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1. INTRODUCTION 

This report has been compiled as supplementary information to support the Yandicoogina Iron Ore 
Project - Response to Submissions document. Prior to adressing the specifics of submissions in 
relation to changes in water availability and the potential impacts to riparian vegetation and GDE’s it 
is imperative to reiterate some of the overarching assumptions, limitations, and conclusions which 
have already been reached.  These are important in the context of the potential impacts, as in 
general, the degree to which each is addressed is commensurate with the the inherant value of the 
factors potentially being impacted, the level of risk they present, and the potential to avoid or 
ameliorate potential direct and most importantly indirect impacts.  

Three key riparian tree species are refered to multiple times throughout this document. These are 
Eucalyptus victrix, Eucalyptus camaldulensis and Melaleuca argentea.  From here on in these species 
will be refered to by the abbreviations EV (Eucalyptus victrix), EC (Eucalyptus camaldulensis), and MA 
(Melaleuca argentea). 

Firstly; some impact to riparian vegetation is expected as a result of the groundwater table 
drawdown associated with implementing the Proposal. This has been identified to occur in two key 
areas: 

(1) Some changes to the riparian vegetation in the incised channel zone due to groundwater table 
drawdown;  

• Some components of the artificially augmented vegetation may either experience 
significant health impact or may experience significantly increased mortality (most likely 
in areas where an abnormally high density of new recruits have established);  

• Some small outer fringes of baseline MA co-dominated communities may suffer 
reduced health or increased mortality (unlikely to be significant);  

• Some parts of the outer fringes of the incised channel zone vegetation (those more 
common riparian communities) may suffer reduced health or increased mortality 
(unlikely to be significant in areal extent);  

(2) Some changes to the riparian vegetation in the floodplain ripaian zone due to groundwater 
table drawdown:  

• EV dominated floodplain communities may experience reduced health, but are believed 
to remain viable and are unlikely experience detectable increases in mortality.  

• EV and EV co-dominated floodplain communites are likely to experience some areas of 
reduced health, potentially in the form of reductions in canopy stature and there is 
potential for slightly increased mortality. 

In relation to adressing the Public Submissions, there are some key considerations/assumptions 
which have a strong influence on the potenetial for impacts on riparian vegetation from groundater 
table drawdown. These are: 

(1) It is considered that continued surplus water discharge from Hope Downs 1 and Yandi will 
ensure that perrenial surface flows will be maintained within the low flow channel of Weeli 
Wolli Creek in the area of the PBS proposal.  This continued perrenial surface flow, while 
potentially reduced in residual volume, is the key source of confidence that variability in soil 
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water availability to trees  within the incised channel zone will not be significantly impacted by 
the removal of access to the broader groundwater table.  This is supported by an awareness of 
the likely effects of perennial water flow on the pore water avilability in the low flow channel. 
Secondly this is also supported by the continued health and viability of highly sensitive riparian 
vegetation located in other RTIO operational areas where groundwater has been drawdown 
out of reach, and perennial surface flow is being maintained.  

(2) It is understood that while pit dewatering is likely to quickly lower the groundwater table in 
substrates such as the CID, where connectivity is high; the rate at which the drawdown will 
propagate and remove water from connected and unconnected features such as the alluvial 
zone of riparian habitats is likely to be much slower. Furthermore, the frequency of both 
natural and discharge based surface water inputs are deemed great enough to contribute to a 
further slowing, and periodic amelioration of this process in the alluvials. 

(3) While EV was broadly characterised as a facultative phreatophyte within the Proposal PER, 
this approach was taken to remain in line with commonly accepted but broad scale 
characterisation of this species water use strategy, and also to remain in context with the 
detail of the discussion provided in that document.  A further detailed discussion was provided 
in the appendices of the PER (RTIO 2015a), and further to this discussion, section 3 within this 
report builds on that work, and provides a detailed discussion of this topic, with the following 
relevant conclusion.   It is understood that in natural systems with a substantial catchment 
size (and associated vadose soil water resource); on a scale of groundwater dependence, 
observed physiological functioning of EV appears to be more accurately characterised as 
representative of a vadophyte and at times a facultative phreatophyte. Consequently, in 
situations where access to the broader groundwater table is removed, this species is believed 
to be unlikely to experience significantly increased mortality or be mortally reliant on positive 
antecedent groundwater conditions.  This distinction is not always true, and is importantly 
related to the water demands associated with resident tree densities, the increased size of the 
vadose soil resource often associated with larger sized creek catchments and the inherent 
frequency of surface water inputs which they typically provide.  As a result, risk assesments of 
potential impacts to local riparian tree species (and associated vegetation) are focused on the 
two most likely groundwater dependent species; EC and MA.  

(4) It is considered that in natural systems, perennial surface water flow is a manifestation of the 
very close proximity of the groundwater table. Therefore in natural situations, there is an 
extremely low liklihood that the water table can drop significanty below ground level while 
perrenial surface water flow is broadly maintained.   However under the Proposal (and as 
observed in other present day situations in the Yandi area), surplus water discharge in 
combination with proposed groundwater table drawdown will likely ensure the two 
hydrological systems are decoupled.  This is predicted to (and previously observed to) result in 
the maintenance of perrenial surface water flows in parallel with the broader water table 
being maintained at significant depth below the riparian zone.  For this reason, the majority of 
accepted literature testing or predicting the effects of lowered groundwater tables on riparian 
vegetation within natural systems, is (at least in the incised channel zone) of significantly 
reduced applicability to the anthropogenically influenced  hydrological system operating in the 
PBS project area.  
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In relation to the impact of dewatering on groundwater dependant vegetation; risk assesments have 
been conducted based on current hydrological knowledge, previous pump tests, and a review of the 
influence of the altered hydrological regime currently influencing the riparian system in Weeli Wolli 
Creek. The key results of this impact assesment have been determined, and moderated, based on 
the inherant value of the various riparian communities present in the proposal area.  Riparian 
communities whose tree strata is dominated by EV  (or riparian shrublands which do not posess a 
dominant tree strata) are considered abundant and extremely well represented in the Pilbara.  
Riparian communities with a tree strata dominated by both EV and EC are less abundant, but still 
considered well represented, and so their value is considered greater.  Riparian communities in the 
broader Yandi area considered as being of high value, and which are listed in the “Yandicoogina High 
Level Values Statement; Weeli Wolli Creek Catchment” (RTIO 2015d) are those riparian woodlands 
with a significant and relatively mature MA component.  The mapped community listed in this 
statement, but which does not occur in the Project area is the C1A vegetation unit. The C1A 
community is broadly described as a riparian woodland of EC, EV and MA (posessing generally 
mature MA populations).  The intermediate lower value C1B community, does however occur 
sporadically in the PBS project area, and represents the resident MA co-dominated community 
interpreted as potentially present at baseline. The C1B community is broadly described as a riparian 
woodland of EC and EV, over a low woodland co-dominated by MA (posessing less sturucturally 
dominant semi-mature MA populations).   

In all cases; riparian health impacts due to changing water avilability is to be afforded adaptive 
management effort prioritised according to the magnitude of impacts, and the varying value, 
sensitivity and resultant risk which resident communities possess. Baseline riparian communities 
considered to be of moderate to high value are inherantly the most sensitive to changes in 
hydrological regime and therfore represent the highest risk communities and will be managed for 
water stress accordingly. These communities are largely located within the incised channel zone, 
hence the focus of management effort within this zone.  

While impacts upon the accessibility of the groundwater table to riparian communities is of 
relevance, it is also well known that the ecology (namely vegetation distribution and associated 
cycles of changing health and vigour) of riparian communities along the Weeli Wolli Creek system is 
primarily driven by the inherantly variability of surface water inputs active within its confines.   For 
this reason it is important to note that the Proposal is esentially not significantly impacting the 
morphology of the low flow channel, thus maintaining existing natural flow paths in areas of 
established woodland.  Likewise, the broader floodplain is largely being maintained, which allows a 
similar level of natural flood flows, and maintains a substantial seed bank to facilitate recovery.   

It is also important to note that the stretch of Weeli Wolli Creek in the vicinity of the Proposal is 
currently retaining a substantial degree of artificially augmented vegetation, and is continuing to be 
further augmented by perrenial flows.  Consequently, it is expected that changes to the degree of 
augmentation expressed in the riparian corridor are likely to result from potential changes to the 
availability and distribution of soil moisture, which the Proposal is likely to bring about.  
Furthermore, in the longer term, and beyond the current and proposed regimes of water availability 
during mining, it is expected that vegetation augmentation will ultimately be unsustainable, and the 
system will eventually progressively revert to a much closer structure and composition to that which 
existed under baseline conditions.   
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DoW Submission relating to statement in the PER:  

The PER document states; groundwater monitoring data indicate that pre-mining depth to water 
tables within the porposal area CID occurred between 12-20m below ground level (bgl), suggesting 
there would have been low dependancy of the vegetation in this area on groundwater, as most 
plants would have been reliant on soil (pore) water instead (URS 2015).  

2. DOW SUBMISSION #1 – CONCERN GROUNDWATER CHANGES MAY BE TOO RAPID FOR 

ROOTS TO RESPOND 

DoW: Considering the riparian vegetation is likely to have adapted to the current groundwater 
levels, please provide a discussion detailing the potential impacts to vegetation health through 
groundwater decline rate exceeding rooting growth rates. 

Proponent Response: 

It is considered that the potential impacts to vegetation health due to rapid drawdown would be 
varied depending on the vegetation type/species, its position in the riparian zone, and the 
hydrological regime in its vicinity.  In order to explain the potential impacts on riparian vegetation in 
relation to rapid drawdown, there are two key zones to consider:  

 (1) the incised-channel/low-flow zone; where it is expected that continued discharge will 
maintain a certain width/depth of adequate alluvial soil pore moisture surrounding the low 
flow channel regardless of the movements of the broader groundwater table (this is where all 
relevant groundwater dependent species are known to broadly occur); 

(2) The upper banks, secondary channels and floodplain zone (where MA does not occur, but EC 
will occur sporadically) 

In relation to the incised channel zone, and the directly adjacent terrace: 

Given the artificial hydrological influences on the project area; depth to groundwater is considered 
less significant, as surplus water discharge is predicted to maintain alluvial sediment saturation in a 
portion of this zone, and adequate soil-pore moisture in the fringing areas which remain.  In a 
drawdown situation, assuming (as predicted) some low-flow channel flow is maintained; the small 
scale extent of the associated zone of alluvial saturation and adjacent capillary fringes may change 
and become more spatially variable, particularly downwards through the soil profile to depth.  
However; in general it would be expected that in the upper sediments where moisture presence is 
most important, soil pore water will likely be maintained and therefore riparian vegetation should 
not be subject to unusually high degrees of water stress as a result of drawdown.  A 2015 study by 
Judy Eastham “Understanding riparian vegetation responses to Groundwater drawdown and 
discharge from below water table mining in the Pilbara” generally concluded that Eucalypt foliage 
cover did not show a negative relationship with groundwater drawdown where surface water 
discharge was present.  One of the telling responses highlighted by this study was that sites within 
Weeli Wolli Springs where Eucalypts were comparatively high in their likelihood of groundwater 
dependence, but which experienced significant drawdown along with artificial surface water 
discharge also showed this same relationship.  

In relation to the floodplain zone (upper creek terrace, secondary channels and broader 
floodplain):  

This is potentially the zone where the greatest consideration is required. The majority of this zone 
sits outside of the area of expected influence from continued discharge, and so if the tree stratum in 
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this zone has some dependence on groundwater proximity, there is potential for impact from a rapid 
decline in the groundwater table as a result of drawdown.   The important things to consider in 
relation to this are: 

• It is still unclear if the majority of trees in this zone have had sufficient access to the 
groundwater table to have facilitated some degree of dependency on the broader 
groundwater table resource; 

• Examples of rapid rates of drawdown within similar riparian habitats have not yet resulted 
(over the short to medium term) in significant increases in resident eucalypt mortality;  

• Those more groundwater dependent tree species such as EC which occur sporadically in 
this zone; tend to be distributed either close to the incised channel zone or in the low 
points and preferential flow zones of key secondary channels. This determines that they 
are positioned in those areas most likely to be influenced by the smaller more regular peak 
flow events which often inundate such areas and provide surface water inputs (on a 2 - 4 
year frequency (RTIO 2013)).  

• While access to the broader groundwater table in this zone by eucalypts will potentially be 
removed as a result of the PBS proposal, the relatively regular natural surface water inputs 
which are typical within a system of its catchment size are expected to remain.  These 
inputs in combination with the artificial base load of perennial surplus water discharge and 
the positive influence this regime is likely to have on floodplain inundation frequency, are 
considered likely to be sufficient to sustain the key tree species of this zone.  While these 
key tree species (Namely EV, and EC) are riparian species possessing potential for some 
degree of groundwater dependence they are increasingly considered to be flexible in their 
water requirements (capable of switching between that of a facultative phreatophyte and 
a vadophyte), and in the case of EV potentially acting as a vadophyte when resident in 
creeks of a larger catchment size.  As a result, these species are also known to possess an 
inherent degree of adaptation to high variability in moisture availability, and traits which 
can enable them to persist through extended periods of moisture stress. 

• The suggested likelihood that riparian Eucalypts of the floodplain are able to somewhat 
rapidly transition from access to absence of groundwater availability and survive on the 
surface water inputs of the ephemeral riparian environment they occupy, is thought to be 
true due to the following relationships.  Models developed for some arid land riparian 
species (using both hydrological and vegetational datasets) have shown that stand 
structure is strongly related to water availability and groundwater depth.  What this 
relationship has shown is that there are typically thresholds of indicators such as basal area 
and stem density (indicators of stand biomass) below which the presence of groundwater 
is not limiting to survival, and the available vadose water resource is capable of sustaining 
minimum water availability for the resident biomass (through typical periods of climatic 
variability).  For the floodplain zone of Weeli Wolli Creek it is noted that the basal area (and 
stem densities) of the resident tree strata is quite low (likely well below the realm of 
<10m2/ha), and is likely below the threshold which would typically determine that local 
populations are only dependent on the vadose water resource available. This is shown in 
work by Stromberg et al, (1993) in their paper “Vegetation-Hydrology models: implications 
for management of Prosopis velutina Riparian ecosystems”, where they examined the 
physiology of Mesquite in arid land riparian communities, and established relationships 
between pre-dawn/midday leaf water potentials, depth to groundwater and various 
biomass indices such as basal area and Leaf area index.  In this study, depth to 
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groundwater in the vicinity of >20 m typically resulted in Mesquite leaf water potentials in 
the realm of -3.5 MPa, which in turn was shown to have a relationship with a stand basal 
area of below 5-10 m2/ha. While these results are not directly applicable, the relationships 
and models they have developed are indirectly applicable and allude to likely indications 
with stand biomass indices may have on the potential local groundwater dependence.    

Within eucalypts of the floodplain zone there may be some changes to root architecture, and 
increases in biomass and canopy architecture due to the relative proximity of groundwater in recent 
times (since approximately 2007) and also potentially at baseline (likely to a lesser degree). This may 
mean the ability of a percentage of individuals to respond to rapid rates of water table decline are 
diminished, and in cases this may lead to isolated mortality.  In the case of EV, given the inherent 
degree of drought adaptation this species possesses, it is deemed unlikely that this will lead to 
mortality rates significantly greater than that of a natural system responding to climatic variability.  
In the case of EC, the risk of increased mortality due to rapid water-table movement is considered 
higher, and of some concern.  However; in the case of this species its distribution in the floodplain, is 
generally restricted to larger secondary channels and low points within more regularly inundated 
flood zones in proximity of the incised channel zone.  This distribution is thought to minimise the risk 
posed to this species from depth to water table changes, and also determines that the species is 
closer to the zones of increased soil pore moisture provided by perennial surplus water discharge in 
the incised channel zone.  This proximity to the artificial moisture sources, as well as their position in 
areas more regularly inundated/influenced by natural surface water flows is believed to provide a 
vadose water resource capable of protecting this species from the water stress potentially 
associated with rapid drawdown.  Flood inundation modelling sourced from work conducted for a 
report on the Eco-hydrology of Weeli Wolli Creek (RTIO 2015e) suggests that the average recurrence 
interval for a 50% AEP (Annual Exceedance Probability) flow event is every 2 years, and that the 10% 
AEP occurs approximately every 5 years.   

Based on the spatial correlation between the 50% (and also 10%) AEP floodplain inundation extents 
and the distribution of EC communities within the project area (Figure 1), floodplain communities 
are likely to receive regular surface water inputs. In fact, it is considered likely that surface water 
inputs from inundation via flood events will positively influence vadose moisture availability for most 
floodplain occurrences of EV and EC co-dominated communities every 2 years, and nearly all 
occurrences every 3-5 years (Figure 1).  In addition, with the low flow channel and associated 
alluvials remaining consistently wet from surplus water discharge, the likelihood of higher frequency 
rainfall events leading to floodplain/secondary-channel inundation is also increased.  Consequently 
peak flow inundation combined with incident rainfall and the artificially increased soil pore moisture 
availability of the riparian zone (due to perennial surplus water discharge) are considered likely to 
provide  sufficient soil-pore moisture availability to maintain the viability of those communities 
harbouring more groundwater sensitive species than the common EV.  

Without actual examples of the responses of riparian Eucalypt species which have been subject to 
rapid rates of groundwater drawdown, the ability to provide alternative conclusions about their 
likely response to those provided in other more broadly applicable research studies, is quite limited. 
For this reason, a recent concerted effort has been made to isolate and identify relevant examples of 
riparian vegetation exposed to water stress of the magnitude which might be expected as part of the 
PBS proposal.  Identifying relevant examples is often problematic as additional, often conflicting 
influences determine that drawing relevant conclusions from them is difficult.  Two key issues 
regularly experienced in this area are:  
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1. In many drawdown examples, the relevant adjacent creek systems often receive surplus 
water discharge which is to a large degree ameliorating the potential impacts of drawdown 
within at least the incised channel zone.  Conversely, the interaction between low-flow 
perennial discharge and the groundwater table below the floodplain often makes it difficult 
to provide actual examples which can clearly isolate the influence of drawdown on the 
responses of floodplain riparian vegetation.  

2. The distance between ephemeral creek systems and the mining pits around which 
dewatering is occurring, often means that the degree of disconnect between the broader 
groundwater table system and the surface water system is unclear.  This makes it difficult 
to clearly demonstrate that in situations where perennial discharge is occurring, the 
observed maintenance of health within that system is a result of the surface water inputs 
(rather than small scale water table proximity). 

Of the drawdown examples that follow and in relation to these key issues: drawdown example 1 is 
chosen due to the absence of key issue 1; drawdown example 2 focuses on a floodplain area where 
for various reasons the influence described in the second part of issue 1 is estimated to be minimal, 
and Drawdown example 3 focuses on an area where the influence of issue 2 is considered negligible. 
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Figure 1: Spatial correlation of floodplain EC/EV communities with 2 and 5 year flood inundations (with Levee)  
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Drawdown Example 1:  

The response of riparian eucalypts to drawdown within the incised channel & floodplain zones of Weeli 
Wolli Creek in the Hope Downs 1 area (without the influence of artificial perennial flows).  

In mid-2015, a systematic Eucalypt health assessment was conducted along a 3km section of Weeli Wolli creek 
(by Rio Tinto Botanist Jeremy Naaykens and Biota Botanists Ben Eckerman and Pierre-Louis de Kock) where 
consistent drawdown from the nearby mining operation has lead in some areas to a 7-8m per year (at Bore 
BH31) drop in depth to water table (approximately 20 mm per day).  With riparian water tables at baseline 
hovering around 10-12m bgl, drawdown has translated (depending on location) to a riparian depth to water 
table in the range of 15-30m bgl since mid-2009 (dewatering began in 2007), and has peaked at present in the 
range of 25-70m bgl in different parts of the creek.  These figures are based on an assessment of the time it 
takes to increase the depth to water table from baseline to 30+m (in extreme areas at known bores) bgl. To 
date this represents at least 5-6 years in succession without access to groundwater for a portion of the Weeli 
Wolli creek riparian system.  In addition, this represents an important example of the influence of significant 
drawdown on vegetation within the incised channel and floodplain zones. More importantly, unlike other 
areas presented; this stretch of creek does not receive surplus water discharge from mining.   

A health assessment of every Eucalypt with a diameter at breast height (DBH) greater than 10cm in a 3km 
stretch (adjacent to the zone of greatest drawdown influence) determined that of a total of 620 eucalypts, 
88% were assessed as being of average and better health. In addition the data gathered showed that only 4.5% 
of EC present were assessed as being stressed, and through digital multispectral imagery (DMSI) interpretation 
that only 2.6% of all eucalypts (16 trees) had died since 2007.  Essentially this data is believed to support the 
suggestion that in the short to medium term; mortality rates are not significantly increased by such a change in 
the availability of groundwater.  Additionally this data suggests that species such as EV continue to comprise a 
significant component of the riparian ecosystem, and that resident EC populations likely remain viable in such 
situations (RTIO 2015b).  The results of this work are depicted below in Figures 2-5. 
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Figure 2: Systematic Assessment of Riparian Eucalypt health on a 3km stretch of Weeli Wolli Creek near Hope 

Downs 1 and centred on the zone of most significant drawdown from the adjacent Hope downs 1 
mining pits;  - Overview map 
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Figure 3: Systematic assessment of riparian eucalypt health on a 3km stretch of Weeli Wolli Creek: Map 1 of 3 
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Figure 4: Systematic assessment of riparian eucalypt health on a 3km stretch of Weeli Wolli Creek; Map 2 of 3 
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Figure 5: Systematic assessment of riparian eucalypt health on a 3km stretch of Weeli Wolli Creek; Map 3 of 3 
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In addition to this work, Digital Canopy Photography (DCP) monitoring has been conducted in 2 sites within the 
systematic health survey area, and an additional 5 sites in the broader area (2 of which are directly influenced 
by substantial surplus water discharge; HD5 and HD6).  While these sites focus more specifically on the incised 
channel zone, the results of certain sites (HD0, HD1, HD2, HD3, HD4 and HD10) are considered more 
representative of eucalypt responses to groundwater depth changes, as surplus water discharge does not 
influence them.  The location of DCP sites HD1 to HD6 are presented in Figure 6, while sites HD0 and HD10 are 
located off map 2.5 km and 7 km south of HD1 respectively.  The bores of relevance to these sites and the 
systematic tree health survey (also see green star marked on Figure 2), are marked in Figure 6 and their 
respective monitoring results are presented in figure 7.  The DCP site HD2, essentially sits in the zone of most 
extreme drawdown (and to a lesser extent HD1 and HD3), with the water table sitting at approximately 70m 
bgl (at bore BH31), and well out of reach of trees since mid-2008 (approximately 7+ years).  With relatively 
rapid drawdown rates experienced in this area, HD2 (and to a lesser extent HD1 and HD3) along with the 
surrounding trees considered as part of the systematic survey are expected to potentially display the greatest 
impact assuming the resident trees are dependent on access to the broader water table.   

Figure 8 presents the percentage change in foliage cover at each of the relevant DCP sites, in and around the 
cone of drawdown from the Hope Downs 1 pit.  It should be pointed out that HD6 (and to a lesser extent HD5) 
is downstream of surplus water discharge, so it should have its root system in ample soil water, and should not 
be experiencing water stress.  Once drawdown commenced in 2007, HD1 and HD2 saw sharp negative changes 
in foliage cover when compared to the majority of sites, but as time passed they progressively began to 
recover showing positive changes in foliage cover when conditions allowed.  Work by Eastham (2015) 
identified similar trends, and noted that while such trends suggest that these eucalypts may be vulnerable to 
rapid dewatering, subsequent recovery suggests that adaptation to the changed hydrological conditions is 
possible if the availability of surface water inputs is maintained.  Eastham also noted that the importance of 
surface water availability in maintaining foliage cover of riparian eucalypts is supported by other responses 
observed in the study.  With the exception of HD4, foliage cover at all Hope Downs 1 drawdown sites (HD1-6, 
and HD6a) showed a positive response to annual rainfall which was statistically significant for HD1 and HD2 
(Eastham 2015). Eastham (2015) also pointed out that foliage cover of Eucalypt species in the springs was also 
responsive to spur-discharge, which represents an alternative source of surface water.  Interestingly, while 
some monitoring sites such as the control HD10 site showed somewhat consistently negative foliage cover 
change figures, the majority appeared to regularly respond to the apparent influence from climatic/surface-
water influx factors by showing similar positive gains in foliage cover. Similarly, are the consistently negative 
foliage cover changes shown by HD4 in comparison to the other key sites (HD1 and HD2) in the groundwater 
drawdown cone of depression.  The HD4 DCP site is located on pebble-mouse creek which has a very small 
catchment size compared to Weeli Wolli Creek. It is interpreted that in the case of HD4; without the 
comparatively high frequency of surface water inputs (as present on Weeli Wolli Creek), the lack of access to 
groundwater is resulting in consistently negative foliage cover responses.  This appears to support the concept 
that on large catchment creeks such as Weeli Wolli, the volume and frequency of surface water input appears 
to be sufficient to sustain similar levels of Eucalypt health and vigour to that of a natural system, despite a lack 
of access to the groundwater table.   

Figure 9 presents a graph of mean foliage cover for each of the key DCP sites of interest in relation to the area 
of maximum drawdown at Hope Downs 1.  When monitoring commenced, foliage cover at DCP sites in the 
ephemeral drawdown area (that section of Weeli Wolli experiencing significant drawdown and only natural 
ephemeral flows) were initially quite variable.  Cover decreased at all sites between February and May of 
2007, soon after the start of dewatering. Sites HD1 and HD2 showed greater foliage cover reductions than HD3 
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and HD4 (as expected), however the impact of any stress was short-lived and foliage cover recovered 
progressively over subsequent monitoring intervals. By March 2008, cover was similar to levels measured prior 
to potential impact in October 2006.   From September 2010 to December 2014, trends in foliage cover were 
similar at all of the ephemeral drawdown sites.   

Across the suite of ephemeral drawdown, perennial drawdown (sites in the spring receiving surplus water 
discharge), and ephemeral reference sites presented in Figure 9, the trends displayed show an initially broad 
variability in foliage cover.  This variability potentially reflects the different creek profiles, varying 
levels/changes in water availability, and differing responses to changing water availability.  Importantly, over 
time, and as access to the broader water table becomes increasingly unlikely in some areas, the mean foliage 
cover of ephemeral drawdown sites do not appear to trend in an opposite direction to that of sites where 
water availability is high.  Instead, the broad trend displayed by the data over time is one of decreasing 
variability among sites, as if they are trending towards some sort of equilibrium.  In light of the actual and 
expected foliage cover trends in the spring sites (HD5 & HD6 - some drawdown with perennial discharge) 
compared with the sites in the ephemeral drawdown zone (HD0-3), it is apparent that foliage cover responses 
may be complicated by some negative effects on foliage cover in the 2 spring sites.  However regardless of 
these complicating influences/responses, overall it seems clear that in at least the short to medium term, 
foliage cover within the drawdown ephemeral zone is not broadly trending in a negative direction.  This would 
suggest that under the pressure of groundwater drawdown of this rate and magnitude, riparian communities 
appear to remain clearly viable and periodically vigorous.   

However, one of the key questions with respect to the effects on riparian vegetation of water stress associated 
with water table drawdown is; how might the response by trees change, when significant drawdown stress 
coincides with successive years of above average climatic stress.  There is some suggestion that in such 
situations, significantly increased rates of mortality among trees may result and lead to significant changes to 
riparian vegetation.  In relation to the presented Hope Downs 1 example, yearly rainfall data for a suite of 
Bureau of Meteorology (BOM) weather stations across the east Pilbara has been presented in figure 10.  In 
order to show the longer term trends in rainfall across the East Pilbara, pastoral and town based weather 
stations were used as consistent mine-site based rainfall totals are not available over these longer timescales.  
From Figure 10 it can be seen that yearly rainfall is quite variable in the Pilbara, and that for the first half of the 
44 year timeline, yearly rainfall seems to follow a similar trend in variability.  The period from 1994-2002 
shows a comparatively wet period of time with a consistent rise in yearly rainfall volumes evident throughout.  
As can be seen in figure 10 within the orange box representing the time period of interest to the Hope Downs 
1 example; yearly rainfall totals definitely see a significant drop in volumes in the 2007-2011 period.  This 
period interesting coincides with the start of drawdown at Hope Downs 1, and so despite a return back to 
relatively normal levels of rainfall variability since 2011/2012, this preceding rainfall period definitely 
represents a good example of drawdown stress coinciding with climatic stress.  In light of these rainfall trends, 
the tree health results presented for this period are inferred to indicate that no significant increases in 
mortality were experienced despite the compounding effect of significant increases in water stress from both 
water table drawdown, and reduced rainfall.        

Through presentation of riparian Eucalypt health responses via DCP based foliage cover and a systematic tree 
health survey, this example in an ephemeral drawdown situation presents a short to medium term indication 
of how riparian tree populations might respond to drawdown under drawdown rates of 7-8m per year (at Bore 
BH31; 21 mm per day – based on time taken to draw the groundwater table beyond 30m bgl).  While this 
could be considered quite a rapid rate, drawdown rates can conceivably be even greater (within proximity of 
the pumping point) depending on pumping rates and the connectivity of the substrates within which the 
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groundwater table is confined. The following example (Yandi junction south east pit) which focuses on 
floodplain vegetation is located in an area where a quite rapid draw down was experienced in a bore centrally 
located in one particular stretch of Weeli Wolli creek floodplain. From mid-2006 to mid-2008 an initial phase of 
dewatering led to a drawdown at Bore 99YJWB02 of 16.5 m from baseline (to a depth of 23-25m) which is 
equivalent to a rate of approximately 30 m per year, or 84mm per day. A break in dewatering in mid-2008 saw 
the water table bounce back to approximately 6m bgl till the end of 2008.  Following this period, a return to 
dewatering saw an 18m groundwater drop down to approximately 25m bgl (in a 2 year period), which equates 
to a drop of 10m per year or 27mm per day.      
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Figure 6: Position of water monitoring bores and DCP monitoring sites in relation to the HD1 systematic tree health survey area
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Figure 7: Bores BH31, MB14HD1N009 and BH14B on and around Weeli Wolli Creek and centrally located within the influence of drawdown at Hope Downs 1 (altitude at the top 
of bores graphed above is between 578 AHD (BH15), to 588 AHD (MB13HD1N006))(RTIO 2016a) 
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Figure 8: Percentage change in foliage cover from DCP sites within and surrounding the HD1 systematic tree health survey area (RTIO 2015c) 
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Figure 9: Mean foliage cover values from DCP sites within and surrounding the HD1 systematic tree health survey area (RTIO 2015c) 
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Figure 10: Yearly Rainfall totals from 7 weather stations around the East Pilbara district from the “Australian Data Archive for Meteorology” (BOM 2016) 
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Drawdown Example 2:  

The response of riparian trees (namely EC) within a stretch of the Weeli Wolli Creek floodplain in 
the Yandi Junction South East (JSE) area (with some nearby influence of artificial perennial surface 
water flows) 

This example is most relevant to those eucalypt communities which occur out on the floodplain 
away from the more consistent surface water inputs and artificial discharge which will most likely 
support communities present in the incised channel zone.  Outside of the incised channel zone is 
where significant drawdown pressure and rapid rates of increasing depth to groundwater may be 
experienced, and where there is some potential that eucalypt root networks may have reduced 
potential to respond and follow falling water tables.  This example provides some evidence about 
whether EV and most importantly EC communities will experience increased mortality under 
conditions similar to that posed by the Proposal in the same or very similar environmental 
conditions present in the broader Project area.   

Case study: One area in the vicinity of the PBS project area and directly south east of the JSE Pit has 
experienced significant drawdown in the groundwater levels (Figure 10).  This change in depth to 
groundwater is likely due to JSE pit dewatering from around 2007 onwards.  The reason this area has 
been used as an example rather than some of the other sections of the Weeli Wolli floodplain in the 
vicinity of JSE drawdown, is due to:  

• This area represents a section of floodplain vegetation with a number of mapped occurrences 
of the C2B vegetation association (a community described as being co-dominated by EC) 
which occur in proximity of the JSE pit and associated drawdown influence. 

• The relatively long term set of groundwater height data available from a bore positioned 
within the same section of floodplain (99YJWB02). 

• Baseline groundwater levels in this same bore were in the vicinity of 6-8m which is considered 
shallow enough to potentially facilitate some degree of reliance by the resident eucalypt 
populations on this groundwater resource.    

• The buffer/barrier which the incised channel in this area has apparently provided to the 
conflicting influence of the dewatering reinjection scheme which commenced on the eastern 
side of Weeli Wolli creek at the same time as dewatering began (and which has maintained 
relatively elevated groundwater table heights in that area). 

The relevant monitoring bore in this area (99YJWB02) showed a sharp decline from 4-8 m bgl down 
to 20-24 m bgl in 2007, and fluctuated between these two ranges till mid-2010, after which it then 
stayed in the vicinity of 23-28m bgl till present (figure 11).  While in a number of cases there has 
been some decline in the canopy size and health of resident eucalypts in this time (for both EV and 
EC), comparison of pre-drawdown and present day aerial photography and DMSI imagery indicate 
that in almost every case marked individuals remain intact and viable, and in most cases have 
prospered.  Figure 10 presents a map of the area, which indicates the number and distribution of 
mature individuals of both these Eucalypt species (via high resolution aerial photo interpretation) 
using methodology outlined in the RTIO (2015a) report on the Riparian Vegetation of Marillana and 
Weeli Wolli Creeks.  Plate 1 presents a baseline to present day comparison of the DMSI imagery for 
the most relevant patch of the floodplain which centres on a patch of C2B vegetation.  This 
comparison area is believed to be most relevant, as it sits within 250 m of the monitoring bore and 
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possesses populations of EC away from the incised channel zone, but still in proximity to the source 
of groundwater drawdown at JSE.   From this side by side comparison it can be seen that in all cases 
the canopy of EC (and also EV) individuals present at baseline are also present at the end of 2014 
(November 2015 imagery not yet processed) and in most cases appear to have significantly 
increased in size. Plate 2 provides an additional baseline to 2015 DMSI comparison example of the 
south western most patch of floodplain EV/EC vegetation.  This additional example shows the same 
positive trends as those evident in Plate 1. 

For this drawdown example it is noted that there will be a water table height gradation from the 
bore to the low flow channel zone, such that areas in between will potentially possess a depth to 
groundwater of an intermediate value to that at the bore.  Therefore, while the changes in depth to 
groundwater at the bore location are clear, the relevant depth to groundwater changes in areas of 
the floodplain closer to the low flow channel (where perennial flow is maintained) are less clear.  
Work by Judy Eastham (2015) interpolated groundwater levels at the adjacent DCP monitoring site 
Y10 (which is located in the incised channel zone directly adjacent to the patch of EC floodplain 
vegetation drawn in plate 1) to have responded to drawdown by decreasing from 3.0 to 6.2 m bgl. 
According to this work, this was the only incised channel zone tree health monitoring site 
surrounding JSE where water levels appeared to decline in response to dewatering. Eastham (2015) 
suggests that foliage cover of trees at Y10 didn’t appear to respond to drawdown and that the 
relationship between foliage cover and depth to water wasn’t significant for this site.  Instead it was 
suggested that any response to drawdown was likely confounded by responses to discharge from 
HD1.  What this work helps to point out is that away from the incised channel zone, changes in 
depth to groundwater would have been closer to that experienced at the bore and the influence of 
discharge in this area should have been minimal if not negligible.  Therefore responses by riparian 
eucalypts observed should reflect which hydrological factor is most influential; surface water inputs 
or changes to groundwater access.  This provides some confidence that the continued viability and 
lack of obvious changes to mortality in EV and most importantly EC observed on the floodplain 
confirms that drawdown failed to invoke a significant response.  This most importantly may also 
confirm that, locally, natural surface water inputs have been sufficient to help riparian tree 
communities to transition through this period of change.    
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Figure 11: Case Study: JSE dewatering/drawdown influence on floodplain Eucalyptus communities 
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Plate 1: False colour DMSI images of the riparian vegetation within the inset area identified in Figure 7 
Note: the left image is from november 2007 and the right image is from November 2014 (yellow dots EC, Blue EV).  No significant difference in canopy coverage (definitely some clear 
examples of canopy increase) since drawdown has taken effect in the area.  
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Plate 2: False colour DMSI images of the riparian vegetation within the south western most representatrion of the floodplain EV/EC community mapped in Figure 11   
Note: the left image is from november 2007 and the right image is from November 2014 (yellow dots EC, Blue dots EV).  No significant difference in canopy coverage (includes some clear 
examples of canopy increase) since drawdown has taken effect in the area.  
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Figure 12: Water height Readings from Bore 99YJWB02 (blue dot in Figure 10 above), which possesses a surface altitude at the top of the bore casing of 504m (RTIO 2016a).   
Note: The final reading in November of 2015 from this bore is 475.9 m which is equivalent to 28 m bgl (RTIO 2016a).      
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Drawdown Example 3:  

The response of riparian trees to drawdown within the incised channel zone of Weeli Wolli Creek 
immediately adjacent to the Yandi JSW pit and associated drawdown (with the influence of 
artificial perennial flows).  

Within the incised channel zone of this section of the creek, quite substantial EC and EV woodlands 
occur along with small patches of MA co-dominated low woodland (interpreted as being present at 
baseline).  Immediately adjacent to the northern edge of the incised channel zone of this creek 
stretch sits the Junction South West  pit (JSW), where in many cases the pit wall borders Weeli Wolli 
creek within 40m of Riparian vegetation (as can be seen in Figure 12). Surrounding the JSW pit and 
as a consequence of below water table mining, drawdown has dropped the groundwater table to 
between 30 and 40 meters bgl. In the case of Bore YJ-P99 (Blue dot in Figure 13 below) which has 
provided groundwater data since 1993, dewatering which started in 2010 has led to the surrounding 
groundwater table being approximately 25-30 bgl.  Digital canopy photography (DCP) monitoring 
data from 3 separate monitoring sites in the vicinity (Y3, Y4, & Y5 - red diamonds marked in pic 
below) show no significant changes in canopy cover which would indicate that species such as EV or 
EC are likely to suffer significantly increased mortality. Impacts to canopy cover temporally aligned 
with drawdown have been seen in some of the DCP monitoring sites (namely Y5) but in nearly all 
trees these canopy changes have not been maintained, and canopy cover has made a recovery in 
successive seasons (see figure 15).  Obviously this lack of a significant change to mortality rates is 
believed to partly be a result of the continued surplus water discharge which is being released along 
Marillana creek. However; the important distinction this example appears to demonstrate is that 
surface water flows can maintain soil pore water conditions in the riparian zone adequate to support 
all three local and potentially groundwater dependent tree species regardless of the accessibility of 
the broader groundwater table.    

Plate 3 provides a photo which was taken standing on the edge of the JSE pit, the location of which is 
indicated in Figure 13.  This photo clearly shows the proximity of the pit wall to the dense riparian 
vegetation occurring in the incised channel zone of Weeli Wolli Creek. This incised channel zone 
vegetation sits directly adjacent to the pit, separated for the most part by approximately 50 m.  Just 
inside this adjacent incised channel zone which flanks the pit, some small occurrences of the highly 
sensitive C1A vegetation unit (a mature MA co-dominated community) continue to exist without 
obvious impact.  With the broader water table at this location occurring at depth and well out of 
reach of such communities (at a minimum and without question those in the Northern lateral half of 
the creek), it seems apparent that these communities are able to subsist on the saturated alluvials 
and adjacent capillary fringes which are provided by the persistent perennial surface water regime.  
This fact appears to provide further evidence that despite the surface and groundwater systems 
being decoupled and riparian communities being unable to access the broader groundwater table, 
surface water inputs and associated soil pore water are able to support even the most sensitive 
groundwater dependent species. 

Given the general riparian responses seen in this part of Marillana creek, and coupled with the range 
of communities  present in this stretch, it is important to note that the associated perennial surface 
water regime is quite reduced when compared to that present and expected to remain within the 
Proposal stretch of Weeli Wolli Creek.  Within this stretch of Marillana Creek sustained surface water 
flow is maintained throughout, but its presence as clearly flowing surface water is uncommon with 
surface water most typically present as scattered small/shallow relatively still pools. Not only is the 



Yandicoogina Pockets and Billiards South Detailed Flora and Vegetation Responses 

29 

relevant stretch of Weeli Wolli expected to see larger volumes of water in the incised channel zone, 
but the communities present are inherently less hydrologically sensitive, and typically possess a 
vegetation structure of significantly reduced density.  These characteristics would suggest that the 
Proposal stretch of Weeli Wolli creek is comparatively better equipped to deal with potential 
changes in the hydrological regime associated with the PBS proposal.  

Topography is another factor which has been suggested to have an influence on the capacity of a 
creek to provide adequate hydrological conditions to support sensitive riparian vegetation. In the 
case of Marillana creek, and also parts of Weeli Wolli Creek, it is believed that the topographic 
position of the riparian zone has a marked impact on the availability of soil pore moisture, and hence 
the viability of groundwater dependent species in the riparian zone.  It is suggested that in areas 
where surrounding topography (namely rocky ranges) confines the lateral spread of a creek system, 
and also confines the width of the associated alluvial sediments, the effectiveness of surface water 
flows at maintaining soil pore moisture within the system is significantly increased.  This is generally 
believed to be a product of the confinement, and therefore reduced lateral spread of surface water 
flows (and associated and soil pore moisture), as well as the effect of confining vegetation to a 
denser strip of vegetation with associated improved moisture microclimates.   
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Figure 13: Case Study: JSW dewatering/drawdown influence on incised channel zone Eucalyptus spp. and MMA communities 
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Plate 3: Photo taken standing on the edge of the JSW pit; clearly showing the proximity of the pit wall to the dense incised channel zone riparian vegetation of Weeli 
Wolli Creek occurring on the right and separated by no more than 40-50m 

 
Figure 14: Graph of the bore height data collected from bore YJ-P99 which sits adjacent to the pit wall in behind the photographer taking the photo presented in Plate 2 

(RTIO 2016a) 
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Figure 15: Mean foliage cover values from 3 relevant DCP sites and two relevant control DCP sites in and near the JSW bend of Marillana Creek (RTIO 2015c).  

Note: The Y3 Northerly trees line on the graph is the mean of those northern most trees from this site to show that the foliage cover of trees closer to the pit wall are not 
comparatively trending in a more negative fashion.     
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3. DOW SUBMISSION #2 – SUGGESTION THAT RISK ASSESMENT SHOULD BE FOCUSED ON 

AREA WHERE CURRENT DEPTH TO GROUNDWATER IS 10-15M OR LESS  

DoW: On page 167 of the PER the following statement is provided - “Only a small percentage of 
these communities are likely to occur within the impact zone (beyond the banks adjacent to the 
low-flow channel)”.  It is recommended that the risk assessment should be updated to include 
areas where current average depth to groundwater is up to 10m or 15m for occurrences of EV and 
the risks to the entire riparian vegetation zone from drawdown in excess of 5m (predicted 
minimum). 

Reponses: 

In general, giving consideration from a risk sense to both the incised channel zone, and the 
floodplain and secondary channel zone is sound.  In particular, a risk assessment encompassing 
those areas where elevated groundwater levels may have led to some increased reliance on 
groundwater access is considered valid.  Such an assessment has been completed and the points 
which have been reported upon in the PER were a summary of the key risks which were deemed to 
be significant in relation to the PBS proposal.  In summary, it was considered that beyond the incised 
channel zone (excluding one community possessing co-dominant populations of EC) the Proposal 
poses a low degree of risk to vegetation and associated species of the floodplain zone that comprise 
a dominant tree strata of EV and other likely vadophytic tree and shrub species.  Further to this, the 
following information was considered in determining their likely dependence on groundwater given 
the recent history of access to this water resource in the area.    

Groundwater dependent species: It is generally considered that any vegetation that uses 
groundwater is potentially at risk of impact if it occurs in a location where the groundwater would be 
lowered beyond natural groundwater variation.  However, the impact on vegetation from lowering 
the groundwater table is likely to be relative to the species’ dependence upon groundwater, and on 
the alternative sources of pore water available to it in any one situation.  For example, plants that 
rely on water sourced directly from the groundwater table (phreatophytes) are more likely to show 
signs of decline or mortality than those that can rely on sources of soil moisture from the vadose 
zone (i.e. vadophytes).  An assessment of the groundwater dependence of species present within 
the Project area has been informed by a desktop literature review, with specific reference to 
previous vegetation association mapping and combined with an understanding of the surface water 
and underlying groundwater environment. 

Not all phreatophytic species display the same degree of dependency on groundwater and the 
dependency within species has been shown to vary both spatially and temporally (Eamus and Froend 
2006).  Obligate phreatophytes are those species for which access to groundwater is critically 
important to their presence in the landscape.  Such species can only inhabit areas where they have 
access to groundwater in order satisfy at least some proportion of their environmental water 
requirements (EWR) (Eamus et al. 2006).  Facultative phreatophytes, on the other hand, are plant 
species for which access to groundwater is not necessarily essential to their presence in the 
landscape.  Facultative phreatophytes may utilise groundwater to satisfy a proportion of their EWR 
but, if required, may also satisfy their total EWR via stored soil water reserves (Eamus et al. 2006). 

The tree species Eucalyptus camaldulensis subsp. refulgens Broker & M.W. McDonald (River Red 
Gum) (including subsp. obtusa), Eucalyptus victrix L.A.S.Johnson & K.D.Hill (Coolibah) and Melaleuca 
argentea W.Fitzg (Silver Cadjeput – historically identified as M. leucadendra) are the three most 
common phreatophytic species within riparian systems of the Pilbara bioregion.  The presence of 
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these species is often used to infer the presence of a Groundwater Dependant Ecosystem (GDE). The 
three species vary in their degree of dependence on groundwater and this variation has a strong 
influence on their patterning and abundance within riparian systems. 

Table 1 presents the different classes of groundwater dependence (water use strategies) which have 
been used to characterise the EWR of relevant plant groups in the Pilbara, and an integrated 
interpretation of the most relevant species considered as being attributable to each (RTIO 2015a).  

Table 1: Tree species dependence on groundwater  

Species dependence on 
Groundwater 

Plant Physiology/water use 
strategy 

Relevant Species in the Pilbara 

High Phreatophyte Melaleuca argentea 

Moderate 
Facultative phreatophyte 
(sometimes a vadophyte) 

Eucalyptus camaldulensis,  Melaleuca 
glomerata 

Low to Moderate  
Vadophyte (in anomalous cases can 
be a Facultative phreatophyte)  

Eucalyptus victrix and Eucalyptus 
xerothermica 

Low (virtually negligible) Xerophyte 
E.g.  Eucalyptus leucophloia,  Corymbia 
hamersleyana, Corymbia deserticola. Etc… 

Vegetation associations occurring along the main drainage channel and associated flood plains 
within the Proposal area support two key native tree species that are considered to be at moderate 
risk from groundwater drawdown: Eucalyptus camaldulensis subsp. Obtusa (moderate risk); and 
Eucalyptus victrix (moderate to low risk).  These tree species are classified as facultative 
phreatophytes or in some cases, vadophytes.  EC is the most widespread of Australian Eucalypt 
species and is known to tolerate an apparently wide range of water regimes (Colloff 2014).  River 
Red Gum is considered a facultative phreatophyte as it obtains its water for transpiration via three 
main sources: groundwater, river flooding (which over tops creek and river banks thereby 
replenishing floodplain soil moisture), and rainfall (Wen et al. 2009).  The degree to which River Red 
Gums depend on groundwater and soil moisture has been found to vary both spatially and 
temporally (Mensforth et al. 1994, O’Grady et al. 2009, Wen et al. 2009, O’Grady et al. 2010). 

Investigations at Marillana Creek found the vigour of large EC trees (>10 m tall) declined in response 
to lower groundwater levels caused by test pumping of water, while the vigour of smaller EC 
remained unchanged (Onshore Environmental 2013).  This observation suggests that the species is 
capable of being both a vadophyte and a phreatophyte, using the former strategy when young and 
the latter strategy when mature (Halpern Glink Maunsell 1999).  Muir environmental (1995) 
indicates that River red gum (EC) and Coolibah (EV) are generally not restricted in their occurrences 
along Marillana Creek and thus cannot be considered as being true phreatophytes, but as 
vadophytes (i.e. primarily unsaturated soil dependent).  In the case of EC, general observations in 
the Pilbara by Rio Tinto Botanists suggests that there is some degree of restriction to the distribution 
of this species along medium to large Hamersley Range creeks, and so the concept that this species 
can be both a phreatophyte and a vadophyte (depending on the circumstances) appears most 
accurate. Furthermore, from genetic barcoding studies by UWA (UWA 2015) on EV and EC, it is 
suggested that at least EV is able to hybridise, and may do so readily in certain situations. EV is 
known to hybridise with several other species both within and outside of the coolibah group; hybrids 
with E. xerothermica, for example, can be found within the Pilbara (Hill & Johnson, 1994).  Within 
the EV complex, there overall appears to be high within-population diversity, particularly in the 
North West, compared with relatively little genetic distinction between populations (Li, 2000). Any 
hybridisation of EV with other eucalypts, as well as high genetic diversity among local EV populations 
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may lead to local individuals displaying intermediate EWR, and therefore intermediate degrees of 
groundwater dependence. It is also observed during field surveys by RTIO botanists that in some 
clearly dry situations EC individuals can apparently tend morphologically (in a number of traits) 
towards EV and in some clearly wet situations EV individuals can also apparently tend 
morphologically (in a number of traits) towards EC.  What this observation may allude to, is the 
potential that in hydro-ecotonal situations where it is advantageous to possess some of the eco-
physiological traits of the other species (particularly those xerophytic or mesophytic adaptations), 
ecology/natural-selection may determine that hybrid individuals are able to survive/prosper where 
one of the distinct species members of the cross may not have. This would in effect provide a 
greater range of conditions over which individuals of one apparently distinct species could survive.  
This is important when considering the conclusions of research which studies the apparent 
distribution of these species in varying hydrological conditions, as the difficulties in discriminating 
between these two species without flowering/fruiting material is well known, and the potential for 
hybrids to influence the results may be significant.     

EV is a small to medium sized eucalypt which typically occurs on smaller creeklines and floodplain 
habitats throughout semi-arid Western Australia.  Like River Red Gum, EV is also considered to be a 
facultative phreatophyte.  This species has been shown to access groundwater in areas where the 
depth to groundwater is low (O’Grady et al. 2009) but in non-riparian habitats, has also been shown 
to exploit shallow soil water to meet is transpiration needs (Grigg et al. 2008). EV is known to inhabit 
an ephemeral wetland (i.e. Mount Bruce Flats, Karijini National Park) despite the absence of a 
permanently saturated regolith (Rio Tinto 2011a). Comparisons of groundwater and stem xylem 
water stable isotope compositions as well as pre-dawn and midday leaf water potential 
measurements suggest that EV within the Mount Bruce Flats in Karijini National Park uses water 
drawn from the unsaturated soil profile during extended dry periods (Rio Tinto 2011a).  Further to 
this, EV and Eucalyptus xerothermica are generally considered to be examples of vadophytes being 
relatively drought tolerant but susceptible to decline when groundwater becomes limiting (Muir 
Environmental 1995).  Work by Pfautsch et al., (2014) in Weeli Wolli Creek used measurements of 
foliage density and sap flow to assess the effects of depth to groundwater on EV. While foliage 
density provided partial insight, sapwood-sap-flow was determined as highly informative, and 
analyses of various drawdown treatments (falling, rising, and stable groundwater heights) 
emphasized that water use by EV is highly plastic and opportunistic.   Such conclusions are in line 
with observed broad scale responses of riparian EV populations in both incised channel and 
floodplain drawdown situations, and also agree with the concept that this species could as equally 
be considered a vadophyte as a facultative phreatophyte.   

If the broad water use classification of EV, and potentially other riparian species, is considered, it is 
important to note that the definitions attached to these classes of groundwater dependence, 
possess some degree of overlap.  For example; broadly speaking EV is a species generally 
characterised as being a facultative phreatophyte. As a facultative phreatophyte, such species are 
considered to tap into groundwater, often via the capillary fringe, to satisfy at least some portion of 
their environmental water requirement (Eamus & Froend 2006).  However, if the vadose soil reserve 
is adequate and of reduced variability, then such species are also considered capable of inhabiting 
areas where their water requirements can be met by soil moisture reserves alone. This distinction is 
not always true, and is importantly related to the water demands associated with resident tree 
densities, the increased size of the vadose soil resource often associated with larger sized creek 
catchments and the inherent frequency of surface water inputs which they typically provide.  What 
this essentially means, is that while facultative phreatophytes are adapted to riparian habitats where 
groundwater can often be in proximity often enough to potentially provide some of their water 
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requirements, they have often also evolved to survive on other more variable yet sufficient riparian 
water resources such as the vadose zone.  Vadophytes are also defined as able to inhabit areas 
where their water requirements can be met by soil moisture reserves alone; these distinctions 
determine that some species characterised as being facultative phreatophytes are also able to be 
accurately characterised as vadophytes, assuming the vadose soil resource is adequate.    

As discussed earlier; work by Pfautsch et al., (2014) emphasized that water use by EV is highly plastic 
and opportunistic.   Such conclusions are in line with observed broad scale responses of riparian EV 
populations in both incised channel and floodplain drawdown situations, and also agree with the 
concept that this species could as equally be considered a vadophyte as a facultative phreatophyte.  
An illustration of the conceptual overlap in water use strategies and the relevant classes of 
groundwater dependence used to define each is presented in Figure 16.  This figure also gives an 
interpretation of where some of the most relevant Pilbara species might sit in the spectrum of 
ground/soil water dependence and the relevant ranges of this dependence which is occupied by 
defined classes of groundwater dependence.   This figure also helps to illustrate the likely water use 
strategy of EV and the increasingly held understanding that EV is a relatively drought tolerant 
riparian species.  Together this suggests that the risk to this species from groundwater drawdown is 
often much lower than the commonly characterised groundwater dependence of this species (i.e. 
facultative phreatophyte) might advise.   

 

Figure 16: Diagram illustrating the spectrum of groundwater dependence and soil water dependence, the 
ranges of this spectrum which are likely occupied by the various groundwater dependence 
classes (water use strategies) used to characterise the EWR (environmental water 
requirements) of Pilbara species, the likely zones of overlap in groundwater dependence 
classes, and the interpreted position on the scale of groundwater dependence (and in relation 
to zones of overlap) of some key Pilbara species.   

 

For the key riparian trees of the Yandi area, these broad eco-physiological differences inherent to 
each have led to the following key conclusions about the degree of dependence of each on 



Yandicoogina Pockets and Billiards South Detailed Flora and Vegetation Responses 

37 

groundwater and antecedent conditions, and therefore the risk which the PBS proposal poses on 
each.  

EV is considered to be fairly drought tolerant, and generally capable of successfully transitioning 
from good to poor moisture availability, without mortality.  Therefore despite the potential for EV to 
suffer from a decline in health due to rapid changes in depth to groundwater on the floodplain and 
secondary (hi-flow) channels, the potential for EV to be significantly impacted is determined to be 
low, and the value of a community dominated by this species is determined to be reduced due to its 
widespread representation. Therefore assuming that as predicted, the structure and composition of 
floodplain communities will remain relatively un-changed (but may only be exposed to reduced 
health), then some impact to such a community in the secondary channels and floodplain habitats, is 
not considered significant.  In the incised channel zone, where perennial surface flow is proposed to 
be maintained via surplus water discharge, the drought tolerance of EV is predicted to serve it well 
in the fringing parts of this zone where some increased variability in moisture availability may be 
experienced.  Therefore, overall the risk to this species and the communities within which it forms 
the dominant tree species, is determined to be low.  

EC, while considered less drought tolerant than EV, is also considered somewhat adapted to the 
increased variability in access to soil pore moisture which comes with establishing in areas where 
the water table may regularly be out of reach. While this species is generally known to establish as a 
dominant/co-dominant species in areas where there is access to the broader groundwater table, it 
appears capable of transitioning to an altered hydrological regime and surviving on the relatively 
regular surface water inputs and associated vadose soil water resource provided in larger catchment 
creek systems.  The natural distribution of this species within the Project area, and the spatial 
correlation between this distribution and increased surface water inundation frequencies, indicates 
that this species is most successful in areas of increased surface water input, which suggests a 
greater reliance on surface water than groundwater.  This distribution also determines that outside 
the incised channel zone (on the floodplain) the ability of this species to adapt to changes in access 
to the broader groundwater table is relatively good.  However, there is still some potential for 
significant impact in small parts of this zone due to some un-knowns in the degree of pore moisture 
availability combined with potential extremes in climatic variability.  The risk is therefore considered 
low to medium for impacts on EC within the floodplain due to changes in access to groundwater. 
Within the incised channel zone, the perennial flow proposed to be maintained determines that the 
risk is predominantly low with increased risk in small strips fringing this zone. 

For MA, its distribution within close proximity of the low-flow channel determines that despite its 
high degree of sensitivity to changes in water availability, the expected maintenance of perennial 
flow in the low flow channel will ensure its continued existence.  However, commensurate with its 
degree of sensitivity, the risk to this species and the communities which it inhabits is considered 
medium.  In line with this assessment, it is concluded that management efforts should be focussed 
on the incised channel zone (and to a lesser degree the EC co-dominated floodplain community), and 
that solely DMSI based monitoring can instead be used to track the presence/absence of cover 
change anomalies in the zones outside of the main Incised channel zone.   
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4. DOW SUBMISSION #3 – CONCERN THAT A 10-20M DRAWDOWN WILL LIKELY RESULT 

IN THE LOSS OF MELALEUCA ARGENTEA AND EUCALYPTUS CAMALDULENSIS 

DoW: Drawdowns of the magnitude (i.e. 10-20m) detailed in Table 21 (page 168) are likely to 
result in loss of MA and EC irrespective of the topography they inhabit. Drawdown across the 
riparian zone in excess of 5m (predicted minimum) from current drawdown to groundwater 
represents a significant risk across the entire riparian vegetation (see below). 

Proponent Reponses:   

Two key points/discussion-topics of relevance here: 

(1) Currently accepted knowledge of the depth to groundwater where groundwater dependent 
species such as EC and MA can exist is based on natural situations:  In natural situations it is 
very unlikely for the groundwater table to sit lower than a few meters below the ground 
surface while consistent surface water flow is maintained.  The reason being is that consistent 
surface water flows are typically a surface expression of the groundwater table, and 
consequently they do not tend to consistently occur independent of water table surface 
proximity.  

(2) In the Project area; the zones where groundwater dependant species are able to remain 
viable under changing groundwater availabilities are more accurately determined by the 
distribution of natural and artificial surface water inputs present in the Proposal area:  The 
consistent surface water flows being discharged to both Marillana and Weeli Wolli creeks 
from upstream outlets determine that, irrespective of the movement of the broader water 
table due to abstraction bore drawdown, alluvial soil pore moisture is likely to be maintained 
in the key riparian zones where these species occur.  The key question that remains is that as 
these two systems (surface water and groundwater systems) are decoupled, and spatially 
separated, how will their continuing exchange processes influence the resultant shape and 
extent of the saturated alluvials and associated vadose soil resource remaining in the riparian 
zone.  There is some potential that the lateral width of the saturated zone is reduced, and as 
such some risk to fringing communities will result.   

Assuming surplus water discharge is maintained, it is considered unlikely that MA will be impacted 
by drawdown of the broader water table.  This is due to discharge maintaining saturated to semi-
saturated alluvials surrounding the low flow channels with which this species is restricted to.  In the 
case of EC; those populations existing in the incised channel zone are unlikely to be impacted by 
drawdown of the broader water table assuming relatively consistent surface water flow is 
maintained.  In the case of populations of this species which have naturally established in some 
areas on secondary channels, small parts of the wider floodplain, and areas fringing the incised 
channel zone, there is some risk of slightly increased mortality due to drawdown of the broader 
water table.  However; evidence so far suggests that this will be generally restricted to cyclic changes 
in health, canopy cover, and stature (not significantly different to that which such species typically 
experience in the Pilbara) as soil moisture availability becomes more variable in their proximity. 

In the case of MA; of significant relevance is the fact that at baseline and within the zone of potential 
influence by the Proposal there was a conservative interpretation by RTIO (2015a) to be only 
approximately 5ha of vegetation (see figure 17 for their relevant distribution – Blue speckled 
polygons) which was potentially co-dominated by MA (relatively young to semi-mature (at best) 
populations).  The spatial distribution of this community (the C1B mapped community (RTIO 2015a)) 
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is highly correlated with, and closely fringing the low flow channels currently inundated by surplus 
water discharge (see figure 17). The maintenance of discharge in these channels which is proposed 
to continue during the development of the Proposal is considered highly likely to maintain the 
current day C1B populations, as has occurred in JSW where similar drawdown has occurred beneath 
similar communities since 2010/2011 without impact.   

As part of the risk assessment process for MA, all surface water expressions in proximity of the 
mapped occurrences of the C1B community were digitised and then buffered by 20m to assess how 
much of this community falls outside of this confidence zone.  Under drawdown conditions 
proposed as part of the Proposal, it is assumed that the volume of surface water which reaches the 
Pocket and Billiard South (PBS) pit section of Weeli Wolli Creek is likely to be reduced.  As a 
consequence, the two dimensional horizontal footprint of surface water may also be reduced.  As a 
result, and assuming an approximate 5m radius reduction in the current surface water footprint, it 
was postulated that a 20m buffer to current surface water expressions (equivalent to a 25m buffer 
on predicted surface water footprints) represented a proximal zone around predicted surface water 
boundaries within which the root zone of resident MA populations was considered highly likely to 
remain immersed in soil pore water (therefore ensuring their viability).  The resulting footprint after 
buffering by 20m led to approximately 0.28 ha (5% - an area of 50 x 50m) of C1B community 
mapping falling outside the buffer.  The majority of this area consisted of small notches/strips of 
mapping which were typically only 3-8m outside this buffering, with one patch extending 25 m 
outside this buffering. This is presented in figure 17 which shows the surface water mapping (light 
blue polygons), sitting over the buffer zone (see through light blue outlined polygon) with the C1B 
community mapping over top (see through speckled blue polygons), and some of the small 
excursions of the community mapping going outside of the buffer zone.  Such an approximation of 
the area over which soil pore water may consistently extend beyond surface water is a crude and 
relatively simple way of assessing risk to communities fringing the low flow channel.  However, in 
the absence of a more complicated, very fine scale modelling exercise (the validity of which would 
be highly uncertain), it does however represent a logical technique to use in an attempt to gain 
some understanding of the distances over which the surface water wetting front might need to 
extend. It is noted that the 25m zone of lateral water movement (pore water) away from surface 
water expressions in an alluvial setting is an interpreted estimate.   However; it has been suggested 
that the roots of mature MA trees may spread laterally by at least 20 m (P. Grierson, Pers Comm), so 
the distance which water would need to spread laterally to sustain this species when it occurs within 
a 30+m radius of surface water is likely less than the 25 which pore water is confidently predicted to 
spread.  Based on the spatial distribution of the C1B community, this exercise does demonstrate that 
the vast majority of MA is highly restricted to areas within close proximity to present day surface 
water expressions.  In fact, further spatial mapping investigation of 10, 15 and 20m radius buffers 
demonstrates that; 95% of C1B mapping polygons occur within 20m, 90% occurs within 15m, and 
80% occurs within 10m of present day surface water boundaries. It should also be pointed out that 
in nearly all cases, examples of the C1B community which extend more than 20-30m away from 
surface water expressions typically do so because they lie in relatively flat, course-grained alluvial 
bed habitats where the subsurface wetting front is easily able to extend this far to provide areas of 
appropriate habitat for this species.  Furthermore; it is also expected that in many cases, the 
outermost fringes of the currently mapped C1B community, are more likely to be a very small scale 
representation of the vegetation augmentation occurring throughout, rather than a true fringing 
zone to the likely extent at baseline.  
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Figure 17: Spatial proximity of baseline MA communities to permanent surface water in the proposal Area (RTIO 2015a) 
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5. DOW SUBMISSION #4 – MELALEUCA ARGENTEA OCCUR IN AREAS WHERE DEPTH TO 

GROUNDWATER IS  <4M – CONCERN OVER THE VIABILITY OF THIS SPECIES 

DoW: MA generally occur where the average drawdown to groundwater is <4m. Based on Pilbara 
wide datasets (loomes 2010; Strategen 2006; Maunsell 2003) MA are unlikely to occur beyond a 
drawdown to groundwater of 8m and only large, mature trees are likely to survive long term 
where drawdown to groundwater is >6m in the absence of surface water.   

 

Proponent Reponse: 

It should be noted at this point that baseline groundwater elevation modelling for the Proposal 
stretch of Weeli Wolli Creek predicted the majority of the creek to possess a groundwater table 20-
50m bgl with the remainder at 12-20 meters bgl (based on available bore data).  This would suggest 
that broadly speaking MA was unlikely to occur on Weeli Wolli creek prior to mining.  While the 
baseline presence of MA in this stretch of Weeli Wolli creek is considered to be very minimal, it is 
still believed to have likely been present as an associated to co-dominant component in a small 
number of locations.  As a result, it is instead suggested that the distribution of this species is more 
accurately correlated to the presence of consistent soil moisture, which, while often provided by 
groundwater table proximity, is also provided in certain areas by smaller scale hydrological features 
often driven by topography/ localised geology and local surface water inputs.    Regardless; it is 
agreed that generally MA is typically only likely to occur naturally in areas where the depth to 
groundwater is <4-6m.  In the case of the PBS stretch of Weeli Wolli Creek where surplus water 
discharge is maintaining consistent alluvial moisture levels in the incised channel; there are only a 
few locations where current day populations of MA were interpreted to be potentially present at 
baseline.  Of these locations, and once the Proposal is implemented; the adaptive management plan 
provides that in situations where surface water flows potentially cease, monitoring will be put in 
place to determine if impacts are being realised in those areas and appropriate management actions 
to be implemented, which could include some level of water supplementation.  
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6. DOW SUBMISSION # 5 – SUGGESTION THAT EUCALYPTUS CAMALDULENSIS DOES NOT 

OCCUR IN A DEPTH TO GROUNDWATER >10M  - CONCERN FOR THE VIABILITY OF THIS 

SPECIES IF DEPTH TO GROUNDWATER IS REDUCED BELOW 10M. 

DoW: EC generally occur where average drawdown to groundwater is <5m and are unlikely to 
occur beyond a drawdown to groundwater of 10m. 

Proponent Reponse: 

Key points:  

• Local EC populations appear to remain viable in drawdown situations, and evidence suggests 
that relatively rapid rates of groundwater drawdown are unlikely to have significant impacts 
on mortality rates.  

• There is evidence to suggest that average depth to GW can be significantly greater than 5-10m 
while still maintaining viable populations of EC.  

Based on general observations in the locality and broader sub-region; EC currently appears to co-
occur with EV in areas where average depth to groundwater is greater than 10m, and some evidence 
so far to suggest that it is viable (at least in the short to medium term) in areas where depth to 
groundwater is much greater than 10m (i.e. areas where the groundwater it is out of reach of the 
root zone).  The work conducted on Weeli Wolli Creek at Hope Downs 1 and presented in Section 2 
and Figures 2-5; showed that in a situation where access to the broader groundwater table is 
removed from riparian EC communities, 7 years after drawdown commenced, resident populations 
are not showing significantly increased rates of mortality (only 16 dead Eucalypts (combined count 
for EC and EV) found in a 3km creek stretch). Furthermore; systematic assessments of health showed 
that only 5 percent of EC were visually assessed as being stressed or above.  While this work does 
not disagree with the concept that EC co-dominated communities are most likely to establish 
naturally in areas where the groundwater table is shallow, what it does suggest is that once 
established, such populations are able to remain viable (in at least the short to medium term).  
While this work did not consider the question of whether this altered water balance is having a 
significant negative influence on recruitment, it is generally suggested that surface-water/flow-
paths/flooding-events dictates where riparian eucalypts germinate (Capon & Brock 2006). So while 
groundwater may play a role in the continued vigour of young following germination and taproot 
establishment; it is potentially arguable that saplings are better placed than adults to deal with soil 
water variability in the absence of access to groundwater.   As discussed earlier; investigations at 
Marillana Creek found the vigour of large EC trees (>10 m tall) declined in response to lower 
groundwater levels caused by test pumping of water, while the vigour of smaller EC remained 
unchanged (Onshore Environmental 2013).  This observation suggests that EC is capable of using a 
vadophytic strategy when young and a phreatophytic strategy (at times) when mature (Halpern 
Glink Maunsell 1999). Therefore when considering the potential for recruitment success under 
drawdown conditions; initial recruitment should not be significantly impacted, and such 
observations indicate that recruits should to remain viable, so the key question relates to the 
viability of mature individuals.   

An assessment of the initial water elevations within bores which are spatially correlated with 
mapped EC communities was conducted to determine if it provides insight into the range of depth to 
groundwater which Hamersley Range EC communities occur. To do this, a query of all bores on the 
Rio Tinto database (RTIO 2016a) either sitting inside or within 150m of the boundary of vegetation 
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mapping on the Rio Tinto database described as possessing EC as a dominant or co-dominant species 
was conducted.  Of a total of 523 bores within this proximity, 238 were recorded in the database 
with an initial bore water elevation (this was not recorded for the remainder), and of these 
approximately 50% had an initial water elevation of greater than 10m, and 40% had an initial water 
elevation (elevation at the time of drilling) of >15m*.  The same set of bores was sorted to 
determine the same percentages but for bores with at least 4 years of data (and up to 22 years 
data), and of this alternative set of bores (132 in total) a very similar percentage (40 & 50%) were 
initially recorded to have depths to groundwater of >10m and >15m.  The initial water elevation of 
the bores (particularly the older ones) was shown preference, as bores are typically put in place at 
baseline before development occurs.  It is this development which might have an effect on the water 
table, and therefore the initial elevation is thought to, on average, show general baseline trends in 
groundwater elevations.  

This data suggests that EC is capable in many situations of occurring in areas where the broader 
groundwater table is greater than 10 m bgl.  However it is important to note that in cases where the 
groundwater table has been recorded as being lower than 10m bgl (on average), other conditions 
are believed to be sustaining a reduced variability of soil water availability. Instead; it is believed that 
in such situations, surface water inputs are combining with finer scale differences in substrate 
characteristics, surface topography / elevation, and hydrogeological variability, to determine that 
either: more consistent soil pore water availability; a broader (vertically) capillary fringe; or a 
sufficiently moist vadose zone is being maintained in close proximity to the roots of resident EC.   
This suggests that in many cases, the interaction of the vadose zone with both the water table and 
periodic surface water inputs is sufficient to maintain viable populations of EC even if the water 
table is generally out of reach to tree roots.   Furthermore, it is considered likely that EC is capable of 
remaining viable through periods of low soil pore moisture which may occur in-between surface 
water input events. It is in these situations where surface topography is thought to make a 
difference, as it is postulated that a more topographically confined riparian environment is likely to 
more efficiently/effectively maintain soil pore moisture between surface water input events. 

While the presented evidence seems to contradict the work of Loomes (2010), it is instead apparent 
that this work is potentially most relevant to large rivers of the Pilbara (with often shallow water 
tables), and appears less directly applicable to creek systems of the Hamersley Ranges.  In general, 
creek systems of the Hamersley Ranges dissect more topographically variable terrain and would 
typically possess consistently deeper groundwater tables than the De-Gray, Yule, Robe and 
Fortescue Rivers (the focus of Loomes (2010)) which dissect the generally flatter 
Chichester/Roebourne sub-regions.  In addition, the typical topographical and geomorphological 
constraints within Hamersley Range creek systems combined with narrower course alluvial zones 
and closely fringing fine-grained floodplains are, in combination, considered likely to increase the 
residence times for pore water sourced from intermittent surface water influx.  Of the four broad 
sites considered as part of Loomes (2010) work, three sites (Yule, Lower Robe and Lower De Grey 
rivers) are shallow alluvial systems recharged mostly by river flow, and one (Millstream) is a complex 
system of wetlands sustained by groundwater discharge from the Millstream aquifer and 
intermittent seasonal flow from the Fortescue River (Antao & Braimbridge 2009).  Furthermore 
limitations highlighted in the work of Loomes (2010) state that “although this approach is a useful 
tool in predicting susceptibility, it is best regarded as a ‘rule of thumb’ method to be used in the 
absence of a better understanding of the physiological tolerances of riparian vegetation to altered 
water regimes, and/ or stronger rules or guidelines”.   
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The publically available report by the DoW titled “Determining water level ranges of Pilbara riparian 
species” (Loomes 2010) does not provide a clear indication of finer scale field methodologies used 
(or where to source them), and so direct comment on the applicability of this work to the potentially 
drier environments of Hamersley Range creeks systems is difficult.  While it is unclear, the results 
presented appear to have potentially focused on incised channel zones within large Pilbara river 
systems where EC is the dominant tree species, and in most cases (3 out of 24 sites) EV was reported 
by Loomes (2010) to be un-available.  In such river systems, it is also common to have co-dominant 
populations of MA (in the incised channel zone), which possesses a requirement for even shallower 
groundwater than EC.  In medium to large sized Hamersley Range creek systems (and on the patch 
of Weeli Wolli Creek in question), the incised channel zone is typically co-dominated by trees of EV 
and EC, and the floodplain tends to be dominated by trees of EV with EC generally absent (may occur 
as scattered trees). In addition; such creek systems typically don’t possess populations of MA; which 
is further evidence for their typically shallower groundwater tables.  By contrast, on typical large 
river systems of the Pilbara and as indicated to be the case on the Lower Robe by Antao & 
Bainbridge (2010) of the DoW (in “Lower Robe River ecological values and issues”); the incised 
channel is typically dominated by EC (and MA), while the floodplain would typically be co-dominated 
by EC and EV.  This distribution described by Antao & Bainbridge (2010), is depicted in  Plate 3 which 
has been sourced from this document. 

 

  

Plate 4: Conceptual groundwater dependence of riparian vegetation of the Robe River; sourced from 
(Antao & Bainbridge (2010).   

While the inherent differences in water availability and community distribution between large 
Pilbara rivers and creeks of the Hamersley Ranges determine that the results of Loomes (2010) may 
be less directly applicable, other factors also influence such applicability.  Not only is the Proposal 
assessing impacts to a riparian system at the drier end of the riparian scale, it is also focused on the 
floodplain and the outer edges of the incised channel zone.  The fact that only 3 out of 24 (2 out of 4 
Rivers) of all the sites considered by Loomes (2010) were able to provide depth to groundwater for 
EV, also suggests that the data considered as part of this study may have been somewhat focused on 
the incised channel riparian zone, rather all zones (incised channel, floodplain and secondary 
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channel zones).  Within Pilbara rivers, this zone is typically represented by EC dominated vegetation 
(such as the woodland zone depicted in plate 4 from Antao & Bainbridge (2010)), and in most Pilbara 
rivers the associated water table is quite shallow in this zone.  It is also noted that Antao & 
Bainbridge (2010) present vegetation mapping for the Lower Robe River (a site considered by 
Loomes (2010)) which possesses a 400-700m wide floodplain zone mapped as possessing scattered 
EC which also indicates shallow groundwater on the floodplain.   

Therefore, for various reasons, the applicability of the work by Loomes (2010) to certain Pilbara 
riparian situations is less clear. What is potentially clear; is that the results of Loomes (2010), is likely 
to be most relevant to EC occurring in major Pilbara Rivers where depth to groundwater is typically 
shallow.  
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7. DOW SUBMISSION # 6 - CONCERN FOR EUCALYPTUS VICTRIX WHERE DEPTH TO 

GROUNDWATER IS >15M 

DoW: EV deep rooting depths may allow groundwater use where drawdown to groundwater is up 
to 15m, however depending on antecedent conditions are typically less susceptible to 
groundwater drawdown.  

 

Proponent Reponses: 

Communities with EV as the dominant eucalypt species are well represented and widespread within 
the Pilbara Bioregion. Therefore, the significance of this community in the Pilbara is lower than some 
of the other less well represented riparian communities present in the Marillana - Weeli Wolli Creek 
catchment. For this reason, some level of impact to this type of riparian community may be 
considered less significant.  In the case of the Proposal it is suggested that with respect to EV, 
discernible increases in mortality rates are unlikely to occur, and instead periods of reduced health 
and canopy cover, and reduced stature are the most likely impacts.  As a consequence, the broad 
structure and composition of such communities are likely to be maintained throughout the indirect 
impact zone.  

Refer to section 3 for a detailed discussion regarding the water use strategy of EV and the class of 
groundwater dependence which it can accurately be attributed to.   

EV has been shown to access groundwater in areas where the depth to groundwater is low (O’Grady 
et al. 2009) but in non-riparian habitats, has also been shown to exploit shallow soil water to meet 
its transpiration needs (Grigg et al. 2008).  EV is a species generally characterised as being a 
facultative phreatophyte. However, if the vadose soil reserve is adequate (often linked to the 
catchment size of the relevant creek) and of reduced variability, then such species are also 
considered capable of inhabiting areas where their water requirements can be met by vadose soil 
moisture reserves alone.   

Further to this, EV and Eucalyptus xerothermica are increasingly being considered as examples of 
vadophytes (in creeks of an adequate catchment size), and according to Muir Environmental (1995) 
as being relatively drought tolerant but susceptible to decline when groundwater becomes limiting.  
In the case of the Proposal stretch of Weeli Wolli Creek, it is considered that decline in the health of 
this species (beyond the incised channel zone) is a potential impact, however the frequency of 
surface water inputs and floodplain inundations characteristic of this area, combined with other 
factors, are considered sufficient to ensure the viability of local riparian populations.  

As discussed earlier; work by Pfautsch et al., (2014) in Weeli Wolli Creek used measurements of 
foliage density and sap flow to assess the effects of depth to groundwater on EV. While foliage 
density provided partial insight, sapwood-sap-flow was determined to be highly informative, and 
analyses of various drawdown treatments (falling, rising, and stable groundwater heights) 
emphasized that water use by EV is highly plastic and opportunistic.   Such conclusions are in line 
with observed broad scale responses of riparian EV populations in both incised channel and 
floodplain drawdown situations, and also agree with the concept that with adequate catchment size 
EV can accurately be considered a vadophyte. This work emphasises the likely validity of the 
increasingly held belief that EV is relatively drought tolerant, due to an ability to use various water 
sources when available, and to dramatically reduce photosynthesis/transpiration when required.  
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8. OEPA SUBMISSION #1 - PLEASE IDENTIFY THE LIKELY AREAS OF IMPACTS TO RIPARIAN 

VEGETATION WITH MAPS, UNDER THE PROPOSED DRAWDOWN SCHEDULE. NOTE THE 

LIKELY RATE OF DRAWDOWN THAT WOULD NOT IMPACT ON VEGETATION IN THE 

RIPARIAN ZONE, INCLUDING DETAILED PROVISIONS FOR MONITORING, DRAWDOWN 

TRIGGERS AND MANAGEMENT OF VEGETATION HEALTH. 

 

Proponent Response 

The studies conducted and the level of analysis, including spatial detail provided as part of the PBS 
impact assessment, have gone significantly above and beyond that provided as part of previous 
water-related riparian impact assessments to date.  For the Proposal, the key pieces of work 
conducted which represent this new level of detail are notably the hydrological work undertaken by 
URS (2015);the vegetation work conducted by RTIO (2015a); and the riparian responses to 
groundwater drawdown and surface water discharge work completed by Judy Eastham (2015). 

The field work and report represented by the “Riparian Vegetation of Marillana and Weeli Wolli 
Creeks; Mapping Refinement and Assessment of Values and Significance” study conducted by RTIO 
(2015a), represented a significant and unique piece of work in the local area.  The outputs of this 
work significantly increased the clarity and spatial resolution of local riparian vegetation mapping, 
and local riparian values. Furthermore, and quite importantly; this work disentangled the influence 
of historical anthropogenic alteration on the present day value/significance of riparian communities, 
to provide insight into the overarching baseline value/significance of resident riparian communities.  

The second Study:  “Understanding Riparian Vegetation Responses to Groundwater Drawdown and 
Discharge from Below Water Table Mining in the Pilbara” was completed by Judy Eastham (2015) 
based on a comprehensive review of the long term monitoring data available from Marillana and 
Weeli Wolli creeks. This study collated and analysed relevant data on the response of riparian 
vegetation along Weeli Wolli Creek to drawdown and discharge associated with below water table 
mining activities at the Hope Downs 1 (HD1) and Yandicoogina (Yandi) mine sites. The aim was to 
identify and better understand the mechanisms underlying the system’s response to dewatering, 
and water discharges based on the integration of existing data. Understanding of these mechanisms 
and where they are operating in different parts of the system are important for predicting and 
managing the short and long-term impacts of dewatering and discharge.  

The third significant and unique study; “Riparian Zones Environmental Risk Assessment“ conducted 
by URS (2015) focussed on the delivery of cumulative change and environmental risk assessments 
associated with development of PBS. In particular this study utilised modelling which integrated all 
surface water inputs and had an emphasis on potential surface water and groundwater changes and 
risks to sensitive environmental areas of Weeli Wolli Creek.  This work, in conjunction with recent 
refinement of the vegetation mapping for the project area has led to the production of a more 
spatially detailed risk map for the Proposal.  Figure 16 presents an overview of this mapping, which 
spatially predicts the areas conservatively identified as being of varying risk of impact from declining 
water availability in the riparian zone. Within Figure 16; colouring delineates risk over 4 key 
zones/areas:  

• the central low flow channel zone; 
• the remainder of the incised channel zone (which flanks the low flow zone); 
• the broader floodplain zone (outermost zone); and  
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• EV/EC floodplain communities (sitting within the floodplain zone). 

Predictive mapping of impact distribution can typically only be quantified via a risk-based approach 
since there are many fine scale sub-surface architectures, processes, interactions and fluxes which 
are difficult to predict, especially when considered together with natural climatic variances.  To 
increase certainty at the local scale, the degree of investigatory vegetation disturbance (eg. the grid 
scale for geological and hydrological drilling  required to gain the necessary information on fine scale 
geology and hydrological parameters) required would be extensive and counter-productive if the key 
objective is to minimise impacts to the health and integrity of the riparian environment.   

To date, studies conducted and predictive outputs provided for the purpose of environmental 
impact assesment have reflected these uncertainties surrounding the prediction of fine-scale 
responses within the essentially invisible sub-surface environment.  As discussed, the Proposal 
impact assesment has strived for and achieved a significantly expanded level of detail and 
complexity in the relevant impact assesments conducted.  

With respect to the likely rate of drawdown expected to impact vegetation within the riparian zone 
the following is true.  While the rate of decline (in elevation) within the broader water table under 
the proposed drawdown schedule may be relatively predictable in well-connected geological 
formations such as the CID; outside of these relatively homogenous compartments of the subsurface 
environment the predictive potential is highly reduced.  Within other lithology’s, with often differing 
degrees of connectivity, or in particular within alluvial sediment bodies of varying and often 
stratified particle sizes, predicting the fine scale rate and extent of drawdown or resultant changes 
to pore water availability is influenced by high degrees of uncertainty. This uncertainty coupled with 
limitations to the understanding of physical processes governing water fluxes at the finer scale 
determines that predicting the rate of change of water availability (as a result of dewatering and 
groundwater drawdown) which will significantly impact riparian species is also highly influenced by 
uncertainty. The best alternative remaining is to conservatively predict areas of differing risk.  This 
risk is interpreted through broad scale predictions of the spatial location of potential hydrologic 
gradients and associated fluxes likely to occur as a result of broad scale changes to the groundwater 
table. Most importantly, this interpreted risk is also able to incorporate the risk of impact to biota 
associated with their identified values, significance and differing degrees of species and community 
level hydrological sensitivity.   

For the Proposal, the rate of drawdown in the broader water table is unlikely to be the key driver for 
the level of impact on vegetation within the riparian zone.  The rate of drawdown modelled with 
confidence is that in the CID rather than the alluvial aquifer.  For various reasons mentioned 
previously, the rate of drawdown in the alluvial aquifer is not accurately quantified.   What is 
important to note, is that, to date, recent pump tests in the CID have not shown drawdown 
influence in the alluvials. Consequently, and also due to knowledge about the slow lateral movement 
rates of water within the alluvials, the rate of drawdown/drawdown-influence in the alluvials is 
anticipated to be significantly less than in the CID being dewatered. 

Instead of drawdown rates, one of the key drivers to the hydrological influence of riparian health is 
pore-water availability. For this reason it is important to note that pore water availability and fluxes 
associated with this resources is likely to be strongly influenced by surface water input and vertical 
infiltration processes, as the physical forces on water movement vertically through the soil profile is 
significantly stronger than horizontally. These inputs and fluxes are largely replenished by rainfall 
events and will be a focus of ongoing research and management integration (and the proposed 
hydro-ecological study which will further guide our knowledge and management). 
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However, despite the importance of surface water inputs, the rate of drawdown is still relevant, and 
is instead thought to be most relevant in exceedingly dry periods when some species are more 
typically likely to access groundwater (when available) to meet their EWRs.   It is for this reason that 
investigations into EWRs will focus on determining if current discharge is adequate to maintain pore 
water availability or if and when some level of water supplementation is required. 

An additional area requiring clarification relates to defining impacts of relevance.  Impacts to riparian 
vegetation communities have the potential to manifest in many forms, and the degree to which each 
of these impacts are realised contributes to the potential that the impacts are considered significant.  
The potential magnitude of the impacts in conjunction with the assigned significance of the 
communities affected, in turn determines their overarching relevance to the proposal. Most 
importantly, and overarching all of this is the fact that Pilbara riparian systems are continually 
exposed to cycles of impact and recovery which is primarily influenced by the climatic variability of 
the North West arid zone. For the purpose of the Proposal, it is assumed that the lower magnitude 
cyclical impacts to vegetation health (particularly among key riparian tree species which represent a 
large contributor to the maintenance of important riparian microclimates) are an expected/inherent 
product of life in the arid zone, and an acceptable impact throughout the life of the proposal.  If 
changes in health are such that significantly elevated rates of mortality in the key strata of riparian 
communities are realised, then this may be determined to be a potential impact of relevance to risk 
assessments and a potential outcome of the proposal requiring identification and investigation. 
Furthermore, impacts which are likely to lead to measurable changes to the structure and 
composition of riparian communities are considered a risk/impact also requiring identification, 
delineation and management.   

With respect to impacts and their relevance to the Proposal; it is important to note that the stretch 
of Weeli Wolli Creek relevant to the Proposal has experienced significant degrees of vegetation 
augmentation in the low flow and fringing incised channel zones since surplus water discharge began 
in late 2006. For this reason, it is important to make the distinction that the outer fringes of the 
incised channel zone broadly represent the areas considered more likely to realise impact due to 
declining water availability.  However some of the impacts potentially realised in this area may 
instead partially represent amelioration of augmentation as resident vegetation reverts to a 
composition and structure similar to that present at baseline.    

The key zones identified to be at risk (conservatively speaking) of impact from declining water 
availability are as mentioned the outer reaches of the incised channel zone (those areas depicted in 
Figure 18 which border the central low flow channel). Of particular note are the parts of this zone 
which fall within stretches of Weeli Wolli creek where the low-flow channel has an alignment 
following close to the east boundary of the floodplain.  This alignment determines that there is a 
smaller alluvial sediment body between the incised channel zone and the adjacent geological 
features surrounding the CID.  The alluvial formations of the floodplain are expected to provide a 
significant buffer/barrier to connectivity between dewatered geological formations such as the CID 
and surrounding Weeli Wolli formations.  Where this buffer/barrier is smallest, the risk of decline in 
water availability is considered greater.  This effect of CID proximity influencing alluvial water 
content is potentially greatest at the southern end of the project area where the CID is positioned 
under the alluvial formations of Weeli Wolli Creek. It is noted however that at this point discharge 
reaching the project area from Hope Downs 1 is at its greatest volume, and so such inputs are 
considered likely to at least partially counteract decline in the alluvials via the CID proximity.  At the 
finer scale the small and conservatively interpreted baseline MA communities represent features of 
significance which at face value could be interpreted as being at greatest risk.  Observations in other 
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parts of the Yandi and Hope Downs 1 operations, coupled with the expected maintenance of surplus 
water discharge in very close proximity of these communities indicate that these communities are 
likely to remain viable. However; there is a very small percentage (approximately 5% or 0.3ha) of 
their areal extent (some very small portions of their outer fringes, as shown in figure 17), which is 
determined to be at some risk of impact from water decline.  This very minimal areal extent of 
elevated risk, is determined via an estimation of a minimum degree of lateral extension of the 
capillary fringe from surface water which is highly likely to occur.  Furthermore, in many cases the 
outer fringes of these interpreted patches of potentially baseline MA co-dominated vegetation are 
likely to represent augmented vegetation not present at baseline. Any MA co-dominated 
communities present at baseline would have most likely been highly spatially restricted and would 
therefore have closely fringed the banks of the low flow channel were risks posed by water 
availability were low.   
 
Provisions for monitoring and management 
 
At this point in time the currently implemented Surface Water Discharge and Vegetation and 
Groundwater Dependant Ecosystems Monitoring and Management plan for the Weeli Wolli system 
is considered to go a considerable way towards providing an adequate monitoring and management 
framework, capable of adaptively managing impacts from the existing Yandi operation and the 
Proposal as they are foreseen or observed.  However, as part of an adaptive management approach, 
there are a number of key areas where the Proponent is planning to investigate, add and better 
integrate additional monitoring, modelling and riparian characterisation tools, which in combination 
increases the confidence in and effectiveness of the management plan to respond to and manage 
impacts if and when they arise.  
 
These key areas are: 
 

• A full strategic assessment of the monitoring/management framework to integrate any new 
cutting edge tools and approaches which may have been recently developed. 

• The combined use of broad scale remote sensing based GDE characterisation analyses, and 
community level patterns of leaf water potential fluctuation as a fine scale tool for GDE 
characterisation, to better determine risk due to dewatering and inform on water availability 
thresholds for adaptive management.  

• Integrate the above water availability thresholds with an altered surface/groundwater 
model to determine the minimum surface water inputs required through drought periods 
(and alternatively drought length without surface water input which would potentially 
require supplementation is potentially required) to sustain resident riparian vegetation such 
that water balance can be better monitored and managed for;  

• Integration of DMSI monitoring into compliance triggers and associated action plans so that 
wider scale (eg. Including all key riparian zones such as the floodplain) interpretation of 
vegetation responses can be integrated into the adaptive management plan.  
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Figure 18: Map of integrated risk associated with potential declines in water availability within the PBS project area.  
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