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EXECUTIVE SUMMARY

A study was undertaken to assesshyrrological responsesssaiated with mining the

2 11 Hd-McCoy mine areain the Intermediate Rainfall ahe (900 to 1,100

mm/annum, IRZ) 7KH 2911HLO WR OF&R\ DUHD zZDV D ORJLFDO H|]
operations within the McCoy mining area. Initial saliniyLVN DVVHVVPHQWYV IRU
to McCoy have already been producedd tabled at Bauxite Hydrology Committee

(BHC) meetimgs (Croton & Dalton 2008, Crotoet al 2008, Croton & Dalton 2010

DQG &URWRQ 'DOWRAQ 7KH %+& UHFRPREHQGHG WR
McCoy mining should proceegroviding additional items of research and monitoring

that were described in Crot@nDalton (2008) be undertaken by Alcoa.

JLUVW PLQL®QIFMRCof fdntinedred in 2010 with first clearing in 2009. The
historically low rainfall of 2010 caused a decline in groundwater levels and a strong
GDPSHQLQJ RI K\GURORJL Ré&l@ MdCkyaxeh.RIX 2011 Che\VBHC 2
decided that a full review of the hydrological responses be held over until after the
hydrological system had recovered. With above average rainfall in 2011 and close to
average in 2012, this recovery is now at leastlypcomplete. The present report is the
requested detailed review and includes a full assessshéme groundwateaind stream
salinity responses to the mining Q WKH -t2Mdddy. @rea, as well as
recommendations fduture monitoring.

Starting with groundwater, Figure | shows the nine responsive piezometers in the
2 11 Hd-McCoy mine area. All nine of these piezometers have responded by
essentially returning to piteeatment levels whilethe control piezometers have
languishedhat deeper levels.
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Figurel: 3LHIRPHWHU K\GURJUDSKV IRU WKH QLQH UHVSRQV
to-McCoy mine area.

As there are a number of sections of the vall€fyR R U L Q MHIEC&/Miintla@a
where the groundwater is at or near to the soil surfgm@indwater contributes to
streamflow. The rises shown in Figure | have therefore provided groundigater
streamflow over and abovbkatexpected undefull forest conditionsyesultingin what

i Water & Environmental Consultants



appears to be a mininglated streansalinity signature. Usig the manually-collected
streamsalinity sampledata, Figure Il shows the salinity responsestli@rsix treated

streamsites compared to the untreated control site. Figure Il is a plot of the estimated

flow-weighted streapsalinity increase 102012 obtained by plottinghe data for the

five continuouslogger sites against the percentage area of clearing for mining in their

catchment.
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7KH GDWD |Rib-MeRady ndifelarela @as combined with the estimated stream

inflow and waterstorage volume for 2012 for the Serpentine Resertoircreate

HVWLPDWHYV RI

reservar; these are shown in Table IThe strearinflow salinity was estimated to

WKH HIIHFMW-NRColy bréaddp theRsaliigdidie f1 HL O

increase by 3.thg/L due to mining effectsand the pond salinity was estimated to
increase by 0.4Mg/L. Neither of theseesponsesvereunexpected and are on the low
side of what was predicted by Croton & Dalton (20H0)d accepted by the BHC when

PDNLQJ WKHLU UHFRPPHQGDWL R @-M¢BoyWnkiiHg 8Hbala*
proceed. As well, due to the continued bekwverage rainfés during the mining

WKDW 2

period ofthe 2 1 1 Hd-@cCoy area, the saltloads that have actually occurred are an

order of magnitude less than those predicted by Croton & Dalton (2010).

Water & Environmental Consultants
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estimated minngUHODWHG VDOWORDG LQFUH D V4b-McQoy GXH W
mining was 15.3 tonnesonpared to 361 and1l9 tonnes for the two scenario

predictions by Croton & Dalton (2010). Given that the salinity of the overall water

supply system is driven by the saltload calculations, that is total salt vs. total water in

the system, thewhat mattergo the overall watesupply systems the saltload of the

streaminflow to Serpentine Reservoir rather than théngslof the strearinflow.

Table I: Mining related stramrinflow and reservoiake saltload calculations for 2012
for the Serpentine Reseir DQG PLQLQJ Rito-MeKey &2¢pl HL O

Item Flow and Volume (ML) Saltload (kg) Salinity (mg/L)
Total reservoirinflow 5,047
Change in reservoir inflow 15,268 3.0
Reservoir pond volume Dec 2017 34,366
Change in reservoir pond salinity 15,268 0.44

Recommendations were also made as to what monitoring should be continued for the

2 11 Hd-cCoy mine area. These recommendations are straffggted by the

present climateand itslikelihood of continuing. It is proposethat if the present
belowaverage rainfallcontinue thenthe K\GURORJLFDO PRQLWRBULQJ RI VW
McCoy mine area can be maintained at a much lower level thaunfill patterns

change.

A climate change that would triggeconsiderationof a changein monitoring was
defined asat least 1,300nm/yr rainfall for the Big Brook rairgauge. Such a raindll
would provide a large wataxcess and would significantly replenisoil-water
storages and boost streamfloW.rains continue abr belowaverage leve|sthenthey
areexpectedat best tanaintain thenydrologicalstatus quo.

It is proposed that the moaring programmeutlined in Table Ilbe maintained at least
until the end of 2015, unless a rainfall yedrl,300mm/yr or more occurs, in which
case a followup reviewshould be undertaken.

Tablell B3URSRVHG PRQLWRULQJ SuddRVMcCoymihelaldaU WKH 2Y1HLC

Item No. of sites Monitoring frequency

Continuous stream salinif 5 15 minute loging interval plus manual chec

loggers sampling during winter.

DoW gaugingstations 2 Big Brook as treated and Gordon as cont
Gordon may have too little flow from 2013 to
useful.

Manual stream salinity 6 primary siteg Once per year in October.

monitoring and 30 secondary|

Groundwater levels 23 Six weekly manual watdevel readings, whichs
nine times year.

Groundwater watequality none Considered that sufficient data has already b

collected.

iv Water & Environmental Consultants



1. INTRODUCTION

Alcoa of Australia (Alcod operates théluntly and Willowdale minesn the northern

jarrah forest on th®arling Plateau. Due to the known issues associated with salinity

and agricultural clearing in the soutlest of W.A., as part of the revised 1978
Environmental Review and Management Program (ERMP) for the Wagerup Alumina

Project, Alcoa made the commitr@eW \khkiDdAMvilt not take place in the eastern,

ORZHU UDLQIDOO SRUWLRQ RI $OFRDYV OHDVH XQWLO U
conducted without significantly increasing the salinity of water resources

As part of the latest Wagerup approvalsttommitment has been changed to now read:

3% DX[LWH PLQLQJ ZLOO QRW WDNH SODFH LQ WKH HDVW
lease, until research shows that mining can be conducted without significantly
increasing the salinity of the water resourcathvexception of the Trial Mining Project

in the intermediate rainfall zone which commenced in 2005 to test modelling predictions

and mining and rehabilitation methods developed from the 25 years of research to date.

This trial was approved by the Minirmnd Management Programme Liaison Group.

Results from the trial mining and continuing hydrology research and modelling will

form the basis for future approval by the Mining and Management Programme Liaison
*URXS RI $OFRDTV SODQV |Rate rRihfglllzehd. TiesevpkaHs wiDhw HU P H G L
SUHVHQWHG LQ $OFRDYV DQQXDO 0OLQLQJ DQG ODQDJHPE
DSSURSULDWH GDWH ~

In line with these changes, Alcoa tangerconsides an application for general access
to thelIntermediate Rainfall @e (900 to 1,100 mm/annuniRZ) appropriate. Alcoa
prefers now to apply for access in a staged approaoh including strategically
determined sections dhe IRZ as part of the annual fiyear mineplans using the
existing approval process with thining and Management Programme Liaison Group
(MMPLG). The first area of interest is a section of the IREhin the Serpentine
Reservoicatchment NQRZQ E\ WKH PLQLQHLIDUWR @Bsdrl)=?2 1

W FDQ EH VHHQ IURP )LJXU Hs a |lvgikdD éxte@iah i te pheBend® F & R\ L
operations within the McCoy mining ardhis present miningncludes he IRZ mining

in the Cameron ¥perimentalMining Exercise (CEME) inthe Jayrupand associated

catchmerg (Croton,et al. 2011) Initial salinit-riVN DVVHVVPHQWY IRU 21HLO
have already been produgeand tabled at Bauxite Hydrology Committee (BHC)

meetings (Croton & Dalton 2008, Crotoet al. 2008, Croton & Dalton 2010 and

&URWRQ 'DOWRAQ 7KH %+& UHFRPPH@@MMdDYWR WKH 0
mining should proceegroviding additional items of research and monitoring that were
GHVFULEHG LQ &URWRQ '‘DOWRAQ EH XQGHUWDNHQ E

to-McCoy commenced in 2010 with first clearing in 2009.

The historically bw rainfall of 2010 causeddecline in groundwater levels andtaong
GDPSHQLQJ RI K\GURORJLFDO EHKDR¥LRX2011HQ BNEKH 2 1HLC
agreed with the proposal by Croton & Dalton (2011) that a full review of the
hydrological responsdse held over until after théaydrologicalsystem had recovered

With above average rainfall in 2011 and close to averag@@1g2 this recovery is now

at least partlgomplete. The present report is tequestedietailed review and includes

a full assessent of the groundwater, streamflow and stream salinity regsoto the

PLQLQJ LQ WHIEC@/atddas@ell as recommendatiorisr future monitoring

1 Water & Environmental Consultants
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Figure 1: LocatLRQ R W KiéiM2Gay khin©areaplotted overthe major features
of the Daring Plateau. 6 HH D X W KIRég&rein@ R100Okm isohyet.

$XWKRU Y TORMLEED78 rainfall isohyets by Hayes & Garnaut (1981) are used throughout this
report to estimate rainfalls, as they are the most widely accepted and were used in prediess
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2.

2.1 Hydrological Setting

291(,/ 72 OF&2< %%$&.*5281"

Using data previously collected by Alcdaroton & Dalton (2010) provided a detailed
review of the soilsaltstorages groundwater salinities and stream salinities of the
Darling Plateau andompared them with data collected in tBef 1 Had-M@cCoy mine
area. They concluded that fis rainfall regime, the @il saltstoragesgroundwater
salinitiesand stream salinitiesf the 2 { 1 Hd-/@cCoy mine area carall be considered

typical (Figure 2)
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Figure 2:

Soil saltstorage (VTSS), groundwater salinity and stream salinity for the

2 1 1 Hd-dcCoy mine area. Also plotted are regression curves for the Alcogadalta
for soil saltstorage the regression by Stokesl. (1980) is includeds well.
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Croton & Dalton (2010) also noted thiair stream salinitieshere has beea definite
decline with time probablyassociated with the present belawerage rainfall period
(Figure 3).
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Figure 3: Average strearsalinity for the monitoring poii¢ LQ W KH#b-MdJCb¥ L O
mine area, divided into the two periods of up@99 and posi999. The regression
curve from Figure 2 has also been plotted.

The depth to groundwater is a significant factorwiKH 2-%IMd¢Cdy mine area
hydrology particulary in stream areas downslope of mine areas. Croton & Dalton
(2010) wsed the available minimum depitrwater data for 20090 produce an
estimated deptho-water map for that year (Figure 4).
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Figure 4: Estimated minimum DTW in 2009 for streamlines irtth 2 § itetMcToy
mine area.
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A key conclusion from Figure 4 is thidr a considerable fraction of the stream system
LQ W K H-t@2Mdddy i@ine aredhe peak groundwater level in 2009 was at or near
the soil surface. Given th@esentbelowaverage rairdll conditions,it can be assumed
that historicalgroundwatetdevels would have been higher and thistorical contact
between groundwater and tiseil surfacein the streamzon&ould have been more
extensive. This proximity of the groundwater to the seilrface implies groundwater
contributions to streamflow across significant sections of tHel®td-KAcCoy mine
area streansystem; borne out by the stream salinities in Figures 2 and 3 beimyg!DO
and above. When the groundwater system is fully disected from streamflow
generation, e.g. the Gordon catchment in the Cameron catchment group, stream
salinitiesremain below 10@ng/L (Croton.et al.2011).

The removal of the vegetation cowerallow mining to proceed Q W K Ht@2Mdddy. O

areawill cause an increase in groundwater discharge compared to the unmined situation

resuling in some increase in stream salinity compared to unmined leVaks estimates

of likely mining effects made by Croton & Dalton 2008, Croteihal 2008 and Croton

& Dalton 2010 were all based on this premise plated emphasis on puttinbgese

effects into hydrological perspectiv®ast recommendations by the BHC that mining in

WKH 2%H10H&R\ DUHD VKRXOG SURFHHG ZHUH EDVHG RQ WK
that thes effects are likely to be acceptable.

,Q GHILQLQJ WKH K\GURORJtéNDQoWwrhime Area@nlimpdottanW KH 291H
component isunderstanthg the differences between this area athe Cameron

experimental catchmest GLUHFW O\ WR WK NeiM&RMcOoY nie &vedaH 2
(Figure 1). Crotonet al. (2011) found that there wadmost complete absence of any

observable response to mining in the streamflow and stsedimty records for the

Cameron experimental catchments. This lack of stream responthe Cameron

experimental catchments was considered by Cro&bnal. to be directly due to
groundwatetbeingat depth in the streamzones of all the catchments prior to the study
commencementnd at no time during the study did mining cause it torresg to the

surface. This situation is very differenttt@at for WK H 2-§pAMdCdy minearea.

22 211HLO W RMifdplam \

Figure 5 showdy clearing yeartW KH 2-8%IMdCdy area and the mine areas that are
within and adjacent to itFirst clearingZ LW KL Q Wig-McedylnHnie@rea was in
2009, with all complete by mi@d013. In Figure 6 thanine aeas have been divided into
two: those cleared, mined and rehabilitataxd those cleared but still within the mining
process andotyet rehabilitated

Figure 7is a falsecolour Landsat 8 image for 3MMay 2013 usinghe bands near
infrared,green and blue. The presently cleared or receetigbilitated areawith little
vegetation cover show dight brown, brest as a darlgreen and mine rehabilation
two or more yearsld as bright greenT KH 2 {-1oHMcQOoy mine area is presently at a
minimain terms of vegetation cover on mine argasareayet havethe bright green of
new foliage as seen in the bottom-efind corneof Figure 7
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Figure 7. Clearingoutlines IRU W K Hto2McCoiyLndne areglotted over a false
colour Landsat 8 imge for 31 May 2013

2.3 Climatic Setting

Before embarking on a review of the monitoring results per se, it isdésittreview

the historical rainfallsand to understand the trends thegntain particularly those
associated with the recent belawerage rainfall period Figure8 shows the annual
UDLQIDOOV VHH DX RiR Brfiok puRametefor th& period1889 to
present. These are synthetic annual rainfalls obtained from the SILO Data Drill system
(http://www.longpaddock.qgld.gov.au/silo/VHH DXWKRUfV QRWH

It can be seen there have been four distinct periods of rainfall behaviour for the Big
Brook site. Firstly, there was a period of belawerage rainfall which persisteg to

the dry year of 1914.This was followed by geriod ofaverage an@bove average
rainfall from 1915 till 1974. The year ¥9 marks the beginning of a beleaverage
period wherewhile the mean for this period is below the record awertwere aretsl
frequent moderateainfall years which rise above the mean. The fquatid lastperiod

is from 2001 to date where gnbne year (2003) s above théong-term mean, with

the restbelow it. There are only eight years with a rainfall belo@0& m/yr in the
complete 124 years of record; three of these ocdtom 2001 on including the
historically-low year of 2010

$XWKRUYTV QRWH 7KLV UHSRUW X\JahvarWwtk Bii DeveR@IG briatnuelDOHQ G DU
reporting of data. A water yeaf 1% May to 30" April is often used in souttvest W.A., but this is not

considered advisable here as it fails to consider the effects of summer rainfall on the antecedent conditions

of a catchment and its effect on streamflow in the coming winter

7 Water & Environmental Consultants
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Figure 8 Synthetic annual rainfalls from 1889 for the Big Brook pluviomet#ained
using the SILO Data Drill systemVHH DXWKRUfV QRWH

A close inspection of Figure Beveas two componentsot the rainfall behaviour of the
recent perioddompared to thbalance of the dataseFirstly,as already saidhere is the
overrepresentation of low rainfall yearthere are threeyearswith a rainfall below
800mml/yr in the 12 years since 2Q00Becondly, there is the geneallsence of high
rainfall years wih this trend extending back to 1975; there has been only one year with a
rainfall above 1,80 mm/yr since 1975 (1,32hm in 1991 or once in 37 yeayswhile
there aresome 20years above 1,30@m/yr in thebalance of theecord(once every 4.5
years) Given the norlinearity of hydrological processes on tharling Plateawue to
its dominance by evapmanspiration with the highrainfall years producing
proportionally much more groundwater recharge and streamflaws likely that the
general lackof high-rainfall yearssince 19% is a greater driver of the presently
observedhydrological decline thams the increase irthe number ofbelowaverage
rainfall years

,Q WKH IROORZLQJ UHYLHZ RI WKH K\GUWRORAEL&FDO UHVSR
mining, it appears thathe recent belovaverageainfall periodis acting as alampener

on the observed responsesd the hydrological behaviour is much more subdued than

would be expected if we were studying a treatment during a wetter period

$XW KR @ BV TgrR ®Wnumber of significant differences betweendhaual rainfalls for Big Brook

from the SILO Data Drill system Http://www.longpaddock.qgld.gov.au/sijo/and those previously
developed folong timeseries by using observed data, e.g. those for the Cameron West catchment by
Crotonet al (2011) However, for the purposes of Figure 6, B0 Data Drilldata has been deemed
sufficient.
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3. 291(,TO McCOY GROUNDWATER DATA

3.1 Groundwater Level Data

Figure 9shows the location of the 96 deep piezometers that have been established in the
2 11 Hd-dcCoy mine area.Appendix Aprovides hydrograph plots for all available
waterlevel data for these piezometers.
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Figure 9: Location of the 96 de8 JURXQGZDWHU SLH]R-BHWCEAUYV LQ WK
mine area

6396000 I

To make the groundwatéevel data easieto interpret, we have divided the dartdo
annual minimum deptlo-water classes of <11, 1 to 2m, 2 to 4m and >4m. The
map for 2009 is shown in ure 10 Like the estimated deptfo-water map shown in
Figure 4, it can be seen that a number of vélleyr piezometers had a groundwater
depth of <1.0m in 2009. However, the historicallgw rainfall of 2010 had a marked
effect, with groundwater déoes (increasing deptto-water) for every piezometer in
WKH 2HIMECE® mine area regardless of its positiorassocation with activities
such asclearing for mining. Figure 11shows the minimum deptio-water for 2010
plotted in the same mannes @ Figure 10 There are only seven piezometers in 2010
with groundwater within a metref the surface, whereas there w@eein 2009. There
was some recovery in 201@Figure 12) when there werell piezometers with
groundwater within a metre of the fage, and ninen 2012(Figure 13).
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The most useful plots whenterpreting the responses to mining are those where the
difference in level is compared between years. It was seen in Figure 5 that only a small
area witin WK H 2-%HIMdéCday mine area was cleara 2009 and so 2009 can for all
practical purposes baken a the last préreatment year.

Figure 14is a plot of thechange in minimum deptto-water from 2009 to 2011 for the
JURXQGZDWHU SLH]R Rd&INEEbY Minke @redly Asim2itibhéd Gready, the
historically-low rainfall of 2010 caused every\pH]|RPHWHU L-@-MgGokima®1HL O
DUHD WR GHFOLQH LQ VR WKLV \HDU LVQTW EHLQJ XV
that between 2009 and 2011 only two piezometers have risen in level, -KA342d

K4322-1A, with all othersessentiallyequivaknt between years in levat declining.

Figure 15is a plot of the change in minimum degtitwater from 2009 to 2012 for the
JURXQGZDWHU SLH]RPHWWMACS mhige akekd.HWIHIE ltheteOae
differences between Figures 14 and 15, these arearge hnd there arenly three
piezometers wittsignificant risedbetween 2009 and 201R43121A and K43221A as
per Figure 14 plus K44193A in WKH VRXWK R-to-MW&dy nanEel atéaO
However,K44193A has a doubtful hydrograph shape and has begpédofrom the
following analysis.

Figure 16shows a difference plot between 2011 and 2012. While Hjerity of the
piezometer watelevels are still essentiallgquivalentor declining nine pezometers in
this plot haverisen in 2012 to b€.25m or mae above the 201fevel; all these rising
piezometers are closely associated with minifilge groundwater hydrographs for these
nine piezometers are shown in Figure, Bhd their rises compared to control
piezometersre tabulated in Table 1
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Figure 14 Change in minimum deptto-water from 2009 to 2011 for the groundwater
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Figure 17 Piezomeer hydrographs fothe nine responsive piezometéabelledin
Figure 16

Table 1: Groundwater risefor the nine responsive piezometéabelledin Figure 16
compared to control piezometers

Piezometer Easting (m GDA94) | Northing (mGDA94) | Rise Relative to Control(m)
K4307-1A 427071 6404417 1.8
K4307-2A 426823 6404469 34
K4307-3A 427058 6404259 1.5
K43121A 427676 6403882 3.2
K43143A 426576 6403052 16
K43181A 426050 6402205 4.8
K43221A 426040 6401615 4.0
L44151A 430763 6398962 54
L44152A 431115 6398834 3.2

It can be seen from Figure 17 and Table 1 that significant rises have occlatied te

the control piezometersThe largest rise was 5m for L44152A which is directly
downslope of a cresceshaped area of mining. It can be seen from Figure 17 that the
historically-low rainfall of 2010 caused there to be little or no hydrognagak in 2010,

and this in turn makes the rises due to mining essentiatigtarationof the levels in
2009 rather than a rising to higher levels.

3.2 Groundwater Salinity Data

It was shown in the previous section via Figures 10 to 13 that the yeaky pe
groundwateiflevel in the valleyfloors of the 2 § 1 Hd-ldcCoy mine area was at or near

the surface for a number of streams over this period. This implies that groundwater
would have interacted with streamflow generation during this period and woalbels
having an effect on stream salinity. Such a process was expactedasdiscussedt
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length byCroton & Dalton (2010). A key componeot the modelling by Croton &
Dalton (2010) was an assumed salinity for the discharging groundwater that was
contibuting to streamflow. They produced a map of groundwater salinity for the

2 1 1 Hd-dcCoy mine area from the groundwater salinity data collected in November
2009 (Figure 18). To assess whether the groundwater salinity has been varying due to
the miningprocess, follomup groundwater salinity collection programmesve been
undertaken each yedfjgure 19 shows the latest for November 2012, and Figure 20
shows the difference between 2009 and 2012. It can be seen that there is consistency
between the twalatasets, with only one piezometer, K448 having a significant
increase in salinity(223mg/L in 2009 to 638ng/L in 2012). Interestingly, this
piezometer is distant from any mining, so the variation almost certainly relates to some
factor other thamining.

1]

'( ~1100 mm isohyet l O'Neil to McCoy ‘
L./\ Mine Area
I A/ \ G/Water Depth

6406000
<1m ©

1to2m
2todm @
/>4m @
© G/Water
\ Salinity (mg/L)
500

6404000 |

6402000

6400000
74

Mining'status
Cleared 1

~_ Jayrup Catchment Rehlab =
~ Boundary

6398000 |

Piezometer Salinity ,
6396000 -‘—m Nov. ?oﬂﬂ A?\ /Prepared by WEC

424000 426000 428000 430000 432000 434000 436000

Figure 18: Piezometer growdwater salinities from the purgampling programme in
November 2009.
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Figure 19: Piezometer groudwater salinities from the purrgampling programme in
November 2012.
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Figure 20 Change in f@zometer groundwater Igaties from November 2009 to
November 2012.
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4. 2M1(,/ 72 OF&2< 675(%$0 '$7%

7KH VWUHDP VDOL QLW ‘tdNRQdyWiRd hteQ dan Be Hi2ded Hitio @hree
parts. Firstly, there is a manual sampling network that covers the area and is intended to
track any local changes (Figure 21). Secondly, there is a contiuagnes network
consisting of five sites, CDO1 to CDO05, at which stresatinity loggers have been
deployed by Alcoa. Most of th LQLQJ LQ WokMdC@/fdréhls@ontaired

within the catchments of thedegges. Croton & Dalton (2008) develeg these
manuaisampling and logganetworks and the BHC recommended to the MMPLG that

2 1 1 Hd-dcCoy mining should proceed providing this monitoring was undertaken by
Alcoa.

6405000

M AT
Y“‘ Mine Area

= .\ .

/\\ o >

Big Brool

6400000

3 ameron Centrall
6395000

NS

6390000

Prepared by WEC

420000 425000 430000 435000

Figure 21. Manual streansalinity sampling pointsand continuougogger stream
salinity monitoring points and their catchmentsiR U W K Hto2McCélLnine area
Also shown arehe DoW monitoring sites andatchments associated with fBameron
Experimental Mining Kercise (CEME).

The third component to the monitoring system is the gauging stations operated by the
Departmat of Water (DoW);this is both the longerm station of Big Broolkand the
catchments which are part of the Cameron Experimental Mining ExercERIEL
(Croton,et al.2011). The CEME stations are the treated catchments of Cameron West,
Cameron Central and Jayrup and the control catchment of Gordon (Figure 21). It should
be noted that continuotisgger site CDO5 is located at the Big Brook gaugstagion to
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allow direct comparison between the Alcoa and DoW monitoring. Big Brook is also
LPSRUWDQW LQ WKDW LW FRQWDLQV QRW MXWw WKH & (O
McCoy mine area and a significant proportion of the mining directly to &st.w

In the following sections the manual sampling will be analysed first, followed by the
continuouslogger, and then the DoW gauging stations. Comparisons will then be made
between all the data types. Key dates in the analysis are: first signifiearinglfor
mining in the Big Brook catchment was 2003; first clearing for mining in Jayrup was

ILUVW FOHDULQJ IR UtoMcQoly @da wes 20qlith RigrifiddnO
clearing from 2010.

4.1 Manual Stream-Salinity Data

There are 36tream maitoring sitesLQ D QG D UR X QEaMaR oy thirkefatddhdD

all theavailabledata forthem has beetabulatedn Appendix B. To show the relativity
between the sample values for 2009, 2011 and 2012, Figure 22 is a proportional plot of
the October vales for each of these years. October has been used as it tends to be the
month in which flow is still expected to occur, but is after the winter streamflow peaks
and is therefore indicative of the salinity of the interflow/baseflow component of
streamflow. It can be seen that stream salinity has increased year by year for all sites
which have at least two readings, this is for both sites that havé&saRd  Whikirig Y H

in their catchments. There is also a degree of complication in Figure 22 in that some
sites Z H U WiQt§dAdh 2009, hence they lack a value for this year even though there was
probably flow at them for that year. As well, the lower rainfall in 2012 compared to the
other two years, and the resultant reduction in flows, has meant that @moingites

lack a salinityvaluefor that year. This lack also has a geographlioanponent in that

the first and secondrder FDWFKPHQWYVY RQ WKH HDMeBdy @indLGH RI W
area are generallacking a 2012 value while éfirst and seconarder catchmenten

the western side generally have onkhis is probably associated with two factors, the
eastwest trend of rainfall with higher rainfall on the western side, and the level of
topographic incision with the eastern section being nflatter than the west.

There are seven sites iRigure 22 ZKLFK DUH GLUHFWO\ DVWBFLDWHG Z
McCoy mine area and haw@ctoberdatafor all three years; these have bdaelled in
Figure 22 and arplotted as a timaeries in Figure 23(a). Of the points, BFO6 was
established as a contr@nd Figure 23(b) is plot with theOctobersalinity values for
eachyear for the other sitgslotted asa percentage of the BFOBctobervalue for that
year The 2011 value for SE43 has plotteelow BF06, al other valuesn Figure 23(b)
have plotted above BF06. The averages for thecootrol values are 107% in 2011
and 124% in 2012 Figure 23(c) is alot, with the salinity values as differences faa
year compared to theontrolvaluefor that yeaythese are an estimate of salinity change
due to mining. Thaverages for the necontrol values are gg/L in 2011 and 3¢ng/L

in 2012. All the plots in Figure 23 show a geographical compgneith the values for
the westerlysampling poirg being higheritan those for the ea&sily ones.
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4.2 Continuous-Logger StreamSalinity Data

Five continuoudogger streansalinity sites were established by Alcoa in 2009, their
locationsare shown on Figure 21. The sites wereafistream, where the logger was
placed on the streatved on an anchor block and was open to theipadlow. There

was full datarecovery for these loggers in 2009 and 2011, for 2010, any flows that did
occurat the sites were generally insufficieatinundatehe loggers and no real data was
available for this year. For 2012 there was complete failure ofvallléiggers and no
useful loggerata was collected at any of the sites. There was however maeg& c
samples still being collected at the site2012 and these are plotted in Figure 24 along
with the continuous data for 2009 and 2011. Various options were considered for
creating a synthetic record for 2012, including using the Big Brook satnaitg and
morphingit to fit the manual cheeckamples. Howevewhile this of course can be done
for CDO5 as it is located at the Big Brook gaugstgtion,realistic trace could not be
developedfor the other four sites and the only uset012 data fothese remainghe
manual checlsamples
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Figure 24: Stream alinity traces for thestreamsalinity logger sites inWKH 28%1HLO
McCoy mine area.

As was seen for the manual streaalinity sampling points discussed in the previous
section,there hasbeen a steady rise in stream salinities for successive fgratise
streamsalinity logger sites Again the question is,dw much of this is related to mining
responses, and how much relates to climatic factors, particularly ttoeidally-low
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rainfal of 201Q Figure 25 is a plot of the differences imeaage salinitypetween the

two years2012 and 2009 for the five strearsalinity logger sites plotted against the
percentage area of clearing for mining up to the beginning of 202 catchment

area for CD02 and CD05 haveeenadjusted by the deletion dfiat 27.3km? of the

catchmerd that is flowing from the foredtibutaryto theeast This lower rainfall area

(isohyet average of 90@m/annumhas maNHG O\ ORZHU VWUHDRIORZ WKDQ
McCoy mine area; it was not possible to obtain a salinity sample from this catchment

stream in 2012, implying it had little to no flow in that year.

As steamflows are not being measured at aity sther than CDO05, where thegB

Brook gauging station is locad, LW LV Q T W caleulaié lil@énvelghted salinities

and those in Figure 25 are simple averages. Despite this limitation and that associated
with the lack of continuous data for 20iRappears likely from Figure 25 that there is
some relationshipetween the area cleared for mining and the saldiffgrence. The
intercept of 39ng/L is an estimate othe natural increase independent of clearing for
mining.

CDO3¢
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o
o

Salinity Difference 20122009 (mg/L)

20 | y=219x + 39 ¢ Salinity Diff.
R2=0.40 —— Linear (Salinity Diff.
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Figure 25: Salinity difference between 2012 and 2009 éontinuouslogger sites
plotted against the percentage area of clearing for mining e tibeginning 02012.

4.3 DoW Data

4.3.1 Gordon

Gordon is the control catchment that was established as part of the CEME. Itis a small
catchment of only 2.km? but was established at the tiras nolarger alternatives
preseréd themselves. Figure &%) is a plot ofthe annual rainfall vs. streamflow
relation for G@rdon with the data divided intavo groups, that up to and including 2002
and that from 2003n. This division is chosebecauset matches with the first
significant clearing in the Big Brook catchment (Figure 21). Thiogs are readily
apparent fromFigure 26a). Firstly, the relationship between rainfall and streamflow
LV Q T W withNldwRROWAIues and a wide scatter in the psintSecondly, 2011 and
2012 have both plotted well below all the other years; it appears that the histdoally
UDLQIDOO RI K DathrdéhtU o Hsch aviével tikat streamflowD V Q T W
recovered during eitherf dhese years. Figure 26b) is a plot of rainfall vs. stream
salinity for Gordon catchment. While 2011 has plotted slightly abovdewal in this

graph, 2012 has plotteat the top. Figure 27a) is a plot of annual streamflow vs.
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stream salinity for Gordon; again 2011 has plottedyfaionsistently with the other
years while 2012 has plotted at the top.

Figure 27b) is a plot of streamflow vs. flowdays for Gordon, flowdays are defined as
days with an average flow of OLZsec or more (1vh*/day). For 2011 there is a
respectable numbeof flowdays at 59 days, but for 2012 there are only six flowdays
The total flowfor 2012was only 0.17nm/yr or 357mlyr (0.357MLJyr), as well the
saltload for 2012 totalled only 3&/yr. Such small flow volumes and saltloads for
2012 make itasHDU IRU ZKLFK *Rconidely fsBde® \& cénktol for the
other catchments. There was MB/yr of flow for Big Brook (5.3mm/yr) and the
saltload was 11@nnes/yr; these are 2,200 and 3,100 tiasewiuch assordon.

Interestinglyhowever if Gordon is accepted for the moment as a salinity control and is
processed aan unweightedr simpleaveragein the same wagsfor the continuous
logger sites in Figure 25, the increase in averagaeigabhetween 2009 and 2012 is
19mg/L (108 £89). While this is halthe Figure 25 intercept of 38g/L (zero area of
clearing for mining),it would still be conglered confirmation of the regression in
Figure 25 thoughit does imply that the natural increase may be overetgdria Figure

25. However, as already discussed, Gordon 2012 data is questionataéo@adsny W
sufficient groundso revise the precedinganalysis.
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Figure 28is a plot of the daily salinities for Gordon for the year82®011 and 2012.

With the exception of the shorter flow durations, this graph is similar in form to those

given in Figure 24 for the streadd DOLQLW\ ORJJHU XoIWEGOY min®@ WKH 291
area
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Figure 28 Gordon daily stream salinities for 2009,120and 2012.

4.3.2 Jayrup

Jayrup is the mediuracale treated catchment within the CEME and has an area of
45.5km?, the firstorder treated catchments of Cameron West and Central are sub
catchments of ifFigure 21) Figure 29(a) is a plot of the annualnfall vs. streamflow
relation for Jayrup with the data divided into two groups, that up to and including 2002
and that from 2003 on. This division is chosen as it matches with the first significant
clearing in the Big Brook catchment (Figure 21). Twimgs are readily apparent from
Figure 29(a). Firstly, unlike Gordon, the relationship between rainfall and streamflow is
strong with high Rvalues,0.94 and 0.85 Secondly, like Gordon, 2011 and 2012 have
both plotted well below all the other yearst bumlike Gordon, there is still significant
flow in 2012. Figure 29(b) is a plot of rainfall vs. stream salinity for Jayrup catchment;
unlike Gordon, both 2011 and 2012 have plotted-level in this graph. Figure 88) is

a plot of annual streamflow vstream salinity fordayrup again 201land 2012 have
plotted fairly consistently with the other yeandowever, before reading too much into
thesedifferences in salinity behaviour between Jayrup and Gordiwe freshness and
small range of the salinitygeadings needs to be notdatie range ofannual average
salinitiesfor Jayrupis 71mg/L to 83mg/L (12mg/L) andfor Gordon is79mg/L to

99 mg/L (20mg/L). Neither range is large, and small errors in measurement, including
sensor drift, could be drivingome of the observed variation between catchments.
Figure 3@b) is a plot of streamflow vs. flowdays fdayrup flowdays are defined as
days with an average flow of Olsec or more (48°/day). For 2011 therare 93
flowdaysandfor 2012 thereare 63 flowdays The 2012flowdaysivalue for Jayrups
markedy differentto the six days for Gordon.
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Figure 29: Jayrup annual rainfall vs. streamflow and rainfall vs. streahmity divided
into two periods, up to 2002 and post 2002.
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Figure 30: Jayrupannual streamflow vs. streasalinity and streamflow vs. flowdays
divided into two periods, up to 2002 and post 2002.

Figure 31 is a plot of the daily salinities for Jayrup for the years 2009, 2011 and 2012.
This graph has a much higher activity lettehnthat for Gordon in Figure 28; this is
consistent with the larger flows and apparently greater hydrological activity level of
Jayrup compared to Gordon.
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Figure 31: Jayrup daily stream salinities for 2009, 2011 and 2012.

4.3.3 Big Brook

The Big Brook catF KPHQW LQFOXGHV WKH &(0( \W&KWMCBYD MRULW\
mine area, and a significant proportion of the mining directly to the avdbese areas
(Figure 21); its catchment area is 1¢#°. Figure 32(a) is a plot of the annual rainfall

vs. streamflay relation for Big Brook with the data divided into two groups, that up to
and including 2002 and that from 2003 on. This division is chosen as it matches with
the first significant clearing in the Big Brook catchment (Figure 21). In terms of the
strengh of the annual rainfall vs. streamflow relation, Big Brook withvRlues of 0.69

and 0.50falls midway between Gordoand Jayrup. However, 2014r Big Brook,

while still plotting below the regrssn, is clusteed with the other yearsather than in

an isolated pairing witl2012 2012has plotted below all the other years, but there is
still significant flow in 2012.

Figure 32b) is a plot of rainfall vs. stream salinity ftre Big Brookcatchmentthis

graph is introducinganee HKDYLR XU WKDW ZDVQTW REVHUYHG IRU
2011 has plotted in the general grouping while 2012 has plotted well above. Also, while

it is plottingin-line with twoof the upte2002years (1998 and 2001 is well above all

the post20 values.
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Figure33(a) is a plot of annual streamflow vs. stream salinityBfigy Brook, 2011 ha
plotted with the othepost2002yearswhile 2012 has plotted at the top of the graph and
like Figure 32(b) has associated itself with the 002 years 0fl998 and 2001
Given the range of annual salinity values for Big Brook,m@8L to 138mg/L
(45mg/L), these variations appears to be a genuine catchment respanse33(b) is

a plot of steamflow vs. flowdays for Big Brogklowdays are defined asags with an
average flow of 0.5/sec or more (48n°day). For 2011 therare121flowdays and for
2012 thereare 129 flowdays this exceeithg of flowdays for 2011 by those in 2012 is
the first such occurrencboth Gordon and Jayrup had markedly less fiysdn 2012
than 2011
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Figure 32: Big Brook annual rainfall vs. streamflow and rainfall vs. stresimity
divided into two periods, up to 2002 and post 2002.
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Figure 33: Big Brook annual streamflow vs. streagalinity and streamflow vs. flow
daysdivided into two periods, up to 2002 and post 2002.

Figure 34 is a plot of the daily salinities for Big Brook for the years 2009, 2011 and

2012. This graph is interesting in that it displays a much higher range of variation in

salinity in the early perioaf 2012 than it does for 2009 and 2011. Peak to trough

ranges are around 40 to B@/L in 2012 while they were 4@g/L or less in 2009 and

2011. Jayrup has similar randes all years of about 2thg/L; and Gordon has so little

flow in 2012 that a rangeD QW UHDOO\ EH G With €kbhés 6R10 tt?WKDW \HI
20mg/L in the other years. This increaseehgeof salinitiesfor Big Brook in 2012

probably indicates a miniAgelated response with the higher salinities being associated

with increasedjroundwater discharge.
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Figure 34: Big Brook daily streansalinities for 2009, 2011 and 2012.

5. ESTIMATION OF MINING RELATED RESPONSES

51 6WUHDP 5HVSRQYV Hto-R¢CoWwMihe REd HL O

Figure 25 in Section 4.2 was the salinity difference betw2@h2 and 2009 for
continuouslogger sites plotted against the percentage area of clearing for mining up to
the beginning of 2012. A linear relationship was passed through the five data points on
this graph and #hintercept, or zermining salinity-increase was obtained. If Figure 25

is plotted with the intercept set to zero, then we have an estimate of the increase in
stream salinity in 2012 for these five sites due to minikigwever, such a plot would

be based on a simple average rather than \@-Vleighted average for the stream
salinity. The only continuod®gger site at which flow was measured was CDO05 (Big
Brook). Forthe DoW data for Big Brook for 2012, the simpd@werage streasgsalinity is
174mg/L while the flowweighted average is 138g/L, which gives a factor of 79% as

the adjustment between simple average and-fl@ighted average for 2012 stream
salinities. Applying this same factor to the continutngger sites produces Figure 35

as the flowweighted increases in stream salinit20i2 due to mining.
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Figure 35: Estimated flow-weighted streamsalinity increase for2012 for the
continuouslogger sites plotted against the percentage area of clearing for mining up to
the beginning of 2012.
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Further, if the streamflow per unit area ig Brook (mm/yr) is assumed to be the
streamflow per unit area for the other continumgger sitegmm/yr), an estimate of
stream saltlad increase can be developed using the catchment areas for the logger sites
in combination with the estimated fleweighted strearsalinity increase for 2012 from
Figure 35. These equate to the isétes given in Table 1lt needs to be noted that as
CDO05 is at the Big Brook gauging station, then the saltload increase for this site includes
more than just thagmanang |[URP W K Ho2MCady e area; Big Brook will be
considered further in the next sabction.

Table 1: Estimated miningrelated streamsaltload increasse for 2012 for the
continuouslogger sites. Note that for CD02 an adjusted catchment areaowittthe
forest tributary to the east is being u$gd.3 knf).

Logger Site Stream Salinity Catchment Area (km?) Stream Saltload
Increase 2012mg/L) Increase 2012tonnes)
CDO01 11 9.7 0.85
CDO02 31 61.6 (34.3) 8.67
CDO03 52 6.8 2.86
CD04 9 17.8 1.27
CD05 30 149.4 30.4

5.2 Stream Response for Big Brook to Mining

In the previous subection an estimate was made for the strsalimity and saltload
increases due to mining for the continubogger site CDO5, this site is also the Big
Brook gauging statian Now using DoW datanly, an estimatewill be made ofthe
change instreamsalinity due to miningor Big Brook If simple differences in flow
weighted stream salinity between 2009 and 2012 are calculated for the three DoW
catchments we get: &Ing/L increase for Gordon, andg/L reduction for Jayrup, and a
45mg/L increase for Big Brook. Further, if Gordon is accepted as cod@spite its
limitations in terms of lack of flow in 2012, then the increase for Big Brook due to
mining in 2012 would be the oerall increase for Big Brook (4fg/L) minus the
increasdor Gordon (16mg/L) which is 29mg/L, oressentialljthe sames theincrease

of 30mg/L thatwas obtained in therevious section using the five continudagger

sites to develop alagion between percentage clearing for mining and increase in stream
salinity.

Obtaining the same increase in stream salimt012 due to mining for Big Brook
using two independent methodanplies that this estimate is probably realistic.
Qualitative support for this also comes frdfigures 32(b) and 33(ain both of these
figuresthe year 2012 is plotting separ#beall other pos2002 yearand it appears to be
about 30mg/L higher than would be expected if climate was the only variable.

5.3 Response ofnflows to the Serpentine Reservior

The Water Corporation produces a monthly estimate of stream inflows into the
SerpentineReservoirand these were udavith the data above to create an estimate of
WKH HITHFW R P LQMcTAIy derdth sr§cviniloly salinities to Serpentine
Reservoir The first stepn this processs to determine the saltloads for the areas of
PLQLQJIN&W Moy most of the mine areas are contained within continuous
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logger sites CD02, CD03 and CDOdhowgh there are some areas on the eastern and
ZHVWHUQ VLG H ValdLlist& the eskiniafsddtioad increases for 2012 due to
mining, including thecalculatedincrease for Big Brook in total and that part of Big
%URRN ZKLFK LV RXWoOMWCcGdy nitrle #Weda fhead] Havd_li@en combined

in Table 3 with the streamnflow flow-rate estimate for 2012 and the estimated
reservoirpond volume on 31Dec 2012to calculate the changes inflow salinity and
reservoirpond salinity due tdoth mining of 2 { 1 Had-MdcCoy areaand mining of the
balance of the Big Brook catchment.

Table 2 Estimated miningelated strearsaltload increases for 2012 for the
continuousORJJHU VLWH FDWFKPHQWY DQG WHKIMI&WKHU PLVF
area. Also included are the ming-relatedsaltloads for Big Brook.

Catchment Stream Saltload Increase
for 2012(tonnes)

CD02 8.67
CDO03 2.86
CD04 1.27
Western side extra mine areas 1.52
Eastern side extra mine areas 0.95
Total for 2 1 Ha-KcCoy 15.3
Total for Big Brook 304
BiJ %URRN 2XWYV LG-NMcBdy 2 21.6

Table 3 Mining-related streaminflow and reservoupond saltload calculations for
2012 for the Serpentine Reservoir.

ltem Flow and Saltload (kg) Salinity (mg/L)
Volume (ML)
Total reservoirinflow 5,047
Changein reservoir inflow due ta2 1 Hd- ¢ 15,268 3.0
McCoy mining
Change in reservoir inflow due Big Brook 21,557 4.3

mining oXWVLGH fotMegdyH L d

Reservoirpond volume Dec 2012 34,366

Change in reservepond salinity due to 15,268 0.44
2 1 1 Hd-McCoy mining

Change in reservejpond salinity due t®ig 21,557 0.63
Brook miningoXWVLGH folMegdyH

5.4 Comparison with Croton & Dalton (2010) Predictions

&URWRQ 'DOWRQ HVWLPDWHG WKH -O-MbGépO\ HIITHFW
area on the salinity of the Serpentine Resenanid the BHC recommended to the

003/* WK D W-ta-WMtCEbl @ining should proceed based on these estimates. Their
worstcasescenarioestimatedthe change in streasmflow salinity for the Serpentine
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Resevoir for 2012 was 4..ng/L for minLQJ R1 W Kta-Me@dyHake@; this was
based on assuming that the historical rainfall for 1997 to 2007 inclusive fell for the
period 2009 to 2019 and that 2012 was represented by the historical yearT2@30

also poduced a bestase scenario based on the historical rainfalls for 1970 to 1980 and
obtained a 2.6mg/L increase in 2012 based on the rainfall for 1973 being used to
simulate that year. he presenestimated value of 3ig/L (Table 3) falls between
thesewo estimatesind isat the lower end of tlerange

What differs markedly between the calculationsCobton & Dalton (2010jand what
has actually occurred in the period 2009 to 2012 is the very low actual siréam
rates to Serpentine Reservoi¥ HH D Xw¥ek4R Tdpié 4 lists thecual inflows and
the predictive scenariogsed by Croton & Dalton (2010)While the actual and the
scenario flows for 2009 fall within a similar range, the historiellly rainfall of 2010
caused the actual inflowia that yearto be an order of magnitude less than the two
scenarios. As well, the drawing down of catchment-water storages by the low
rainfall of 2010 has caused a kneak effect so that thimflow in 2011 is less than the
inflow in 2009 (18.7GL/yr compard to 30.9GL/yr), even though the rainfall in 2011
was greater thaim 2009. There is a similaoccurrence for 2012he actuaR012inflow
was 5.0GL/yr while the rainfd of 2012 was greater thaim 2008 when the inflow was
15.2GL/yr, a threefold differece.

Table 4 Actual strearrinflows for Serpentine Reservoir and those assumed by Croton
& Dalton (2010).

Year Actual Streanrinflows | Worst Case Stream Best Case Stream
(GL/yr) inflows (GL/yr) inflows (GL/yr)

2009 30.9 22.7 88.5

2010 3.0 24.7 59.3

2011 18.7 255 45.8

2012 5.0 41.1 101.3

Total 57.6 114.0 294.9

The net result of all of the above is that while the predictions of stirfdow salinity
changes made by Croton & Dalton (2010) are similar to what has occurred in reality, the
large reductiondn actual streanrnflow rates has meant that the saltload increases
predicted by thenare significantly greater tharwhat actually occurredGiven that the
salinity of the overall watesupply system is driven by the saltload calculations, that is
total salt vs. total water in the system, then it is the saltload of the sindlam to
Serpentine Reservorather than the salinity of the streamflow which matters to the
overall watersupply. For saltloads, the estimated mininglated saltload increase

GXH WR DFYW-N&00y ehhihélwad 15.3 tonnes compared to 361 and 419
tonnes for the two scenario predictions by Croton & Dalton (2010).

$XW KR U T VThe BciMal inflows are those estimated by the Water Corporation using sbaatee
model of the Serpentine Reservoir. These have been provided to the study by Charles Jeevaraj of the
Water Corporation.

29 Water & Environmental Consultants



6. FUTURE MONITORING RECOMMENDATIONS

The following is a listing of our recommendations as to what monitoring should be
continued forW KH 28%IMdCd mine area. Thmonitoringrecommendations have
been stronghaffected by the present clingatand the realisation that the recent past is
probably the most likely scenario for the near future. Evenntlmdis operandican

lead to oveestimates of therde position Croton & Dalton (2010) assumed that the
period 1997 to 2007 was a reasonable woase scenario forhat would happen from
2009 on history hasdisproved this As discussed irSection 2.3the presentainfall
period is both an increase in the number of-famfall years and essentially an absence
of high-rainfall years. There e been three yearsf rainfall below 800mm/yr in the

12 years sioe 2001 and only one yeaf rainfall above 1,300hm/yr since 1975. If
WKHVH WUHQGY FRQWLQXH WKHQ K\B-WMEORdihdedda PRQLWR
can be maintained at a much lower level thaaiiifall patternchangeo a higher state

Perhaps unexpectedly, the defioiti of a change that would trigger an increase in
PRQLWRULQJ LVQ W rdativ Rix loib&on&eagenél averdde rainfall
years With the present level @bil-water storages, an averagenfall year seemstdo
little more than maintairhe belowaverage statusug. This was well demonstrated by
therecentstreaminflows to Serpentine Reservoir where the abaverage year of 2011
followed by the slightly belovaverage yar of 2Q.2 still resulted in well belovaverage
streaminflows to the reservoir.

Instead, the trigger for a possible upward revision of the monitoring would be the
occurrence of a rainfall year that was well above average. A suggested threshold for this
is at least 1,306hm/yr for the Big Book raingauge. As discussed Section 2.3, there

has been only one year with a rainfall above 1/8@@yr since 1975 (1,32hm in
1991, or once in 37 years), while there are some 20 years aboveriy8®0in the
balance of the record (once every 4.5 yeaFspm a simple watéebalance calculation
using all the available rainfall and streamflow record for Big Brook, it appears that
evapetranspiration and other misc. losses account for something likenBggr.
Therefore a rainfall of 1,308m/yr provides an excess of about 3B@/yr to be
available forsoil-water replenishment and streamflow, whileaafall of 1,000mm/yr
provides only 50nm/yr, or one seventtand 950nm/yr just maintains theoil-water
status quavith nothing available for streamflow

It is proposedhat the moitoring programme suggested below be maintained at least
until the end of2015, unless aainfall year of 1,300nm/yr or more occurs. The
proposed programme has been divided into five segments.

6.1 Continuous-Logger Stes

The present five continuodsgge sites CDO1 to 05 were not logged in 2012 due to
failure of all five loggersthey were operated successfully from 2009 to 20A% sites
CDO01 to 04 cover the majorityf the stream outflows fronWwW KH 2-80IMeCE mine
area, it is proposed that thesgders be reinstatd&igure 21) CDO05 was placed at the
Big Brook gaugingstation to allow comparison of the logger data with the DoW station
record. Given all the issu@gth the continuougoggers,this comparisno siteshould be
maintained.
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6.2 DoW Stream-Gauges

The two DoW stream gauges of direct interest are Big Brook and Gordon. It is
UHFRPPHQGHG WKDW ERWK VWLOQOI-t&McOoR QiNeL&BddUHG SDU
monitoringprogramme, though it is likely that Glom will have so little flow from

2013 on that itan no longebe considered useful streamflow control.

6.3 Manual Stream-Salinity Sites

7KHUH DUH VWUHDP PRQLWRULQ JoMMcBbi Mine @re® QG DUR X
many of which have at least serdata going back to the early 1990s.the past there

has been an intention to collect regular samples during winter at these sites, though
without flow information it is somewhat difficult to place a useful interpretation on this

data. One targeted @&ihas been to take the results for the later part of winter, e.g. the

October sample, and compare the values between years (e.g. Figure 22). October has

been used as it tends to be the month in which flow is still expected to occur, but is after

the winte streamflow peaks and is therefore indicative of the salinity of the
interflow/baseflow component of streamflow.

It is consideed justifiable to continue th®ctober manuasampling of stream salinity to

identify yearto-year changes, but without a defeniuse for manual sampling in the

RWKHU SDUWV RI WKH \HDU VD Pealy heQuktifed. WAIs0 BitH RI 2FWR
the October sampling, it is recommended that empliesislaced orsix of the seven

sites where values for 2009, 2011 and 2012 lwready been obtainewith the other

30 sitesbeing of secondary priority.The seventh site, SN11,a& dropped from the

primary list as the upstream SNXe makes it redundant. BF06 has the highest

priority of the sixprimary sites as it is acting athe untreatedontrol. The details for

the six primary sites are given in Table 5.

Table 5: Manual streansalinity samplingpoints that are in the primary list.

Site Easting Northing
BF06 429920 6405452
BF0O7 429624 6404763
SE15 427865 6400181
SE43 425606 6403679
SE44 425394 6401416
SN12 425365 6404953

6.4 Groundwater Level Monitoring

There are 96 piezometers on the present monitoring list (see Appendix A). These were
strategically placed to be either controls or downslope of mining areas. Howébher

the present dampened hydrological responses, maimesd have little to no response
while others do have a response but tbaal response is also seen inagher, more
suitable piezometer. It was decidehat the list could be rationaliseal23 piezometers

of which four are controls and 19 are associated with mining. Ttilsgl is given in

Table 6 and is plotted in Figure .36 Regarding monitoring frequency, presently
piezometers have their watiewvels manually read on a monthly basis.ueDo the
dampened responses, it is considered reasonable to reduce teadyerqusix weekly,

nine times pr year.
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Table 6. The 23 peozmeters recommended for continued wéteel monitoring.

Site Easting Northing | Control Site Easting Northing | Control
K42281A 428482 6405580 Yes L4309-2A 428993 6403333
K4307-1A 427071 6404417 L4309-3A 429318 6403611
K4307-2A 426823 6404469 L43181A 429782 6402532
K4307-3A 427058 6404259 L43251A 428641 6401447
K4312-1A 427676 6403882 L44102A 430111 6399320
K43141A 426010 6403385 L44151A 430763 6398962
K4314-3A 426576 6403052 L44152A 431115 6398834
K43181A 426050 6402205 L44191A 430515 6398336
K4320-1A 428070 6402448 M4407-1A 434707 6400139
K4322-1A 426040 6401615 M4413-1A 432836 6398942 Yes
K44101A 426225 6399189 Yes M4417-1A 432375 6398492 Yes
L4301-1A 429403 6404669
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Figure 36: The 23 peozmeters recommended for continued wéteel monitoring

6.5 Groundwater Water-Quality Sampling

Groundwater watequality ssmpling has been undertaken in previous years to establish
a base dataset and to alHow assessment of changes with time. The reality is that
while there are some withiyear and yeato-year variations in groundwater salinity,
WKHVH DUH @@wleRl. Bunther) Qreéds to be askadvhatthe groundwater
waterquality data is to beised In a baseline study it can be used to mpke
operationalestimates of possiblgeatment effects, such &s Croton & Dalton 2008,
Crotan, et al 2008 and Croton & Dalton 2010 +RZHYHU MORIEC@diming O
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exercise ignatureandreaching the ahof its operational phasso baseline studies are
no longer required. Instead the mmasis for monitoring is rotracking treatment
responsesind ensuring they do not exceed previously predicted lesatkin the case
R1 29 iddNa@oy this is primarilyby monitoring groundwaterelels, streamflows
and stream salinities.t iis thereforerecommended that sampliggoundwateisalinities
be discontinued foW KH 2-8%IM4CE mine area.

7. CONCLUSION

The study successfully defined the hydrological oeses associated with minirige

2 1 Hd-MdcCoy area. There were significant groundwatkewvel rises in parts of the
area with the nine most responsive piezometers having rises between 1.5 and 5.4
compared to equivalent controls. As the groundwater in a significant proportion of the
valley IORRUV R ¥g-KIeCd friirte a@a was at olose to the soil surface, such
rises also seemed to influence streamflows and stream salinii@slation between
percentagarea of mining and streasalinity was develogd and estimates were made

of the additional strearmflow salinity for the Sguentine Reservoir due to mining of
WKH 28%HIMECE area The streaninflow salinity was estimated to increase by
3.0mg/L due to mining effects and the pond salinity was estimated to increase by
0.44mg/L. Neither of theseesponsesvere unexpectedna are on the lower side of
what was predicted by Croton & Dalton (20,180d accepted by the BHC when making
WKHLU UHFRPPHQGDWLRQ WRMSZ&yHniditgSshioull grocééd2 11 HL O

Due to the continued beleaverage rainfalls during the minQJ SHULRG IRU WKH 2¢
to-McCoy area, the saltloads that have actually occurred are an order of magnitude less

than those predicted by Croton & Dalton (2010). The estimated rielatgd saltload
LQFUHDVH LQ G X Ho-Wd o mikivihyg Bed 13.8 1dAne® compared to

361 and 419 tonnes for the two scenario predictions by Croton & Dalton (2010). Given

that the salinity of the overall watsupply system is driven by the saltload calculations,

that is total salt vs. total water in the systénen it is the saltload of the streanilow

to Serpentine Reservoir rather than the salinity of the stiefdonv which matters to the

overall watersupply system.

Recommendations were also made as to what monitoring should be continued for the
2 1 1 Ha-M@cCoy mine area. These recommendations were strongly affected by the
present climate, and its likelihood of continuing. If the present balmvage rainfalls
FROQWLQXH WKHQ LW LV SURSRVHG kto®dM0GCODMRidEardaO PRQLW
can be naintained at a much lower level than if a change in the rainfall patterns were to
occur. The definition of a climate change ttiveould trigger consideration cén
increase in monitoring was suggested to be at least lBOYr rainfall for the Big

Brook rainrgauge. This is because such a @inivould provide a large wat@xcess

and would significantly replenish seilater storags and boost streamflowf rhinfalls
continue at average levets below, then they are expected to do little more than
maintain thehydrologicalstatus quo.
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APPENDIX A *Observed Groundwater Data for WKH 2ot HL O
McCoy Mine Area

Figure A1 shows the locations tife 96 deepiezometes L Q W K Ht®2Mdady rine

area Figure A2 shows the piezometer hydrographs for all available datisle Al is a

listing of the piezometers including a flag as to whether they havevioaerquality

sampled by pumping.Table A2is a listing of water quality data since @Ofor the
2 1 1 Hd-dcCoy minearea piezometers.
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Figure A2: Hydrographs of th@®6 deepgroundwater piezometers in th2q 1 Hd- O
McCoy mine area
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Table Al: $ OLVWLQJ Rio-McK&y Mifid ddlda@iezometeincluding a flag as
to whether they have been watgrality sampled by pumping.

Site Easting Northing Sampled K4427-5A 427499 6396947 Yes
JA3121A 424759 6403896 Yes K44281A 427543 6397097 Yes
J43122A 424830 | 6403885 Yes L42251A 428851 6405339 Yes
J43191A 423905 6402623 Yes L4301-1A 429403 | 6404669 Yes
J43192A 423966 6402573 L4301-2A 429217 6405003 Yes
J43241A 424593 6401926 Yes L43051A 429308 | 6404360 Yes
K42281A 428482 6405580 Yes L4308 1A 431177 6404227 Yes
K4304-1A 428482 6404784 Yes L4309-2A 428993 | 6403333 Yes
K4306-1A 426329 6404349 Yes L4309-3A 429318 | 6403611 Yes
K4306-2A 426645 6404391 Yes L43151A 430493 6403287 Yes
K4307-1A 427071 6404417 Yes L4316-1A 431979 640288
K4307-2A 426823 6404469 Yes L4318 1A 429782 6402532
K4307-3A 427058 6404259 Yes L43191A 430407 6402141
K4307-4A 427385 6404046 L43192A 430584 6402611 Yes
K4309-1A 425584 6403645 Yes L4320-1A 432000 6402417
K4309-2A 425546 6403702 Yes L4321-1A 429410 6401738 Yes
K4312-1A 427676 6403882 Yes L4321-2A 428794 6401610
K4312-2A 428519 6403372 Yes L4325 1A 428641 6401447 Yes
K4314 1A 426010 6403385 Yes L4326-1A 429503 6401416 Yes
K4314-2A 426159 6403162 Yes L4401-1A 429176 6400577 Yes
K4314-3A 426576 6403052 Yes L4401-2A 429205 6400613 Yes
K43151A 426774 6402823 L4401-3A 429258 6400646 Yes
K4316-1A 427811 6403095 Yes L4402-2A 430065 6400414 Yes
K4316-2A 427891 6402851 Yes L4404-2A 432123 6400463 Yes
K4317-1A 425655 6402388 Yes L4406-1A 429580 6399765 Yes
K4318 1A 426050 6402205 L4406-2A 429651 6400278 Yes
K43191A 427733 6402046 Yes L44101A 430283 6399223 Yes
K4320-1A 428070 6402448 Yes L4410-2A 430111 6399320 Yes
K4322-1A 426040 6401615 Yes L4411-1A 430570 6399582 Yes
K4322-2A 426712 6401800 Yes L4411-2A 430476 6399299 Yes
K43252A 425150 6401474 Yes L44131A 429422 6398521
K4326-1A 426118 6401051 Yes L4413 2A 428687 6398794 Yes
K4326-2A 426279 6401247 Yes L44151A 430763 6398962 Yes
K4327-1A 427151 6401286 Yes L44152A 431115 6398834 Yes
K4327-2A 427257 6400954 L4416-2A 431549 6398753 Yes
K4402-1A 426412 6400500 Yes L4416-3A 431863 6398693 Yes
K4403-1A 427107 6400670 L4416-4A 431493 6398774 Yes
K4408-1A 428145 6400152 Yes L44191A 430515 6398336 Yes
K4408-2A 427836 6400240 Yes L4421-1A 428761 6397643 Yes
K4410-1A 426225 6399189 Yes M4313-1A 432016 6403007 Yes
K4412-1A 427686 6399508 Yes M4322-2A 433057 6401690
K4412-2A 428371 63991 Yes M4325 1A 432898 6401274
K4416-2A 428331 6399145 M4402-1A 433690 6400780 Yes
K44181R 426442 6398569 Yes M4405-1A 432590 6400040 Yes
K44183A 426578 6398440 Yes M4407-1A 434707 6400139
K44183P 426578 6398430 Yes M4409-4A 432781 6399466 Yes
K4418-6A 426620 6398559 Yes M44131A 432836 6398942 Yes
K44192A 427411 6398132 M4417-1A 432375 6398492 Yes
K44193A 426771 6398112
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Table A2 A listing of the wateiqualty GDWD |IRU MKIECaY i LaGea
piezometergor 2007 to 2012

Site Date Salinity (mg/L) K4307-1A 3-Apr-07 167
J43121A 22-Aug-08 922 K4307-1A 7-Nov-07 179
J43121A 27-Nov-08 848 K4307-1A 21-Aug-08 135
J43121A 17-Nov-09 805 K4307-1A 4-Dec08 154
J43121A 11-May-10 843 K4307-1A 16-Nov-09 154
J43121A 8-Nov-10 852 K4307-1A 12-May-10 155
J43121A 8-Mar-11 817 K4307-1A 21-Nov-12 152
J43121A 21-Nov-12 811 K4307-2A 3-Apr-07 186
J43122A 8-Jun10 481 K4307-2A 7-Nov-07 190
J43122A 8-Nov-10 462 K4307-2A 21-Aug-08 154
J43122A 8-Mar-11 510 K4307-2A 4-Dec08 150
J43122A 9-Junll 464 K4307-2A 16-Nov-09 154
J43122A 8-Sepll 449 K4307-2A 12-May-10 148
J43122A 8-Nov-11 527 K4307-2A 10-Nov-10 184
J43122A 21-Nov-12 489 K4307-2A 15Nov-11 159
J43192A 22-Aug-08 326 K4307-2A 21-Nov-12 147
J43192A 27-Nov-08 317 K4307-3A 19-Jun08 195
J43192A 10-Nov-09 326 K4307-3A 4-Dec08 182
J43192A 11-May-10 393 K4307-3A 16-Nov-09 185
J43192A 8-Nov-10 340 K4307-3A 12-May-10 233
J43192A 8-Nov-11 330 K4307-3A 9-Mar-11 198
J43192A 16-Nov-12 333 K4309-1A 27-Nov-08 1,500
J43241A 18-Jun08 248 K4309-2A 8-Jun10 743
J43241A 27-Nov-08 243 K4309-2A 8-Nov-10 4,767
J43241A 10-Nov-09 230 K4309-2A 8-Mar-11 2,918
J43241A 11-May-10 242 K4309-2A 9-Junil 2,175
J43241A 8-Nov-10 253 K4309-2A 8-Nov-11 6,275
J43241A 8-Mar-11 252 K4309-2A 11-Dec12 1,848
J43241A 8-Nov-11 261 K4312-1A 10-Jun08 185
J43241A 16-Nov-12 348 K43121A 4-Dec08 150
K4228 1A 9-Jun10 198 K4312-1A 16-Nov-09 152
K4228 1A 11-Nov-10 174 K43121A 12-May-10 155
K4228 1A 15Nov-11 173 K4312-2A 8-Jun10 192
K4228 1A 20-Nov-12 172 K4312-2A 15-Nov-10 176
K4304-1A 3-Apr-07 153 K4312-2A 9-Mar-11 174
K43041A 7-Nov-07 168 K4312-2A 9-Mar-11 171
K4304-1A 22-Aug-08 264 K4312-2A 15Nov-11 192
K4304 1A 4-Dec08 139 K4312-2A 20-Nov-12 166
K4304-1A 16-Nov-09 141 K4314-1A 3-Apr-07 242
K4304 1A 11-May-10 151 K43141A 6-Nov-07 312
K4304-1A 9-Mar-11 156 K4314-1A 21-Aug-08 235
K4306-1A 5-Jun08 177 K43141A 27-Nov-08 291
K4306-1A 4-Dec08 196 K4314-1A 10-Nov-09 272
K4306-1A 16-Nov-09 178 K43141A 12-May-10 274
K4306-1A 12-May-10 168 K4314-1A 8-Nov-10 344
K4306-1A 10-Nov-10 170 K43141A 8-Mar-11 286
K4306-1A 9-Mar-11 163 K4314-1A 9-Junll 314
K4306-1A 15-Nov-11 202 K43141A 8-Sepll 253
K4306-1A 21-Nov-12 181 K4314-1A 8-Nov-11 225
K4306-2A 19-Jun08 179 K43141A 21-Nov-12 283
K4306-2A 4-Dec08 160 K4314-2A 24-Jun08 563
K4306-2A 16-Nov-09 146 K4314-2A 27-Nov-08 613
K4306-2A 12-May-10 178 K4314-2A 10-Nov-09 671
K4306-2A 10-Nov-10 152 K4314-2A 12-May-10 729
K4306-2A 9-Mar-11 190 K4314-2A 9-Nov-10 605
K4306-2A 15-Nov-11 147 K4314-2A 8-Mar-11 533
K4306-2A 21-Nov-12 150 K4314-2A 9-Junil 507
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