Cooljarloo Mine Falcon Extension: Vegetation MaitiaRisk Assessment

Cooljarloo Mine Falcon Extension

Vegetation Mortality Risk Assessment

R Froend and R Loomes
Froend, Bowen & Associates
Consulting Ecologists

October 2007

Froend, Bowen & Associates 1



Cooljarloo Mine Falcon Extension: Vegetation MaittaRisk Assessment

Table of Contents

PrOJECE CONTEXL. ..ttt ettt e e e e e e e e e e e e e e e ee e e e e eeeeeeeennnnes 3
SCOPE Of ASSESSIMENT. . .uuuiiii e e e e e e e ee e e eettana s e s e e aeaaaaeeeeeeesssnnnnneeeesennnnnnns 3
INtroduction/ BaCKGrOUNG ...........uuiiiiiiis oottt anan e e e e 4
Part A: Review of literature and data........ccccceooiiiiiiiiiiiiiii e 6
AL LITEIATUIE ... ettt e e e e e e e e e e e et e e ettt b b mmmmae e st b s 6
Groundwater dePENUENCY .......ccceeeiiiiiiiieeeeereee e e e e e e eneeees 6
Water sources of Banksia woodland vegetation.................coovviviviiviiiiinnnneenn. 7
A.2 Meteorological Parameters ............... o e e eeeeeeeeeeeeeeeeeeiiiins e e e eneeee s 9
A3 HYAIOIOQY ..o e —————————— 10
A.4 SOl STratigraphy .......c e 11
F NSV =To = =1 o P 12
Part B: Vegetation RiSK ASSESSMENL.........ccommeeeeeiiiiiiiiii e e eee e e mnaenees 13
B.1 Basis of approach to determining phreatophg$@onse. .............cccoevevvvvinnnnnns 13
B.2 Review of previous Falcon risk assesSment..............ueeeiieiiieeeeeeeeeeeeeeennnnns 16
B.3 Establishment of trigger leVelS ..., 16
B.4 Comparison of modelled Falcon drawdown and ssiggl trigger levels........ 18
B.5 Risk of drawdown to phreatophytic vegetationu................evvveiiiiiininneeeennnn. 20
Part C: Guidelines for Phreatophytic Management...........ccccovvvvvvvveeiiiinincnneennn. 22
C.1 AVOIANCE SrAtEOY ...uieeeeeeeeeeeeeeeeieeeeeee e e e e e e e e e ettt e e eeaaaa e as 22
(@37 491 o = Tox i 4111 F= 1 (o] o 1S UUUURURRSPPPN 23
AV T ] a1 (o 1 s o [T UUPRTRPPRT 23
(GRS [0 g1 o= Tox i (=153 (0] = 11 0] o TR 28
Error and uncertainty in vegetation risk assessment............ccceeeeeeeiieeiiiinnnes 29
T (=T =] [0 T PPV PPPTPPPUPPPPPPP 30
Y o] 01T Lo Lo = PP 34

Appendix 1: OB series bores hydrographs Sept 06ayp 07 with preferred and
absolute minimum trigger levels based on acceptablgnitudes and rate of
(072 110 [0 1V o TS 34

Froend, Bowen & Associates 2



Cooljarloo Mine Falcon Extension: Vegetation MaittaRisk Assessment

Project Context

Tiwest Pty Ltd have identified and are seeking aparto mine minor extensions of
the identified reserves currently being mined fraemement M268SA (Falcon
extension). A draft mining assessment and apptinafior Section 45C amendment
(Tiwest, 2006) for submission to the EPA, inclu@epreliminary vegetation mortality
risk assessment using information from previousdisti on Banksia woodland
groundwater dependencies (Zencich and Froend, 20B&k categories were
proposed and mapped without explanation of actegétation response or resilience.
This proposal aims to refine the current vegetatisk assessment and provide advice
during the approval process.

Scope of Assessment

The assessment essentially consists of a desk@pagon and meeting attendance
with the following objectives:
Conduct a review of past research and investigatielevant to the identification
of risk of drawdown impacts on phreatophytic vetieta Emphasis will be
placed on reviewing published and ‘grey’ literatugpecific to shallow sandy
aquifers and Proteaceae and Myrtaceae dominateddlavats, as well as
techniques currently used to determine ecologiskl r
Collate relevant site (Falcon extension) data frderature, Tiwest and other
sources.
Using the review and site data, provide commenttlo® appropriateness of
previous risk assessments and complete an assdssmesk of drawdown to
phreatophytic vegetation of the Falcon extension.
Provide guidelines for phreatophyte management wilit lessen the risk of
impact.

A planned site visit was cancelled due to acceses
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Introduction/ Background

Many of the tree and deep rooted shrub speciexiassd withBanksiawoodland
communities are phreatophytic, that is, capableliiining groundwater from the
zone of saturation either directly or through thvertying capillary fringe (Meizner,
1923).The phreatophytic nature of these ecosystems teasdmknowledged since the
early 1970s when groundwater abstraction first cemeed in the area (Arrowsmith,
1996). However, studies have often merely infepbdeatophytic behaviour from
observations of deep root systems, response tondwaater declines and water
balance studies.

Root system excavations Banksiawoodland species identified deep rooting patterns
and an associated ability to reach depths close penetrating the underlying water
table (Dodd, Heddle, Pate & Dixon, 1984; FarringtGmeenwood, Bartle, Beresford
& Watson, 1989; Matizke & and Associates, 1991;adlg, Groom & Froend, 1997).
The inference drawn from these observations wat deadeep rooted woodland
species access groundwater they are also capabéengfit.

Vegetation mortalitieshave occurred across south-western Australia irasaef
groundwater abstraction in response to alteredrgiwater regimes. Results of early
investigations into these deaths indicated tha&stfeund growing in areas where the
depth to groundwater was shallow, between 2 and, Gvene most susceptible to
changes in water level where declines had beenrajuid to provide adequate time for
root systems to respond (Water Authority of Westustralia, 1992). A study by
Groom, Froend, Mattiske & Koch (2000) demonstratesl differences in responses
between deep-rooted phreatophytes and shallowdowir-phreatophytes iBanksia
woodlands. These studies provided further obsematievidence of the association
between groundwater dependence and terrestrialtatee (Zencich & Froend,
2001).

Dodd and Bell (1993) were the first to demonsteateassociation between plant water
relations and proximity to the groundwater tableeyf measured seasonal and diurnal
water relations in two terrestri@anksiaspecies. Their results indicated that both
species had high rates of water usage througheuydhr including the dry summer
months, and must therefore be utilizing groundwateahe absence of soil moisture.
Other studies of the same species (Grieve, 195&v&i& Hellmuth, 1968, 1970),
however, showed low water usage in summer. DoddBaild(1993) concluded that
these species were probably phreatophytes, rebingroundwater only where it was
available.

Dawson and Pate (1996) used stable isotope teadsigudemonstrate phreatophytic
behaviour inBanksiaspecies experimentally. Using stable isotopesrasets, this
study demonstrated seasonal variations in waterceowsage by illustrating
preferences for soil moisture uptake in winter gndundwater uptake in summer.
Further studies (Zencich, Froend, Turner & Gailil802) supported the finding that
temporal variations exist in water source usage inditated that spatial variations
also occur. Intraspecific variations have been detrated between individuals from
different positions in the landscape, while intexsfic variations occur primarily as a
function of rooting morphology (Zencich and Froe2d02).
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Zencich and Froend (2002) determined seasonal wateces for species growing on
a coastal dune system that overlies the Gnangamandlorhe plants studied grew
over groundwater that ranged in depth from 2.5 @on® The naturally occurring
stable isotope of hydrogen (deuteriwifid) was used to distinguish among potential
water sources. Isotopic ratios from vascular watéhe dominant species of the study
area were compared with those of potential sousEgsecipitation, soil moisture and
groundwater. A relatively shallow-rooted perenrséirub, Hibbertia hypericoides
was also included as an isotopic reference.

Research undertaken to determine the water regemmenof phreatophyti@anksia
woodland vegetation identified classes of phreagbphdependency based on the
influence of groundwater depth (Froend & Zencicld02). Three phreatophytic
categories were identified; 0-3 m, 3-6 m and 6-10 The greater the depth to
groundwater, the lower the requirement for grourtdwaand the more tolerant
Banksiaare to groundwater decline due to the correspgnatiiorease in alternative
water sources. These alternative sources are piymdre larger volume of
unsaturated zone (with increasing soil depth) etgide by the plant’s root system.

These dependence categories formed the basisifEskabased approach developed to
determine the dependence and susceptibility ofgtbphytic terrestrial and wetland
vegetation on various groundwater regimes (Froend hoomes, 2004). This
approach characterises vegetation communities skt of impact from altered
groundwater regimes. As it has been successfufilieapacross Western Australia in
regions with differing climates and soil and vegeta types, it is suitable for
application to the current Falcon study.

Although the overarching management objective &divie vegetation across the lease
Is to prevent permanent, long term, negative ing&atbiodiversity within GDEs,
comment in this report is often restricted to stierin changes in vegetation
condition and vigour (measured as canopy healtHahss, and species density and
abundance). These parameters, along with measut®nm@n community and
population structure, provide data required to sssehanges in vegetation (see
Section C.2 Impact Mitigation, pp. 23-28), and #isr biodiversity, in the long term.
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Part A: Review of literature and data

This component of the current study involved a tgskeview of relevant measured
environmental parameters including grey literatureeteorological parameters,
hydrology, soil stratigraphy and vegetation.

A.1 Literature

Groundwater dependency

Terrestrial vegetation ranges from obligate to kative groundwater users (Hatton &
Evans, 1998). At species level, obligate groundmwase is evident if all instances of
that species presence is dependent upon contingeaspnal or episodic access to
groundwater (Eamus, Froend, Loomes, Hose and Mu2@g6). Even if groundwater
is relied upon only very infrequently, or frequentiut for short periods of time,
groundwater dependency is still classified as alpig Eamus et al., 2006). Examples
of vegetative processes that may be dependent mmdywater availability include
flowering, seed set and germination, seedling éstabent and recruitment to
reproductive age (Eamus et al., 2006). Dependeacgeemed facultative when
groundwater is used when available although itsemtes does not result in any
adverse impacts to the vegetation (Eamus et ad6)2F-acultative dependency may
also include individuals that access groundwaterrwlat shallow depths and
individuals that have not accessed groundwatewutirout their lives (i.e. at higher
positions in the landscape) (Zencich, Froend, Tiy&é&sailitis, 2002).

Determining the degree of dependence of an ecasystegroundwater sources is an
important step in describing the potential impaofsaltered water regimes on
dependent ecosystems. The underlying assumptitbrisipprocess is that the closer the
proximity of a plant's rooting zone to groundwatdhe greater the potential
dependency (Hatton and Evans, 1998). This steplss eecognised as a key
requirement for the establishment of policy and aggment systems for GDEs
(Clifton and Evans, 2001). Hatton and Evans (1994) considered that the
“...degree of dependence was proportional to thetina®f the annual water budget
that the ecosystem derived from groundwater”. Thiwscribe five levels of

groundwater dependence in which ecosystems may dbegarized as entirely

dependent, highly dependent or proportionally ddpat on groundwater, may use
groundwater opportunistically, or may have no appadependency on groundwater
(Hatton and Evans, 1998). It follows that the geedahe level of dependence on
groundwater the greater the potential impactsriet arise from altered water levels
or changes in water quality.

Eamuset al. (2006) review a number of approaches availablietermine the degree
of groundwater dependence of an ecosystem. Bridflg, first approach involves
guantifying the proportion of annual water use &t from groundwater and the
assumption that this represents a measure of depewndIt does not however
differentiate between obligate and facultative GDdf&l is unlikely to accurately
reflect the degree of dependence on occasionglisodic groundwater (Eamus al.
2006). The second approach involves quantifyingéhegionship between patterns of
change in groundwater availability (i.e. depth,eraf change, decline in depth,
duration of excessive depths etc) and vegetatisporeses. This approach was used
by Scott, Lines and Auble (2000) and Shaforth, f8bverg and Pattern (2000) to
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guantify the relationship between patterns of cleaimggroundwater availability and
vegetation response, and applied by Froend, Rdgammes, Bamford and Storey
(2004) toBanksiawoodlands and wetland vegetation of the Swan Cb&ssn, in
order to ascertain phreatophytic vegetation resptmseparation from a groundwater
source. This approach is particularly useful fortedmining individual species
dependency on groundwater (Eamefs al, 2006). A third approach examines
temporal patterns in soil moisture, rainfall andyettion attributes known to be
influenced by these factors (i.e. leaf area indea @egetation water use), although
deductions can only be made about likely temporal dependency, rather than the
degreeof dependency of terrestrial vegetation on groustéw(Eamuegt al, 2006).

Water sources of Banksia woodland vegetation

Possible water sources of terrestrial vegetatiencamprised only of groundwaters
(soil water and groundwater), directly recharged gogcipitation. The soil layer
between the soil surface and water table is terthedinsaturated zone, as soil pore
spaces are not saturated with water. The term ‘pbisaturation’ is designated to the
subsurface water below the water table in whichvaitls between soil particles are
filled with water (Freeze and Cherry, 1979). Imnagelly overlying the water table is
the capillary fringe, also known as the tensionssded zone (Freeze and Cherry,
1979), as the micro-pores are saturated with watdrare held above the water table
by capillary forces. Deep-rooted species with aatphic root structure have a large
root capture zone and are therefore capable ofju$iravailable) unsaturated soil
moisture (both shallow and at depth) and groundw@tedepth), either derived from
the capillary fringe or directly from the water labShallow rooted species unable to
reach deeper soil at the extent of their root aaprone benefit from increased water
availability via hydraulic lift within the capillgrfringe, during periods of water stress
(Naumberg, Mata-Gonzalez, Hunter, McLendon and iMa2005).

Dependency/ susceptibility categories were develdpeprevious investigations into
the dependence of phreatophytic terrestrial, rgmand fringing tree species on
various groundwater regimes (Froend and Loomes#4;260oend, et al., 2004;
Froend, Loomes and Zencich, 2002; Zencich and Ea2d02). Comparative data on
mortality, species composition, groundwater deptfere and after drawdown events
as well as data from ‘control’ sites where grounthwalrawdown had not occurred
were utilised in this process. Figure 1 illustrate®ge of the four vegetation categories
that have demonstrated phreatophytic behaviouate: d

0-3m

3-6 m

6-10 m

>10 m (not pictured).

The greater the depth to groundwater, the loweregeirement for groundwater and
the more tolerant vegetation is to water table idecdue to the corresponding
increase in alternative water sources. The prinaigrnative source is the larger
volume of unsaturated zone (with increasing depttploitable by the plant’s root

system (Zencich and Froend, 2002). Quantitativeormétion suggests reduced
importance of groundwater to terrestrial vegetagaisting at depths to groundwater
of >10 m (Eamus et al., 2006). It is assumed #tadepths of 10-20 m there is a
probability of vegetation groundwater use, althouigis thought to be negligible in
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terms of total plant water use, and that at demh20+ m this probability is
substantially lower (Zencich and Froend, 2002).

Within the categories of 0-3 m, 3-6 m and 6-10 mg\Fe 1), tree species are assumed
to be phreatophytic and to derive some water frooumgdwater throughout the year.
Between these categories the degree to which gveated is utilised is dependent on
the proximity to groundwater, availability of maisé in shallower horizons in the soill
profile, root system distribution, maximum root tfeand groundwater quality. The
highest proportion of groundwater (>50% of dailyrsner water use) is used by the
0-3 m and 3-6 m depth to groundwater vegetatioagmaiy. Given the apparent high
dependency of trees in these shallow areas on sumccess to groundwater, it is
suggested that they are particularly susceptiblgrémindwater drawdown. Wetland
plant associations, by definition, are within areak very shallow depth to
groundwater and therefore their response to dramdsvequivalent to that of the O-
3m phreatophyte category vegetation. Vegetatioth@é6-10 m category also uses
groundwater however, it uses proportionally moreewérom the upper layers of the
soil profile as it has a larger subsurface soil shoe store beyond the influence of
direct evaporation (Zencich et al., 2002).

2 — |[copillaryfringe |
wunsaturated zone
watertahle
+ = 0-3m
o L |
J-6m
g —
w -1 1 (" "\73
netres G- 10 m

Figure 1: Categories of maximum depth to groundwater that have demonstrated phreatophytic behaviour in sandy
soils. Clay soils may have more extensive capillary zone of up to 2 or 3 m.

The depth to groundwater categories have been am@lbased on a gradient of
vegetation types on the Swan Coastal Plain, ranigorg fringing wetland species to
dryland vegetation on upper slopes and dune créstsa desk-based approach to
initially characterise vegetation communities askriof impact from altered
groundwater regimes, this method can be applienthier regions with different soil
types and vegetation types, providing these diffege are taken into consideration.
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A.2 Meteorological Parameters

Annual rainfall data for Cooljarloo showed thahaligh 2005 rainfall was well above
the long-term average of 554 mm and the third tsgkence records commenced in
1990, the average has only been exceeded twice 4989 (Figure 2)with 2006
representing the sixth driest year on record. Tte dauly 07), 2007 rainfall also
remains below average. Figure 3 illustrates theovibehverage monthly rainfall
experienced during passed 14 months, high-lightiveg very low falls of summer
06/07. Evaporation rates during the summer mongre Wwigher than average with the
exception of January, however, rainfall observedinduthe summer months is
considered ineffective with respect to recharge va@dose moisture and/or
groundwater recharge. Although a high intensitynfedi event will provide some
plant available soil moisture, this will be rapidigpleted through evapo-transpiration
and evaporation.
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200 +

100 -
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Figure 2 : Total annual rainfall (mm) at the Cooljarloo site for the period 1990-1996.
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Figure 3 : Monthly and average monthly rainfall (mm) and evaporation (mm) during the rewetting and drying phases
of the hydrological cycle, March 2006 to May 2007.
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High daily temperatures were experienced betweeareidber 2006 and March 2007,
with temperatures exceeding®@on December 7and 28 preceding vegetation
deaths and again on January’186" — 30", February 8 — 4" and March 8 — 9th

(Figure 4).
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Figure 4: Daily maximum temperatures (°C) April to May 2006/ 2007. Temperatures above the horizontal line are

considered extreme (ie above 40°C).

A.3 Hydrology

Seven nested piezometer pairs and one shallow mpeteo were installed across the
Falcon lease between August and September 2006 lloev anonitoring of

groundwater levels in the vicinity of current andmosed mining operations (Tiwest,
2007). Data collected to date indicates all borzsinin areas of shallow groundwater

(0-6 m) (Figures 5A-G).
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Figure 5: OB series bores hydrographs Sept 06 to May 07. A) OB15d; B) OB16s and d; C) OB17s and d; D) OB18s
and d; E) OB19s and d; F) OB20s and d; G) OB21s and d.

Long-term monthly groundwater data (1998 to 200xste for two piezometers,
MSBOL1 in the southern area of the proposed minperations, and MSBO2 (1988-
2007) south of the Falcon lease (Figures 6A andsB)undwater levels in these bores
have generally increased since monitoring commerined998 despite declines
recorded between 2001 and 2003. However, betweersghng peak of 2005 and
December 2006 groundwater levels fell 1.86 m add I at MSBO1 and MSBO2
respectively, with only a slight recharge during thinter/spring of 2006. It was noted
in Froend and Loomes (2007) that abstraction duspring and early summer 2006
was high whereas previously abstraction duringstimamer months has either ceased
or was maintained at lower rates during the previoue summers.
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Figure 6: Hydrographs A) MSBO1 in the southern area of the proposed mining operations; B) MSBO2 south of the
Falcon lease.

A.4 Soll stratigraphy

Exploration drilling data and geological cross sew of the Falcon lease indicated
much of the area was underlain by clayey-sand gfifstant thickness (Parsons
Brinckerhoff, 2006). This clay-rich horizon is th&st in the north-eastern area of the
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lease in the vicinity of pit 18. It is thought thagrching of the watertable above this
layer will reduce impacts of mining-induced grourader drawdown on vegetation.

Hydraulic testing was undertaken on all monitorbayes within the Falcon lease to
determine the range in hydraulic conductivity valder the underlying superficial
aquifer (Parsons Brinckerhoff, 2007). Results iathd that the hydraulic conductivity
of the clayey sand dominating the upper part ofafeifer in the south of the lease
and throughout the aquifer in the north, rangeavbenh 0.005 m/d and 0.2 m/d with
an average of 0.05 m/d. Sand rich soils occurnniipé southern and western areas of
the lease in lower part of the aquifer had conditeds ranging from approximately 1
m/d and 8 m/d. Soils underlying bores OB18, 19a80 21 are dominated by clayey
sands, bore OB15 is underlain by sandy soils amesb®@B16 and 17 by soils of both
types at various depths.

A.5 Vegetation

Woodman Environmental Consulting P/L was commissibby Tiwest Pty Ltd to
conduct detailed flora, vegetation and dieback istudf the Falcon tenements.
Surveys recorded 373 plant taxa belonging to 53liesn two Declared Rare flora
and 21 priority species (Woodman Environmental,7200welve plant communities
were also described and mapped within the Falcaasé.eThese consisted of four
woodland communities, dominated Banksiaand Eucalyptussp., fourMelaleuca
dominated thicket communities, three sandy heatineconities and a creek line
assemblage. Plant communities at risk from modelledlvdown are identified in
Section B.5 of this report.
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Part B: Vegetation Risk Assessment

This section of the report reviews previous riskessments and provides a further
determination of risk of drawdown to phreatophytiegetation of the Falcon
extension.

B.1 Basis of approach to determining phreatophyte r esponse.

Zencich and Froend (2002) noted that the most feignit alteration to water regime
experienced bBanksiawoodland vegetation in the Cooljarloo area is dtauwhich
involves prolonged periods of no precipitation, uetibn of soil water in the
unsaturated zone to below wilting point and lowereatertables to below mean
levels. The most critical element of drought forrgatophytes is groundwater
drawdown, particularly if it occurs during the drgi phase of the year when
dependence on this source is greatest and watdaldly in other parts of the
profile is low.

The process of plant response to reduced watelabuay is depicted in Figure 7.
Stage 1 represents typical conditions during theyedrying phase (ie. reduced
precipitation, drying of the unsaturated zone aratlgal lowering of the water table).
Further lowering of the water table (stage 2) rssul a loss of contact with the root
zone of the plant. Beyond this point the magnitofieirawdown is irrelevant to the
plant. Moisture reserves are still apparent indbep layers of the unsaturated zone
and now provide all the plants water requiremelntgime predictions of vegetation
response to watertable decline may include switchietween water sources as
groundwater becomes unavailable. Associated wittredsed water availability is
reduced water uptake by vegetation and conseqgeeniction in transpiration. It is
expected in this scenario that plants would expegeprogressively lower xylem
water potentials (indicative of water stress) asaimrated soil water decreased.
Sustained stress may see an approach towards shdlten plant water potential
values beyond (below) which would constitute a ajudle of the water transport
system of the plant (resulting in death). Prolon{gdonic) water stress manifests as
poor vigour.

The extent of vegetation response to decreased axdéability (eg. acute or chronic
water stress) is determined by the interval betwdrging and re-wetting. Low plant
water potentials are reversed after substantiafathithat re-wets the shallow soil
layers. These reserves will become depleted withmouit from precipitation (stage 3)
and at this stage the impacts upon the plant goerdient on the duration that the
water table is suppressed. For example, a seagooetss of drying (short-term
drawdown) from stage 1 to stage 2 (even 3), i®¥adld by a recourse to stage 1 after
the break of the dry season. However, if watersstie not alleviated, i.e. rise in
groundwater levels or recharge of the unsaturated Dy rainfall, an extension (or
persistence) of the process to (at) stage 3 mayrtang-term drawdown). During
this stage senescence of fine roots and other plams$ increases, further reducing
water uptake ability, and poor canopy conditiong(tinl leaf senescence) may become
apparent. Ultimately, thresholds of drought toleearwill be breached (stage 4),
resulting in rapid decline of vegetation and subdé levels of water stress
(mortality).
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Figure 7: Process and timing of groundwater drawdown impacts at mid-slope sites. Mid-slope represents the 3-6 m
depth to groundwater category.

The effects of water table decline on phreatophgteselated not only to the duration
and magnitude of decline but also to the rate ativdown and antecedent conditions
such as depth to groundwater. The rate at whichaat pnill be impacted by
drawdown is proportional to the rate of drawdowmapR groundwater decline will
result in the process of impacts (stages 1 to #etaccelerated. Gradual reduction of
the water table means a slower progression of thegges with greater opportunity
for recharge to occur and for plants to adapt gggible) to the altered groundwater
regime (i.e. root growth, physiological adjustmegnts

A framework for estimating the risk of impact torphtophytic terrestrial vegetation
from groundwater drawdown was developed based erfitldings described above
(Froend and Loomes, 2004). The framework is degiateFigures 8A-C. Rates of
drawdown (m/yr) are read from the y axis and th@mitades (m) from the x axis.
Risk of impact can be scored and defined as lowderaie, high or severe risk of
measurable impact from groundwater regime change.
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Figure 8: Risk of impact to phreatophytic vegetation in the different depth to groundwater grouping based on rate

and magnitude of groundwater level change a) 0-3 m, b) 3-6 m, c) 6-10 m (Froend & Loomes, 2004).
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B.2 Review of previous Falcon risk assessment

The potential impacts of mining-induced groundwatkscline on wetland and
phreatophytic vegetation was assessed by Parsansk&roff (2006) following
guidelines developed by Zencich and Froend (2002)this approach a known
drawdown tolerance limit, based on the current hléptgroundwater (0-3 m: <0.75
m; 3-6: <1.25 m; 6-10 m: <1.75 m) is subtractedrfrthe mean summer/autumn
minimum to determine a drawdown threshold. Howewasr,piezometers had only
been newly established at the time of the assedsthergroundwater levels recorded
in September 2006 were substituted for a mean nummAlthough true minimum
groundwater levels were therefore not availabkglkeat nearby piezometers MSBO1
and MSBO4 reflected very low to no recharge duspgng 2006 (as discussed in
section A.4). As a result, September 2006 levelseweery similar to minimum
groundwater levels recorded in previous years, amed suitable as substitutes for
average mean minimums in the absence of actual data

Following this approach it was determined that vagen within 1 km of active

mining operations within which drawdown was expdcte exceed 0.75 m was at
moderate to high risk of impact. To ascertain thatial area of drawdown impacts,
risk categories were overlain with modelled maximdmawdown contours within

areas not underlain by a thick clay horizon. Arease then calculated for each
category of risk, low-high.

Although this approach describes the spatial afa#sk it provides no indication of

the distribution of the vegetation. Therefore itnist possible to either identify the
types of vegetation at various degrees of riskcoprtedict potential responses to
groundwater drawdown spatially across the miningration.

B.3 Establishment of trigger levels

Trigger levels were established for bores in theh®sn borefield south of the Falcon
lease (Parsons Brinckerhoff, 2003). In responsgetiines in vegetation condition in
summer 2006/07 at bores which had not breachegetsg the relationships between
sudden vegetation decline and high rates and malgstof groundwater drawdown
were further examined (Froend and Loomes, 2007)hodigh the magnitude of
decline at a bore was often not considered setlezeate of decline was too great for
plants to adapt to resulting in sudden health desliand death. It was subsequently
determined that both magnitude and rate of decimest be considered when
establishing trigger levels.

In this report revised drawdown thresholds (forhedepth to groundwater category)
based on rate and magnitude and representing arldwnoderate risk of impact (see
Figures 8A-C in Section B.1) were subtracted froept8mber 2006 groundwater
levels at each OB series bore and MSBO1 and MSBblé 1, Appendix 1).
Revised minimum triggers levels were breached lab@ks during summer/ autumn
2006/07 (Appendix 1). Although vegetation monitgrihas not been undertaken
specifically at these sites, it is possible thapaats similar to those observed in the
northern borefield over this time period have alseaccurred in the vicinity of the
OB bores.
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Table 1: Recommended trigger levels as mAHD and @B (metres below top of casing)

Bore IDTGW (m) | DTGW *Preferred minimum- “Preferred minimum- rate | *Absolute minimum - ®Absolute minimum - rate
Sept 06 category magnitude magnitude
mAHD m bTOC mAHD m bTOC mAHD m bTOC mAHD m bTOC
MSBO1s | “3.87 3-6m 59.91 °4.87 60.81 %3.97 59.31 35.47 60.76 %3.72
MSBO2s | %2.72 0-3m 69.69 %3.47 70.34 %2.82 69.19 33.97 70.29 %257
OB15d 5.91 3-6m 58.62 6.91 59.52 6.01 58.02 7.51 9.45 6.06
OB16d 4.79 3-6m 60.70 5.79 61.60 4.89 60.10 6.39 1.5% 4.94
OB16s 4.75 3-6m 60.77 5.75 61.67 4.85 60.17 6.35 1.6%6 4.90
OB17d 3.00 0-3m 55.48 3.75 56.13 3.1 54.98 4.25 .0%6 3.15
OB17s 2.88 0-3m 55.50 3.63 56.15 2.98 55.00 4.13 6.106 3.03
OB18d 2.98 0-3m 52.90 3.73 53.55 3.08 52.40 4.23 3.5G 3.13
OB18s 3.05 0-3m 52.88 3.80 53.53 3.15 52.38 4.30 3.4% 3.20
0OB19d 3.05 0-3m 54.97 3.80 55.62 3.15 54.47 4.30 5.55 3.20
OB19s 2.98 0-3m 55.01 3.73 55.66 3.08 54.51 4.23 5.615 3.13
0B20d 3.32 3-6m 51.94 4.32 52.84 3.42 51.34 4.92 2.7% 3.47
OB20s 3.20 3-6m 52.05 4.20 52.95 3.30 51.45 4.80 2.906 3.35
OB21d 4.40 3-6m 49.22 5.40 50.12 4.50 48.62 6.00 0.0 4.55
OB21s 4.22 3-6m 49.56 5.22 50.46 4.32 48.96 5.82 0.415 4.37

! Depth to groundwater.

2 Mean min dtgw 2001-06.

3Calculated from average annual minimum 2001-06emt 86 level and max acceptable magnitude of dramdmder low risk of impact.
“Calculated from average annual minimum 2001-06ept 86 level and max acceptable rate of drawdovaeutow risk of impact after 1 year.
®Calculated from average annual minimum 2001-06emt 86 level and max acceptable magnitude of drawmdmder moderate risk of impact.
®Calculated from average annual minimum 2001-06emt 86 level and max acceptable rate of drawdovdeumoderate risk of impact after 1 year.
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It is preferable to have both preferred and abeadlugger levels (for both rate and
magnitude) in the case of minimum groundwater Evel monitoring bores. A
preferred minimum level may represent the levelvabwhich no or low risk of
impact due to excessive drawdown is probable. Adireof the preferred minimum
would estimate a higher risk, which should alesffsio take remedial action/caution
or, the higher risk which may be acceptable underescircumstances. In the case of
an absolute minimum, which could be representetbbgls greater than low risk but
less than severe risk, remedial management achionld be taken before a breach
occurs.

B.4 Comparison of modelled Falcon drawdown and sugg ested trigger
levels

Groundwater drawdown modelling was undertaken uSI@IPFLOW 2000, the most
widely used groundwater flow modelling program amarent industry standard
(Parsons Brinckerhoff, 2007). Predicted responseitong in the upper part of the
superficial aquifer for the time period Decembe®2@o January 2013 were produced
in graphical form (Figure 9) and as contour maped®lling incorporated the timing
of overburden stripping, mining, backfilling andbgndwater recovery across the nine
pits proposed for the Falcon lease (Parsons Brhdkie 2007).

02-Sep-08
02-Dec-08
03-Mar-09
02-Jun-09
02-Sep-09 +
02-Dec-09 +
03-Mar-10
02-Jun-10 +
2-Sep-10 +
Dec-10
03-Mar-11
02-Jun-11 +
02-Sep-11 +
02-Dec-11 +
02-Mar-12 +
01-Jun-12 +

o o
Date (Mine Schedule)

Figure 9: Simulated drawdown in Falcon monitoring bores Dec 08 — Jan 13.

To determine if predicted drawdowns may breachtiiigger levels recommended in
Table 1, the level of drawdown for the time sengigresented on contour maps were
compared to the preferred and absolute magnitugigetr levels from each OB series
bore (deep only). Rate trigger levels were not m@red as it is unclear when mining
operations will commence in relation to the firshe series modelled. It is also not
possible to know what the actual groundwater levedd be when mining
commences.

Results show that trigger levels are unlikely tobibeached at bores OB16d, OB20d
and OB21d (Table 2). However, OB15d triggers magheeeded from June 2009 to
January 2013 when drawdown is at its greatest alpaxitent. Both the preferred

absolute minimums may also be breached at OB17d Becember 2008 to January
2013, at OB18d in April 2009 and at OB19d from ARO09 to January 2011.
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Table 2: Potential breaches of magnitude triggezlteat OB series bores during mining drawdown.

Bore Sept 06 g/w Drawdown | Modelled | Preferred Trigger Absolute Trigger
level (MAHD) | model drawdown | min level min level
scenario (m) magnitude | breached | magnitude breached
OB15d 59.62 Dec 08 0.02 58.62 No 58.02 No
Apr 09 0.02 No No
Jun 09 1.06 Yes No
Sep 09 4.01 Yes Yes
Nov 09 5.59 Yes Yes
Jan 10 5.53 Yes Yes
Jan 11 1.81 Yes Yes
Jan 12 1.45 Yes No
Jan 13 1.21 Yes No
OB16d 61.70 Dec 08 0.03 60.70 No 60.10 No
Apr 09 0.03 No No
Jun 09 0.21 No No
Sep 09 0.44 No No
Nov 09 0.40 No No
Jan 10 0.44 No No
Jan 11 0.55 No No
Jan 12 0.59 No No
Jan 13 0.59 No No
OoB17d 55.48 Dec 08 1.35 55.23 Yes 54.98 Yes
Apr 09 1.27 Yes Yes
Jun 09 0.96 Yes Yes
Sep 09 1.05 Yes Yes
Nov 09 0.99 Yes Yes
Jan 10 0.99 Yes Yes
Jan 11 0.94 No Yes
Jan 12 0.86 No Yes
Jan 13 0.77 No Yes
oB18d 53.65 Dec 08 0.6 52.90 No 52.40 No
Apr 09 1.44 Yes Yes
Jun 09 0.70 No No
Sep 09 0.74 No No
Nov 09 0.69 No No
Jan 10 0.68 No No
Jan 11 0.66 No No
Jan 12 0.62 No No
Jan 13 0.59 No No
oB19d 55.72 Dec 08 0.46 54.97 No 54.47 No
Apr 09 2.13 Yes No
Jun 09 2.27 Yes Yes
Sep 09 1.99 Yes Yes
Nov 09 1.81 Yes Yes
Jan 10 1.66 Yes Yes
Jan 11 1.04 Yes No
Jan 12 0.72 No No
Jan 13 0.52 No No
OoB20d 52.94 Dec 08 0.10 51.94 No 51.34 No
Apr 09 0.59 No No
Jun 09 1.14 No No
Sep 09 0.46 No No
Nov 09 0.46 No No
Jan 10 0.46 No No
Jan 11 0.45 No No
Jan 12 0.44 No No
Jan 13 0.42 No No
OB21d 50.22 Dec 08 0.04 49.22 No 48.62 No
Apr 09 0.05 No No
Jun 09 0.06 No No
Sep 09 0.08 No No
Nov 09 0.09 No No
Jan 10 0.10 No No
Jan 11 0.15 No No
Jan 12 0.20 No No
Jan 13 0.23 No No
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B.5 Risk of drawdown to phreatophytic vegetation

In this section of the report drawdowns predicteddach mine pit under modelled
scenarios are compared to depth to groundwateogmto determine the risk of
impact (ROI) (Figures 6A-C) to vegetation. Mappimigvegetation communities has
also allowed the identification of specific commiyntypes at risk under each
scenario.

Results indicate that vegetation within the drawddaotprint of S18P1 may be at
moderate-severe ROI from December 2008 to Janu@t0 Zalling to a low-
moderate ROI to January 2012 as the drawdown fmbtpontracts (Table 3). A
similar pattern of risk may occur in the footproftS18P2 however, the level of risk
falls to low-moderate by January 2011, one yealieeawith no risk predicted for
2012 and 2013 as the footprint contracts. Ther®iROI predicted from S17P2 until
June 2009 when vegetation may be at a moderate+igsgh Under the following
scenario, September 2009, the ROI increases tonaedsevere, falling to moderate-
high by January 2011 and then to low for 2012 a@#i32 A similar pattern of risk
may occur in the vicinity of S17P1, with no risldioated until a moderate-high ROI
by June 2009. This continues to September 2009rdeafereasing to a moderate-
severe risk by November 2009. The ROI falls backntmderate-high until January
2011 and to low for January 2012 and 2013.

Nine vegetation communities occur within areas iified as being at risk of impact.
Of these, three are heath communities, tiviet¢aleucadominated woodlands, two
Banksia/ Eucalyptusommunitiesand onethe creek line community. It is probable
that theMelaleucaand heath communities occur in wetlands on clely-sioils which
may mitigate the impacts of groundwater drawdowme $pecies composition of the
creek line community suggests it may be halophytics also potentially dependent
on surface water run-off rather than underlyingugichwvater. Théanksia/ Eucalyptus
communities however, are likely to be highly growater dependent, based on the
shallow depth to groundwater across most of thistridution on the Falcon lease.
These communities are therefore likely to be aatgst risk of impact from mining-
induced groundwater drawdown.
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Table 3: Depth to groundwater in proximity to migivoids, drawdown scenario, magnitude,
ROI and veg communities at risk of predicted draw®ec-08 to Jan 2013.

Mine void/ Drawdown | Predicted ROI -magnitude| Vegetation Comments
DTGW cat model drawdown communities
scenario (m)
S18P1
0-3m Dec 08 1-2 Mod - severe W3, HS1, T4
Apr 09 1-2 Mod - severe W3, HS1, T4, T2
Jun 09 1-3 Mod - severe W3, HS1, T4, T2
Sep 09 1-2 Mod - severe W3, HS1, T4, T2 Expantbotprint
Nov 09 1-2 Mod - severe W3, HS1, T4, T2 Expandowprint
Jan 10 1-2 Mod - severe W3, HS1, T4, T2 Contradtiogprint
Jan 11 0-1 Low - mod W3, HS1, T4, T2 Contractingtoint
Jan 12 0-1 Low - mod W3, HS1, T4 Contracting foiotpr
Jan 13 0 - - -
S18P2
0-3m Dec 08 1-3 Mod - severe W3, HS1
Apr 09 1-3 Mod - severe W3, HS1, T3, C1
Jun 09 1-3 Mod - severe W3, HS1, T3, C1
Sep 09 1-2 Mod - severe W3, HS1, T3, C1 Expanfiintprint
Nov 09 1-2 Mod - severe W3, HS1, T3, C1 Expandagprint
Jan 10 1-2 Mod - severe W3, HS1, T3, C1 Contradtintprint
Jan 11 0-1 Low - mod W3, HS1, C1 Contracting footpr
Jan 12 0 - - -
Jan 13 0 - - -
S17P2 North of OB15
3-6 m Dec 08 0 - - -
Apr 09 0 - - -
Jun 09 1-2 Mod - high HS1, W3
Sep 09 1-3 Mod - severe HS1, W3, T4, HS3
Nov 09 1-3 Mod - severe HS1, W3, T4, HS3 Expandiiragprint
Jan 10 1-3 Mod - severe HS1, W3, T4, HS3 Expanfiintprint
Jan 11 1-2 Mod - high HS1, W3, T4, HS3 Expandmngfprint
Jan 12 0-1 Low HS1, W3, T4, HS3 Contracting foatpri
Jan 13 0-1 Low HS1, W3, HS3
S17P1
3-6 m Dec 08 0 - - -
Apr 09 0 - - -
Jun 09 1-2 Mod - high HS1, W3
Sep 09 1-2 Mod - high HS1, HS2, W3, W4
Nov 09 1-3 Mod - severe HS1, HS2, W3, W4 Expandiiragprint
Jan 10 1-2 Mod - high HS1, HS2, W3, W4 Expandingfrint
Jan 11 1-2 Mod - high HS1, HS2, W3, W4 Expandimngfprint
Jan 12 0-1 Low HS1, HS2, W3, W4 Contracting foatpri
Jan 13 0-1 Low HS1, HS2, W3, W4 Contracting foatpri

HS1 — dense heath dominatedBanksia telmatiaeaith mixed herbs on grey sand.
HS2 — Heath dominated B¢ ?drummondii, H. hypericoidesxdG. ?plicatumon grey sand.
HS3 — Heath dominated IB; telmatiaecaandMelaleuca vimineaubspyvimineaon grey sand on lower

slopes and valley floors.

W3 - Low woodland oE. todtiana B. menziesiandB. attenutataover mixed shrubs on grey sand.
W4 — Open low woodland d@. ilicifolia, B. menziesiandB. attenuataver mixed shrubs in a swale.
T2 — Thicket dominated biyl. rhaphiophyllaandM. vimineasubspvimineaoverB. telmatiaeaon grey

sands.

T3 - Thicket dominated bWl. rhaphiophyllaandM. vimineasubspvimineaover sedges on grey sands in

drainage lines.
T4 — Thicket dominated blylelaleucasp. on grey sand in a basin.
C1 - Minor creek line with spars$talosarcia indicasubspbidens, Drosera giganteaandSamolus

junceus.
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Part C: Guidelines for Phreatophytic Management

This section provides recommendations on the timafigmining activity (season,
longevity), vegetation and aquifer restorati@md pre-, during and post-mining
monitoring and management. Recommendations follevcontrol hierarchy applied in
the Falcon Drawdown Management Plan (Tiwest, 2@®did) consider recommendations
made for the northern borefield by Zencich and &Rdoé002). The control hierarchy
consists of three levels;

Avoid — modification of mining plan to prevent ingia

Mitigate — minimise or prevent extent of impact.

Repair/ restore — recovery and restoration to pneaict conditions.

C.1 Avoidance strategy

Previous studies conducted to identify vegetatiatewstress risk demonstrated seasonal
variations in water source usage illustrating thdtigh proportion of groundwater use
was not maintained throughout all seasons (Zenardh Froend, 2002; Zenciatt al.,
2002; Zencich, 2003). During summer, progressiwendrof the surface soil results in
increased use of groundwater and deep soil moistWiith the onset of winter rains
plants can switch relatively quickly to using projanally more water from the upper
layers of the soil profile. Therefore as the degmegroundwater dependence of
phreatophytic vegetation is greatest during thersamautumn drying phase, it is then
that they are most susceptible to drawdown. This fugther supported during a recent
study of vegetation deaths/ decline across the j@tw northern borefield (Froend and
Loomes, 2007). It was suggested that high ratesnaaghitudes of groundwater decline
over the 2006/07 spring/summer drying phase in d¢oation with low winter recharge
and continuous groundwater abstraction, includingmrmeer pumping, induced
widespread mortalities. It is possible that impawts/ have been avoided or minimised if
abstraction had ceased over the summer monthsgialtpén light of very poor winter
rains.

It is therefore recommended that the exposure gétation to operational drawdown be
restricted to periods of non-peak groundwater dehvelmere possible. Restricting mining
operations to the winter/ spring recharge periocenviphreatophytic vegetation has
switched from groundwater usage and is accessithgvater from upper layers of the
profile, should ensure potential vegetation impais avoided. However, during low
recharge winters, such as that experienced in 206@getation is likely to still be

proportionally dependent on groundwater, and mayes&nce declining health and/ or
death. However, it must be noted that due to thareaof mining operations this is an
unlikely option.

Although restriction of mining operations to wintespring months will reduce

drawdown, groundwater will not recover to pre-maievels over the summer/ autumn
period. However, if the rate and magnitude of drewwa remain under or close to
threshold or trigger levels, no negative impactsusth occur over the first summer. If the
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duration of drawdown extends to a second summegradts are more likely to occur,
with the risk of impact increasing with subsequamnnhmers of operational drawdown.

C.2 Impact mitigation

Tiwest (2007) identified a series of actions thatld be taken to mitigate adverse
impacts of operational drawdown as demonstrateougir monitoring of groundwater
levels and vegetation condition. These were; mgezrations to alternative pits, pumping
of water into non-active voids, short-term cessatb operations and artificial recharge
of affected areas. However, the question remainkat will trigger these actions?

In Section B.2 (p. 17) acceptable rates and mades#twof groundwater level decline
(based on current depth to groundwater) were usédentify trigger levels representing
a low or moderate risk of impact. Trigger levelsraveletermined for the OB series of
bores located across the Falcon lease and boresO¥SEhd MSBO2 towards the
southern sector of the lease.

For trigger levels to be effective in the contektlos application, they should alert staff
at a point prior to vegetation impact occurring grdvide adequate opportunity for

groundwater level mitigation to occur. This reqgaiieequent monitoring of all bores,

ideally monthly during the winter/ spring perioddafortnightly during summer/ autumn,

which should ensure identification of possible fetlbreaches of trigger levels well

before they occur. In addition, an assessment efipus winter recharge, considering
rainfall, soil moisture and water table rechargeusth be undertaken prior to each drying
phase. For example, winter rainfall falling belo@?6 of the Cooljarloo mean of 450 mm

should provide an effective early warning of thegible need for impact mitigation. Low

groundwater recharge can be identified using updayerographs from monitored bores.
If levels rise minimally following winter or faild rise at all, as was noted during 2006,
recharge is insufficient and impact mitigation maybquired.

Monitoring

Monitoring is defined as the collection of specifidormation for management purposes

in response to hypotheses derived from assessroivities, and the use of these results

for implementing management (Finlayson, 2003). Ambar of reasons for the

implementation of a monitoring program have be@miidied and include:

. To characterise variations in responses of ecasgstt® natural variability in the
environment;

. To collect baseline data on an ecosystem as p#nreahventory process;

. To record ecological changes occurring as resudipetific natural or anthropological
events;

. To measure progress towards set objectives of ageament program and;

. To audit performance of management agencies ardl Users (Bunn et al., 1997;
Finlayson & Mitchell, 1999).
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Parameters

Monitoring parameters that reflect the ecologicalues, environmental condition and
health of GDEs and have a defined relationship grttundwater levels, need to meet a
number of criteria, namely that they:

. Consider the ‘lag’ effects between depressed greatel levels and environmental
condition and/or health:

- response of parameters influenced by depresseadyn@ter levels can take
a long time and further reductions may be permitbedore the impacts of
previous changes are realised. As such, rapid nesptype parameters are
favoured, as they provide advanced warning of Bt stress or degradation
on the system in question as well as providing dapeortunity to determine
whether intervention or further investigation isjuged (van Dam, Camilleri, &
Finlayson, 1998). However, some GDE values may @\ measured through
parameters with a greater ‘lag’ effect (e.g. plophytic vegetation community
composition);

. Have a defined relationship with groundwater levels
- there needs to be confidence that a measured spaithin a parameter
reflects depressed groundwater levels rather thiaer anfluencing factors, such
as long-term climatic variability, extended wetdoy periods, temperature effects
and/or a myriad of other abiotic/biotic factors;

- Characterise risk to the environment:
- parameters should identify, where possible, whetherpacts to
environmental values are short term or long teeversible or irreversible and/or
minor or major;

. Are cost-effective and practical:
- parameters should be inexpensive enough to measdg,

- Have early warning capabilities:

- the time from which a parameter indicates thera [tential change within
a value, to the time that actual change occursl{ligae), should be sufficient to
provide the opportunity to implement appropriatenagement response (similar
to the ‘lag’ effect of a parameter). Generally, tiedter the warning (the longer
the period between potential change and actualge)ahe lower the accuracy of
the parameter in portraying a response specife goven stressor (i.e. depressed
groundwater levels). A balance between these ctaarsiics (lead-time and
accuracy), should be considered to provide the napgtropriate and cost-
effective parameters. Further characteristics atyewarning indicators and
considerations which need to be taken into accowhen deciding on
environmental, physical and/or chemical indicatare detailed in van Dam
(1998).

Zencich and Froend (2002) provide details on spmegfarameters from which
phreatophytic vegetation response to water regiare e correlated/ associated. The
abundance (area), character (composition, floristicness and structural diversity) and

Froend, Bowen & Associates 24



Cooljarloo Mine Falcon Extension: Vegetation MaittaRisk Assessment

condition (collective vigour) of phreatophytic testrial vegetation can be measured at a
community level.

Parameters which can be used to measure the almoMeators for phreatophytic
vegetation include:

. Species diversity of plant communities;

. Cover and abundance of indicator plant species;

. Species evenness over time;

. Weediness index overtime;

- Regeneration index over time;

. Canopy fullness/density of indicator species;

- Community distribution/zonation change or distribatof indicator plant species

along a gradient;
. Size (height) and age structure (dbh) of a localutation;
. Canopy health.

When monitoring phreatophytic vegetation it is imtpat to measure environmental
variables that will influence vegetation commurgfiaamely:
. Groundwater levels and fluctuating water regimesrgtion of wet/dry phases,
seasonality etc);
. Water quality (nutrient concentrations, salinityxicants);
. Soil water retention capacity and soil stratigraplgiter retention layers);
. Climatic information (rainfall and maximum tempenas during summer/early
autumn);
- Frequency of fire disturbance (measured by recgrthie presence or absence of fire
ephemeral native legumes).

The relationship between the monitoring parameterd the parameter criteria are
outlined in Table 4.

Hypotheses

The formulation of a testable hypothesis is criticathe effectiveness of a monitoring
program. Finlayson and Mitchell (1999) explain thabnitoring is underpinned by the
assumption that there is a specific reason forctilection of data, and the assumption
should be clearly stated and presented as a hygsth&ubsequently tested and the
information assessed and fed back into the managerpeocess. Management
performance and accountability are also criticakti@ctive monitoring and should be
monitored alongside ecological parameters (Finlay&oMitchell, 1999). An iterative
relationship between monitoring and managementldhexist, resulting in an adaptive
management program, where monitoring data provelesheck on the progress of
management and if necessary, the management progganbe amended to ensure
objectives are being met (Bunn et al., 1997). Argrrelationship between monitoring
and research should also be encouraged in orderefioe and extend scientific
knowledge of the ecosystem (Bunn et al., 1997).

The critical importance of monitoring objectivetated as clear and testable hypotheses,

to the effectiveness of a monitoring program, hesnbemphasised by number of authors
(see Bunn et al., (1997); Finlayson and Mitche899) and Finlayson (2003)). For each
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monitored site clear identification and definitia monitoring objectives should be
developed and expressed and testable hypothesese Tfipotheses should relate the loss
of environmental values of a specific site to th®ugdwater regime and should
incorporate monitoring parameters as compliancéer@i For instance, at a site
supporting diverse vegetation in good conditionappropriate hypothesis may be:

Increasing depth to groundwater will lead to a cbanin the structure,
condition and vigour of phreatophytic vegetation.

The ‘change in structure, condition and vigour cha measured using relevant
parameters (i.e. species diversity, species comdr abundance, vegetation structure,
community distribution etc.). However, what conggfs a ‘change’ resulting in a loss of
values will depend on the current condition of vlegetation.
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Table 4: Relationship of monitoring parametersdamameter criteria.

GDE Component ‘Lag’ effect Relationship Risks to environment characterised Early warning
Monitoring parameter with GW levels effectiveness capabilities
VEGETATION
species diversity relatively long to very long parelated to  long-term, reversible, minor to major high low
strongly related impact
species cover and relatively long to very long partly related to long-term, reversible, minor to major high low
abundance strongly related impact
species evenness relatively long to very long  ypasthted long-term, reversible, minor to major high low
impact
weediness index relatively short to relatively partly related short-term to long-term, reversible* high low
long major impact
regeneration index relatively short to relativelypartly related short-term to long-term, reversible* high low to high
long major impact
canopy fullness/ density of relatively short to relatively partly related long-term, reversible, major impact high low to high
indicator species long
community relatively short to very long  partly related to short-term to long-term, reversible*, high low to high

distribution/zonation or
distribution change

strongly related

major impact

canopy health annual species: very short trongly related

relatively short

annual species: short-term, réslers high
minor impacts perennial/tree species:

annual species:
high perennial/tree

perennial/tree species: short-term to long-term, reversible*, species: low
relatively long to very long minor to major impacts
ENVIRONMENTAL PARAMETERS
groundwater levels very short to relatively shortirectly related short-term to long-term, reversjble high high
minor to major impact
water quality relatively short strongly related osghterm to long-term, reversible, high low to high
minor to major impact
soil moisture relatively short strongly related orkterm to long-term, reversible to low to high low
irreversible, minor to major impact
climatic information relatively short to very long  strongly related  dhimrm to long-term, reversible to low to high high
(particularly rainfall) irreversible, minor to major impact
records of past fire events  na indirectly short-term to long-term, reversible to low to high na
related irreversible, minor to major impact

Froend, Bowen & Associates

27



Cooljarloo Mine Falcon Extension: Vegetation MaittaRisk Assessment

A vegetation monitoring program was proposed in Geundwater Drawdown
Management Plan - Falcon (Tiwest, 2007). The manigoschedule indicates that
baseline monitoring will be undertaken in sprin@2@ollowed by an end-of-summer
round in April 2008 to identify ‘natural’ seasonslress prior to mining. Health
rankings will then be undertaken each April durm@ing operations. Rapid visual
assessments will also be undertaken by staff dugntine monthly groundwater/ soil
moisture monitoring (Tiwest, 2007).

In addition to monitoring recommended in Tiwest@2Pan approach developed by
Soil Water Consultants (2007) to determine the gdowater dependence of
phreatophytic vegetation should also be considefaég approach uses plant water
available content (PAWC) of the soil profile, ovdre total rooting depth, to

determine the quantity of water that the soil peotan supply to the vegetation.
Results can be applied to soil water balance mddedetermine the when during the
year vegetation requires access to groundwater alodvs the development of

mitigation strategies (SCW, 2007). This represeats accurate and predictive
approach that can be easily integrated into a mong program.

C.3 Impact restoration

Previous research on ecosystem resilience has shimatrBanksiawoodland can

recover to a pre-groundwater drawdown state folgwan impact event of short
duration (Groom, Froend and Mattiske, 2000; BroR@04; Froend and Bertuch,
2007). It has been suggested that fire can ashist recovery by triggering
germination and allowing plants to re-establish amdiifferent ecohydrological
conditions. Increased frequency of controlled burngill also reduce

evapotranspiration and allow increased rechargshaflow aquifers. However, this
may raise the risk of fire escaping into wetlandd burning sediments. Ecologically,
there may also be a loss of heterogeneity in végatas species intolerant of
frequent fire are gradually lost and age class ciires change to reflect
predominately post-fire regeneration stages.

Monitoring is required to assess the process obrason, whether natural or assisted.
McDonald (1996) examined resilience and restoratbwliffering Australian plant
communities and recommended that qualitative anantipative comparisons be
undertaken. This could include percent similantyspecies composition pre and post-
impact, monitoring of the flowering, fruit set asded banks of indicator species or
measurement of maturity in species that do no dgvagnificant seed banks.

Restoration of soil profiles and hydrological sugpmechanisms is imperative if
phreatophytic vegetation is to re-establish follogvithe cessation of mining
operations. Following decommissioning Tiwest praptis re-contour and rehabilitate
landforms and reconstruct soil profiles (TiwestD2D Void backfilling will also be
undertaken throughout the mining operation. It xpexted that final rehabilitation
will be completed within 3 years of the cessatibmming activities (Tiwest, 2007).
Solil profile restoration should recreate pre-minwvayiations in soil stratigraphy,
especially the high water retention capacity, staltlay layers underlying wetland
areas. However, the potential for clay to form tre@y impermeable barriers,
reducing water movement and root penetration (Jasgibin, Yunming & Shen,
2002), necessitates care in backfilling areas ptsly dominated by deep sandy soils.
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Soll fertility is also crucial to vegetation rehbtaition, and is reflected in the soils
capacity to form a seedbed, root penetrability,ewatfiltration and holding capacity
and erosion resistance (Jasgtral, 2002).

Error and uncertainty in vegetation risk assessment

Management recommendations are based on the bashation available. There are
however, errors associated with quantifying wagguirements and recommending
provisions to meet those requirements. These emgly that even if conservative
provisions are allocated, there is a risk that icbpanay still occur. The sources of
error/uncertainty are as follows:

Poor hydrological baseline data — Incomplete, inemte and poor spatial
coverage in groundwater data. It is difficult tcemdify the pre-abstraction
depth to groundwater which represents the conditiomder which the

vegetation has established and survived. Withastitifiormation, an accurate
determination of the degree of change in groundwatels that resulted in

current impacts is difficult to identify. Althougit is not possible to collect

data retrospectively, the greater the period ovéichv data is available

temporally the more accurate trigger levels ancemidl vegetation response
will be.

Poor vegetation baseline data — There is currdittty information on the pre-

mining condition of phreatophytic vegetation acrtss Falcon lease reducing
the accuracy of predicted levels of response. Bt@béshment of permanent
monitoring plots within close proximity to the méming bores would allow

assessment of vegetation pre-, during and posnmitihereby enabling direct
comparison of groundwater and trigger levels widgetation condition and
response.

Limited knowledge of species water requirement$ie Water requirements of
only key species (ieBanksig are currently understood, reducing the accuracy
of predicted levels of response.

Climate change — There may be a continuation akotilow rainfall patterns
or a possible return to wetter/ higher rechargeditmms in the near future.
Under a scenario of continuing drought, the climampacts will over-

ride/mask abstraction impacts, although abstracudh always exacerbate
drought conditions.
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Appendices

Appendix 1: OB series bores hydrographs Sept 06 to
preferred and absolute minimum trigger levels based
magnitudes and rate of drawdown.
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