 14 <01 478 <0.01 702 0.002 2770 0.08 1.6 5.9 5240 342 021 967 0.003 0.7 068 048 <001 002 022 019 033 0.002 335 108 297 0.17
TGN10b Peat soil water 20/11/2019 881 16500 0.34 3740 <0.005 15.6 51.2 0.22 1.9 <01 31 <001 654 0001 2650 0.23 0.4 11.8 7450 221 0.15 7.61 0.003 0.35 0.48 0.42 0.02 0.07 0.14 0.21 10.7 0.016 19.9 0.71 634 0.64
TGN0Sc Peat soil water ~ 20/11/2019 503 11700 0.98 2340 0.022 1.44 12 0.28 0.4 <01 023 <0.01 332 0.002 1580 0.14 0.4 6.7 6380 016 006 492 0.006 003 022 004 <001 002 002 <001 376 0015 1.9 007 151 017
60




Muir-Byenup peat wetland acid flux investigation

Appendix 5 Major ion bivariate plots
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Bivariate plots; concentration (mmol/L) major cations & anions with respect to chloride; surface water data from six lakes in the Muir-Byenup Ramsar site (1998 to 2019) (NB dashed blue line
represents seawater evaporation line (chloride plots);SO4/Ca plot orange and blue dashed lines represent respective gypsum & pyrite dissolution); 2019 data are circled in black where they were
measured, where measurements were below detection limits there is no circle (e.g. no measurable alkalinity / HCO3 in Oct/Nov 2019)
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Bivariate plots; changing concentration (mmol/L) major cations & anions with respect to chloride; surface water data from Tordit-Gurrup & Byenup Lagoons & Poorginup Swamp (1998 to 2019);
groundwater and peat soil water includes Noobijup Swamp (2015 to 2019) (NB dashed blue line represents seawater evaporation line (chloride plots); SO4/Ca plot orange and blue dashed lines

represent respective gypsum & pyrite dissolution); 2019 data are circled in black where they were measured, where measurements were below detection limits there is no circle (e.g. no
measurable alkalinity / HCO3 in Oct/Nov 2019)
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Muir-Byenup peat wetland acid flux investigation

Appendix 6 Minor ion bivariate plots
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Bivariate plots; concentration (pH units, mg/L or pg/L) minor ions (metals & metalloids) with respect to pH and chloride; surface water data from five lakes and groundwater & peat soil water from
four lakes within the Muir-Byenup Ramsar site (2015 to 2019) (NB trendlines & correlation coefficients are present where relationships were observed; 2019 data generally have higher
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Bivariate plots; concentration (pH units, mg/L or ug/L) minor ions (metals & metalloids) with respect to pH and chloride; surface water data from five lakes and groundwater & peat soil water from
four lakes within the Muir-Byenup Ramsar site (2015 to 2019) (NB trendlines & correlation coefficients are present where relationships were observed; 2019 data generally have higher
concentrations (see Appendix 3) and are circled in black where they were measured & verify trends or form a population
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Muir-Byenup peat wetland acid flux investigation
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Bivariate plots; concentration (pH units, mg/L or pug/L) minor ions (metals & metalloids) with respect to pH and chloride; surface water data from five lakes and groundwater & peat soil water from
four lakes within the Muir-Byenup Ramsar site (2015 to 2019) (NB trendlines & correlation coefficients are present where relationships were observed; 2019 data generally have higher
concentrations (see Appendix 3) and are circled in black where they were measured & verify trends or form a population
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Appendix 7 REE bivariate plots
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Muir-Byenup peat wetland acid flux investigation

Appendix 8 Correlation matrices — water chemistry

Correlations (MajorlonsPhysicalChemInputV2)Marked correlations are significant at p < .05000N=7 (Casewise deletion of missing data)

Variable Means @ Std.Dev. Alk Ca Cl EC Fe HCO3 K Mg NH3 NO3 TK Ntotal Na Ptotal S04 Si Sio2 TDS pH

Alk 131.14 177.01 1.00 0.46 0.77 0.71 -0.41 1.00 0.70 0.67 -0.49 0.26 -0.22 -0.21 0.72 -0.18 -0.10 -0.03 -0.04 0.68 0.83
Ca 574.29 203.99 0.46 1.00 0.81 0.82 -0.32 0.46 0.73 0.85 0.39 -0.30 -0.53 -0.53 0.78 -0.49 0.53 0.07 0.07 0.75 0.00
Cl 6166.00 7199.37 0.77 0.81 1.00 0.99 -0.36 0.77 0.98 0.98 -0.07 -0.13 -0.59 -0.59 0.99 -0.50 0.42 0.14 0.13 0.98 0.44
EC 2079.71  2156.94 0.71 0.82 0.99 1.00 -0.28 0.71 0.99 0.99 -0.04 -0.22 -0.60 -0.60 1.00 -0.48 0.51 0.15 0.15 0.99 0.35
Fe 175.25 359.83 -0.41 -0.32 -0.36 -0.28 1.00 -0.41 -0.31 -0.21 -0.06 -0.51 0.47 0.46 -0.31 0.80 0.54 -0.32 -0.34 -0.20 -0.59
HCO3 159.99 215.95 1.00 0.46 0.77 0.71 -0.41 1.00 0.70 0.67 -0.49 0.26 -0.22 -0.21 0.72 -0.18 -0.10 -0.03 -0.04 0.68 0.83
K 79.71 113.97 0.70 0.73 0.98 0.99 -0.31 0.70 1.00 0.97 -0.12 -0.20 -0.66 -0.66 1.00 -0.52 0.46 0.25 0.24 0.99 0.41
Mg 692.57 539.00 0.67 0.85 0.98 0.99 -0.21 0.67 0.97 1.00 0.03 -0.28 -0.60 -0.60 0.98 -0.45 0.59 0.15 0.14 0.98 0.26
NH3 30.36 48.64 -0.49 0.39 -0.07 -0.04 -0.06 -0.49 -0.12 0.03 1.00 -0.07 -0.13 -0.14 -0.08 -0.37 0.35 -0.08 -0.09 -0.11 -0.65
NO3 0.06 0.04 0.26 -0.30 -0.13 -0.22 -0.51 0.26 -0.20 -0.28 -0.07 1.00 0.36 0.37 -0.19 -0.15 -0.75 -0.38 -0.39 -0.26 0.60
TK 234.31 169.70 -0.22 -0.53 -0.59 -0.60 0.47 -0.22 -0.66 -0.60 -0.13 0.36 1.00 1.00 -0.62 0.79 -0.29 -0.85 -0.84 -0.59 -0.11
Ntotal 236.09 170.61 -0.21 -0.53 -0.59 -0.60 0.46 -0.21 -0.66 -0.60 -0.14 0.37 1.00 1.00 -0.62 0.79 -0.30 -0.85 -0.84 -0.59 -0.10
Na 3276.43 4321.36 0.72 0.78 0.99 1.00 -0.31 0.72 1.00 0.98 -0.08 -0.19 -0.62 -0.62 1.00 -0.51 0.47 0.18 0.18 0.99 0.40
Ptotal 2.74 2.69 -0.18 -0.49 -0.50 -0.48 0.80 -0.18 -0.52 -0.45 -0.37 -0.15 0.79 0.79 -0.51 1.00 0.03 -0.54 -0.54 -0.43 -0.23
S04 3089.86 1646.86 -0.10 0.53 0.42 0.51 0.54 -0.10 0.46 0.59 0.35 -0.75 -0.29 -0.30 0.47 0.03 1.00 0.02 0.00 0.55 -0.56
Si 22.57 7.15 -0.03 0.07 0.14 0.15 -0.32 -0.03 0.25 0.15 -0.08 -0.38 -0.85 -0.85 0.18 -0.54 0.02 1.00 1.00 0.17 0.05
Si02 48.53 15.18 -0.04 0.07 0.13 0.15 -0.34 -0.04 0.24 0.14 -0.09 -0.39 -0.84 -0.84 0.18 -0.54 0.00 1.00 1.00 0.16 0.05
TDS 15790.00 16154.18 0.68 0.75 0.98 0.99 -0.20 0.68 0.99 0.98 -0.11 -0.26 -0.59 -0.59 0.99 -0.43 0.55 0.17 0.16 1.00 0.34
pH 5.35 1.83 0.83 0.00 0.44 0.35 -0.59 0.83 0.41 0.26 -0.65 0.60 -0.11 -0.10 0.40 -0.23 -0.56 0.05 0.05 0.34 1.00

Color map of comelations (MajorbnsPhy sica lChemiputy2)

W=7 {Cazewise deletion ofmizssng data)
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Correlations (Minorlons_REEPhysicalChemInputV2)Marked carrelations are significant at p < .05000N=7 (Casewise deletion of missing data)
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Appendix 9 Piper plots & PHREEQC geochemical modelling (saturation indices)

Department of Biodiversity, Conservation and Attractions

otation 1D Sampling Date Water Type Temperature pH (field) Ca My Na K l HCO3 504 Al diss As diss Br Fe si02 Alkalinity lonic Strength Percent Erar
C rrcy | rrcy | iy | iy | rrcy | iy | rrcy | ugy| gl rrcy | iy | rrcy |
TGN03c 16/10/2013  NerMo-Ca-CH304 179 4 442 287 1160 0.6 2140 0 2100 3700 1.3 35 16.4 27 -0.0002 01200 -4.39
TGN03c 201142013 NaMo-CRS04 179 49 BB0 503 2020 36.2 3910 0 2800 700 b.1 57 39.2 43 0.0000 01936  -1.39
TGN10b 23/10/2013  NaMo-CRS04 189 41 738 b46 2650 h8.7 5330 0 4200 16400 2h 74 1839 43 -0.0002 0.2608 472
TGN10b 201142013 NaMo-CRS04 217 34 730 832 3140 b4.8 6310 0 4600 19600 33 1 266.7 46 0.0003 0.2988 412
TGN12 23/10/2013  NarMg-Ca-CHS04 195 3 946 bb3 2570 9.2 5080 0 4400 40300 2h b6 26.4 29 -0.0021 02593  -322
TGN12 201142013 NaMo-CRS04 191 28 817 B2l 3120 703 6370 0 4800 42600 31 b6 579 37 0.0034 0.3m3  h2e
TGS06 3071072013 NerMo-Ca-CHS04 18 28 647 hh2 2150 50.3 4040 0 4000 38000 32 55 171 17 0.0033 0.2208  -2.08
TGS06 191172013 NarMo-CRS04 213 28 967 702 2660 B2.5 B540 0 4800 44300 45 71 h 20 -0.0035 02752  -6.28
otation 1D Sampling Date Water Type logfAl+3]  logfCa+2]  logfCH logfFe+2]  logMo+2]  logNa+] log[304-21 5l {Albite) S {Anhydnte) S| (Chalcedon S (Goethite) Sl (Gypsum) - S {Halite) Sl (Hematite) Sl (Quartz)
mmolkg  mmoltkg  mmolkg mmoltkg mmal’kg mmalfkg mmolfky
TGNO3C 16/10/2019  NerMg-Ca-CrS04 537 -2.51 -1.33 -4.09 2.47 -1.42 -2.29 5.7 0.5 03 05 0.2 4.3 04 08
TGNO3C 2011172019 NerMorCRS04 6.17 -2.38 -1.10 -3.76 -2.26 -1.19 2.27 2.1 0.3 05 2h 0.1 -39 6.9 1.0
TGN10b 291072013 NerMorCHS04 -4 89 -2.38 -0.98 114 217 -1.08 -2.16 38 0.2 05 08 0.0 36 35 1.0
TGN10b 2011172013 NerMorCRS04 -4.83 2,40 -0.91 -2.99 2.11 -1.01 217 4.3 0.2 05 05 0.0 35 30 1.0
TGN12 23/10/2019  NerMg-Ca-CrS04 -4 50 -2.28 -1.00 -3.98 -2.20 -1.09 -2.16 8.3 .1 03 3.3 01 3.7 47 08
TGN12 2011172013 NerMorCRS04 -4.43 -2.35 -0.90 -3.65 2.11 -1.01 2.15 8.7 0.2 05 36 01 35 5.3 04
TGS06 301072013 NerMo-Ca-CrS04 -4 51 2.31 -1.09 415 -2.26 117 217 -10.0 0.1 01 4.2 01 3.8 6.4 0.6
TGS06 19112013 NerMor-CRS04 -4.43 -2.28 -0.96 -4.02 2.19 -1.08 2.13 495 0.1 0.2 -39 0.2 36 5.7 0.6

72



Muir-Byenup peat wetland acid flux investigation

Ca

Department of Biodiversity, Conservation and Attractions

Na+K

®
HCO03+C03

Cl

o<Jeon

TGSE
TGN12
TGN
TGNGS:

v
cscscadtecccaa

3%
S
DY

Ca

Ca

2
Na+K

73

HCO3+C0O3

Cl

v
Na+K  HCO3+CO3

o 0Op

Surtace water_TG19
Sraflow GW2
Shaflow GW1

Cl

@ Yo

# TodtGurp
L B
Bl Nowre
. Mur

V oo

A Toun




Appendix 10 Groundwater level & electrical conductivity data logger data
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