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Glossary

pSicm — micro Siemens par centimetre

ALS — Australlan Laboralory Setvices

ALD — Aldega

Al — Aluminium

AMNZECC — Australian and Mew Zealand Environment and Conservation Councll
ARMCANZ — Agricultura and Resource Managemenl Council of Australla and Mew Zealand,
Canberra, Australia

AS - Australian Standard

BH - Borehaola

CSIRO - Commaonweallh Scientific and [ndustrial Hesearch Crganisation
DEC - Department of Environment and Conservation

DEHP — Deparimen! of Environment and Heritage Protection
DERM — Department of Ervironment and Resource Management
DO - Dizsolved Oxygan

EA - Environmental Approval

EC - Electrical Conductivity

EC:. - Average Root Zone Salinity

EE - Environmantal Evaluation

Ga - Gallium

Hwy - Highway

. — Potassium

LTMS — Long Term Management Strategy

MB — Monitoring Bora

Mo — Magneasium

mgil. — milligrams per litre

Mo — Maolybdenum

Ma - Sodium

MTU — Mephelomatric Turbidity Units

MZS - New Zealand Standard

pH—pH

OWOG - Queensland Water Quality Guidelines

RAMA — Residus Management Area

ATA Yarwun -RioTinto Alcan Yanwun

ATAY — RioTinto Yarwun

SAR - Sodium Absorption Ratio

55 - Suspended Solids

STMS - Short Term Management Sirategy

Temp — Temperatura

TOS — Total Dizsolved Salts

TS5 — Topsoil Sample

Turty — Turbidity

Wa — Vanadium

YT — Vegetation Transect

WD - Water Quality Objectives
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Purpose

The following Environmental Evaluation (EE) presents the results and findings of the Residus
Management Area [(RMA) groundwater management investigations and ongoing monitoring
programme to address the Depariment of Environment and Heritage Protection (DEHP) MNotice to
conduct or commission an environhmental evaluation, issued on 25 March 2015, referred hereafter as
tha Motice. The EE seeks to address all requirements oullined in the Notice.

Background

RTA Yarwun operates the RMA located Morth ‘West of Gladstone, which stores residue produced from
the refinary located approximately 8 km to the east. RTA Yarwun has been placing residus in the
RAMA Dam since 2003 and there is approximately 15 million tonnes of residue in the dam,

In late 2013 impacted vegetation was identified in the northern area (Including a Tha area offsite) of
the RMA. The impacied area is shown In Figure 1 and hereafter referred to as the site. Further
reports and investigations during 2014 identitied vegetation stress and death In the area was caused
by the expression of "natural” saline groundwater. The Fire Dams (Figure 1) located o the east of the
site which captured the exprassad saline groundwater on the RMA were also identified as being
acidic. By 2014, the centre of the site had become hypersalinated, with localised salinity levels above
thatl of seawater. The hypersalinated area is within a naturally occurring low, seasonally inundated
area hereby refiered to as the swamp (Figura 1).

Maonitoring over the 2014/2015 wet season indicated that:

o initial refeases of hypersalinated swamp waters during rainfall events caused salt scalds in
the area between the swamp and the Lily Pord (situated approximately 100m downsiream of
sita, and shown in Figure 1);

= salinity increased signiticantly as base flow water passed through the swamp; and
« salinity remained low as event water passed through the swamp.

A short term mitigation strategy (STMS) was agresd betweean stakeholders on the 26 February 2015
which involved the draining of the swamp and the excavation of a drainage system designed fo collect
and pump (the localion of the sump is shown in Figure 1) expressed saline groundwater and base
lows back to the AMA for treatment, while allowing event flows to pass through the site. Figure 2
prasents the "as constructed™ drawing of the STMS which was implemented in full by late March 2015,
All water collected in the Fire Dams is also pumped back Lo the BMA,

In early April 2015, ATA Yarwun submitted "Short Term Mitigation Straleqgy, Principles of design,
operations strategies and monitoring plan for the shart term mitigation sirategy” reporl o the DEHP to
tormalise the STMS construction works and outfine the ongoing monilaring programme o assess the
enmvironmental impact of the expressed groundwater on the site. For the purpose of reporting the
monitoring period stated herein refers to the results collected between March and August 2015,

The lang term mitigation strategy (LTMS) has been led by GHD. GHD wers confracted in Decembar
2014 to prepare a Sampling and Analysis Plan (SAF), oversee investigations, assess results and
provide long term mitigation options for the site. The investigations began in March 2015 and wera
completed on July 2015, GHD's reports are detailed below in Section 4.
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Review of Previous Reporis
RATA Yarwun has submilted the following reporis to the DEHP. The key findings have been
summarised balow:

= |mvestigation of dead vegetation north ol the RTA Yarwun RMA, Octobar 2014;

o Highly saline groundwater to the north-north-west pre-dated the construction of the
AMA Dam,

o  Groundwater betwean the RMA and Larcom Creelk is relatively shallow (less than 5m
below the surface), That apart from the high salinity with associated elevated sodium,
maghasium, calcium, sulphate and ehloride, there are no other constituents of
concern;

o The source of the saline surface water can be determined from comparison to the
very distinct signatures of the two potential sources, groundwater andfor decant/pore
water seepage from the BMA, and

o The water in the northern drainage line and the swamp area have the same chemical
signature, which is different from the chemical signature of decant from the RAMA
Dam, but the same chemical composition as the groundwater.

= Groundwater seepage at the Rio Tinto Alcan Yarwun AMA, November 2014
o Seepags to the north of the BMA is clearly groundwater related with no influsnce
from waler present in the RMA Dam, and

o |l appears hal seepage is occurring in response fo elevated groundwater pressure in
foundation materals beneath tha RMA Dam.

= Shorl Term Mitigation Strategy, March 2015;

o RTA Yarwun ocutfined its preferred temporary strategy to mitinate the rsks of the
expressed groundwater, or storm waler contaminated by saline groundwatar leaving
the site;

o Plans for a detalled investigation focused on understanding how the groundwator is
being pressurised, its pathway fo the surface and remedial aclions to halt the
expression of saline groundwater; and

= A monilering plan including, groundwater, surface water, soil, sediment and
vegetation monitoring to assess the effectiveness of the STMS and o pravide
angoing information on the sites rehabilitation.

GHD Groundwater Management Report

GHD were conlraclted 1o dovelop a SAP to investigate, analyse and determine the spatial extent of
saline groundwater pressurisation, to provide a concent design of management options to alleviate
pressurisation of the northarn embankment and off-site downstream of the RMA and an assessment
of low-pH water in the Firewater Dams. The GHD provided RTA Yarwun with the following reports;

»  Detailing of Groundwater Management Actions Spatial Analysis of Groundwater
Pressurisation ol the Morthern Embankment and Development of Sampling and Analysis
Plan, GHD {2015A);

*  HATA Yarwun Groundwater Managemenl - Low pH Water Investigalion, GHD, (2015B); and
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« ATA Yarwun BMA Groundwater Management Aclions, Groundwater Conceptualisation and
Management Options GHD {2015C).

The GHD reports are presented in Appandices A and B.

Assessment Criteria
The sites ephemeral drainags channels drain into Larcom Creek approximately 2km to the north-west
of site. Larcom Creek is included in the Curtis |sland, Calliope River and Boyne River Basins
Emvironmental Values and Water Quality Objectives (WQ0s), under the Environmental Protection
Agency (EPA) Water Policy 2009, which lists environmental values by walerway and states the
following environmental values are applicable to Larcom Creel;

= fAguatic ecosystems,;

» [rrigation Farm supply/use;

» Stock water

= Aquaculiure;

»  Human consumer;

«  Primary recreation;

»  Secondary recreation,

= Visual recreation;

s [Drinking water;

= |ndustrial use; and

= Cultural and spiritual values,

Surface and Groundwater
Far base and evenl flows, field and laboratory results were assessed against
the;
= DEHPF, 20024 Schedule 1, EPA Water Policy (2003), Capricomn-Curtis Goast Ragion
Scheduled Environmental Values and WQOs Galliope Fresh Waters Inside Stale
Development Area

Table 1 provides a summary of the assessment values used for base and evenl llows.

Table 1 Base flow and event WQ0Os

Lowland fresh <150 £o i S ____LpH
i [;:]5, SRR it (% sat) (NTU) mg/L
W0o's B5-110 <50 <10 6.5-8.0

'Calliope default lowland rivers in Table 2F DEHP 20094,

For standing surface water and groundwater watar quality resulls were assessed against the;
s ANZECC/ARMCAMNZ, 2000. Mational Water Quality Management Strateqy Australian and
New Zealand Guidslines for Fresh and Marine Waler Quality (herein as NWQMS};

= DEHP, 20098, Queensland Water Quality Guidelines Guideline Values for Central Coast
Lowland Streams (herein as QWQG), and;
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= AT HSEC, 2014, Saline Groundwaler Impacls on Vegelation, Internal Decant Water
Signature Values (herein as BTAY).

Table 2 provides a summary of he assessment values used for the EE,

Table 2 Groundwater and Standing Water Assessment Values

Physico-Chemical Mass Ratios Filtered Metals

EC pH Na:Cl Mg:Cl K:Cl | Al Ga Mo v
nits uSfem mg/Ll | magll mgil. mafl
NWQMS 6.5-8.0 0,055
owos | 15007 6.5-8.0
ATAY" =0.9 =0.004 |=0.02] =1 0.05 0.20

“EC value baing the 80" Percentile of EC of rateable Central Coast South siles Table G.4 in Appendix
G (DEHR, 2008E)

*Decant water physico chemical signatures were idenlifled and presented RT HSEC, 2014

Flora

Vegelation transect surveying was undertaken in accordance with the Weslern Auslralian Deparlment
of Environment and Conservation's {DEC) Standard Operating Procedure for Establishing Vegetation
Transects (DEC, 2009). The line intercept method was used lo assess and monitor groundcover and
while plot transects were used o assess and monilor vegelalion health.

Soil Salinily and Sodicity

Assessing soil salinity and sodiclly requires the consideration of a number of tactors, inciuding soil
type, plant salt tolerance, climate and landscape. There are no environmental trigger values for the
pH, salinity or sodicity of soils outlined in either the ANZECC/ARMCANZ, 2000 or OWQG, 2008,

The CSIRO, 2003 report titled "Assessment of physico-chemical changes in dryland saline soils whan
drained ar disturbed for developing management oplions” presents indicator values for salinity (using
EC and EC..) and sodicity {using pH and SAR). The repor also oullines best practise managament
options post draining of saline areas. Table 3 provides a summary of the soil guiddiine values, with
the expectation thal sall tolerant pioneer vagetation (i.e. couch grass) would be able to grow if shallow
root zone soils in the siles heavy clay soils do not excead the guideline values,

Table 3 Indicator values for Saline Soils

pH EC EC.. SAR
Units usfem uS/cm
CSIRO =8.5 =16000 =12000 =46

Environmental Evaluation Notice Requirement 1 - Southern RMA
Groundwater Assessment

GHD, 20150 have assessed, in detall, the sites groundwaler levets (north RMA) {o determina the
extent of groundwater expression (Appendix A). Groundwater fevels Lo the south, east and west wern
outside the scope of the GHD study. However, to addresses the DEHP Motice Requirement 1
idantify all possible groundwaler expressions associated with the RMA in addition {o the already
identified Northern Groundwaler Expression and Firewaler Dams Expression groundwater level
monitoring data from southem BMA are assessed.
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Schedule and Methodology
Figure 3 illustrates the monitoring bores assessable for the Southern AMA groundwater assessmant.
The monitoring of the bores is undertaken by the RTA Yarwun Environmental Department as part of
the EA monitoring schedule for the RMA. Bore location and details are listed in Table 4 below.

Table 4 Lacatlon and surveyed levels of assessable RMA groundwater monitoring bores

— mN RL Topof | RL Ground | Depth of GW from
Caslng Level surface 2015

5B0BHI0 305148 7358434 77.88 77.46 9.41
5B0BH21 305498.8 7358553 96.24 95.87 12.83
580BH10 304001.4 7357884 85.03 84.03 15.70
SBOBHOBA 303226.5 7358452 24.07 93.60 4.08
BBOBHOY 303132.3 7asav8s 83.55 83.04 12.92
Results

Graph 1 illustrales the groundwater leveis from the southern monitoring bores,

Graph 1 Measured static groundwater levels Southern RMA

GW Levels East, South and West RMA
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Mo significant change in waler levels can be observed in the south and western bores (580BH10,
S80BHOT and S80BHOBA) over lhe twelve years of monitoring. A rise in groundwater levels in the
eastern bores S80BH30 and 580BH21 can be observed with groundwater rising 3.58m and 2.5m

respoctively. Al groundwater levels however are well below ground level with groundwater depth
{below ground level) ranging fram 4.08m at S80BHOBA to 15.70m at 580BH10.

Assessment

Basad on the monitoring results, there are no other areas (or other areas lkely in the near future) of
groundwater expression associated with the RMA. Monitoring of all compliance bores in accordance
with the EA shall continue and mitigation work underlaken in any fulure areas assessed as likely to be
impacted by groundwater expression.
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Environmental Evaluation Notice Requirement 2 - Groundwater
Expression Source and Extent

GHD, 2015C have assessed lhe sile's groundwater quality and have identified the likely causes and
the extent of groundwaler expression (Appendix A). The GHD 2015C report addresses the DEHP
Motice Requirement 2 — idenfily the source, cause and extant of groundwater axpressions associated
with the AMA.

Environmental Evaluation Notice Requirement 3 - Groundwater
Expression Water Quality

Analysis of the expressad groundwater was underiaken lo address the DEHF Motice Requirameant 3 —
Identify and characterise all contaminants contained within the groundwaler expression watar, with
reference to Australia and New Zealand Environment Conservation Councll and the Queesnsiand
Water Quality Guidelines.

Schedule and Methodology
Expressed groundwaler monitoring on site was undertaken in accordance with Table 5 below at bath

Fire Dams and the Sump. Figure 4 llustrates the surface water monitoring locations for the site.

Table 5: Expressed Groundwater Monlloring Schedule

Locations Testing Parameters Frequency
FD1 and FD2 Field paramatars (pH, Temp, DO, EC, Salinity and Weekly
Turbidity)
Laboratory dissolved metals (Aluminium (Al) Gallium Monthly
(Ga), Molybdenum {(Ma) and Vanadium (V)} and major
ions {Sadium (MNa), Calcium {Ca) Magnesium (Mg)
Fotassium (i€}, Sulphur (5) and Chlaride Cl))
Surmp Field paramatars (pH, Temp, DG, EG, Salinity and Twice Weelly
Turbidity) Morithly

Laboratory (as above)

In situ field physico chemical parameters were measured using a calibrated ¥S| Pro DSS mulli mﬂ.tc!r.

Surface water samples were collected in accardance with the Australian and New Zealand Watar
Sampling Guidelines AS/NZS 5667.6:1998, guidance on sampling of fvers and sireams. Samplas
were collactad in the appropriate containers and labelled, chilied in field belore being couriered to
ALS's analytical laboratories in Brishane for testing under Chain of Custody,

Results

The GHO, 20158 (Appendix B) memo assesses in detail the Fire Dam's water chemistry to determine
the likely source of acidily. Laboratory cerificates for surtace water are attached in Appendix C.
Appendix D presents the tabulated surface water qualily resulls.

8.21 Field Results
Graphs 2 and 3 illusirate the ficld monitoring results for pH and EC tor the expressed ground waler
monitoring locations.
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Graph 2 pH monitoring results
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Sump pH levels have fluctuated within the NWQG and QWG guideline range. Fire Dam pH levels

are below the minimum guideline value of 6.5,

Graph 3 EC monitoring results

EC- Expressed Groundwater
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Tha recnﬁ:ieasum_p_lzﬁ-;}nncemralims are above the OWQG value with concentrations fluctuating
belween 20,000 and 50,000 pS/cm over the monitoring period, The initial two peeks in EC on 23
March and 16 April were attributed to the draining of the swamp. Post draining, the fluctuations in EG

are attributed 1o rainfall and temperature.

EC concentrations in both fire dams were above the OWQG value of 1500 pSicm, Only during and
post significant rainfall did EC concentrations fall below the guideline value.

g.22 Laboratory Results

Table 6 below presents assessable laboratory results for expressed groundwater,
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pH

Laboratory pH measurements reflected field pH measurements. Sump pH levels were within the
guideline range for pH al all imes during the monitoring pericd. Fire Dams pH levels were below the
minimum guideline during the monitoring period with the excaption of sampling following significan
rainfall events,

Salinity

Labaratory EC measurements reflecled field EC measurements. EC concentrations for Sump and the
Fire Dams were abowe the guideline value with exception of sampling following significant rainfall
events,

Surface Water Chemistry

The mass ratios for the sump and fire dams are almost identical to the mass ralios of the monitoring
bares dirsctly upstream of the sampling locations MBOE and ALD1A respeclively (groundwater mass
ratios shown in Table 8). Results indicate thal the expressed groundwater at the sump has higher
Ma:Cl and lower Mg:Cl ratios than the Fire Dams mass ratios,

The expressad groundwator mass ratios are also significantly different to decant water mass ratios,
with the expressed groundwater having higher concentrations of Mg, lower concenirations of MNa and
very low concentrations of i when compared to decant water mass ratios,

Dissolved metal concentrations were below the limit of reporting for the Sump at all times during the
monitoring period. As a result of the low pH waters in the Fire Dams significant dissolved Al
concentrations and reportable levels of dissolved Ga and Mo were measured. Throughoul the
monitoring period ¥ measured below the limit of reporting at all locations.

Assessment

Analysis of the data confirms thal the water captured in the Sump is derived from the saline
groundwaler expressing at the surface and not RMA decant water seepage. The sump waler is
characterised by signiticant concentrations of Ma and Ma, very low concentrations of K and the
absance of signature decant dissolved metals.

GHD have investigated and assessed the source and nalure ol the acidity of the expressed
groundwater captured in the Fire Dams in their July and September 2015 reports. GHD concluded
that the acidic expressed groundwater is likely pyritic in arigin based on the significant concentrations
of sulphur measured in the expressed groundwater. The extent of acidic expressad groundwaler
appears limiled Lo the area immediately upstream of the Fire Dams indicating that the geological
conditions supporting pyritic formation is imited to this area.

The water chemistry of the oxpressed groundwaler that has the potential to cause harm to the
raceivaing environmen! are salinily and pH. Post installation of the STMS all expressed groundwaler
captured in the Sump and in the Fire Dams has heen pumped back to the RMA for discharge in
accordance with the Environmental Authority (SPDE04134712). Uncontrolled refeaszes fo the
receiving environment will occur anly during significant raln evenls causing event flow. During these
events salinity and pH of the release waters are expacted to be of similar quality to the upstream
walers entering the site,
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Environmental Evaluation Notice Requirement 4 — Assessment of the
Impacis

Slte monitoring was underiaken to delineate, assess and monilor the environmental impacts of the
saline groundwater expression on groundwater, surlace waler, lopsoil and vegatation. The
emvirenmental values relevant to the site and receiving environmenl are presented in section 5.

Figura 1 presents a conceptual model for the site, delinealing the areas demonstrating high, low and
no impact trom the expressed groundwater.,

Fauna asesessmenlt has nol be undertaken as:

*  The timeframe of the environmental evaluation does not provide enough time to produce any
maaningiul data,

= The drainage features in the potentially impacted area do not have any interconnected
waters, which means it is not possible lo apply the sither the ANZECC/ARMCANZ, 2000 or
the AusRivas methodology.

= |tis unlilkely that terrestrial fauna would be impacted by overland flow from the site.

Groundwater Quality

8.1 Schedule and Methodology
Figure 5 Jllustrates the borshola locations selected for the on-going groundwaler maoniloring

programma. Table 7 below outlines the groundwater monitoring schedule undertakon at the selected
locations.

Table 7: Groundwaler Monitaring Schedule

' Locations Testing Parameters Frequency
["ALDT, ALDZ, BH31, BH32 and | WL and field parameters (pH, Temp, | Monthly
BH33 D0, EC, Salinity and Turbidily)
MBDE and MBOZ installed Laboratory (dissolved. Al ¥, Mo and
2 Quarlerly
June 2m1 5" Gia, major ions)

“-;&I the time of reporting only one round of laboratory guantitative assessment and two rounds of
gualitalive sampling have been undartaken in the MB series boreholes.

Tha ALD series were installed long before the RMA was built with first monitoring undertaken in 1997,
The BH series were installed in 2003 during initial construction and have been monitored as part of
the RTA Yarwun Environmental Compliance series from this time forth. The ME series were installed
in 2015 as part of the GHD Invesligation for lhe purpose of delineaiing and assessing the extent of the
groundwater expression.

Prior to analytical sampling, purging was undaertaken using Waterra tubing and pump. Al boreholes
were purged either three casing volumes or purged twice dry. In situ field physico-chemical
paramelers were measured using a calibrated Y51 Pro D55 multi meter. Samples were collecied in
accordance with DERM guidelines, chilled in field before being couriered 1o the analytical ALS
laboratories in Brisbane for testing. 2015 ALS test cerificates are attached in Appendix E.
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9.1.2 Results

Tables 1-7 in Appendix F present all available groundwater monitoring results form the monitoring of
lhe bores since installment. Due to result consistancy over the 10 (BH series) to 18 (ALD series)
years of manitoring only Ihe azsessable resulis for the initial and the 2015 laboratory monitoring
rounds are presented below in Table 8.
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pH
Laboratory pH measurements reflected lield pH measurements. With the exception of 580BH32 (that
recorded an initial pH value of 8.05) all monitoring bore pH measuremants wera within the guideline
range for pH at all times during the monitoring period.

Salinity
Laboratory EC measurements reflected field EC measurements. EC was not included in the initial
laboratory analysis, however initial major anion results {initial TDS concentrations presented in
Appendix E) and ongoing monitaring indicate that the groundwater on site is saline and significantly
above the QWQG value.

Groundwater Chemistry
The calculated mass ratios for all bores indicate that the groundwater is dominated by Ma and Mg — Cl
salts and contains only small concentrations of K — Cl salis. Dissolved metalloid concentrations were
below the assessment values fot all bores.

8.1.3 Assessment

Monitoring resulls are cansistent with historical results and reconfirms that the site's groundwater is
naturally saling and has a chemical slgnature which is significantly different from decant water. The
site's groundwater is charactersed by significant concentrations of Mg, very low concentrations of K
and the absence of decant signature dissolved metalloids.

Surface Water
821 Schedule and Method
Surface waler monitoring was undertaken in accordance with Table 9 below. Figure 4 illustrates the

surface monitoring locations.

Table 9: Surface Water Manitoring Schedule

Locatlons Testing Parameters Frequency
Event and Base | Culvert, East Inlet, West | Field parameters (pH, Temp, | During periods of
Flow Cutlet and Lily Pond D0, EC, Salinity and flow only
Turbidity)
Standing Water | Sump and Lily Pond Field parameters (pH, Temp, | Twice Weekly
00, EC, Salinity and |
Turbidity) I
Laboratory (dissolved. Al V.
Mo and Ga, major ions) Manthly
Additional Larcormn Gresk Hay, Field parameters (pH, Temp, | During periods of I
Upstream/Down | Aldoga Road DO, EC, Salinity and flew and monthly
siream Larcom Cresk USS and Tbicity)
i
0/s Labaratory {l:llssln!u:ed. ALY, Monthly
Mo and Ga, major ions)

In situfield physico-chemical paramelers were measured using a callbrated YS! Pro DSS multi meter.
Surtace water samples were collected in accordance with the Australian and MNew Zealand Water
Sampling Guidelines AS/MNZS 5667.6:1998, guidance on sampling of rivers and slreams. Samples
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were collectad In the appropriate containers and labelled, chilled in field before being couriered to
ALS's analylical laboratories In Brisbane for testing under a Chain of Custody,

9.2.2 Results

Flow Monitoring
One event flow (22 January 2015) and one base flow {12 February 2015) wore sampled throwghout

the monitoring peried. Laboratory certificates attached in Appendix C with resulls tabulated in
Appendix D.

Table 10 below presenls assessable resulls verses the base flow WQOs for the Calliope River Basin
(Lowland fresh =150m (s2}). Tha WQOs aim to protect the aguatic ecosystem environmental values

for the Calliope River Basin.

Table 10 Laboratory Resulis for Event and Base Flow

Location Data pH EC (uS/cm) Turbidity 55 (mg/L) DO (% sat
{HTU) ek

Wopo's {6.5— =50 =10 85-110
8.0

East Inlet (Event) 22015 | 648 127 916 14 -

{Base flow) 12/8046 [ 7.9 1620 7.0 =3 78.4

West Outlet (Event) 2216 | 6.8 336 92.2 | 33 =

{Base flow) 221y | 7.8 3020 4.8 . ] 84.0

Lily Pond (Event} 22/1/15 | 6.8 351 524 49 .

(Base flow) 12:-'2.-'1 5 |76 5290 3.8 =5 83.6

Resulls of the 22 Januaryr.mnnitoring during the avent (112.5mm) indicated that although suspended

solids and turbidity were above their respective WQOs level there was no significant change batwean
upstream and downstream levels. pH was with the WQO range at all locations. There is no WQO for
EC however a slight rise in EC from 127 to 35115/cm was observed as water passed through the site,

The 12 February base tlow results tor pH, Turbidity and TSS are within the objective range when
comparad to the WQOs., DO results for both the upstream East Inlet and the downstream Lily Pond
were below the WQOs range while DO saturation for the West Outlet was within the WQO0s DO
range. There is no WQO for EC. During base flow condilions EC concenlrations rose significantly
from 1620 to 5290u5/cm as water passed (hrough the site. To miligate the significant rise in EC the
STMS was designed 1o capture and pump back (to the RMA) bolh base llow and expressed saling
groundwater from the site

923 Assessment

Meither ovent nor base flows through the site {I.e. Gulvert to Lily Pond) have been experienced post
installation of the STMS. Since construction of the STMS in late March, the three highast rainfall
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totals recorded at the siles weather station have been 18.6mm (21-22 May}, 16.8mm {17 June) and
16mm {25 Jung). These rainfall events did result in minor runoff onsite which led to higher pumping
trequencies for the duration of the event and through the next 24 hours.

Cngoing monitering of event and base flows over several wel seasons is required to befter assess
flow water quality against the WQ0s and to assess the effactiveness of both the STMS and the
LThS.

9.2.3.1 Standing Water Monitoring

82311 Lily Pond
Twice weskly /in situ monitoring was undertaken al the Lily Pond for lield physico chemical
parameters. Graph 4 and 5 illustrate pH and EC field monitoring results respectivaly,

Graph 4 pH monitoring Lily Pond

pH - Lily Pond
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r a i o ) a2 i AN 5
\N\.,';}’ ,;:"t \x"'- ,‘}'\ R SR, S ,\;»":"'

Field pH levels have generally fluctuated within the guideline values of 6.5 to 8.0. pH |evels
measured below 6.5 in December 2014 and January 2015 following significant rainfall events.
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Graph 5 Electrical Conductivity monltorng Lily Pond
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Only during significant raintall events did EC measure below lhe OWOG value. EC concentrations
have stabilised between 11,000 and 13,000p5/cm since the implementation of the STMS. Prior 1o the
implementation of the 3TMS EC concentrations were measured as high as 30,000pS/em.

2.2.3.1.2 Larcom Creek
Maonitaring of Larcom Creek Hwy has been underlaken for several years and historic EC results are

presented herein for assessment. Larcom Creek Upstream and Larcom Creek Downstream
monitoring locations are sluated approximataly 100m north and 200m south respectively from the
sites drainage channel's confluence with Larcom Greek. Meither Larcom Creek nor Lhe siles
ephemeral drainage channel flowed during the reporting period,

Graphs 6 below llusirates measured EC for upstream and downstream monitoring locations.
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Graph 6 Electrical Conductivily for Larcom Creek Upstream and Downstream
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Elecrical conductivity at Larcom Creek Hwy has fluctuated closa to the guideline value with the
highest historic measuremenl recorded 1956uS/cm on the 1/5/2013. Concentrations in EC for the
upstream and downstream locations have risen over the 2015 dry season to above the QWOQG value.

82313 Laboratory Results Standing Water
Surtace menitoring locations were sampled monthly for Isboratory lesting.  Laboratory test certiticates

are presented in Appendix C. Appendix D presents the tabulated results for surface water.

Table 11 below presents assessable results of the monthly laboratory testing.
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pH
Laboratary pH measurements reflected lield pH measurements. pH values were genarally within the
QWOG range of 6.5-8.0 at all locations throughout the monitoring period. The only exceptions were
Larcom Creek downstream (May through to August) and Larcom Creek upstream {August only) where
pH values slightly above 8.0 were recorded during these times.

Salinity
Laboratory EC measurements reflected field EC measurements, EC concentralions rose throughout

the manitoring perod to above the QOWGGE value in all locations.

Comparing EC concentrations for the Lily Pond and TP3 (situated approximately 100m to the south of
the Lily Pond) suggests that they are connected. TP3's shallow aquifer at 1.8m below ground level
measured EC concentralions of 16,000pS/cm, only 3,000 to 4,000 pwS/cm higher than the Lily Pond's
EC concentration during the dry season.

Surface Waler Chemistry
The mass ratios of Na:Cl; Mg:Cl and K:Cl for the standing water bodies are conslstent with the ratios
ohserved In the groundwaler monitoring bores in close vicinity to them, Analysis of the standing water
bodies shows significant concenirations of both Mg — Cl salts and very low concentrations of K —Cl
salts. The ratios are significantly dilferent to RMA decant water that contains very low concenlralions
of Mo — Ci salts but relatively high concentration of K — Cl salts.

Dissolved metalloid concentrations were below the limit of reporting for all locations throughout the
rmonitoring period.

9.2.4 Assessment

Cngoing monitoring over the 2015/2016 wet season will continue to assess if the marginally high pH
values at Larcom Cresk downstream is seasonal (aigae the likely cause). The marginally low pH
values recorded during rainfall events are expected in upper catchment runoff as pH of pure rain is
naturally below 6.0 (EPA, 2004).

Major ion analysis indicates thal the slanding water bodies are connected with the shallow
groundwater which is nalurally saline. Standing water chemical signature ratios are consistent with
the groundwater signatures and are slgnilicantly different to decant water signatures.

Results indicate the increases in EC concentrations In standing water bodies over the 2015 dry
season is normal (most likaly seasonal) and is caused by both evaporation and the direct recharge by
the shallow groundwater,

Vegetation

9.3.1 Schedule and Methodology
Twelve vegatation transects (VT) were seleceled between the site and Lacorm Cresk and surveyed

guartarly ovar the monitoring perod. Figure & illustrates the locations of the 12 transects. The line
intercopt method was chosen 1o assess and monitor groundcover and while plol ransects were
chosen Lo assess and monitor ree health,

Where possible transects were situated so that

s the transect ran perpendicular to the contour;
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whan within the site, approximately half of the transect was positioned inside the current
impacted areas and half outside;

when downstream of the site {and where non visible impact is visible) the transect was
posilloned so thal the ephemeral drainage drain is intercepted. So If a change ocours in the
future the transect will capture the transition; and

there were greatet than 20 lrees present per transect.

Cluarterly surveys of the Iransects consistoed of;

8.3.2

Line intercepl method {or recarding percentage ground cowver - starting al the Om peg mowving
down the tape record the vegelalion cover at sach 1m intercept. The categories of grass,
dead grass, water, herbs, dead herbs, rock and bare earth were recorded. Forthe purposes
of assessment the indicator cover types are grass, bare sarlh and litter cover.

Plal Iransects for datermining tree health - starting at the leit hand side at the Om peg. The
plot is divided inlo subplots that are 10m long and 5m wide, The categories consisted of
shrubs less than 1m in height and small (diameter <10em), medium (diamater 10-30cm),
large (diameter <30-50cm) and very large (diameter =50cm) trees. For the purposes of
assessment only common names and/or family names are used.

Transect Rational and Description

Table 12 below summarises the rational and quarterly descriptions of the suneyed vegelation
transects.
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9.3.3 Resulis
Results for indicator groundcover types are illustrated in Graphs 7-9.

Graph 7 Percentage Grass Cover
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Graph 8 Bare Earth Cover

Bare Earth Cover

EQl mOz2

1008 —

RO%, ———————— S

Gl -

40% —
I n_B I.rl__-_l_,.___-__,__. —
1 2 3 4 5 & 7 & 9 1w 11 1

Transect Mumber

Percent Cover

Pane 27 of 47 Prinled date: 14102015



Hig Finfe Alzan Bauxie & Alumina ¥ PO GLESE-DDO0-RK-RP-1K1
Yarwun AMA 2015 Capacily Increass Rish Management Repod

Graph 9 Litter Cover
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Between Q1 and Q2 grass cover has decreased in 7 of the 12 transects, however only the VT
decrease was attributed to the expressed salineg groundwater, VT1 is outside the STMS and grass
cover die back Is continuing in this low lying area (Plate 1).

The dry season is the likely cause of grass cover decreases in VT's 2, 4, 5, 7 and 9 (Plates 2 and 3)
while the 6% decrease in grass cover recorded at VT8 was caused by feral plg aclivity (Plate 4).
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Plate 1 — Dead grass at VT1 attributed to
the expressed saline groundwater

Plate 2 — VT2 showing dead grass attributed
to the dry season

A

Plate 3 —. VT2 showing dead grass aftributed
to the dry season

Plate 4 — Increased bare ground at VT 8
caused by feral pigs
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The results for vegetation health ara illustrated in Graph 10-12.

Graph 10 Good Tree Health
Good Tree Health (ST-VLT)
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Graph 11 Poor Tree Health
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Graph 12 Dead Trees
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Tree health has remained unchanged in nine of the 12 VT. WT3 (2 trees) and VT7 (1 tree) indicate
degenerating tree health while VT4 (1 tree) indicates improving tree health.

5.3.4 Assessment

Both groundeover and tree veqgetation within and close to the site are being impacted by the
oxprossed saline groundwater, The cover decreases attributed to the dry season are expected 1o
increase back to original cover parcentages in all transects (with (he exception VT1) during the
2015/2016 wet seasan.

To date insutfiecent data has been collecled 1o assess the effectiveness of STMS as both quarterly
maonitoring events ocourred within the 2015 dry season. Onhgolng monitoring over several wet
5885015 15 reguired to monitor the effectivenass of the STMS, the future LTMS and site rehabilitation.

Soils

9.4 Methodology and Schedule

Eight topsoil samples (TSS) located at the vegetation transecl Om pegs were sampled quarterly for
laboratary testing. Figure 7 illustrates the topsoil maniloring localions. Sediment sampling was not
underiaken as the site and potentially impacted area (belween the Lilly Pond and Larcom Croek) did
nol have connected waters and is ostensibly a flood plain featurs. Any impact from the overland flow
of contaminated waters from the site would be visible within the soil samples taken from within the
flow path of water along the flood plain,

The sampling method comprised of the mixing of three small {approximately 50 grams) topsoil
samples within a 1m square plot around the peg. The composite sample was 2ip locked in a labelled
plastic bag, chilled in field before being couriered to ALS's analytical laboratories in Brisbane for

testing.

Table 13 presants the topsoll menitoring schedule.
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Table 13: Soil Monlloring Schedule

Locations Testing Parameters Frequency
T551-T558 pH, EC, SAR Quartetly

The topsoil samples were tested qualitatively for pH, EC using the 1:5 soil water paste method and
quantitatively tested for the callons; Na; Ca and Mg for the calculation of the Sodium Absorption Ratio
[SAR). The average rool zone salinity (EC..) was calculated by using the EC (1:5) and a 0.2 lsaching
fraction for heavy clays.

9.4.2 Results

Laboratory test cerificales and COC records are presented in Appendix G. Appendix H presents the
resUlts of Ihe soil monitoring. Graphs 13 to 16 below illustrate the pH, EC, EC.. and SAR results
respectively.

Graph 13 Calculated Salinity EC
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EC values indicate the sites topsall is saline {=2000uS5/cm) with only TSS7 measuring exireme levols
ol salinity.
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Graph 14 Calculated Salinity EC..
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Caloulated EC., values for TSS 1, 2, 4, 7 and 8 are close to or above the extreme Indicator value
average root zone salinily. Significant decreases in ECse valuas can be observed al manitoring
points 2, 3 and 8 betwasn Q1 and Q2 manitoring.

Graph 15 Topsoil pH

pH
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The pH results indicate that the lopscil's at TSS 1-3 are neutral to slightly alkaling with pH ranging
£.9-8,7. The remaining manitoring points show slightly acidic soil with pH values ranging from 5.6-6.6.
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Graph 16 Sodium Absorption Ratio
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Orily T357 recorded SAR values above the high SAR indicator value. However, because tha
topsoil’s are saline, SAR values are of little assessment value (ANZECC/ARMCANZ, 2000).

9.4.3 Assessment

The sites topsoil's are saline and are very lo extramely saline in areas around T554 and TS57
respectively. Calculated EC,, values for TS5 1, 2, 4, 7 and 8 indicale high o extreme average root
zone sallnity in these areas. These results sugges! thal growth of evan salt tolerant vegetation will be
limited by salinity in the sites topsoil. Vegetation moniloring at these TS5 locations is consistent with
tha salinity assessment with the absence of vegetation at TS51, 2, 4, 7 and B,

pH results indicate thal lopsoll In the centra of site (historic swamp area) is alkaline, indicating
potential sodic soils, Although SAR resulls cannot be accurately assessed due to the salinity levels it
is expected that leaching during subsequent wet seasans (and future applications of gypsum if
required in sodic areas) will lower Ma concentrations sufficiently to allow for SAR assessment and
plant growth.

Ongoing monitoring over several wet seasons is required lo monilor the effectiveness of the STMS,
LTMS and rehabilitation of the sites soils.

Environmental Evaluation Notice Requirement 5 — Environmental
Evaluation Assessment Criteria

The DEHP Motice Reguirement & — Assessments must be carriad oul in accordance with the
Australian and New Zealand Guidelines for Marine Water Cuuality (2000) and AusRivas mothodology.

The area immediately north-west of the potentially impacted area does not contain any water courses
that could be considered ephemeral streams. There is an undefined drainage path through tha flood
plain area which allows water to flow into Larcom Creek, approximately 2km narth west of the
impacted site, during high, sustained rainfall events. However, for the majority of the year the area is
dry, with some standing water present in unconnecled depressions. While Ausrivas approaches can
be used to describe the responses of macroinvertebrate communities in temporary streams (Boulton,
2003), this area could nol be classified as a temporanyephemeral stream and therelore lhese

FPange 44 of 47 Frinled date: 14102015



11.

12.

e Tinto Alcan Basile & Aliming P01 05658 0000 HE HP 002
Yarwi BRA 205 Capacily Inciease Risk Maragemen| Hoporl

methodologies are not applicable. Even if there was a temporary stream in this area, Boulton (2003)
stressed that long-term data cellection (years) is required in temporary stream health assessment.
Only If lang-term data collection and analyses of tempaorary streams is performed at a range of spatial
and temporal scales, can a certain degree of confidence be established regarding the normal (or
‘healthy’) range of variation that cccurs within the system.

Larcom Gresk would be described as a temporary’ephemeral creek but the risk of
stressors/contaminants trom the potentially impacted area being transporled Lo Larcom Creek at
concentrations thal would resull in an impact would be very low, given the area would need high,
sustained rainfall for any substantive flow from the site to Larcom Creek to accur. Any high, sustained
rainfall evenl would also cause event flows in Larcom Greek, In addition even if there is an
expectation of applying an Ausrivas methodology to Larcom Greek it would require many years of
data as described above.

RTAY have assessed the area between the impacted area and Larcom Creek based on lerresirial
assessment criteria as presented in section 9 of this reporl.

Environmental Evaluation Notice Requirement 6 — Remediation Options
GHD, 2015C have oullined and detailed two remediation options for the site (Appendix &), The GHD
repart addresses lhe DEHP Motice Requirement 6 — Determine and report on all available remediation
options, including costs, and delail remedial worls required fo prevent contaminated water being
discharged to the receiving environment. Remedialion must ensure protection of the environmental
valtzes of the receiving envircnment.

Environmental Evaluation Notice Requirement 7 — Preferred Remedial
Option

DEHP Motice Reguirement 7 — Mominate a preferred solutfon and provide a timetable for the
implementation of the necassary remedial works.

Option 1 of the GHD, 20150 repart is the RTA Yarwun prelerred oplion for the site. Rio Tinto uses a
standard methodology for execution of all capltal projects. The preferred remediation option will be
executad as per this standard methodology which comptises six project Stages, aiter the definition of
the problem (whih this report provides). These project Stages are illustrated below.

9 T e s oo 1 e

A detailed schedule has not been approved by the executive Committee tor the commencemeant of
the project as the project scope was unknown prior to the finalisation of the 20186 RiaTinto capital
cycle. The process of assessing & deveation lo the 2016 RioTinlo capital to include this project plan
is currently underway. Table 14 below prosents the anlicipaled cosls associated with preferred
cption,
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Table 14 Preferred Option Indicative Costs

Item Contractor | Anticipated Costs
RTA Yarwum Project RTA S185,000
Management

Further Investigations and GHD £150,000
Modelling

Depressurisation System Design | GHD 170,000
Drilling Conltractor TBA 150,000
Pilling Contracior TEA £400.000
Manifold and Pump Setup TEA CE740,000
Caollection Trench and Sump TBA $190,000
Ongoing Laboratory Monitoring ALS $25,000
Total $2,070,000
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Figure 1- Site Area Showing Region of Groundwater Impact
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Figure 2- Northern Drainage Remedial Work
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Figure 3 - Southern RMA Groundwater Bore Locatlons
RTA Yarwun RMA - Environmental Evaluation
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Figure 4 - Surface Water Locations
RTA Yarwun RMA - Environmental Evaluation
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Figure 6 - Vegetation Transect Locations
RTA Yarwun RMA - Environmental Evaluation
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Figure 7 - Topsoil Sample Locations
RTA Yarnwun RMA - Environmental Evaluation

%00 Tepesil Sample Locetons ¢ | Th Yarwien RIAL eramnmenis svsoalon

Wl o ARy TEN




jsenbe) Uodn eIy lUl| 04 O] paLmied

a0 [pasiis ESWUELI0 SESUN) 13N DUE JSUUEW FUBE B U| pRI98) 80 [Bus sHBueuapun AnE|usgued uesid eyl Ag pe1oaoed LorswagL|

Ay e et fue sspeafa g gapgs pranpoad s umononp e s o sy speseanba Sgenusggunn posumefynn peassed asag) An spne
Of P fiE SR mEe [T [0SR USR] AL DS SIE AP e soipesd o) Spes pusr ey s o op suogsien s o s s ad
Ayl mope o) poenbog ok syl o) AjLe B0BLW 8g ||BYS SINE0MSD LoNe Ady  we(y Oldl) O [0 UoiRSLogiIE Uaim o gy e S sy je
AU 0y pLE0EIEIP 909 JoU JEBYS PUE |BIUSPUOI 51 WaIFRWIo0I Yansg ueapy Ul ol &g Gumie w pesiOE aswlogo sson pofosd uieapy ok gid @
ueif Ayl asodind AUE J0j PEER BT 10U §FUS PUE UEINY DL O 10 Aiadoud Bajsnixe au) 51 URISU) DEU[ETLCD UO(FEWION] Byl PUE JUSUNIOE 8l |

Alenuapiuon

S3DNANIddY

RioTinto Alcan



Fio Tinto Alcan Bauxite & Alumins ¥-PIN5E58-0000-RE-RP-01
Yamwun BMA 205 Capacity Increase Risk Maragement Repor

Appendix A- GHD SAP and GW Management Report

Printed date: 131012015



\o Tinto Aluminium Yarwun

3 of Groundwater Management Actions

sroundwater Pressurisation of the
nd Development of Sampling and
Analysis Plan

February 2015






GHD | Report [ur Ria Tinto Aluminium Yapwun - Detailing of Grountwaler Manzgement Actions, 4128523 ||



Table of contents
1. D e i i i e A e A W i e D m i R T 1
1Y Baekaronmirl. oo o i s e e e 5 S s S S 44 AR e © A S SR 1
T2 PUNDEE OF tIS T cuiarisios o senssmsngini iasnnmsamas b e b m i i W s gy nab s oS 2
1.3  Soope and OIS .o s it e s e i e 4 Smgpei i s ss bindiss e pEasie e inins s 2
2, D R T BN s o e Do L R D s T L B L T 4
22 O eralire FOVIOW. o e i RS e S N R S e R 4
BB DAl TONICW s i e b sa s s s i s S T £ T T A A e k£ RS a
Py DD R T BN v o o B R T P S o B S G s S i 11
DA Ot AIRINEIS. oo s inionss o it o s b 054 s A E N S S R SR A S S 3 13
X Sampling and Analysis Plam... i i i i i s s dersivn s - oo simait o 50ma 15
2 Oblectives of the BAR o o s i L s B T S s e 15
T2 AP O s sinssiin i s ie s s vvans v s e e £ e i R Y T P R 15
33 Legislative COMTDIETIDE . oo iuiiiitass it abs by esih s e 4 ke xs4 b oa a8 sud 8SE G4 H0R 81 KRFE30F E2 R Rr S 16
L 1 gL oo | = - T TR PN 17
4. SAP - Site assessment program and methodology ... 18
4.1  Bite assessment program development . e 18
4.2  Maonitoring, sampling and investigation JoCationS o i s e 18
43 Investigation approach and Sampling o e e 21
Al I O B T P EIETYS e wscoestm s o i i o o S g WS A 26
4.5 Laboratory 8nalysSis PIOQTEITE i e ememms s rriionin st sdns isaammani s s siassa riersssrs frass s sanessnse 27
4.6 Cualily Control and Quality Assurance Procedures ... s 30
4.7  Laboratory QAT DrocaOuUMBS s s s s s e s e emmeae oo nes 31
5. SAP - Additional optional Investigations ... e 32
5.1 Geophysics (FErmestrial EMY o commimiiimimmmmiion s s s st et 32
6. SAP - Health and Safety and Environmental Management ... 34
6.1 Job Safety and Environment Assessment Plan.... i s s 34
B2 Ayl oS, o s R R e b S R 34
6.3 Reinstatement of Investigation Locations ... e i e e 34
7. AR e o e e e L B L i R i 35
8 ERETEREIEES . i tanat s insst s S P KV K14 B S o A s R M A O e 26
Table index
Table 1 Ty =L =T B =T o PSS 4
Table 2 Summary of reviewed barehole data.. oo s i i R e e 10
Table 3 Summary of monitoring, sampling and investigation locations.......cociininnn. 18

li | GHD | Raport for Rio Tinto Aluminium Yareun - Detailing of Groundwater Management Actions, 4128523



Table 4 Labaoratory analytical schedule for soil samples 28
Table 5 Laboratory analytical schedule for surface water samples....cocci i 28

Table & Laboratory analytical schedule for groundwaler Samples i 29

Figure index

No table of figures entries found.

Appendices

Appendix A = Northern Embankment Investigation and Monitoring Location Plans
Appendix B — Data Analysis & Time Setizs Groundwater Elevations
Appendix C —Typical Bore Construction Details/Specification

Appendix D = SAP Proposed Investigation Locations Plan and Summary Table

GHD | Report for Rio Tinto Alumidnlum Yarwun - Datalling of Groundwater Managemani Actions, 4178523 | i






Introduction

GHD Pty Ltd {GHD) was commissioned by Rio Tinto Alcan Yarwun (RTAY) under Contract
Mumber CW2081249 to assist with the development of an improved groundwater management
systemn for the Yarwun Residue Management Area (RMA) site (herein referred to as the site).

The purpose of this commission Is to assist RTAY in the characterisation and conceptualisation
of groundwater mounding to enable a plan to be develaped to alleviate the observed
pressurised groundwater and to investigate low pH waters within a fire water dam at the RMA
To achieve this, the work has been divided into three tasks as follows:

= Task 1 — Spatial analysis of groundwater pressurization and development of field
investigations

. Task 2 — Concept design of management options to alleviate pressurisation of the
Morthern Embankment and off-sile downstream of the RMA

® Task 3 — Assassment of low-pH water in the Firewater Dam.

This repart details Task 1. The autcome of Task 1 is the development of a Sampling and
Analysis Plan (SAP, Section 3 onwards), which is to be implemeanted by RTAY in order to collect
additional data in support of completion of Task 2 and Task 2.

1.1 Background

The Rio Tinto Alcan Yarwun (RTAY) alumina Refinery in Gladstone utilise a Residue
Management Area (RMA) to store bauxite residue as a by-product of their refining operations.
The =site is located approximately 11 km west of the refinery and approximately 5 km south west
of Yarwun. It occupies a natural valley that trends approximately south — north and is bounded
by ridge lines fo the east and west. The southern boundary and part of the eastern and western
extents of the RMA are bounded by natural watersheds with constructed earth and rock-fill
embankments and at the northern boundary, by the main MNorthern Embankment,

The northern embankment contains a drainage blanket, constructed below the downstream
shoulder of the embankment and extends beyond the embankment toe. Pumps are used to
extract water from two sumps inlercepting the drainage blanket which is discharged back into
the RMA, as part of the management of pore water pressures in the drainage blanket,
Groundwaler seepage was first noted in the vicinity of the western toe in 2008. Pressurised
groundwater beneath the drainage blankel was relieved in this area by the installation of a
series of pressure relief bores in 2011, Groundwater investigations (pre-construction and during
operation) have also ascertained that the natural underlying groundwater is highly saline and in
the vicinity of the toe is not associated or impacted with decant seepage from the RMA.

In 2013, surface water ponding and dead vegetalion was then observed by RTAY adjacant to
and narth of the northem boundary of the RMA with salt scalding and additional seepage areas
further identified, including within the narth and north western areas of the RMA down gradient
of the main embankment.

Recent sludies undertaken by RTAY in 2014 identified that the low lying area located
downgradient and adjacenl o RMA northern embankment has been impacted by salinity and is
considered to be associated with the progressive mounding of underlying naturally saline
groundwaler within the foundation materials beneath the RMA. Low pH waters were also
identified within a firewater dam present to the northeast of the RMA that alsa requires further
investigation. This receives possible seepage from subsurface fracture flow and/or surface
water from the adjacent hillside and eastern end of the northern embankment. Desktop studies,
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including inspections and groundwater and surface water sampling and analysis also provided
further confirmation using chemical signatures of the disconnect between the RMA decant
compared lo ponded surface waters, fire dam waters and groundwater.

As part of the previous RTAY studies, a number of recommendations in relation to monitoring of
the RMA embankments and the observed seepage were presented, including but not limited to

the fallowing:
L The spatial extent of groundwater pressurisation needs to be ascertained
. Alleviation of groundwater mounding

o Meed to maintain maonitoring network accessibility and continuity

. The low pH waters in the fire dam likely due to precipitation of iron hydroxide,
groundwater required to be tested along with dam waters

. Relationship of groundwater in the area to narth of RMA boundary with that to east needs
to be clarified.

1.2 Purpose of this report

The purpose of this repart is to provide RTAY with @ SAP to provide information in suppart of
completion of Task 2 (concept design of management options to alleviate pressurisation of the
Morthern Embankment and off-site downstream of the BMA) and Task 3 (assessmeant of low-pH
water in the Firewater Dam).

1.3 Scope and limitations

As per Section 4.3(a)(i) and 4.3{a)(ii} of the RTAY Contract for Consultancy Services document,
the Task 1 scope of work, as detailed in GHD's Reques! for Tender submission (Contract
number WS 441745638), is for the following:

. Literature and data review and summary, including a gap analysis
s Spatial analysis of groundwater pressurisation at the RMA
L] Complete a site investigation location plan, including:

— |dentification of existing bores that require inspection to determine suitability for on-
gaing moniloring.

— Location of new bores, test pits and surface water monitoring paints,

. Provide investigation specifications including:

— Investigation location target strata and depths,

— Soils and surface water sampling requirements (frequancy of sampling)

— Bore construction, development, sampling and aguifer testing requirements
~ Water level instrumentation installation and monitoring requirements,

— Laboratory analytical schedule, monitoring program (frequency),

— Remediation of boreholes and handling of water [ soil samples during the monitoring
Process.

L Recommendations for on-going monitoring, any required future works and remediation.

Environmental impacts related to saline groundwater, groundwater level changes, and
assessment of these impacts (i.e. soil, water, ecological, human health, and receiving
environment) are outside the scope of this report.
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This report 'Defailing of Groundwater Management Actions, Spalial Analysis of Groundwaler
Pressurisation of the Northern Embankment and Development of Sampling and Analysis Plan’ has been
preparad by GHD for Rio Tinle Aluminiurm Yarwan and may only be used and refied on by Rio Tinto
Aluminium Yarwun for the purpose agread hefwaen GHD and the Rie Tinto Alurminfum Yansun as sef out
it Seclion 1.2 of this reporl,

GHD otferwise disclaims responsibillly to any person ofher than Ria Tinto Aluminium Yarwun arising in
connecfion with this report. GHD also exciudes implisd warranties and conditfons, o the exdent legally
permissible.

The services underlaken by GHD in connection with praparing this report were limited fo those specifically
detailed in the repart and are subject fo fhe scope fimitations sel oul in the report.

The opinfons, conclusions and any recommendations in this raport are based on condifions encounlered
and information reviewed al the date of preparation of the report. GHD has no responsibility ar obligafion
to updaie this repor fo account for avents or changes cocurring subsequent to the date that the report was

prepared.

The opinfons, conclusions and any recommendalions in this report are based on assumphions mads by
GHD described throughout this raporf, GHD disciaims Nabilly arising from any of the assumptions being

incorrect.
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Desktop review

2.1 Literature review
Table 1 lisis the reports that have been reviewed as part of this assessment. The following
sections briefly summarise pertinent information from sach reporl.

Table1 Reviewed reports

July 2014 GHD Residue Management Area (Area 580) Quarterly
inspection and monitoring

July 2014 P Richter RTAY intemmal memo - Groundwater rise and treatment
investigation options

July 2074 P Richter RTAY internal document - Root cause investigation scope
of work, elevated groundwater observations

October 2014 O Parry RTAY report - Investigation of dead vegetation north of
the RTA Yaraun RMA

9 October 2014 P Brown RTAY report - Groundwater seepage at the Rio Tinto
Alcan Yarwun RMA

February 2012 GHD Yarwun RMA Stage 2 development geotechnical
investigation interpretive report

May 2012 GHD Hydrogeological investigation for Yarwun, RMA Stage 2
development interpretive report

2.1.1 (GHD) Quarterly inspection report July 2014

Quarterly inspection of the narthern embankment was undertaken in July 2014 and is reported
in Residue Management Area (area 580) Quarterly Integrily — Inspection and Monitaring July
2014 (GHD October 2014).

A number of the northern embankment vibrating wire piezometers appear to be recording
erroneous water level data, delailed as follows (for locations refer to Appendix A):

s Chainage MC01 380 — WVWPO1A (records a water level approximately 10 m higher than
historic data for the decommissioned CBH 0001)

s Chainage MCD1 620 - vibrating wire piezometer installed in standpipe CBHO00Y and in
CBHOOOB however the standpipes can be dipped manually.

® Chainage MCO01 755 - VWPO3A (recorded water levels approximately 37 m higher than
historic data for CBH 0002 (standpipe no longer in use))

. Chainage MCO01 755 - WVWWPO3B (recorded water levels approximately 10 m higher than
historic data for CBH 0010 (standpipe no longer in use) and incansistent with levels
recorded beneath the toe berm (CBHOD11, CBHOO12, SPPO1, SPPO2).

. Chainage MC01 985 — vibrating wire piezometer installed in standpipe CBHOO1S
(foundation) however the standpipe can be dipped manually.
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- Chainage MCO1 885 — vibrating wire piezometer installed in standpipe CEHOO186
(foundation) however the standpipe can be dipped manually.

An action plan has been drafted by GHD and detailed to RTAY for repair/replacement of faulty
instrumentation andfor manitoring bores.

2.1.2 (RTAY internal memorandum) Draft options to address risks and
actions reported 17/7/2014

This memo details options for consideration for managing rising groundwater levels within the
Morthern Embankment and are summarised below:

y i Surface water interception and observational approach

— maonitor the size and location of seepage areas for changes over time
— direct 'clean’ water away from impacted catchment areas
— direct contaminated runoff to the firewater dam

— Install measureable flow pumping system from firewater dam to transfer to larger
capacity runofl contral paint

— undertake a site investigation to measure hydrogeological info such as hydrostatic
pressures, ground conditions and chemical nature

— check existing monitoring and subsoil systems
— |dentify triggers for further action
— define action plan as a result of triggers being reached.

2. Groundwater interception
. 2a) groundwater spears

— undéertake a desklop study and site investigation to install interception wells to lower
the regional groundwaler table (define depth, spacing and extent).
— set up spear collection system and transfer for liquid treatment (to RMA ASS0),
Other aplions are also noted, but are on hold until Options 1 and 2a are implemented and
observed for effectiveness.

Possible causes for the rise in groundwater levels are also noted in the memao, as follows:

. Mounding — earth surcharge from tailings on existing groundwater profile in subgrade
beneath RMA

. Seepage from the RMA — with specific flow paths such as foundations, abutments,
embankment

. Alternative source eg. artesian, localised charging

- Heawvy earthworks activity

® Pressurisation due to elevated levels of subsocil drainage.

Possible causes for low pH waler;

. Matural material reacting with groundwater

® Groundwater is naturally low in pH

e Waste material illegally dumped in contact with groundwater
. Acid spill in past in contact with groundwater

® Other causes.
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2.1.3 (RTAY internal document) Root cause investigation scope of work -
elevated groundwater ocbservations 17/7/2014

In July 2014 it was observed that a number of wet patches or free water were appearing
downstream of the toe of the embankment and the abutment of the northern embankment.

Stage 1 of the root cause investigalion scope of work to assess the likely cause of the elevated
groundwater levels at the Northern Embankment has been completed. It included a desktop
study of monitoring data, previous geotechnical and hydrogeological investigations data,
hydrogeological modelling, construction and operational activities and methodology.

Stages 2 to 4 of the scope of work are summarised as follows:

. Slage 2a - site investigations
. Stage 2b - concept modelling
. Stage 3 - root cause analysis
@ Stage 4 - action plan, based on the root cause analysis.

2.1.4 (RTAY) Groundwater seepage at the Rio Tinto Alcan Yarwun RMA, 9
October 2014

In July 2014 groundwater seepags was observed down-gradient of the eastern side of the
Morthern Embankmeant. This report details Stage 1 of the root cause investigation scope of work
{zite visit and deskiop study) undertaken.

The site visit and subsequent deskiop study determined that the seepage is groundwater
related and not the result of water from the RMA, with a clear groundwater chemical signature. It
was concluded that the seepage is occurring in response to elevated groundwater pressure in
natural foundation materials beneath the RMA.

To assess and monitor the seepage a number of recommendations ware made, including:

. Determine the spatial extent of the groundwater pressurization

- Alleviate the groundwater mounding

. All monitoring locations are to be accessible and provide reliable data

. Faormulate an action and prioritisation plan for repair and/or replacement of monitoring

installations and selling of trigger lavels

. The low pH of the observed seepage in the firewater dam is likely due to precipitation of
iron hydroxide. Groundwater in the vicinity of the dam should be tested to confirm

. Establizh a relationship with elevated groundwater levels to the north of the RMA property
with that of the elevated levels in the Northern Embankment.

Outcomes of the site visit and desktop study are detailed in the following paragraphs.
In relation to seepage:

. 2008 — Seepage in the vicinity of the north wall was first noted in 2008, To combat this
this seepage a number of depressurisation bores were installed. Analysis of water taken
from installed piezometers indicates that the pressurised water was groundwater and not
seepage from the RMA.

. 2013 — Dead vegetation and standing water was obsearved just to the north of the
narthermn boundary of the RMA, The area shows evidence of salt scalding that has
progressed from 2012 o 2014, Samples have shown to be highly saline and the chemical
composifion indicates a groundwater signature, not fram the RMA.
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. Later in 2013 — areas of iron staining appearad in the RMA construction car park.

= July 2014 — more seepage was noted in the construction car park and adjacent areas,
including south of the construction area, sides of the haul roads at the foot of the northern
wall, and seepage flow into the two dams (RMA_GW1 and firewater) to the north of the
construction area.

Chemical signatures of water from toe drains, various piezometers and the Firewater dam were
compared with the signatures from seawater and decant water. All seepage, piezometer and
dam water samples were found to be groundwater and not seepage from the RMA. The
chemical typing was done by comparing potassium-to-chloride ratios, magnesium-o-chloride
ratios and trace metals gallium and molybdenum.

It was found that the K/CI ratio of the decant water was similar to seawater (as seawater is used
to neutralise the red mud), but exhibited a much lower ratio in all surface and groundwater
samples. The Mg/C| ratio was also useful for chemical matching as decant water tends to
precipitate magnesium as hydrotaleite, therefare has a very low concentrations, whereas the
surface water and groundwater samples exhibited much higher ratios,

Geaophysical survey was undertaken of the site. Imaging of the survey data clearly shows the
autline of the RMA, which contains highly saline water. It also clearly shows the NNW trending
fault beneath the RMA. The fault is associated with a high conductivity and is likely the result of
long established dryland salinity phenomena.

RFecharge iz generally low in the lowlands that are underlain by saline groundwater. At the
margins of the RMA in the upland areas of thin soil caver, the recharge is much greater. Thus
there appears to be patential for increased groundwater flow at the eastern and the western
extremities of the northern wall of the RMA, This may potentially contribute with zones of
elevated groundwater pressure that have occurred al these locations, A conceptual model was
developed.

The observed elevaled water and seepage north of the Northern Embankment appears related
ta water groundwater and not water within the RMA, The chemical signature of the elevated
water and seepage closely resembles that of groundwater in the vicinity that occurs due to
dryland salinity. The seepage results from groundwater under pressure in the vicinity of the
eastern end of the northern embankment similar lo lhe situation that occurred at the western
end in 2008,

All seepage occurring north of the construction area is directed to the RMA GW1 dam, which
subsequently flows into the Firewaler dam. Analysis on water from the dams has indicated a

groundwaler chemical signature, with elevated magnesium concentration and low potassium

concentration and non-detectable concentrations of gallium and molybdenum.

There is potential for sub-surface flow to conlinue lowards the surface water and salt scalding
that has been observed o the north of the EMA northern boundary. The salt scalding and
elevated groundwater north of the boundary may be related to a more generic condition af high
groundwater north of the RMA and not solely to the elevated groundwater and seepage that has
been noted ta the eastern end of the northern embankment. The chemical signature of the
surface water narth of the boundary if similar to that observed at monitoring well ALD1 {even
prior to development of the RMA).

Low pH of the dam water is thought to be caused by iron precipitation from emerging
groundwater seepage. Iron staining is present in RMA GW1 dam around the margins. Staining
is not evident in the vicinity of the Firewater dam since the majority of the iron is likely to have
been lost by the time water has flowed to the firewater dam. Iron staining was observed at a
number of seepage points,
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Reported recommendations:
- Install additional maonitoring points to the eastern side of the northern embankment

L Additional assessment be undertaken to determine whether groundwater beneath the
eastern end of the northern embankment is under pressure and whether installation of
depressurisation bores will alleviate the groundwater mounding. Spatial extend needs to
be determinad.

. Groundwater and surface water samples should be taken from the firewater dam and
analysed for the full suite including species of iron and organic acid content. A bore
shaould be installed upstream of the two dams and sampled.

2.1.5 (RTAY) Investigation of dead vegetation north of the RTA Yarwun
RMA, October 2014

Impact an vegetation immediately to the north of the RMA northern boundary was first identified
in Cctober 2013 and reported in January 2014,

Previous studies undertaken at the site have identified that the groundwater beneath and o the
north of the RMA is saline and groundwater levels varied from 30 m bgl in upland areas and 5 m
bgl between Larcom Creek and the RMA. Airborne geophysical survey conducted in 2010
mapped aut the high salinity areas, which tended to correspond with the NNW fault running fram
the north of the RMA to south of the RMA. Groundwater samples confirmed the salinity. EC
values of the groundwater prior to commissioning of the RMA range from 28,700 (BH31,
October 2005) to 9,100 (BH32, Qctaber 2005). Over eight years the salinity in the bores has
increased,

The decant water is characterised as:
. elevated sodium relative to seawater due to caustic used in the Bayer process

. depleted magnesium as a result of the formation of hydrotalcite {Al-Mg layered double
hydroxide) precipitated in the seawater neutralisation process

. Elevated concentration of dissolved aluminium, gallium and molybdenum due to
incomplete removal during the neutralisation process.

The surface water quality is characterised by:

L surface water in the drainage channel and swamp north-narth-west of the RMA is saline,
exhibiting elevated sodium, magnesium, calcium, sulfate and chloride. Comparison of the
surface water with decant water and groundwater indicates that surface water is nearly
identical to that of the groundwater and significantly different to the decant water.
Groundwater samples show no contamination from decant water.

In conclusion, the resulls of the baseline studies showed that groundwater beneath and the
MNMW of the RMA are naturally highly saline. Groundwater in the aresa (batwean RMA and
Larcom Creek) is naturally high (less than 5 m bgl). The groundwater has a distinct signature
with high salinity, but low concentrations of potassium and dissolved metals

Thesurface water from.dhe-northern drainage line and swamp area has the same signature as
the groundwater.

The death of the vegetation of a resull of salt scalding from the rising saline groundwater in the
area north of the RMA. There is no evidence that there is any seepage of RMA decant into the
graundwater.
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216 (GHD) Yarwun RMA Stage 2 development geotechnical investigation
interpretive report

The geology ground model for the northern embankment area defines three general geological
profiles across the valley floor (where chainages are for control line MCJO1):

s Eastern and Western extents of the valley floor {Chainage 0 to Chainage 550, and
Chainage 950 to chainage 1200) comprise a thin layer of colluvium interfingered with
alluvium overlying weathered and fractured Rockhampton Group bedrock with localised
artesian groundwater conditions on the western flank:

. Belween Chainage 720 to Chainage 950, typically 4 m (up to ¥ m} depth of alluvium and
occasional colluvium mixiure overlying an undefined depth of the fissured clay sequence:
and

. Between Chainage 550 to Chainage 720, typical 4 m depth of alluvium and occasional
colluvium mixture overlying weathered and fractured Rockhampton Group bedrock and
some fissured clay.

2.1.7 (GHD) Hydrogeological investigation for Yarwun, RMA Stage 2
development interpretive report

Key peints in relation to groundwater flows and groundwater quality are outlined below.

Interpretation of the piezomeiric surface shows groundwater flow beneath and in the vicinity of
the northern embankment is predominantly towards the north easl and north west, i.e. inward
towards the valley floor and the toe drain sumps. Across the central area of the embankment
between ~CH 580 and —=CH BB0 (chainages are for contral line MCJ01), groundwater flow is
lowards the narth beneath the embankment and further downstream of the toe groundwater
flow is towards the south (i.e. back towards the toe drain sumps).

Groundwater quality analysis results for the manitoring bores installed as part of the
hydrogealogical investigation (580-BH and 580-MB series bores) are consistent with the
interpretation of majar ion chemistry (i.e. sodium-potassium-chloride type groundwater) and
cancentrations for previously tested locations along the loe of the northern embankment {CBH
20, CBH24, CBH25, CBHOODT, CBHOO11, CBHOO015) reporied in a GHD Memorandum (May
2011). This memarandum also concluded that no evidence of a significant decanl seepage
companant in groundwater at the loe of the northern embankment was identified.

2.2 Data review

The data for existing boreholes and monitaring that has been reviewed as part of this
assessment considered relevant to the assessment of elevated groundwater pressures and
planning for their management is outlined in Table 2. Plans showing historic investigation
locations are included in Appendix A,
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Table 2 Summary of reviewed borehole data

Groundwater levels October 2014 Field data, GHD
October 2014

Morthern embankment monitoring network (data
for 19 monitoring points) as part of the RMA
annual inspection. Includes monitoring locations
an the embankment and at the toe, but excludes
all downstream locations except for 580-BH-2003,
580-BH-2007 and 580-MB-2004. Excludes
erroneous dafa suspected for three vibrating wire
piezometers (refer section 2.1.1)

Groundwater monitoring network 2006 to 2014 RMA quarterly
monitoring report, GHD

Marth bankment bankment crest,
orthern embankment area (embankmen July 2014

toe, downstream area) (39 monitaring poinis,
approximately 10 of unknown operational status),
Aldoga property (off-site) to the north of the
northern boundary of the RMA (5 manitoring
points, operational status unknown) for
background and compliance monitoring, RMA
background monitoring bores to south east and
south west of embankment (4 monitoring points,
operational status not known)

Groundwater quality 2001 to 2011 RIWA Stage 2
hydrogeological
investigation interpretive
report, GHD May 2012

Marthern embankment groundwater monitoring
network. Data for selected monitoring bores with
discontinuous records, includes field parameters,
major ions, alkalinity, dissolved metals,
Interpretation of major ion chemistry far
groundwater samples collected in 2011 indicated
sodium-potassium-chloride type groundwater
downstream of the embankment toe (GHD May

2012)

Aguifer permeability fest resulls Results summarised in
2

Western end of northern embankment only: RMA Siage :

hydrogeological

13 standpipes at the toe and downstream of the Marech 2011 investigation factual

embankment, west of chainage MCQ1 850 report, GHD August

3 standpipes beneath embankment crest 2008 2011

(chainage MCO1 755 and 985), 1 standpipe at toe
{chainage MCS85)

3 standpipes at the embankment toe and 2 south 2003
of crest, west of chainage MC01 850

Hydraulic conductivity (K) values typically fall in
the order of 1 x 107" ta 1 x 107 m/s
predominantly for fractured weathered bedrock
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Data and descrption Data period Source

Geotechnical investigation boreholes and test pits 2000 fo 2011 RMA Stage 2

Northern embankment area. Historic investigation
locations predominantly located beneath and
downstream (southern areas) of the northern
embankment for geotechnical purposes

development
geotechnical
investigation factual
report, GHD August
2011

Selected geology ground model sections 2011 RMA Stage 2

Interpreted geclogical ground model sections
through the northern embankment area
(eastiwest and north/south trending) based on
borehole and test pit data. Sections indicate the

development
geotechnical
investigation interpretive
repart, GHD February
2012

subsurface of the eastern area downstream of the
embankment predominantly comprises alluvial
deposits underlain by fractured weathered
bedrock which is bounded by fissured clay to the

west

2.3

Data gaps

The following gaps have been identified and have been used to inform the development of the

SAP,

Operational status of monitoring bores

The operational status of the off-site groundwater monitoring bores located on the Aldoga
property is not currently known to GHD.

The operational stalus of RMA background groundwater monitoring bores located outside
of the area of the northern embankment (i.e, 580-BH-05, 580-MB-2005 and 580-BH-30 to
the east that could assist in delineating groundwalter pressures across the northern
embankment is not currently known to GHD.

The operational status of a number of moenitoring bores to the north of the northern
embankment toe is not known to GHD.

Current and historic groundwater level data for three of the vibrating wire piezometers
located on the crest of the northern embankment is considered erroneous. An action
plan has been drafted by GHD and detailed to RTAY for repairireplacement of faulty
instrumentation and/or monitoring bores as part of the Quarterly Integrity Inspection and
Monitoring reporting (GHD July 2014),

A large clay borrow pit has been excavated in the near vicinity of the four pairs of
monitoring bores (P11, Pi2, P13 and Pl4), installed within clay dominated materials and
underlying bedrock, localed downsiream of the toe at the western end of the
embankment. Some of these of these monitaring bores are currently inaccessible (Pi3)
and lheir operational status unknown. There is potential for the pit to influence the
groundwater levels at these monitoring locations however this cannot currently be
confirmed as there are no recent data for these monitaring bores.
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Groundwater levels/pressures

. Whilst the current monitoring network in the eastern half of the northern embankment
includes four monitoring bores downstream of the foe (5B0-MB-2004, 580-BH-2003, 580-
BH-2008 and 580-BH-2007), there is no on site monitoring in the area to the north and
east of 580-BH-2003 and 580-BH-2007 until the site boundary at 580-MB-2004. There
are considered currently insufficient groundwater monitoring pointsfinvestigation locations
throughout the eastern half of the narthern embankment downstream area in the vicinity
{i.e. up gradient and down gradient) of the dead vegetation and the salt scalds/seepages
identified to:

— delineate groundwater pressures for development of groundwater contours and
interpretation of flow directions in this area

~ ta confirm the direction of groundwater flow (i.e. upwards ar downwards) between the
fractured bedrock and averlying alluvial deposits, as there are no paired maonitaring
bores currently monitoring this strata in this area

~ to confirm the predominant groundwater flow pathway(s) (i.e. whether alluvial deposits
and/or fractured bedrock) in this area

. Groundwater levels can be maonitored just inside the northern boundary of the RIMA site
down gradient of the northern embankment at standpipe piezometers 580-MB-2001 and
580-MB-2004 however the monitoring is located at the western and eastern ends of the
embankment area respectively. There is currently no monitoring therefore to confirm
shallow groundwater levels in the central part of the site boundary or in the vicinity of tha
up gradient edge of the dead vegetation.

. The most recent groundwater level data collected for a discrete time period from the
northermn embankment monitoring netwark were collected in October 2014 as part of the
RMA annual inspection. The dataset does not therefore include any of the off-site bores,
monitoring bores located downstream of the embankment toe with the exception of 530-
BH-2003, 580-BH-2007 and 580-MB-2004 or monitoring bores outside of the northern
embankment area to the east and west. The October 2014 dataset is not therefore
cansidered sufficient to develop groundwater contours or to interpret groundwater flow
directions for the northern embankment area. Prior to October 2014, groundwater level
contour development and flow direction interpretation was prepared for 2011 groundwater
level data (GHD May 2012).

Aquifer permeability

. Mo aguifer permeability testing (slug testing) has previously been conducted in the
standpipes located downstream of the embankment toe in the vicinity of the central or
eastern areas of the nartherm embankment.

Toe drain, drainage blanket and connection to foundation

. A seepage area has been observed by RTAY at the embankment toe to east of the
nearest monitoring bores (CBHO003 and CEHO004) where monitoring data indicate that
the drainage blanket remains dry. There are currently no monitoring bores or previous
shallow invesligation locafions in the vicinity of this seepage area to assess groundwater
pressures, relationship between groundwater fevels in the foundation and the drainage
blanket, groundwater gradients or polential pathways.

. Mo data have been identified for monitoring the response of groundwater levels in the
foundation beneath the drainage blanket and within the drainage blanket for a known
period of continuous pumping of the current toe drain sumps. Based on the available
data an estimate of the extent of the cone of depression in the drainage blanket and
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underlying foundation in relation to extraction of water from the toe drain sump cannot be
made nor an assessment of the response of this extraction on groundwater levels
bkeneath and in the downstream area of the embankment.

Water quality

s Investigations conducted in 2008, 2011 and 2013 (refer Section 2.1.4, 2.1.5and 2.1.7}
which involved the sampling of selected monitoring locations {groundwater and/or surface
water) at the loe and downstream of the toe of the northern embankment did not find
evidence of decant in groundwater or surface waier, Groundwater beneath the crest of
the northern embankment (i.e. up gradient of previously sampled locations for decant in
groundwater) has nol howevar, previously bean analysed for evidence of the presence or
absence of decant.

2.4 Data analysis

October 2014 groundwater equivalent depths to groundwater in relation to ground surface
{based on survey for the monitoring bores) are shown on Figure 3 of Appendix B and the
elevations and interpreted groundwater level contours for the embankment foundation bedrock
and downstream bedrock shown on Figure 4 of Appendix B . The plan and invert elevation of
the toe drain collection pipe for the 2011 capacity increase design (GHD drawing 41-23944-
C013) is also shown,

Interpretation of the groundwater elevations for October 2014 (Figure 4 Appendix B) indicates
that groundwater flow in the bedrock is predominantly towards the north east and north west,
i.e. inward towards the valley floor, and thal groundwater flow beneath the central part of the
embankment is towards the north, Al the western end of the northern embankment the in the
vicinity of monitoring bores CH 9504, CBH19 and CBH17 a relatively steep hydraulic gradient is
interpreted across the embankment to the toe in comparizon to the northern embankment area
as a whole. This suggests a region of lower transmissivity in this area either by virtue of a
thinner aquifer and/or an area of lower hydraulic conductivity, Overall, the interpreted
groundwater flow directions for the October 2014 data are cansistent with those reported far
2011 water level data, in the Hydrogeological investigation for Yarwun, RMA Stage 2
development interpretive report (GHD May 2012).

The groundwater elevations for the central area of the northaern embankment (CH585 series and
CHY20 series bores) indicate an upward gradient betwseen the foundation bedrock and the
averlying drainage blanket, upstream of the 2012/2013 downstream drainage blanket extension.
The groundwater levels in the foundation and drainage blanket for the CH720 bores (around

59 m AHD) are up la around 1 m above the as built survey RL for the top of the drainage
blanket (58.072 m RL, as built survey dated 20 April 2012 provided to GHD by RTAY) of the
201272013 downstream drainage blanket extension. Given the groundwater elevation at the
adjacent monitaring points to the sast and west is also around 58 to 58 m AHD the drainage
blanket in the central are of the northern embankment is indicated to be more than fully
saturated and hence under pressure. The October 2014 groundwater elevations in this area are
cansistent with historic data collected since completion of the 2012/2013 drainage blanket
extension (refer to the time series charts included in Appendix B, reported in the RMA 2014
Annual Dam Safety Inspection report, GHD Movember 2014),

Comparison of the interpreted groundwater elevation contours to the loe drain collection pipe
invert indicates the drainage blanket currently holds water betwaen around chainage MC01 420
in the east to MCO1 1080 in the wesl,

GHD | Report for Ria Tinto Aluminium Yarven - Detailing of Groundwater Managemont Acllons, 41/2B8823 | 13



Groundwater elevation contours cannat be developed for much of the downstream area of the
narthern embankment due to the limited extent of the October 2014 dataset. Where data are
available the following is indicated:

. At the western end of the northern embankment comparison of the interpreted elevatian
contaurs {Figure 4) to ground surface and depths to water (Figure 3, Appendix B)
downstream of the toe and drainage blanket indicate groundwater levels typically within
around 2 m below ground surface. At the western end upstream of the drainage blanket
collection pipe these data indicate an area of artesian foundation bedrock groundwaler
pressures in the vicinity of CBH18 (water pressure of araund 1.7 m above ground
surface). The October 2014 groundwater elevations in this area are consistent with
historic data collected since completion of the 2012/2013 drainage blanket extension
{refer to the time series charts included in Appendix B).

® At the eastern end of the northern embankment within the downstream area of the toe
comparison of the interpreted elevation contours (Figure 3, Appendix B) to ground
surface and depths to water (Figure 4, Appendix B) indicate a piszometric surface
between around 2 and 4 m below ground surface,
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Sampling and Analysis Plan

The SAP is dasigned to obtain additional data in order to develop a better understanding of the
spatial extent of groundwater mounding and determine the likely cause. From there, options for
reducing the pressurisation and subseguent issues can be develaped.

To develop a concept design for management of pressurised groundwater, including assessing
the potential extent of saline intrusion (soil, water and groundwater) at the site, a baseline
Sampling and Analysis Plan (SAP) has been prepared. The SAP may be altered slightly during
the site inspection, scresning (i.e. geophysical), borehole and test pil investigation works. This
includes where salinity/contaminant indicators, subsurface conditions and groundwater depths
are obssrved that may indicate the need for greater or lesser sampling or a requirement for
additional monitoring |ocations (e.g. vertical groundwater gradients, confining lavers). Itis
expected groundwater sampling will extend lo greater depths than what is required for
assessment of locations for salinity and suitability for implementing remedial actions and
managemenl {i.e. inception trench), with a number of the sampling locatians having both
geological, soil assessment and groundwater analysis undertaken at the same location.

Fatential scil salinity, surface and groundwater quality is proposed to be broadly characterised
using insitu sampling and laboratory analysis to determine current conditions and future
remedial or management oplions with groundwater physical properties being evaluated from
installed boreholes and physical testing (slug tests).

The use of geophysical screening of the near surface is also proposed to be completed to
provide a broad means of evaluating the near surface extent of salinity across the area of
interest,

3.1 Objectives of the SAP

The objective of the SAP is to collect sufficient data to;

. Characterise the hydrogeclogical regime of the northern embankment area for the
development of managemeant options for alleviating groundwater pressures in the east of
the northern embankment area and off-site downstream of the RMA site boundary

. Investigate the occurrence of low pH water in the firewater dam (FD2) and GW1
(FD1)dam

The data obtained will be used lo delineate the extent of groundwater pressurisation, lo develap
a conceptual hydrogeclogical model and to support the investigation and development of
concept dasign options for management of the groundwater pressurisation. Information
obtained during this investigation may also provide data for the integration of groundwater,
slarmwater and other management initiatives of RMA operations.

3.2 SAP outline

This SAP includes the following:

RAA

s Inspection and assessmenl of serviceabilily of existing (on site) groundwater bores
localed downgradiant of the embankment and nearby monitoring bores located to the
east, south east and south west of the northern embankment

& Monitoring of existing and proposed groundwater monitoring points within and in the near

vicinity of the Northern embankment
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& Installation of groundwater bores and excavation of test pits, detailed field observations,
sample collection, permeability testing, logging of the geological profile

. Installation of a groundwater bore immediately upgradient of the fire water dam

& Collection of representative =oil, surface and groundwater samples for characterisation
and chemical analysis

® Documentation of field observations to evaluate trends and changes over time

North of the RMA (Aldoga)

. Inspection and assessment of serviceability of existing (off site) groundwater bores (5
locations)

® Manitoring of existing and proposed off site groundwater maonitoring paints

. Selection of suitable sampling site in Larcom creek upstream and downstream of the

RMA discharge and overland llow path

. Fonded areas within former creek channel immediately north of RMA boundary at sites
previously sampled by RTAY

. Installation of groundwater bores and excavation of lest pits, detailed field observations,
sample collection, permeahility testing, logging of the geological profile

. Collection of representative soil, surface and groundwater samples for characterisation
and chemical analysis

3.3 Legisiative compliance

The SAP has been prepared based on the following legislation, guidelines and standards, which
are considerad the most relevant to this project;

Legislation

® The EP Act, 1994,

. EA Permit Mumber SPDED4134712

Australian Standards

s AS4482.1.2005 Guide to the Sampling and |nvestigation of Potentially Contaminated Soil
— Mon-volatile and Semi-volatile Compounds

. AS BE6T.1:1908 Water Quality = Sampling Part 1; Guidance on the Design of Sampling
Programs, Sampling Technigues and the Preservation and Handling of Samples

L] Standards Australia ASINZ, Australian™ew Zealand Standard 1998, AS 5667.11:1998
Water Quality — Sampling Part 11: Guidance on Sampling of Groundwater

. AS1726-1990 Geotechnical Site Investigation

Guidelines for water quality and sampling

. Australian and New Zealand Environment and Conservation CouncilfAgriculture and
Resource Management Council of Australia and New Zealand (ANZECC/ARMCANZ)
2000. Australian and New Zealand Guidelines for Fresh and Marine Water Quality

s Department of Environment Resource Management (2009). Monitoring and Sampling
Manual 2009 Version 2
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Guidelines for groundwater weli installation

] Mational Uniform Drillers Licensing Committee, 2012, Minimum Construction
Reguirements for Waler Bores in Australia, Edition 3

3.4 Assessment criteria

The proposed approach to assessment of the data collected by the SAF is to review the
collected data with regard to the current site conditions and against available historic data.
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SAP - Site assessment program and
methodology

4.1 Site assessment program development

The soil salinity, surface water and shallow groundwater investigations are proposed to be
undertaken concurrently. The following has been taken into consideration in the development of
the site assessment program:

. Information cbtained from previous site inspections and identification of areas of concern
s Review of documents and data, data gaps identified from review of documents
. Geology and hydrogeology of the site

. Location of potential sources of surface expression of groundwater (seepage), migratory
pathways and expected distribution of elevated groundwater

® Evaluation of potential management options for elevated groundwater pressures

4.2 Monitoring, sampling and investigation locations

This section summarises the proposed monitoring, sampling and investigation locations and
rationale for their selection.

Figure 5 in Appendix D shows the approximate logations of the existing groundwater maonitoring
locations and the proposed boreholes and test pits included in the SAP. As parl of a separale
scope of work to this SAP, RTAY is in the process of replacing a number of Marthem
Embankment crest VWFs with standpipes and these locations are shown on Figure 6 in
Appendix D. The table in Appendix D provides the rationale for the selection of each location.

Table 3 summarises the types of testing and sampling in each area (RMA and off-site
downstream of the RMA).

Table 3 Summary of monitoring, sampling and investigation locations

Monitoring/investigation | Location Monitoring/testing regime

type

Surface water Larcom Creek Water quality (upstream and downstream of
confluence with Aldoga)

Firewater dam Waler quality

(FD2)

RMA-GW1 dam Water quality

(FD1)

Ponded water Water quality at surface seepage paints,
(UGFD1various)) channel leading to Firewater Dam, within and

downstream of off-site dead
vegetation/impacted area

RiA and off-site Inspection of selected bores to confirm
downstream suitabllity for manitoring
{Aldoga)

Groundwater levels and quality
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Monitoring/investigation | Location Monitoringftesting regime

lype

Agquifer permeability testing

Groundwater - existing  BMA and off-site Soil sampling for salinity analysis

bores dow i [ i
nstream Geological and geotechnical logging

(Aldoga)
Groundwater levels and quality
Aguifer permeability testing
Groundwater - RMA and off-site In near surface deposits - groundwater inflow
proposed bores dawnstream estimates, identification water bearing and
{Aldoga) confining horizons
Geological and geotechnical logging
Soll sampling for salinity analysis and grading
Froposed test pits RMA site and In areas previously not investioated in geotech
Aldoga site investigations, near surface deposiis, wet and
seepage zones, dead vegetation and ponded
areas -

Geological and geatechnical logging

Soil sampling for salinity analysis and grading

4.2.1 Rational for monitoring bore locations

RMA and Aldoga property

Proposed new monitaring bore Iocations were selected based on data required to assess the
groundwater pressurisation and in consideration of the locations of the dead vegetation and
seepages observed, the existing infrastructure and the current monitoring network at the RMA
site. Exisling groundwater manitoring paoints for the Morthern Embankment are also included in
the SAP. The existing monitoring network lies to the north, east and west of the northern
embankment. Some of the existing monitoring bores will require inspection for their
serviceability prior lo inclusion. IT any of the existing monitaring bores are not considered io be
operational but are considered essential to the monitaring program, replacement of the bore
may be required.

The groundwaler monitoring locations were selected to:

L Support spatial assessment of the groundwater regime and aguifer permeability at the
eastern end of the downstream area (on site and off site) of the northern embankment
and passible influence of the RMA tailings on groundwater

. Provide additional monitoring points to better delineate groundwaler levels and flows
across the northern embankment area as a whole

. Assess the feasibility of the potential management option of pressure relief bores at the
eastern end of the embankment

- Assess the potential influence of the Aldoga creek line intersecting the RMA site
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. Enable monitaring of groundwater quality in order to identify facies (water types), possible
preferential groundwater flow pathways and potential discharge areas to ground surface
as seepags

Onice the embankment VWP replacement standpipes have been commissioned they will form
part of the on-going monitering network, specifically for the assessment of any decant leakage
from the RMA beneath and/or through the northern embankment and to confirm water levels
beneath and within the embankment.

Fire water dam
The groundwater monitoring location was selectad to:

. Asses groundwater levels and quality up gradient of the firewater dam (being a potential
source of water supply to the dam) to assist in the investigation of the low pH water in the
fire water dam.

4.2.2 Rational for test pit locations

RMA and Aldoga propeity
Test pits have been located to:

. Assess the near surface geological and hydrogeological regime across the eastern half of
the northern embankment area in areas up gradient of, within and down gradient of the
ohserved areas of salt scalding and surface expression of groundwaler

s Assess shallow sub-surface characteristics {geotechnical and hydrogeoclogical) in the
central part of the downstream area {(on-site) and at the northern boundary of the RMA
site to assist with evaluation of an interception trench as a potential management option

. Enable collection of soil samples across the eastern downstream area of the northemn
embankment to assess the soil salinity profile in areas up gradient of, within and down
gradient of the observed areas of salt scalding and surface expression of groundwater

4.2.3 Rational for surface water sampling locations

RMA and Aldoga property
Surface water sampling locations have been selected to:

. Be consistent with the two locations sampled by RTAY (drainage channel and swamp) as
part of the Investigation of dead vegetalion north of the RTA Yarwun RMA (RTAY,
October 2014}

. Confirm quality of receiving surface water In Larcam Creek, upstream and downstream of
the confluence wilth Aldoga Creek for comparisan to other surface water samples
collected

e Confirm quality of water (if present) in Aldoga Creek upstream and downstream of the

arza of dead vegetalion

Fire water dam

To assist in the investigation of the low pH water in the fire water dam, surface water sampling
Ioeations have been selected for the fire water dam (FD2), the RMA-GW 1 dam (FD1) and any
panded water in the channel leading o the dams {USFD1).
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4.3 Investigation approach and sampling

4.3.1 Contractor requirements

A licensed (Queensland registered) drilling contractor must be subcontracted to undertake the
drilling and installation of bores, under the supervision of a geclogist’hydrogeologist. Test pits
must also be undertaken by a licenced heavy plant operator and excavated using an excavator
suitable to be able to achieve penetration up to 5 m below ground and into weathered rock. Test
pit excavation must also be completed under the supervision of a geclogist/hydrogealogist or
environmental engineer.

Drilfing method

The drilling contractor selected should, consider to allow the adoption of a number of drilling
methods, including triple tube core (i.e. sonic), rotary hammer etc. at the site (the driller should
have available a number of techniques at his disposal). The use of a sonic head is considered
to pravide a number of benefits for drilling, casing off and isolating as well as obtaining samples
through the profile within the embankments and within the alluvium and upper weathered
sediments. Where possible, by sonic or other methods, it should allow continuous core
sampling to be completed that will provide relatively undisturbed borehole samples that can be
extracted from the drilled profile, Censideration should also be made of the core integrity with
regard to the various methods adopted to allow various |levels of interpretation/ accurate
recording of the profile, where required.

As Gladstone, Meta-sediments have often been identified as being problematic to drill and core,
and any estimate of drilling rates should consider the fractured nature of the bedrock and that
with nested wells, coring of the adjacent bore may not be required. Depending on the location,
access and drill pad construction may also be required to be undertaken prior to establishment.
Where a deep and a shallow bore are proposed at one location, the deep barehole should be
drilled first in order to plan the required depth and standpipe construction details for the shallow
bore,

Field observation records

Observations of seepage and surface expression (sall scalds/affected vegetation) should be
collated into an inventory, to enable evaluation of trends and changes in the future. The
following records should be kept and updated as per any angoing monitaring:

. Type of observation {e.g. salt scald, damp area, surface ponding, affected vegetation)
. Location identilier

. GPS of the location

. Photograph of the observation, including maintaining the same orientation aver time
. Date and fime of the chsarvation

. Estimate the area of impact

. Mote any iron staining, precipitation, films etc.

. Electronic recards in an excel sheet or similar

Surveying of key impacted areas

Surveying the extents of stressed vegetation, ponded areas, overland flow paths and significant
seepage and surface expression should also be undertaken with each area given an identifier
and central location, to enable quantitative evaluation of changes over time. The survey data
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may be limited to hand held GPS and “tracks" taken of perimeters along with photo surveys
taken from the same point in M,5,E and W directions.

4.3.2 Inspections of existing monitoring bores

All existing monitoring bores are to be inspected and assessed for suitability for on-going
manitoring. For all existing bores the following must be investigated and noted:

. Positively identify the bore and GPS the location

L Inspect the casing and manument for integrity
e Gauge the base of the bore with a dipper and record the water level
. Undertake repairs if required, including installing protection markers

4.3.3 Soil sampling

While the boreholes are being drilled and test pits excavated it is considered prudent to take sail
samples for analysis to profile soil salinity. Salinity sampling through the scil profile, particularly
in areas where groundwater has not been encountered at shallow depths, may provide an
indication if lateral migration is cceurring from other areas,

For boreholes and test pits located in salt scaled areas sampling of the soil will be undertaken
throughout the profile and submitted for laboratory testing. Sampling of boreholes and test pits
will be executed as follows.

L] Soil samples will be collected at the ground surface, at near surface (i.e. between Om
and 0,25 m), at 0.5 m, at 1.0 m and then every subsequent metre depending on ground
condifions intercepted and any salinity indicators identified,

s Up to three soil samples may be submitted for chemical analysis from each of the
exploratory boreholes and test pit locations. In key areas where seepage and scalding is
identified, soil samples will be analysed for salinity parameters with an average of one soil
sample per sampling location. Other samples will be kept on hold at the laboratory if
additional analysis is required based on results,

4.3.4 Installation and development of groundwater bores

An appropriately qualified and Queensland licenced driller must be subcontracted to undertake
the installation of groundwater monitoring bores. The drilling and installation must be supervised
by a geologist'hydrogeologist. All monitoring bores are to be installed in accordance with the
Mational Uniform Drillers Licensing Council (MUDLC) Minimum Construction Requirement for
Waler Bores in Australia, 2012,

Monitoring bore design

Borehole depth may vary to the proposed target depth, depending upan observations made
during drilling and logging. The supervising gealogist/hydrogeologist is to determine the final
termination depth based on the geotechnical logging of the hole. Termination of the borehole
will occur when sufficient data has been gathered from the profile (i.e. target formation reached,
groundwater intercepted etc.). The proposed depth and required information from each
investigation lacation is detailed in the SAP table, Appendix D,

Appendix C provides a general specification and a standard drawing for the installation and
design of a monitaring bore and does not take into account site-specific hydrogeological
conditions or drilling method adopted. Bore installation supervision and final design are to be
completed by a site Hydrogeologist after an assessment of sub-surface conditions and
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hydrogeological characteristic are known, therefore maodifications to the standard design may be
required.

Drilling and installation

The following approach to drilling and groundwater bore installation is required and must be
read in conjunction with the supplementary information provided in Appendix C:

. Accurate records must be kept of lithology, termination depth, intersectad groundwater,
indications of seepage/saline intrusion, and depth of any soil samples taken. The lithology
will be logged in accordance with the Unified Soil Classification System (USCS).

. The borehole will be drilled with a minimum diameter of 1680 mm (to provide sufficient
clearance for placement and thickness of filler pack).

. The bores will be constructed with thread-jointed, Class 18, 50 mm 1D uPVC acid washed
casing. A 1.0 m to 3.0 m machine-slotted, 0.4 mm-aperture screened section is to be
placed at the bottom of the bore/placed to screen the strata to be monitored.

. The screened section of the casing will be positioned between 5 and 10 m below the
water table (allowing for seasonal groundwater level fluctuation). The bore should target
shallow graundwater that is generally intersected up to 15 m below ground level.

. Prior to installation of the standpipe ensure that the depth to the top of the screen will be
a minimum of 4 m below ground surface, i.e, sufficient to allow for a minimum of 2 m
thickness of bentonite cement grout from ground surface to ensure good seal.

. The bore annulus will be backfilled with washed and graded filter pack (2 mm silica sand)
to between 0.5 and 1.0 m above the screened interval. A minimum 1.0 m bentonite seal
{*1/4 inch" coated bentonite pellets) will be placed on top of the filter pack. The bentonite
pellets will require a minimum of 0.5 hours to hydrate priar to grouting of the bore. The
remainder of the bore annulus will be sealed to ground surface with a bentonite-cement
grout (made with 3 to 5% bentanite pawder).

- GPS the location of the bore. A mark will be made at the top of the casing sticking up
above ground level to indicate where water level and survey measurements are to be
taken fram. The bores will require later differantial survey with a vertical accuracy to +/-
1.0 mm,

s Where nested bores are required targeting two depths (i.e. to evaluate vertical
graundwater gradients), individual boreholes will be drilled adjacent to sach other (with
approximataly 3 m separation).

. Bores will be completed at the surface with stick-up PYC manuments using a PVC push
on cap, bedded in concrete. The internal bore casing will be fitted with a push on plastic
top cap or J-plug / torque plug. All bores will have high visibility marker post installed (2.0
m in height} adjacent to the bore, Bore identifier details altached to a label will be affixed
ta the bore monument.

Bore development

The bores are to be developed prior to monitoring te remove borehole smear and formation
fines present in the filter pack surrounding the screen. Development shauld be via airlifting until
for a minimum of one hour and until less than 1 cm” of fines are prasent in 10 litres of water
removed from the bore,. If a bore is slow to recharge, the most effective way to develop will be
to use Waterra tubing (high density poly ethylene. fitted with a faotvalve) with a surge block
allached. Development should be conducted no less than 24 hours after completion of grouting
to ensure that the cement has set.
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Monitoring equipment installation (option)

Selected groundwater monitoring bores (approximately 10 existing and new bores)
recommended to be fitted with a Solinst M30 water level logger suspended with a Kevlar or
similar cable to at least 2 m below the predicted lowest water level fluctuation. A single Salinst
Barra-logger is also required to be deployed in one of the monitoring bores in the middle of the
site.

The loggers will be set to recard once per day. All the loggers should be set to record at the
same lime each day. Following the installation of the logger the date, time and SWL should be
recorded. Where loggers are located in close proximity to the toe drain sumps, the recording
interval may be shortened to evaluate the respanse to pumping in the bores.

When purchasing the loggers, additional equipment that should be supplied includes connection
cables, software programs, calibration cerificates and a manual for their operation,

Selected groundwater monitoring bores (existing and new) can be fitted with a 25 mm diameter
dedicated "Waterra" sampling hose fitted with a footvalve for sampling. For one off sampling,
disposable bailers andfor a 12 v submersible pump may be used, with any logging equipment
removed beforehand.

Groundwater disposal

Groundwater extracted during the development and purging process will be managed and
disposed of on-site in accordance with RTAY requirements as required. Groundwater left over
from the purging, development and sampling of the groundwater bores will be at this stage,
discharged to ground. If required, this water will be collected and stored in drums on-site, and
depending on quality, may be |ater discharged to ground or the RMA (with RTAY appropriate
approval). If required, off-site disposal of the waste water may have to be arranged.,

4.3.5 Groundwater sampling

Existing bores, after inspection and confirmation of their suitability, are to be included in the
rmonitoring program for quality andfor water level data.

Groundwater sampling will be undertaken using the following methodology:

. Groundwater sampling will not take place prior to stabilisation of the walter level post-bore
development.

. One groundwater sample round will be initially undertaken for the SAP.

. Prior ta sampling, the bore will be gauged to determine depth of bore and groundwater
level utilising an electronic probe. Monument stick-up and datum to ground will also be
recorded, Where required, resurvey of the bores will be also undertaken.

. All bores will be purged dry, at least twice, using the dedicated sampling equipment
(waterra or bailer) at a rate of approximately 1.5 Limin. Field water guality paramelers
{dissolved oxygen (DO}, pH, oxidation/reduction potential (Eh), electrical conductivity
{EC) and temperature) will be recorded during the purging process, to assess water
quality ahd to ensure the bore has been adequately purged. A flow cell should be ufilised
to minimise oxidation during sampling.

. Samples are to be collected at a flow rate of approximately 0.5 Limin, filtered to <0.45 ym
{metals only), placed in laboratory-supplied containers wilh preservalives appropriate lo
the required analytes and cooled on ice for storage and transport to the analytical
laboratories.
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= Groundwater samples will be collected, preserved and stored in accordance with the
DERM Sampling Guidelines and laboratory requirements for the analysis requested.

. sample documentation, including chain of custody documentation, sample receipt
information, certified analytical results and laboratory quality control documentation are to
be included in the deliverables schedule (see Section 7).

. Decontamination of sampling equipment will be undertaken prior to and between each
sampling event. The decontamination process will consist of thoroughly cleaning the
equipmeant in a phosphate free detergent solution, followed by two rinses in potable
water. To camply with guideline protocols, pH, EC, DO and temperature will be
determined by field measurements using & calibrated partable field meter (i.e, TPS FLMV
=

4.3.6 Permeability testing

Borehole permeability {esting is proposed to provide information on the hydraulic conductivity of
the aquifer for proposed conceptual groundwater modelling,

Designated bores will be selected for permeability testing (one rising and one falling head test)
using a solid slug or pneumatic slug to displace the water and a solinst level logger to record the
test data. The data should show adequate displacement of the water column followed by a
consistent recovery curve. Slug testing and recording of levels shall be undertaken until at least
90% recovery of aquifer to pre-testing levels occurs. If not, the test should be repeated.

Testing is to be completed posi- development when water levels have stabilised, prior to
sampling, or after sufficient time since sampling has occurred allowing for water level
stabilisation to occur, Preferably, using a suitable software package, aguifer permeabhility's shall
be determined and provided along with water levels, to allow an estimation of flow to be
determined.

4.3.7 Test pits

Test pits are required o provide geolegical, gectechnical and hydrogeological information as
well as a visual indication of possible groundwater inflows, confining layers and indicators of
seapade, including rates of ingress and groundwater depth.

Accurate geolechnical logging and comments relating to trench stability and construction issues
should be recorded to provide information for future design of groundwater pressure relief
management options and provide contractors with relevant information.

The depths of test pits may vary from the proposed depth depending upon observations made
during excavation. The supervising geolagist/hydrogeologist is to determine the final termination
depih based on geotechnical logging of the test pit. Termination of the tesl pil will occur when
sufficient data has been gathered from the profile (i.e. target formation reached, groundwater
intercepted etc.). The proposed depth and reguired information from each Investigation location
is detailed in the SAP table, Appendix D.

Where seepage is apparent into an excavation principally from a conductive layer, a field
estimate of inflow rates is to be undertaken along with water level data. Where it can be
undertaken safely and a representative sample can be obtained, water ingress is to be sampled
and assessed for field physical parameters (pH, DO, redox, conductivity, temperature, salinity)
and if required, for later labaratory analysis,

General

The Contractor shall excavate test pits vertically to a depth of 4 m (or refusal in hard weathered
rack}), unless atherwise instructed.
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Material excavated from test pits shall be safely stockpiled in the order of excavation adjacent to
the pits, i.e. each type of material shall be stored in different stockpiles. For excavations on
sloping ground the material shall be properly protected in such a manner that it daes not fall or
wash downhill or in any way enter surface water drainage systems, prior to reinstatement. The
Contractar shall alzo take all necessary measures to prevent the ingress of surface water into
lhe excavations. Each soil stockpile shall be reinstated into the test pit in the order that it was
excavated, and compacted to a similar density to that of insitu material.

Logging and photography of each test pit shall not be carried out until the termination depth has
been achieved.

Test pitting, logging and sampling

Test pits shall be to 4.0 m deep or refusal and have |ateral dimensions to suit the space at the
pit location (neminally 1.0 m wide by 2.0 m long). The excavator used must also have a variety
of buckets/ground breaking tools to suit the excavation of soft soils to competent bedrock.

The Contractor shall ensure that the excavations are kept free from surface water, whers
possible so that the base of each excavation shall be clearly visible during logging and taking
photographs.

Each test pit shall be logged and photographed using a reference board. Photographs shall be
taken such that shadows do not abstruct the view off the test pit walls and flaor. Each face and
the base shall be photographed. Each phatagraph shall identify the face of the excavation and
shall contain a natural scale {i.e. use of a tape measure or measuring staff to the base of the
test pit). These photos shall be included in the Field Work Report submitted. During test pit
excavations records of the variability of strata in faces, stabilily of tesl pit faces (any collapses,
sloughing/fretting, undercutting), ease of excavation (subjective — very easy, easy, difficult, hard,
as well as recording how much time each strata takes to excavate), type of harizons (shape and
dimensions) and records of the type of machine used to excavate the pil and the type and width
of bucket used (e.g. 600 mm wide toathed bucket) should be taken and reported on the
associated test pit log. In addition, measuremeants of the height of spoil {above or below existing
ground level} an completion of backfilling of the test pits should also be recorded and reported
on test pit logs. It will also be expected that the lugs shall identify/differentiate between main soil
groups (e.g. fill, alluvium, residual scils) and rock types and their associated stratigraphy.

One small bag of disturbed sample shall be taken in all test pits at surface (between 0.0 m and
0.25m), at 0.5 m, at 1.0 m and then at subsequent 1,0 m intervals to the base of the test pit or
at every major changs in lithology, The disturbed samples shall be representative of the
composition of the soil exposed and sufficient material (approximately 500 g) shall be taken to
fill the sample bags. Each sample is to be placed inta an aifight snap lock plastic bag and shall
be labelled with the test pit 1D and the depth at which the sample was taken.

Backfilling and reinstatement

Test pits shall be backfilled as soon as practical possible after sampling and logging, in the
order of excavation. The material used to backfill test pits shall be compacted until original
ground level is restored. The ground surface shall be restored to its condition prier to the
excavation. Any excess spoil will be required to compacted and placed within the pit dimensions
and a record of the height above original ground level should be measured and recorded on the
test pit logs.

4.4 Fieldwork preparation

Prior to the commencement of works on site, as a minimum the following tasks are to be
completed, {including any additional RTAY requirements):
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= Preparation of Job Safety and Environment Assessment (JSEA). This will identify
foreseeable hazards associated with site works, and address control measures to be
adopted to minimise/eliminate the hazard.

«  Obtaining relevant site approvals (including on adjacent land), complete inductions and
training as required, to undertake the works.

s |dentify vehicle and walking access tracks to the investigation locations, considering
that the monitoring points will be routinely visited. Undertake ground improvements,
where required to facilitate improved access, considering wet weather conditions.

* Assessment of underground services, utilising Dial Before You Dig, sile plans, survey
data and information supplied by RTAY.

= Engaging a professional services locator to identify potential sampling locations;

s  (On-ground marking of the menitoring bore and test pit locations (paint and peg,
recording the site details),

= Marking on the ground the location of key services and exclusion zones. Ensure all field
personnel are aware of the services located at the site.

4.5 Laboratory analysis program

4.5.1 Analytical laboratory

RTAY will subcantract all primary laboratory analytical services fo their preferred National
Association of Testing Authorities (NATA) lab, Australian Laboratory Services (ALS). The
analysis of duplicate samples for quality control purposes will also be underiaken by ALS. As
the sampling parameters to be assessed are typical routine analysis and part of an initial
investigation, no secandary laboratory is considered to be required for analysis of split samples
(inter-laboratory duplicate samples). Duplicate samples will be analysed at a rate of one in
every ten primary samples.

Rinsate sampling has not been scheduled at this stage, but if required by RTAY, these can be
aliocated for each batch of samples submilted to the lab for analysis and will be analysed for
heavy metals/imetaloids. No trip blank samples are considered to be required due to the
expected absence of volatiles.

As with the scil samples, groundwater inter-laboratory samplas will be analysed at a rate of one
in every ten primary samples. As dedicated groundwater sampling equipment is proposed, no
rinsate blanks are proposed to be undertaken.

4.5.2 Soil sample analysis

Soil samples will be collected, preserved and stored in accordance with established protocols,
Table 4 lists the proposed analytical program for soil samples.
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Table 4 Laboratory analytical schedule for soll samples

Analysis parameter Frequency of testing
Physicochemical All surface and selected Samples should be in zip-lock
Electrical conductivity, pH (1:5 subsurface samples to be bags and positively identified
soil water) ' ’ analysed. with sampling location 1D and
depth of sample.
Deliver to laboratory the
following day post-sampling.
Major ions All surface and selected Samples should be in zip-lock
Soluble ions (Na, Mg, K, Ca subsurface samples to be bags and positively identified
SO, Gl Cation E.I‘xchsrmgl,e ' analysed. with sampling location 1D and
it ]
capacity (CEC), depth of sample.
Optional additional Suites. Surface and subsurface soll  Samples should be in zip-lock
Y LT o — samples to be analysed, bags and positively identilied
Exchangeable CEC : where soil health assessment  with sampling location 1D and
Exchangeable sodium percent s e teptivorsampis.
(ESP), SAR
Mote:

Pending initial laboratory results for soil investigation locations, additional analysis may be required if
furthar salinity delineation or if further soil characterisation Is reguired.

4.5.3 Surface water sample analysis

All surface waler samples will be submitted to the laboratory within required holding times and
scheduled for the analytes listed in Table 5.

Table 5 Laboratory analytical schedule for surface water samples

Analysis parameter Frequency of Traatment of sample

testing

Physicochemical All surface Samples to be collected in laboratory

water samples  supplied containers. Samples are lo be
chilled in the field and during transport to
laboratory.

Electrical conductivity, total

dissolved sclids, total

suspended solids, pH
Holding times for pH are 6 hours therefore it
is unfeasible to have samples delivered
within this holding time. Field pH should
always be taken to compare with the
laboratory results.

EC and TDS have holding times of 7 days

Major ions All surface Holding time is 7 days.

Na, Ma, K, Ca, S04, CI, water samples
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Analysis parameter Frequency of

testing

Treaiment of sample

carbonate and bicarbonate
{alkalinity), fluoride

All surface
waler samples

Metals/metalloids

Total and dissolved: Al, Ga, V,
Mo, As, Cd, Cr, Cu, Ph, Mi,

Zn, Mn

Metals/metalloids Additional
Speciated iron dissolved ?nalytas f;r the
(ferrous and ferric) rewater dam
Minor ions Additional

analytes for the

MNH4, NO3, NO2, PO4, total P,
firewater dam

Total M, Total arganic carbon

4.5.4 Groundwater sample analysis

Ferrous iron holding time is ¥ days

Holding time is 2 days for Nitrates, Nitrites.

All groundwater samples will be submitted to the laboratary within required holding times and

scheduied for the analytes listed in Table 6.
Table 6

Analysis parameter Frequency of

testing

Laboratory analytical schedule for groundwater samples

Treatment of sample

Physicochemical All groundwater

Electrical conductivity, total SAmpEs

dissolved solids, pH

Major ions

Ma, Mg, K, Ca, S0y, CI,
carbonate and bicarbonate
{alkalinity), fluoride

All groundwater
samples

Metals/metalloids All groundwater

Total and dissolved: Al, Ga, V, samples

Mo, As, Cd, Cr, Cu, Phb, Ni,
Zn, Mn

Samples lo be collected in laboratory
supplied cantainers,

Samples are to be chilled in the field and
during transport to laboratory.

Holding times for pH are 6 hours
therefore it is unfeasible to have samples
delivered within this holding time. Field
pH should always be taken to compare
with the laboratory results.

EC and TDS have holding times of 7 days

Holding time is 7 days.
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Metals/metalloids Fire water dam Ferrous iron holding time is 7 days

Dissolved spectated iran Rare

{ferrous and ferric)

4.6 Quality Control and Quality Assurance Procedures

4.6.1 Relevant Guidelines and Standards
A QA/QC program is to be implemented in general accordance with the DoE (1998), the NEPM
(2011) and the AS 4482 .1-2005.

4.6.2 Sample Quality Control and Assurance

Quality Control Sampling

These are samples additional to those taken from marked sampling paints to indicate the quality
of the sampling program. This will include, but not be limited to:

. Collection and testing of blind duplicate samples (one duplicate for every 10 samples).
Blind dupilicate and split groundwater samples will be analysed for the key analytes only,

Collection and testing of inter-laboratory (or split) duplicate samples, rinsate samples; and
laboratory supplied field (irip) blanks is not proposed as part of this assessment.

Sample Handling and Preservation

Samples will ba collected in pre-cleaned laboratory supplied bottles and jars with Teflon lined
lids using a new pair of Nitrile disposable gloves for each sample.

Samples will be placed immediately in chilled eskies upon collection. Samples will be
dispatched to the designated laboratories on a one to two day basis to ensure that all samples
remain chilled and analysis is completed within designated holding times.

All sample consignments will be accompanied by appropriately completed chain of custody
documentation

Decontamination Protocols

Decontamination protocols cansistent with the methods recommended by the AS4482 1-2005
will be complied with throughout the soil and groundwater sampling program to reduce the risk
of cross contamination between samples and sample locations.

All relevant sampling equipment where required, will be decontaminated between samples and
sample locations using a phosphate free detergent (g.3. "Decon 30') and final rinse with
deionised water., Tubing and disposable bailers used for sampling groundwater will be
dedicated for each well,

Chain of Custody

This is the process which details the links in the transfer of samples between the time of
collection and arrival at the laboratory, Sample custody procedures provide a system for
documentation of all information related to sample collection and handling to achieve the
objectives.
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Field data sheets and chain of custody forms will be used as the primary documentation lo
ensure that relevant information for each sample is properly recarded. All chain of custody
forms shall be included in the final report.

Calibration of Field Instruments

All field instruments used will be calibrated and demonstrated to meet the calibration
spacifications prior to use. All calibration data (off site and an site calibration) shall be recorded
and included in final reporting,

4.7 Laboratory QA/QC procedures

Under their NATA certification, the laboratories are also required to undertake their own internal
QA/QC procedures including matrix spikes / recoveries, internal duplicates, contral blanks and
reagent blanks.

The results of the laboratory QAQC program will be required to be reviewed to make an
assessment of the validity of the analytical results and ensure that the labaratory QAQC
program meets the requirements of the NEPM (1922}, A Data Quality Report will be praduced
lo assess the site procedures and guality of the dala against pre-defined data quality objectives.
In accordance with the project brief, the laboratory data will be assessaed against the following
data guality objectives:

s Accuracy. demonsirated by laboratory spikes in the range of 75-125% recovery,

. Precision: demanstrated by internal laboratory duplicates and field splits and duplicates
with less than +/- 50% relative percentage difference (RPD);

® Method blanks less than the labaratory reporting limit, and
= A minimum completeness of greater than or equal to 95%.

Where these objectives are not met, an explanation will need to be provided as to the likely
cause of the data issue and where relevant, data-gualifiers will be included on the resuits tables
to indicate the nature of the non-conformance. Any non-conformances will also be required to
be investigated to ensure that potenfial causative factors are identified and remedied.
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SAP - Additional optional
investigations

5.1 Geophysics (terrestrial EM)

As part of a preliminary screening tool to identify approximate extents of saline groundwater
seepage and impacted areas, geophysical survey methods are proposed to allow refinement of
intrusive sampling lacations.

To assist in assessing Lhe presence and extent of dryland salinity, a geophysical survey is lo be
conducted downstream of the northern embankment filter blanket and within the adjacent
Aldoga site as part of the sampling and analysis plan {SAFP). This can be completed to support
the assessment of remediation/management options and to allow targeting of potential saling
mounding at the surface.  The results of the survey can be used for the fallowing:

. Determining the likely extent and location of the salinity downstream of the RMA.
. Further targeting the location of boreholes and test pits undertaken as part of the SAP.

. Identifying areas for the placement of future remediation works, including possible ground
water capture { interception.

® Provide a baseline survey for the assessment of the effectiveness of any future
remediation by repeal surveys.
5.1.1 Geophysical survey method

It is expected that the areas of salinity will be more conductive than the unaffected
ground/ground water, To measure this contrast in conductivity a terrestrial electromaanetic (EM)
survay will be undertaken using the GEMZ2 multi-frequency electromagnetic sensor.

The advantages of undertaking a GEMZ survey are:

. In reasonably clear ground GEMZ2 surveys can be conducted gquickly (15 — 20 km of line
data can be collected a day).

. By simultansously measuring multiple frequencies the depth of investigation of the GEMZ2
is ideal for mapping shallow groundwater and salinity.

. The GEMZ is responsive to conductive targels such as areas of high salinity:
. By identifving targets it reduces the amount of intrusive investigation.

The fimitations of an EM survey are:

. Highly conductive soils (e.g. wet clays and filler blanket at the toe of the dam) restrict the
depth of investigation and may not provide for sufficient contrast to confidently identify
likely salinity

L] EM surveys can be strongly impacted by cultural features such as power lines, fences

and buildings. The EM signal produced by these cultural features can mask the features
of interest, As much of the site proposed to be investigated is open graund, this is
considerad to be minimal.

5.1.2 Geophysical data collection and processing (GEM2)

Based on the site terrain, the data is to be acquired on foot by a two person crew using the
GEMZ instrument linked to a differential GPS (i.e. Trimble Pro XRS real-time satellite differential
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GPS) with an lateral accuracy: better than £1 m and vertical accuracy: +3 m).. Datais to be
callected in a grid pattern with lines spaced approximately 5 m apart with the GEM2 held at
approximately 1 m above the ground.

The GEMZ2 instrument simultaneously measures in-phase (1) and quadrature (Q)
electromagnetic signals at 5 frequencies, chosen to aveid local electrical noise and provide for
an appropriate depth of investigation. From previous experience the In-phase and quadrature
signal components will be measured for the following frequencies: 1875 Hz, 4225 Hz, 9825 Hz,
14625 Hz, and 34825 Hz.

GEM2 data processing

The following products will be required to be produced at the end of the GEMZ survey;

. Apparent conductivity maps of the data from the quadrature EM signal, similar to data
from conventional EM systems, but mulli-frequency and with multiple depths of
penatration.

= In-phase EM signal maps (which is susceptible to ferrous and non-ferrous metals) again
similar to conventional EM systems, but multi-frequency and with multiple depths of
penetration,

. DTM data; and

- A report detailing likely salinily zones and where potential targets for further investigation
can be determined.
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SAP - Health and Safety and
Environmental Management

6.1 Job Safety and Environment Assessment Plan

The contractor and/or consultant will be required to prepare a project specific Job Health, Safety
and Environment Plan (HSE) or equivalent, to be provided to RTAY far review, in addition to
their own requirements for the works, The HSE will describe the health, safety and environmant
processes to be applied to this project for the activities under RTAY or designated proponent’s
control. It may include management responsibllities, consultation and communication protocols,
risk management, including a summary of relevant site activities and specific job-related tasks;

a hazard register that identifies all foreseeable hazards, ranks risks and provides risk
management measures for each identified hazard; and, procedures for monitoring and / or
implementing remedial actions to manage all project based risks. Managing training, incident
reporting, documentation and record management for the project will also need to be detailed,

All staff that undertake field activities are required to undertake RTAY inductions and
appropriate training. Also field staff and contractars will be made aware of the contents of the
HSE plans prior to commencing work on this sile.

In undertaking the works, RTAY will monitor staff and subcontractors so that all persons
engaged in the works will have read and understood the HSE Plan and acknowledged in writing
their willingness to comply will all requirements and procedures oullined within.

6.2 Excavation Controls

Test pit excavations, where undertaken are to be completed to RTAYs requirements and
controlled so that they are safe. Excavations will be compliant with workplace health and safety
legislation and standards.

6.3 Reinstatement of Investigation Locations

Procedures for the reinstatement of investigation locations will be conducted in accordance with
RTAYs requirements. This will include the following as a minimum:

& Finishing of monitoring wells with stick up monuments, bentonite/cement grouted only;

] Collection of all excess drill cuttings and storage on site (dependent on RTAYs
requirements}; and

. Reinstatement of test pits with excavated material. Material excavated from the bottom of
the test pit will be replaced back into the test pit excavation first to approximately maintain
the vertical soil profile that was present prior o exeavation,

. Compaction of the test pits is preferred to be undertaken using a sheep's foot roller/
suitable compactor to reduce the potential fo increase permeabhility and preferential flow
paths (aim to achieve a similar level of consolidation as undisturbed material).
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SAP Deliverables

The following deliverables are required following execution of the SAP,

Scope of wark

Description of the work and methodology of the work undertaken
Collation of the data collected during the current phase of the works
zeotechnical logs of test pits and boreholes

Sampling procedures equipment and details, types (compositel discrete) | chain of
custody documentation, Quality Assurance procedures

Daily/weakly report on investigations, including daily weather conditions, general
observations, areas of concern or possible further investigation locations to be considered
along with works underiaken

Written record of drilling and installation noting any issues during installation (such as
hole collapse), undertaken by driller and site geologist/hydralogist) along with geological
log, skeich of the proposed installation

Record of the actual monitoring bore construction installation including: depth to bottom of
borehole, depth to base of screen, depth to top of screen, depth to top of filter pack,
depth to top of bentonite, PVC stick-up

Surveyed locations of monitoring bores (easting, northing, graund elevation, top of casing
elevalion)

GPS5 locations of test pits and surface water monitoring points
Scans of all field notes (drilling, test pitting and water sampling/manitaring)

Site photographs with details (including area, time, subject and orientation) recorded
during the investigation (digital)

Laboratory results (hard copy, lab excel and ESDAT files, COCs)
Tabulated field water quality results {excel)
Logger installation details (including depth to water at installation)

Tabulated water level data (dip and raw and corrected logger data) in excel including
measurament of bore depth and monument stick up, depth lo groundwatar, level in
mAHD (including where repeat monitoring is undertaken)

Aguifer testing analysis results reported as hydraulic conductivity. Raw pressure and
water level electronic data files, pre and post-test manual water level data for quality
control purposes

Additional monitoring data including norhern embankment groundwater monitoring, toe
drain pumping and details on operations that may aifect or influence the SAP oulcomes

Additional assessments that may be undertaken at the site, including =oil salinity,
stormwater, or other relevant investigation repart
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Appendices
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Appendix A - Northern Embankment Investigation
and Monitoring Location Plans

Figure 1 — Historic investigation locations (northern embankment area)

Figure 2 — Groundwater monitaring plan (northern embankment)
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Appendix B - Data Analysis & Time Series
Groundwater Elevations

Figure 3 — Depth to groundwater October 2014

Figure 4 — Groundwater elevations Qctober 2014

Marthern Embankment groundwater levels charts (from Residue Management Area (area 580)
Quarterly Integrity = Inspection and Monitoring July 2014 (GHD October 2014)

GHD | Report for Rio Tinto Aluminium Yareun - Detailing of Groundwatar Managamen! Aclions, 41(28673
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Appendix € -Typical Bore Construction
Details/Specification
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1.  Specification for Monitoring Bore Design

1.1 Standpipe piezometer installation materials

= Drilled borehole of 150 mm diameter (to provide a good thickness of filter pack to minimise fines
entering the monitoring bore).

« Installation of a 50 mm internal diameter uPVC standpipe piezometer.

= The PVC should be: class 18, screw threaded, acid washed and the screened section should be
machine slotted {aperture 0.4-0.5 mm).

= Plastic centralisers (as a minimum, placed at the base of the screen and lop of lhe screen and every
Imh

« Push on plastic end cap.

= Push on plastic top cap or J - plug / Torguer plug.

= Filter pack — 2 mm washed and graded silica sand.

» Bentonite pellets —"1/4 inch” coated pellets.

« Bentonite - cement grout (made with minimum 3% and a maximum of 10% bentonite powder),

» Lockable flush-mounted well cover or monument well cover (this depends on individual
reguirements) - cemented into place (quick set cement warks well for this).

= A weighted tape for measuring installation of filter pack etc.

1.2 Drilling/Installation Fluids

ldeally the boreholes, where possible, will be drilled using a sonic rig (and hence no drilling fluids
required and minimal waler use), The drilling contractar selected should have available a number of
technigues at his disposal, including triple ube core, rotary hammer elc. at the site, The use of a sonic
head is considered to provide a number of benefits for drilling, casing off and isclating as well as
obtaining samples through the profile within the embankments and within the alluvium and upper
weathered sediments. Where possible, by sonic or other methods, it should allow conlinuous core
sampling to be completed that will provide relatively undisturbed borehole samples that can be extracted
from the drilled profile. Consideration should also be made of the core integrity with regard to the various
methods adopted to allow various levels of interpretation/ accurate recording of the prafile, where
required.

«  Licenced Queensland driller to undertake drilling.

= Mo hydrocarbons, no solvents / glues on any installation materials / equipment put down the
barehiale,

— Only use vegetable based lubricants / grease ete.

1.3 Typical Installation

»  Drill bore hole to target depth, to be confirmed by onsite geologist/hydrologist at the time of drilling
the borehole (generally between 5 and 10 m below the water table). If drilling & nested bare, drill the

Hydrogeology 9
speciiicalion for Monitaring Bose Dosign



deep borehole first so that subsurface conditions in shallow bore are anticipated and target depth of
shallow barehole planned.

» Where nested bores are required targeting two depths (l.e. clay core and foundation), individual
bores will be located adjacent lo each other (approx. 3 m separation).

= Continuous sampling of profile to enable logging and determination of target depth and formation.

» Prior to installation of the standpipe ensure that the depth to the top of the screen will be a minimum
of 4 m below ground surface, i.e. sufficient to allow for a minimum of 2 m thickness of bentonite
cement grout from ground surface to ensure good seal.

« Install 1 to 3 m of screen from the base of the borehole (with centralisers) dependant on onsite
geologist’/hydrologist requirements.

»  Filter pack to 0.5 - 1 m above the top of the screen {drillers should have a weighted tape for checking
depths).

« 1 m seal of bentonite peliets (add sufficient water to hydrate if above groundwater tablg) - leave a
minimum 0.5 hour to swell before grouting. A real-time test lo confirm hydration rate shall also be
performed to verify hydration time required.

= Backfill with bentonite-cement grout mix to ground surface.

« Install monument, ensure top of pve casing and bore cap can be easily accessed and that lid of
manument closes properly.

s« (BPS the location.

1.4 Written Record of Drilling and Installation (undertaken by driller and site
geologist/hydrologist)

«  Geological log.

= Sketch of the proposed installation (depth to base of screen, depth to top of screen, depth to top of
filter pack, depth to top of bentonite etc).

= Sketeh / record the actual installation including: depth to base of screen, depth to top of screen,
depth to top of filter pack, depth to lop of bentonite etc., note any issues during installation (such as
hole collapse).

1.5 Bore Development

»  The bores need to be developed befare they can be used to monitor groundwatear (i.e. remove fines
present in the groundwater from the monitoring bore and the filter pack surrounding the screen).

« Development should be via airifting untii <1 em” of fines are present in 10 litres of water removed
from the borehole, or continue for 1 hour {(whichever ccours first).

« If bores are slow to recharge the most effective way to develop them will be to use Waterra tubing
(high density, filted with a footvalve) with a surge block attached.

s Development should be conducied = 24 hours after completion of installation (grouted) to ensure
grout seal has set,

Hydrogeology 2
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1.6 Standard Drawing

The following is a standard drawing for design of a monitaring bore and does not take into account site
specific hydrogeological conditions. Bores installation supervision and final design are to be completed
by a site Hydrogeologist after an assessment of sub-surface conditions and hydrogeological
characteristic are known, therefore modifications to the standard design may be required,

All monitoring bores should be installed in accordance with the National Uniform Drillers Licensing
Council (NUDLC) Minimum Consiruction Requirement for Water Bores in Ausiralia, 2012,

Hydrogeology
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Monument

Min 0.5 m

\
/

i

Conerete Pad Sloping Away From Casing

Ground Surface

0.3 m-|-

Bore should be
Vertical when completed

Annuiar Space (backfiled with %5-10 bentonitel cement
grott)

50 mm Class 16 PVC Casing

Bentonite Seal (min. 1.0 m thick)

W77

Filter Pack (min £.5-1.0m above Top of Screen)

50 mm Class 18 PVC machine slotted screen (0.4 mm aperture)

T




Appendix D - SAP Proposed Investigation Locations
Plan and Summary Table

Figure 5 —Investigation Locations {northern embankment and near vicinity)
Figure 6 — Investigation Locations (northern embankment)

SAP Summary Table

GHOD | Repor for Rio Tinko Aluminiem Yanwan - Detailing of Groundwater Management Actions, $1/28523
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introduction

1.1 introduction

GHD Pty Ltd {GHD) was commissioned by RTA Yarwun Ply Lid (RTA Yarwun) under Contract
MNumber CW2081249 to:

® Assess, characterise and conceptualise the groundwater pressurisation in the vicinity of
the Residue Managemant Area (RMA) Northern Embankment

. Develop concept management aptions to alleviate the observed pressurised groundwater
L Investigate low pH waters within the Firewater Dam north of the RMA
To achieve this, the work was divided into three tasks as follows:

. Task 1 — Spatial analysis of groundwater pressurisation and development of field
investigations and a Sampling and Analysis Plan {SAP)

. Task 2 — Concept design of management options to alleviate groundwater pressurisation
in the vicinity of the Northern Embankment and off-site downstream of the RMA

s Task 3 = Assessment of low-pH water in the Firewater Dam.

This report details Task 2 and uses data collected from the SAP developed by GHD (GHD
2015[a]) as part of Task 1 and actioned by RTA Yarwun. Task 3 has been completed and
issued to RTA Yarwun as a technical note (GHD 2015[b]).

1.2 Background to this report

In 2013, surface water ponding and vegetation die-off was observed by RTA Yarwun operations
personnel adjacent to and to the north of the northern boundary of the RMA, with salt scalding
and seepage areas identified within the RMA site to the north of the Morthern Embankment at
the eastern end.

Recent studies undertaken by RTA Yarwun in 2014 (October 2014[a] and Cctober 2014[h]}
identified that the areas to the north of and adjacent to the RMA Northern Embankment
impacted by salinity were considered to be associated with the progressive mounding of
underlying naturally saline groundwater within the foundation materials beneath the EMA.
1.3 Purpose of this report

The purpose of this report is to characterise and conceplualise the groundwater pressurisation
in the vicinity of the eastern end of the Northern Embankment and to provide concept-level
management options to alleviate the elevated groundwater pressures.

1.4 Scope and limitations

As per Section 4.3(b) of the RTA Yarwun Confract for Consultancy Services document, the
Task 2 scope of work as detailed in GHD's Request for Tender submissian (Contract number
WS 441745638) is for the following:

. Analysis of data collected by RTA Yarwun detailed by the SAP (GHD 2018[a]) and
reported by RTA Yarwun (2015[a], 2015[b], 2015([c]}.

. Hydrogeological conceptualisation in the vicinity of the groundwater pressurisation.

. Simplified analytical modelling to determine {orders of magnitude) groundwater flows.

GHD | Raporl for BTA Yarwun - BMA Groundwater Management Actions, 41728523 [ 1



. Options analysis detalling a conceptual depressurisation system to alleviate the observed
groundwater mound at: (1) the east of the Narthern Embankment; and (2) off-site
downstream of the Marthern Embankment.

s Order of Magnitude (QoM) quantities analysis for each option.
. Costing and outcome analysis of options.

. Recommendations for future groundwater monitoring for RTA Yarwun to continue to
manitor and implemeant,

Environmental impacts related lo saline groundwater, groundwater level changes, and
assessment of these impacts (i.e. scil, water, ecological, human health, and receiving
environment) and assessment of embankment stability are outside the scope of this report.

This report: 'RMA Groundwater Management Actions, Groundwater Conceptualisation and
Management Options' has been prepared by GHD for RTA Yarwun and may only be used and
relied on by RTA Yarwun for the purpose agreed between GHD and the RTA Yarwun as set out
in Section 1.3 of this repart.

GHD otherwise disclaims responsibility to any person other than RTA Yarwun arising in
connection with this report. GHD also excludes implied warranties and conditions, to the extent
legally permissible.

The services undertaken by GHD in connection with preparing this report were limited to those
spacifically detalled in the report and are subject to the scope limitations set out in the report.

The apinions, canclusions and any recommendations in this report are based on conditions
encountered and information reviewed al the date of preparation of the report. GHD has no
responsibility or obligation to update this report to account for events or changes occurting
subsequent to the date that the report was prepared.

The apinions, conclusions and any recommendations in this reporl are based on assumptions
made by GHD described in this report. GHD disclaims liability arising from any of the
assumplions being incorrect.

GHD has prepared this report on the baslis of information provided by RTA Yarwun and others
who provided information to GHD, which GHD has not independently verified or checked
beyond the agreed scope of work., GHD does not accept liability in connection with such
unverified information, including errors and omissions in the report which were caused by errors
ar omissions in that information.
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Data analysis

2.1 Introduction

This section presents assessment and analysis of data collectad by RTA Yarwun as part of the
SAP for the downstream area of the Morthern Embankment. Selected historic data
{groundwater levels and hydraulic conductivity) have also been reviewed in support of the
assessment. The following information has been used in the data assessment:

. Data collected by the SAP:

— Results of the test pitting (TP1 to TP20) and pit seepage inflow analysis (Memo Test
Pit Investigation — RMA Groundwater Management, RTA Yarwun 2015[a])

- Results of the groundwater monitoring bore installation (MEB series and SPP series
monitoring bores) and groundwater monitoring {MB series, for groundwater levels and
guality (Memo Borehole Investigation — RMA Groundwater Management, RTA Yarwun
2015[b])

- Results of the glug testing on selected monitoring bores (Memo Slug Test
Investigation — RMA Groundwater Management, RTA Yarwun 2015[c])

L] Historic data:

— Groundwater level time-series data for environmental monitoring bores to July 2015
(provided by RTA Yarwun)

— Estimated hydraulic conductivity values (GHD 2012)

. Locations of seepage as observed during implementation of the SAP and as reported by
RTA Yarwun (October 2014{a] and October 2014[b])

A plan of the investigation locations {Figure 1) and copies of the investigation memorandums for
the data collected by the SAP are included in Appendix A.

2.2 Groundwater levels and flows

221 Test pits

Review of lhe test pit logs indicale the presence of shallow groundwater that was typically
encountered between around 1 and 2.8 m below ground surface. This groundwater is typically
associated with a gravelly clay and clayey gravel layer, overlain and underlain by a variable
thickness of clay and silly clay. Free waler in the farm of seepage to the pit was not observed in
test pits where clay and extremely weathered bedrock (clay-dominated) was encountered,
lzcated at the eastern end of the downstream area of the embankment (TP15, TP16, TP17).
Whilst these three test pits are located in close proximity lo areas with evidencs of surface
expression of seepage, groundwater was not encountered, which indicates the presence of
discrete flow pathways to ground surface allowing groundwater to reach the surface within the
affected seepage areas.

2.2.2 Groundwater monitoring bores

Waps of the groundwater elevations (June-and July 2015), inferred groundwater elevation
contours and an approximation of the areas where the groundwater pressure is above ground
surface and within 1 m of ground surface are included in Figure 2 and Figure 3 of Appendix A,
The groundwater contours were developed using the Kriging method of interpolation (with GMS
software).

GHD | Report for RTA Yarwun - RMA Groundwater Management Actions, 41728523 | 3



Review of the borehole logs, water strikes and groundwater levels indicates that groundwater in
natural ground is typically under confined conditions (i.e. is held under pressure beneath an
overlying lower permeability layer) which is consistent with previous interpretations across the
Morthern Embankment area (GHD 2012). Monitoring bores MBO7S and MBO7D to the north of
the RMA boundary did not, however, encounter a significant confining layer,

Depth to groundwater is at least 6 m below ground level at MB115. Throughout the maonitoring
bore investigation, moist ground was typically encountered during drilling of the boreholes
however significant water strikes (wet ground) were infreguent (only identified in MBOTS,
MBOTD, MBDE, MBD9). These observations are consistent with typically discrete, relatively low-
permeability fracture flow pathways within bedrock.

Groundwater pressures in bedrock are indicated to be above ground surface at the eastern end
of the Marthern Embankment, within an area extending towards the north-north east beyond the
RMA boundary from the embankment. Groundwaler pressures are indicated to be at least 2 m
above ground level at MBO4S, MBO4D and MBOB, The identified areas of seepage (both on-site
and off-site) fall within the areas where groundwater pressures are indicated to be above ground
surface. The areas of seepage are relatively small in comparison to the aerial extent of
groundwater pressures above ground surface, which indicates the presence of discrete
groundwater flow pathways to ground surface rather than a diffuse network of pathways to the
surface across the wider area.

Comparison of the calculated groundwater elevations for the shallow (bore identifier ending in
'S") and deep (bore identifier ending in ‘D) monitoring bore pairs show a slight downward
vertical gradient from the shallow ta deeper groundwater ranging from less than 0.1 m (MB0O23
and MBO2D) to around 0.5 m (MBO35 and MBO3D).

The interpreted groundwater flow direction through bedrock at the far eastern end of the
Morthern Embankment is broadly from the south east towards the north west, with a
predominantly westerly component of flow in the vicinity of the embankment toe and
downstream area at the eastern end. Flow through bedrock beneath central parts of the
embankment is typically from south to north and south 2ast to north west, and flow beneath the
western part of the embankment is typically from the south west towards the north east. These
interpreted groundwater flow directions are consistent with the valley feature within which the
RMA site (and off-site area to the north) is located.

2.2.3 Trends in groundwater levels

Groundwater elevation time-series data for RTA Yarwun environmental monitoring bores (data
pravided by RTA Yarwun) located to the north of the toe of the Northern Embankment are
included in Appendix B.

Increasing groundwater level trends, which commenced around early 2007, are apparant at
380-BH-2005, ALD1A, ALD1B, 580-BH-31 and 530-BH-32. ALD2A and ALDZB do not have
sufficient data points to comment on groundwater level trends, As an indication of the
magnifude of change, the calculated difference in water level between early 2007 and mid-2015
data is provided in Appendix B. The greatest calculated increase in groundwater level (10.1 m)
is al 580-BH-2005 |ocated to the north east of the eastern end of the Northern Embankment,
followed by 580-BH-32 (8.2 m) localed off-sile o the north of the RMA boundary.

Mo significant increasing trends in groundwater levels have however been reported for the
nearby long term embankment monitering bores (CBHO1, CBHOZ2, CBHO3) ar for moenitoring
bores to the north of the embankment (580-BH-2007 and 580-MB-2004) (GHD 2014).
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2.2.4 Toe drain and drainage blanket

Maonitoring bore CBHO4 located towards the eastern end of the northern embankment and
reported to be installed within the drainage blanket (to 64.6 mAHD) was dry in June/July 2015.
This is a continuation of the historic trend for this bore, Whilst the groundwater elevation is
below the invert of the drainage blanket at this location {at CBHO3) and hence the blanket might
be expected to be dry, groundwater pressures to the east (up-slope along the blanket) are up to
around 3.5 m above the invert of the drainags blanket tos. This indicates the drainage blanket
to the east of CBHO4 is not connected, or has very limited connectivity to the underlying water
bearing bedrock strata. That the drainage blanket is dry to the east of CBHO4 is supported by
observation of the HOPE pipe and associated filter material baing not saturated with water,
which was uncovered at the eastern end of the embankment during construction of the haul
road (refer to Figure 1 of Appandix A for location).

Groundwater level data for the embankment monitoring bores indicate that from some point
west of CBHO4 (between CBHO4 and CBHO8) the drainage blanket becomes fully saturated
with preferential flow from sast to west towards the toe drain (east) sump. Of note is the
elevated groundwater level at CBH19 at the western end of the embankment, which is thought
to be due to a lack of connectivity with the drainage blanket in the immediata vicinity of CBH19.

The estimated rate of inflow to the toe drain (east) sump (July 20158} is around 2 Ls (around
7.22 m*fhour) (information provided to GHD by RTA Yarwun). No cumulative data on inflow
rates or monitoring of changes to inflows over time are available,

2.3 Groundwater quality

The groundwater field quality monitoring resulls and Iaboratory analysis certificates are included
in Memao Borehole Investigation — RMA Groundwater Management (RTA Yarwun 2015[b])
{Appendix A).

A Piper plot of the major ion chemistry for the tested maonitoring bores in 2015 is shown in
Diagram 2-1.

The major ion chemistry of the on-site (580-BH-2003, 580-MB-2004 and 580-BH-2007 sampled
in 2014 by RTA Yarwun) and off-site monitoring bores downstream of the embankmeant is of a
sodium-potassium-chloride dominated type and is consistent with historic data reported in GHD
2012 for an-site monitoring bores downstream of the embankment. The major ion chemistry at
MBOE (adjacent to the Firewater Dam in the east and up slope from the downstream area) is of
a magnesium-chloride dominated type. This difference in chemistry may be due to a differance
in lithology andfor the origin of the groundwater.

Based an the EC of the sampled groundwater bores {laboratory EC of 10,100 to 39,100 pSicm)
and of the shallow seepage inflow to the test pits (field EC of 14,500 to 39,900 pSicm) the
groundwater is considered saline. The range of EC is consistent with historical site data
collected in mid-2011 for the downstream area of the northern embankment (reported in GHD
2011[a]).

The groundwater pH is near neutral and consistent across ihe off-site and on-site monitored
groundwater bores, ranging from 6.3 to 7.3 pH (field} and from 6.7 to 7.5 pH (laboratory).

Review of the groundwater and toe drain sump analysis results for concentrations of dissolved
gallium, molybdenum, vanadium and aluminium (refer to Appendix A for laboratory resulls)
indicate dissalved concentrations are typically less than the laboratory limit of reporting (LoR).
In some instances dissolved concentrations are just above the LoR, however significantly lower
ihan typical concentrations in decant. A more detailed apalysis of the chemistry data should be
completed to confirm the absence of the decant signature in these most recent groundwater
quality data. Previous detailed analysis of groundwater samples collected during the operation
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of the RMA did net indicate the presence of a decant signature in groundwater (refer to RTA
Yarwun 2014[b] and GHD 2011[b]).

RmA [Dff-sile) O Firelam

< RMA [Cn-sile)

LT /\/\/\/
140 400 /! o
g a 2 13 60 0 100
cl
- —_—
Cations Anlans

Diagram 2-1 Piper plot
2.4 Estimated hydraulic conductivity

2.41 Slug testing

Slug testing was conducted on selected monitoring bores in the eastern half of the Northern
Embankment area (test locations are shown in Figure 1 of Appendix A),

Hydraulic canduetivily was estimatad for the tested harizons (falling and rising head tests) using
the Bouwer-Rice (1978), Hvorslev (1951) and Springer-Gelhar (1991) analytical solutions,
analysed using AQTESOLY software (HydroSOLVE Inc). The results are summarised in
Appendix B. The median estimated hydraulic conductivity ranges from 4.2 x 107 mis (MB038)
to 9.7 x 10° m/s (580-MB-2004) with an overall median of 8.7 x 107 m/s and is consistent with
historical data for the vicinity of the Morthern Embankment.

Estimated hydraulic conductivity values are plotted by test interval depth and grouped by
selected chainage intervals (control line MCO1) in Diagram 2-2. Test results from this
investigation along with historic test results for the vicinity of the Morthern Embankment are
platted. Mo trends in hydraulic conductivity with depth or by chainage interval (i.e. east to west
across the embankment) are indicated.
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2.4.2 Test pit inflows

The inflow rate of shallow groundwater (within 2.5 m of ground surface) into the test pits was
used to estimate hydraulic conductivity of shallow water-bearing horizans. A table summarising
the estimated hydraulic conductivity values calculated using the Somerville { 1986) analytical
solution for a rising head in a test pit is included in Appendix B. The estimated hydraulic
conductivity values range from 2.5 x 10 to 1.1 x 10 m/s and are cansistent with the values
estimated for the slug tests {at depths greater than 3 m below ground level).

Estimated hydraulic conductivity values are plotted by seepage inflow depth for the test pits in
Diagram 2-2 and indicate the hydraulic conductivities of near surface strata to the narth of the
RMA boundary fall within the mid to high end of the estimated range whereas the strata within
the boundary of the RMA fall within the mid to lower end of the estimated range. However, this
may be influenced by the small number of test pit sites in comparison to the number of
monitoring bares slug tested.
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3.

Hydrogeological conceptual model

This section prasents the hydrogeological conceplual madel developed for the sastern end of
the Morthern Embankment, based on the findings of the data analysis {Section 2) and drawing
on our hydrogeological understanding of the site gained from previous reports and
investigatians,

A plan-view of the conceptual model (Figure 4), a plan identifying the conceptual section lines
{Figure 5) and three annotated conceptual cross sections (Figure A, Figure B and Figure C) are
included in Appendix C.

3.1 Conceptual model

Groundwater elevations are highest beneath the eastern end of the Northern Embankment and
at the embankment toe and fall towards the west and north. Conseguently, the direction of
groundwater flow is interpreted as being broadly from the south east towards the north west
across the eastern end of the site and in the off-site area to the north. The main cause of the
elevated groundwater levels is thought to be associated with compression of the natural ground
underlying the tailings due to increased downward pressure from the tailings, resulting in
increased pore pressure within the sirata and subsequent mounding of groundwater along the
fringes of the tailings residue including downstream. Itis likely the mounding effects are
compounded by the position of the dam in the floor of the valley whereby reduced pore spaces
{due lo compression) bensath the mud residue limit the movement of groundwater flow from the
topographic high in the east, resulting in increased pressures beneath, adjacent to and
downstream of the dam.

Another potential contribution to the high groundwater levels at the eastern end of the Naorthern
Embankment is localised recharge from the infiliration of pore water held in the tailings to the
underlying strata. However, there is no evidence that this is occurring at present given that no
signature of decant in groundwater has so far been identified and that the major ian chemistry of
groundwater sampled in 2015 (RTA Yarwun 2015[b]) in the vicinity of the Northerm Embankment
continues to be similar to historic data.

Whilst there is potential for localised recharge of groundwater as a result of seepage from the
unlined Pocket decant (in place since 2013, located adjacent to the eastern side of the residue
storage area) and through the base of the unlined decant chute from the thickener (the "Falls”,
which have operated regularly since the RMA became operational) to the underlying strata it is
not considered to be the primary cause of elevated groundwater levels given:

. Surface expression of groundwater was identified on-site prior to commissioning of the
Pocket decant.

® Mear surface joints and fractures beneath the Falls are likely to have been sealed with
residue over time, thus limiting infiltration to the underlying strata.

From ground surface, a low-permeability confining layer in the vicinity of the eastern end of the
embankment appears to extend across the toe and on-site downstream area, being in the order
of 10 m thick, At the toe of the embankment in this area, groundwatsr cannot move freely to the
drainage blanket due lo a lack of connectivily between the water-bearing strata and the
drainage blanket due to the low permeability layer resulting in groundwater pressures above
ground surface. Further to the west along the embankment toeg, the water-bearing strata are in
connaction wilh the drainage blanket and maintaining groundwater levels below ground surface.
The water in the drainage blanket moves west and north, towards the toe drain sump (east)
from where it is returned to the RMA.
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On-site within areas where groundwater pressure is above ground surface, groundwater can,
however move upwards through discrete pathways within the confining layer, such as
infercannected fraclures, to ground surface where it expresses as seepage, salt-scalded areas
and potentially as seepage to the Firewater Dam.

Off-site to the north, the confining layer appears to be much thinner (in the arder of 110 2 m)
and in some areas is absent (MBO7S and MBO7D). Groundwater maves fram the south east
and discharges to ground surface where the groundwater pressure/water table along a line
trending approximately perpendicular to the direction of groundwater flow is above ground
surface. The discharged waler ponds on the low-permeability ground, in the low-lying areas (o
the west of the seepage line. At present, the off-site drainage installed by RTA Yanwun
intercepts expressed groundwater in the vicinity of the seepage area and directs it to a sump
from where the water is pumped out and pumped back to the RMA far treatment and discharge
in accordance with the Environmental Authority (SPDEO4134712).
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Groundwater management options
analysis

4.1 Management options

This section provides concept-level management options to alleviate the groundwater pressures
observed at the eastern end of the Morthern Embankment, at the toe and within the area to the
north of the embankment (on-site and off-site). The options have been developed based on the
hydrogealegical conceptual model and in consideration of the following:

L A desired outcome of a reduction in groundwater |evels bath on-site and off-site in the
area of the eastern end of the Morthern Embankment, with a sufficient decrease in
groundwater level to stop the ocourrence of seepage.

. Low capital cost,
. Minimisation in the use of high maintenance equipment.
. Design of an approach that can be staged to enable implementation of groundwater

management in consideration of managing costs.

. Desian of a pressure relief system that can either be entirely separate from the existing
drainage blanket/toe drain sump collection system or tied into it.

The two management options that have been developed are illustrated in plan-view in Figure &
of Appendix D. Option 1 provides a concept for on-site management and Option 2 a concept for
off-site management,

A staged approach to implementation of any management option is recommended, where
monitoring and performance of the effectiveness of the system form the basis for the
implementation of addilional management measures.

4.1.1 Option 1: On-site depressurisation bores

The presence of a relatively thick {in the order of 10 m), low permeability layer extending from
ground surface in the vicinity of the eastern end of the Morthern Embankment means that
canstruction of a trench (or trenches) to facilitate lowering of the groundwater pressure is not a
practicable solution for on-site management. Previous artesian conditions experienced in the
vicinity of the toe of the western end of the Northern Embankment was managed by the
installation of pressure relief bares (installed in 2008 and 2011) connected to the embankment
loe drainage blanket,

A concept using depressurisation bores has therefore been developed to relieve groundwater
pressure on-site at the eastern end.

Option 1 is designed to alleviate elevaled groundwater pressures close to the Northern
Embankment, adjacenl ta the seepaage close to the embankment toe and s localed up-gradient
of all of the other observed seepages, on the basis that alleviation of groundwater pressure up-
gradient will result in lowering of groundwater levels down-gradient of the installed management
aption. In addition, there is polential to enhance the stability of the ambankment through a
reduction in the groundwater pressure in the vicinity of the embankment toe.

Option 1 is outlined as follows:

. Installation of an initial line of depressurisation bores running parallel to the loe of the
Morthern Embankment at the eastern end, in the vicinity of the toe {i.e. targeting of the
elevated groundwater pressures close to the 'source’). A nominal target drawdown of
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10 m in the depressurisation bares (i.e. around 7 m below ground surface) has been
selected as the starting point for the basis of the concept design and the preliminary
analytical modelling (refer to Section 4.2).

. Connection of each depressurisation bore to a single in-ground sump using a siphon
system to move the water from each bore, discharging below water level in the coliection
sump using a combination of gravity and pressure. The collected groundwater is pumped
out from the sump to an appropriate location (to be determined by RTA Yarwun), keeping
the level as low as possible but above the siphon outlet to prevent air inflow and loss of
suction. Management of the water level in the sump enables a gradient between the
waler level in the borehole and the water level in the sump fo be maintained and hence
continued operation of the closed system.

. Construction of each depressurisation bore similar to a large diameter standpipe
piezometer (lo enable a pump to be retro-fitted if needed):

— A slotted PVC screen surrounded by a filter pack between 10 and 20 m below ground
surface (based on review of the borehole logs) through the water bearing strata.

— Plain PVC casing from 10 m below ground to ground surface, through the low
permeability layer, with a sealed and fully grouted annular space between the casing
and borehole.

— A suction riser, nominally 32 mm uPVC or thick-walled HDPE extending from the base
of the bore, such that it is always submerged, discharging to the siphon main.

- Additional lines of depressurisation bores and collection sumps could be added, if
monitaring of the Initial system indicated additional pressure relief is required (for
example, location of an additional line to the east of the toe berm and/or in the vicinity of
the Firewater Dam and/or close to the northern site boundary, as shown on Figure & of
Appendix D) in arder to stop the off-sile seepage. Additional deprassurisation bores to
the east of the toe berm and/or in the vicinity of the Firewater Dam would likely need to be
deeper than at the toe of the embankment given the higher ground surface elevations
and potentially greater depth to groundwater,

An illustration of a concept depressurisation bore is included in SK010, Appendix D.

4.1.2 Option 2: Off-site depressurisation bores and collection trench

An alternative management option is to address the elevated groundwater pressures by means
of a syslem installed Lo the north of the RMA boundary (off-site). The siting of such a system
would alleviate the groundwater pressures down-gradient, and in the vicinity of the off-site
seepage more rapidly than Option 1, but would not, however, address the on-site elevaled
groundwater levels or sespage.

Option 2 is outlined as follows:

- As per Option 1, installation of a line of depressurisation bores trending approximately
perpendicular to the direction of groundwater Mow (i.e. trending north north-east to south
south-west} using a siphon system to mowve the water from each bore to a single
collection sump from where the water is removed from the depressurisation system to an
appropriate location (to be determined by RTA Yarwun),

. Construction of each depressurisation bore similar to a large diameter standpipa
piezometer {to enable a pump to be retro-fitted if needed);

= A slotted PVC screen surrounded by a filter pack batwean 5 and 15 m below ground
surface (based on review of the borehole logs) through the water bearing strata.
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4.1.3

— Plain PVC casing from 5 m below ground to ground surface, through the low
permeability layer and upper most water bearing horizon, with a sealed and fully
grouted annular space between the casing and borehole. Plain casing of 5 m should
be sufficient to ensure a good seal between the water bearing sltrata and ground
surface,

A suction riser, nominally 32 mm uPVC or thick-walled HDPE extending from the base
of the bore, such that it is always submerged, discharging o the siphon main.

As the lower permeability confining layer appears o be relatively thin in the off-site area,
a collection trench could be installed close to the discharge of the seepage in support of
the depressurisation bores and may reduce the number of depressurisation bores
required;

— Callection trench up to 4 m depth to capture and further reduce groundwater levels
immediately up gradient of the main seepage area. Trench fitted with collection drain
at base with sump and riser, and backfilled with gravel.

Option evaluation and preferred option

Option 1 On-site depressurisation bores

Advantages of Option 1 include:

Located on the RMA site, therefore easy access for installation, monitoring and
maintenance.

Targeting of the elevated pressures close to the toe at the eastern end of the narthern
embankment for pressure alleviation measures provides an opportunity for

— A reduction in groundwater pressures and seepage in the vicinity of the toe of the
Morthern Embankment (eastern end)

— A reduction in groundwater pressures and seepage across the broader eastern
downstream area (on-site and off-site)

Targets the areas of significant elevated pressures.

It is a separate collection system to the existing drainage blankel and loe drain sump
system, therefore can be managed separately.

Scope for augmentation of the pressure relief system through the addition of extra bores /
lines of bores placed appropriately.

Scope for the installation of pumps in the depressurisation bores, if needed.

Inztaliation of each line or collection of depressurisation bores can be staged, so that the
effectivenass of the initial set of bores can be monitored and the collected information
and data inform the need for and design of any additional pressure alleviation.

Patential to enhance the stability of the Northern Embankment at the eastern end through
a reduction in groundwater pressure in the close vicinity of the embankment, and bearing
in mind future embankment raises.

Disadvantages of Option 1 includs:

Pressure relief measures are located up to around 400 m up-gradient of the off-site
seepage area, therefore the benefits of reduced groundwater levals on the off-site
seepage would likely be realized later in comparison to implementation of Option 2.

Whilst no evidence of a decant signature in groundwater has been identified so far, if itis
occurring (as a result of seepage of pore water [decant] held within the mud residus of
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the RMA dam through the dam floor) then there is potential to draw in groundwater with a
decant signature to the depressurisation bores.

Option 2 Off-site depressurisation bores and collection trench

Advantages of Option 2 include;

. Pressure relief measures (depressurisation bores) located around 200 m up-gradient of
the off-site seepage area, therefore the benefits of reduced groundwater levels on the off-
site seepage should be realised sooner in comparison to implementation of Option 1.

. Depth of depressurisation bore anticipated to be up to around 15 m and potential for
reduction in the number of depressurisation bores required if combined with the
canstruction of a trench collection system, therefore potential cost savings in relation to
construction.

- Supplements the existing off-site seepage management system which manages the
secpage discharge at the end point, with a system that manages the groundwater levels
up gradient of the end point thereby limiting the potential for development of more
seepage areas up gradient of the main seepage area into lhe fulure,

Disadvantages of Option 2 include:

. Does not address the an-site elevated groundwater pressures or the an-site seepage
issues, only addresses off-site seepage. On-site groundwater issues are likely therefore
to continue and potentially worsen with future dam raises.

. Located on state-owned land, therefore potentially difficult access for installation,
monitoring and maintenance now and into the future,

. Could require purchase of land in the future.

. Potential for new seepage points ta develop up-gradient of off-site depressurisation bores
(which could develop either on or off-site),

Preferred option

Based on the evaluation of advantages and disadvantages for both concept management
oplions, Oplion 1 is considerad the most appropriate option to take forward.

4.2 Analytical solution modelling for Option 1

An in-house maodel (developed in excel) has been used to estimate a preliminary spacing of
depressurisation boreholes and borehole diameter for Option 1, the preferred concept option.
The solution also provides an estimate of the lateral and vertical extant of the cone of
depression with time and distance, after the start of pumping (depressurisation).

The model uses the Theis (1935) analytical solution for a pumping test in a confined aguifer to
eslimate groundwater level drawdown al any radial distance from the pumped borghole. In this
case the pumped borehole of the Theis solution is represented by a depressurisation borehole,
Aldine of pumped boreholes were used in the model to represent a line of depressurisation
bores al the o of the Marthern Embankment and chservation bares used to obtain the
modelled drawdown at specific locations. For the estimated aquifer transmissivity (0.35 m®/day)
and borehole diameter selected (0.2 m), bore spacings of 10 m, 15 m and 20 m were tested
along with various depressurisation bore flow rates (including 0.01, 0.02, 0.05 and 0.1 L/s) to
identify a preliminary bore spacing for Option 1.

The input parameters that give a modelled water level drawdown in the order of 10 m in the
borehole with a drawdown in between each borehole of around 7 m are cutlined in Table 4-1.
Further information on the modelling underiaken s provided in Appendix D.
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The resulis of the analytical medelling (Appendix D) indicale the fallowing in relation to a line of
depressurisation bores at the toe of the Northern Embankment under the Option 1 concept:

A preliminary depressurisation bore spacing of around 20 m, reaching the maximum
allowable drawdown (sl al 10 m} after around 60 days.

After around 80 days groundwater level drawdown at MB11D (around 100 m down-
gradient of the depressurisation bores) of the order of 1.5 m, at MBOE (around 150 m
down-gradiant of the depressurisation bores) of the arder of 0.5 m and minimal drawdown
of <0.05 m at 5830-MB-2004 (around 310 m down-gradient of the depressurisation bares).

Whilst the maximum allowable drawdovwn at the depressurisation bores is reached after
around 60 days, the cone of depression will continue to expand after this time and hence
down-gradien! groundwater levels would be anticipated to continue o reduce for some
time after.

The rate of discharge from the depressurisation bores is anticipated to be low (modelled
al 0.02 Lfs from each bare), given the relatively low hydraulic conductivity of the water
bearing sirata (in the order of 4 x 107 mys) in the area.

Based on these preliminary modelling results, an additional line {or lines) of depressurisation
bores may also need to be located close to the northern boundary of the RMA (on-site) to
reduce off-site groundwater levels and subsequent cessation of groundwater discharge to
surface. The need for an additional line (or lines) of depressurisation bores will be evaluated by
the measured reduction in groundwater levels at monitoring bores located down gradient of the
depressurisation bores.

Table 4-1 Input parameters for analytical modelling

Input parameter Justification

Horizontal hydraulic miday 0.035 Average of values estimated for MB11D,

conductivity, K mis 4.1 %107 MB12, and 580-BH-2007 (bores closest to
the proposed area for depressurisation)

Aguifer thickness miday 10 Equal to the screen length for each
depressurisation bore

Transmissivity, T m’/day  D.35 Calculated (K*aquifer thickness)

Pumping bore radius m 0.2 Can be easily drilled using air percussion
method of drilling

Depressurisation bore  m 20 Arrived at through iteration, to model a total

spacing drawdaown in the depressurisation bore of

around 10 m (i.e. lower the groundwater to
around 7 m below ground level) and a
drawdown in between the bores of around
8 m (i.e. lower the ground water to around
5 m below ground level)

Flow rate from one Lis 0.02 Arrived at through iteration, to model a total
depressurisation bore drawdown in the depressurisation bore of

around 10 m (i.e. lower the groundwater {o
around 7 m below ground level) and a
drawdown in between the bores of around
8 m (i.e. lower the ground water to around
5 m below ground level)

Number of Mo. 10 For modelling purposes only, representing a
depressurisation line at the toe of the northern embankment
bores
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Conclusions and Recommendations

5.1 Conclusion

The elevated groundwater levels at the eastern end of the Morthern Embankment are likely to
be due to a combination of the following;

s Compression of the natural ground underlying the tailings, resulting in increased pore
pressure within the strata and subsequent mounding of groundwater along the fringes of
the RMA dam.

e The location of the RMA dam in the valley floor, potentially limiting the movement of
groundwater from the topographic high in the east resulting in increased pressures in the
vicinity of the dam.

» Mo decant signature in groundwater has been detected to date, however there is potential
for localised recharge of groundwater as a result of seepage of pore water from within the
bauxite residue to underlying strata, from the unlined Packet decant and the unlined
decant chute (the Falls). Given the absence of decant signature in groundwater to date,
these mechanisms are considered to be secondary in their contribution to the elevated
groundwater levels observed.

® Lack of connectivity between the drainage blanket and underlying water bearing strata at
the eastern end of the Northern Embankment.

The groundwater is saline (in the order of 20,000 to 40,000 uS/cm) and predominantly held
within variably fractured, extremely weathered siltstone, sandstonefarenite with some
conglomerate in places, and moves via interconnected fracture flow pathways, broadly flowing
from the south east fowards the north west across the eastern end of the Northern
Embankment. The presence of discrete fracture flow pathways through the low permeability
confining layer is thought to enable the groundwater, with a pressure head above ground
surface, to discharge as seepage and salt scalds at ground surface.

52 Recommendations

The preferred option for management and alleviation af the elevated groundwater levels at the
eastern end of the Morthern Embankment is the installation of & number of depressurisation
bores (Option 1) up-stream of the seepage areas to reduce off-site groundwater levels and
groundwater levels in the vicinity of and downstream of the toe of the embankment.

5.2.1 Recommended further actions

The following items are recommended to provide additional information in support of furthering
the concept-level design for Option 1 for alleviation of the observed on-site and off-site
groundwater pressures in the vicinity of the eastern end of the Northern Embankment area:

. Installation of a groundwater monitoring bore to the north of the Pocket decant and Falls
{to be located in the vicinity of the base of the Falls on the northern side, at 15 to 20 m
depth} to confirm the groundwaler pressure in this area, to enable refinement of
groundwater contours and flow directions in this area and to confirm the absence of
decant signature in groundwater.

. Conduct small-scale pumping or bail-down and recovery tests on the existing standpipe
piezometers in the vicinity of the eastern end of the Morthern Embankment to gain a
general understanding of the order of yield and drawdown that might be realised ina
depressurisation bore.
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. Update the existing 3D numerical groundwater flow madel for the RMA or develop a local
scale 30 groundwater flow model to:

— Support the design of a pressure relief system.

— Predict the potential effectiveness of a pressure relief system {for example changes in
groundwater levels over time, spatial changes in groundwater levels and flow
directions, predictions of pressure reductions in seepage areas for a given pressure
relief design).

— Predict potential effects of a pressure relief system on migration of decant in
groundwater using a flow and solute transport numerical modelling code such as
MODFLOW-SURFACT {Hydrogeologic, 1996).

. Improve existing monitoring system of the Marthern Embankment toe drain system to
incorporate continuous monitoring of sump water levels, sump inflows and discharge
outflow.

. Conduct a detailed analysis of the groundwater qualify results obtained by the SAP to

confirm the absence of the decant signature in groundwater, including:

— Comparison of results (particularly signature metals, EC and pH) to decant, baseline
and historic quality data

— Major ion chemistry analysis with comparison to baseline and historic data

- Comparison of ratios (such as Na:Cl, K:Cl and Mg:Cl) in groundwater, decant and
seawater.

5.2.2 Recommended monitoring
The following are recommended in relation to groundwater monitoring into the future:

. Continue to monitor groundwater levels across the Northern Embankment area (on-site
and off-site), and review for increasing trends and spatial variations such as mounding in
other areas.

. Monitor groundwater quality in the new standpipes installed beneath the Northern
Embankment and the Eastern Embankment (SPP series bores) and the standpipe
recommended for installation lo the north of the Pocket decant and Falls. Review the
results for early detection of decant signatures in groundwater,

. Continuously monitor the Morthern Embankment loe drain system sump water levels,
sump inflows and discharge oulflow (rates and cumulative volume) to provide a balter
understanding of the valume of water being moved through the syslem and variation
thraugh time.

The following general recommendation is also made:

. Ensurg any exposed ground/bedrock is adequately sealed with compacled low
permeability material prior to placement of decant or residue mud.
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Appendix A - Data and Data Analysis

Memo Test Pit Investigation — RMA Groundwater Management (RTA Yarwun 2015[a])
Memo Borehole Investigation — RMA Groundwater Management (RTA Yanwun 2015[b])
Memo Slug Test Investigation — RMA Groundwater Management (RTA Yarwun 2015[c])
Figure 1 Investigation Location Plan

Figure 2 Inferred Groundwater Contouring

Figure 3 Groundwater Levels Compared to Ground Surface
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Appendix B - Data Analysis Tables and Charts

Chart - Groundwater level time series for environmental monitoring bores
Table = Change in groundwater level for environmental menitering bores
Table — Estimated hydraulic conductivity values from slug tests

Table — Mean estimated hydraulic conductivity values from slug tests
Table — Estimated hydraulic conductivity values from ssepage to test pits

Charts = Slug test analysis

GHD | Report for RTA Yanwun - BMA Groundwater Management Actions, 41/28573






Appendix C - Conceptual Model

Figure 4 - Hydrogeological conceptual made| plan
Figure 5 - Section line plan

Figure A — Conceptual cross section (Section A)
Figure B — Conceptual cross section (Section B)

Figure © - Conceptual cross section {Section C)

GHD | Report for RTA Yarwun - RMA Groundwater Managemenl Actions, 41/285723
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Appendix D - Groundwater Management Options
Analysis '

Figure 6 — Concept groundwater management options

Summary of analytical modelling input data and results

GHD | Repor for RTA Yarwun - RMA Groundwaler Managemenl Actions, 41728523
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22 April 2015

Luke Craig Our ref, 41728523
Rio Tinto Alcan Yarwun g
PO Box 1479

Gladstons

QLD 4880

Your ref.

Dear Luke

RTA Yarwun Groundwater Management
Low pH Water Investigation

1 Introduction

GHD Pty Ltd {GHD) was commissioned by Rio Tinta Alcan Yarwun (RTAY) under Contract Number
CWW20812489 to assist with the development of an improved groundwater management system for the
Yarwun Residue Management Area (RMA), herein referred ta as the site,

The purpose of this commisszion is to assizt RTAY in the characterization and conceptualisation of
graundwater mounding to enable a plan to be developed to alleviate the observed pressurised
groundwater and to investigate low pH waters within a Firewater dam at the RMA. To achieve this, the
work has been divided into thres tasks as follows:

» Task 1- Spatial analysis of groundwater pressurisation and development of field investigations

= Task 2 — Concept design of management options to alleviate pressurisation of the Merthern
Embankment and off-site downstream of the RMA

¢ Task 3 - Assessment of low-pH water in the Firewater Dam.

This letter report details Task 3 (assessment of low-pH water in the Firewater Dam). The Sampling and
Analysis Plan (SAP) for the low-pH water assessment is included in GHD report Spatial Analysis of
Groundwater Pressurisation of the Northern Embankment and Development of Sampling and Analysis
Flan.

The following peoints summarise the scope of Task 3, as detailed in this letter report:

s Literature review (Section 2)

= Site inspection, sample collection and laboratory analysis (Section 3 and Section 4)
= Hydrogeachemical assessment and mode(ling {Section 5)

s Conclusions and recommendations for ongoing sampling and a monitoring program (SAF) (Section &
and Section 7).

2 Literature review

The following sections provide a summary of the pertinent information regarding the low pH water
identified by RTAY in the firewater dam,
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2.1 (RTAY internal memorandum) Draft options to address risks and actions reported
17/7/2014

This memo details options for conzsideration for managing rising groundwater levels within the Northern

Embankment and briefly presents possible causes for the low pH water.

Possible causes for low pH water identified include:

«  Matural material reacting with groundwater

»  Groundwater is naturally low in pH

« Waste material illegally dumped in contact with groundwater
» Acid spill in past in contact with groundwater

«  (Other causes.

2.2 (RTAY) Groundwater seepage at the Rio Tinto Alcan Yarwun RMA, 2 October 2014

In duly 2014 groundwater seepage was obsarved down-gradient of the eastarn side of the Marthern
Embankment. This report details Stage 1 of the root cause investigation scope of wark (site visit and
desklop study) undertaken. The relevant points from the report in relation to the firewater dams
(identified as firewater dam’ and 'RMA_GW1", where 'RMA_GW1' is located upstream of firewater dam’
in the RTAY report) are summarised below.

Summary of field observations in relation to the firewater dams:

« July 2014 — seepage flow was observed into the two dams that were present to the north of the
construction area (RMA_GW1 and firewater dam). Seepage was also noted in the adjacent
construction car park, an area fo the south of the construction car park and on the sides of the haul
road at the foot of the north wall,

= A red tinge was observed around the RMA_GW1 dam, but no similar tinge was obsarved around the
firewater dam, Iocated down-gradient.

Surface water samples were collected from the two dams (RMA_GW1 and firewater dam respectively)
for laboratory analysis. Dam water sample analysis indicated a groundwater chemical signature with
elevated magnesium and low potassium concentrations and non-detectable concentrations of gallium
and molybdenum. These chemical signatures of water from RMA_GW1 and the firewater dam were
compared with the signatures from seawater and decant water from the RMA residue dam. Groundwater
sampling and analysis of two existing bores |ocated in the vicinity was also used far comparizan
purposes. The dam water samples were found to be generally representative of groundwater and not
seepadge from the RMA. The chemical typing was done by comparing potassium-to-chloride ratios,
magnesium-to-chloride ratios and trace metals gallium and molybdenum.

The low pH of the dam water (3.4 pH measured in the firewater dam and 3.2 pH measured in
RMA_GVYT) is thought to be caused by iron oxidisation and precipitation from emerging groundwater
seepage. At the time of the inspection, iron staining was present in RMA_GW1 dam around the margins
but staining was not evident in the vicinity of the firewater dam, considered to be because the majority of
the iron is likely to have been lost through precipitation by the time water has flowed to the firewater dam.
Iron staining was also ohserved at a number of up-gradient seepage paints,

Reported recommendation:

» Groundwater and surface water samples should be taken from the firewater dam and analysed for
the full suite including species of iron and organic acid content. A bore should be installed upstream
of the two dams and sampled.
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3 GHD site inspection and sample collection

Prior to the field work being undertaken, GHD developed a Job Safety and Environmental Analysis plan
(JSEA) and liaised with RMA staff prior to undertaking the site visit. On meeting the RMA representative
on site, who accompanied GHD staff at all times, the safety plans and job briefing was undertaken with a
group toolbox assessment also completed along with a Cat 2 Contractor Authority to Wark Permit. This
was issued and reauthorised far the following day of site work. The site inspection and
groundwater/surface water sampling was undertaken by an environmental engineer from GHD,
undertaken in accordance with GHD Practice Manual, 2000, Contaminatad Sites Environmental
Procedures.

3.1 Site inspection

A site inspection of the two firewater dams, surrounding area and the monitoring bore 580MB2004 was
undertaken by GHD, accompanied by RMA Operations, on @ and 10 February 2015. In relation to the
inspection and reporting, GHD herein, refer ta the downstream firewater dam as Firewater Dam 1 (FD1)
and refer to the upstream area of ponded water as Firewater Dam 2 (FD2), as shown on Figure 1
(previously reparted as the firewater dam and RMA_GW1 dam respectively, in RTAY October 2014
‘Groundwater seepage at the Rio Tinto Alcan Yarwun RIMAY,

The inspection was conducted to:

« Document and photograph site features, inspect the firewater dams and surrounds for signs of
staining, low pH, seepage zones, inflow channels, nearby landform and vegetation, and comparison
to information gathered during the previous investigations,

« |dentifization of sampling sites, testing water for physical parameters, collection of surface water,
seepage, groundwater and soil samples for field testing and laboratery analysis to inform the
geochemical assessment.

s |dentify a suitable location for an up gradient groundwater monitoring bore to be installed, in order to
confirm the depth to groundwater in the vicinity of the firewater dams and the up gradient
groundwater guality.
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3.2 Field observations

A summary of the key field observations made during the site inspection are detailed below with
photographs of key observations shown in Table 1.

The week praviously, heavy rainfall had been experienced at the site with the soils surrounding the dams
being moist but firn. Both the dams, connected by overland flow, are located in semi-open bushland
with limited grass cover, with juvenile to mature trees surrounding the area and present on a hillside to
the east. The dams appear o have baen constructed within natural low paints near the base of the
hillzide with limited excavation occurring and no embankment wallg, based on the spoil observed in the
area.

Firewater Dam 1

s  The Firewater Dam 1, located down-gradient of the upper dam, receives inflow principally from the
up-gradient Firewater Dam 2, via overland flow across a poorly defined channel interconnecting the
two dams. Some minor stormwater contributions are also received from the higher ground to the
east, The dam iz generally triangular in shape, being approximately 20 m across, 0.5 m deep and
having a standing water level at approximately 64.1 m AHD at the time of inspection. A low paoint in
the north western corner acts as a spill point, where the discharge flows for a short section of bush
prior ta discharging into a table drain and pipe under the thickener plant access road, The dam has
a water level marker installed and it was noted from observations that it would spill from
approximately 64.2 m elevation. At the time of the inspection the water within the dam was clear with
isolated areas near the edges having green grass growing in the water. Aguaticorganisms were
noted to be present and the bottom and side batters of the dam contained abundant leaf litter. A
small pad for vehicle access was also present in the northeast with a flexible hose lying on the
surface.

Firewater Dam 2

s Firewater Dam 2, being up-gradient, receives stormwater flow from a portion of the RMA access road
via a table drain, overland flow from the east and principally from an excavated WV drain (inflow
channel) that runz parallel to the access road which captures flow from the adjacent hillside to the
east. The oval dam is approximately 22 m long, 0.6 m deep and based on a water level survey post,
the level was at 65.150 m AHD and just below where it would spill into Firewater Dam 1. The dam
edge can be accesszed from the roadside with a parking area prezent adjacent on the western side
being constructed of earth fill, with the remainder being surrounded by bush. The water within the
dam appeared clear with trace floating detritus/scum and apparent isclated areas of iron flock
present on the battom, principally in the wesatern portion, Some emergent reeds were also present in
the centre, being brown and dead, possibly prior to the recent rainfall.

Inflow Channel

» TheV drain directs stormwater captured from hillside overland flow into Firewater Dam 2 via a level
section of soil to discharge in the scutheaster corner. The drain, excavated within shallow topsoil and
underlying extremely weathered bedrock was orientated in a north-sasterly orientation, with
excavated depth ranging from approximately 0.3 to 1.5 m below greund level and up to 0.5 m wide at
the base. The bed of the drain appeared undulating with isclated pockets of ponded water present in
low points, up to 0.3 m deep. Located approximately 35 m up from the dam, a walter sample was
collected within a 3 m reach of waler with a surface soil sample also retrieved fram adjacent topsoil
(0,0-0.15 m depth). Mo flocks or indication of any iron staining were apparent within the ponded
water body, but along the walls of the \V drain, evidence of seepage was observed. Immediately
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downstream of this, a 3 m long, 40 mm diameter piece of wire rope was prasent in the bottom of the
drain, being rusted and having red soil staining adjacent.

Monitoring Bore 580MB2004

An existing groundwater monitoring bore, 580MB2004, located approximately 150 m west of the fire
dams and screened in highly weathered argillite was sampled as part of the investigation. It is
considered to be representative of groundwater, down gradient of the dams. Static water level (SWL)
recorded prior to sampling was 3.332 m from top of standpipe, being approximately 2.7 m below
ground level. This equates to an RL of 58.153 m AHD. Some trace organics as particulates were
observed in the bore purge water, although a cap was present on the bare casing prior to sampling.

Proposed Monitoring Bore MBOG

During the site inspection, a suitable location was investigated for a proposed groundwater
monitoring bore to be installed, up-gradient from Firewater Dam 2. This bore may be able to further
evaluate if there is a relationship between groundwater quality and potential inflows into the fire dam.
The proposed location, shown as MBOE on Figure 1, was positioned approximately 20 m south, up-
gradient and adjacent to the \ drain that flows into Firewater Dam 2.

Photographs taken during the investigation are provided below in Table 1.

Table 1 Photographs of key observations

View of the RMA
access road and
table drain that
discharges into the
upper Firewater
Dam 2.
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Wiew of the road
table drain inta the
Firewater Dam 2
with seepage
evident in the walls
of the drain,

Wiew of the
Firewater Dam 2,
looking up gradient
with the level
marker in the
foreground and
trace scum present
1 % in the vicinity on the
i . o, water surface. AV
j't drain prasent along
| the toe of the
hillside discharges
into the dam to the
left of the table
drain and vehicle
pad, shown in the
tackground,

View of the

ovariand flow path

from the upstream

-, Firewater Dam 2 to
£ the lower Firewater

U A , Dam 1 present in

: -.-’I f the background.
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Firewater Dam 1,
looking north, with
the overflow
discharge point to
, the left rear and a

vehicle access pad
i 4 e . to the right rear.
e ) { ] o ] ' The damp section

1 in the foreground is

where the ovarflow
from Firewater Oam
2 enters this area.

| '.‘- ! "’-"”’t
ey

= ]

Wiew of the \/ drain
that has bean
excavated along
the tos of the
hillside which
diracts runoff into
Firewater Dam 2.
The depth of cut for
this drain varies
across its length,
with isolated areas
of water ponding
generally
associated with low
points along the
invert,
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The V drain, where
awater sample
{FD1 U3 was
taken from a reach
of the drain whare
water was ponding.
A shallow soil
sample was also
sourced from the
adjacent sails.

Iron stained soils
and a 3 m lenath of
wire rope present in
the \ drain,
immediately down-
gradient and
izolated from the
ponded area whare
watar sampling was
undertaken in the
drain.
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View of a section of
the wire rope and
the W drain walls
indicating clay
infilled joints within
highly weathered
bedrock.

The upper
catchment and
southern section of
the W drain with
grass cover and a
less defined
channel present,

4 Sampling and analysis

Within the fire dams, field water quality parameters; dissolved oxygen (DO), pH, oxidationfreduction
potential (Eh), electrical conductivity (EC), and temperature were measured at the sampling peint and
directly opposite within the dams to evaluate variance across the water body. Physical parameters were
also laken from an area of ponded water within the V drain and from the groundwater bore that was
sampled, to assess water guality and to ensure the bore had been adequately purged. Turbidity
readings were also taken within the dams.
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Water samples were collected directly from the water body and placed into the laboratory supplied
containers, with the groundwalter sample being collected using a dedicated Waterra hose and foot valve.
Prior to sampling, the bore was purged dry.

A scil sample, taken within topsoils directly adjacent to the V' drain water sample, was characterised as a
clayey silt, ohserved to be typical of soils in the area surrounding the dam.

Three surface water samplas, one groundwater sample and aneg soil sample were collected for labaratory
analysis and/or field testing, as detailed in Table 2.

Table 2 Summary of field sampling and analytical parameters
Sample location Sample type | Analysis
(sample D)
Ponded water within Field parameters (pH, electrical conductivity, temperature,
Firewater Dam 1 dissolved oxygen, salinity, redox) with turbidity taken in dams
(FD1) only.
Ponded water within Laboratory analysis:
Firewater Dam 2 Physicals - pH, electrical conductivity, total dissolved solids,
(FD2) suspended solids, dissolved organic carbon, total arganic
carbon
Surface . . . , . .
wator Major ions — calcium, magnesium, sodium, potassium, chioride,

sulfate, Alkalinity {carbonate, bicarbonate), hardness, fluoride

Total and dissolved metals — aluminium, arsenic, cadmium,
Fonded water in V chromium, copper, gallium, lead, manganese, molybdenum,

drain channel, nickel, vanadium, zinc
upstream of wire

rope and upstream
of Firewater Dam 2 Mutrients — ammonia, nitrate as N, nitrite as N, nitrite + nitrate
{US FD1) as N (MOx), reactive phosphorus

Iron (ferrous and ferric)

Downgradient
monitoring bore 580-
MB-2004 (incorectly

labelled as 580-BH Groandyeres
2004 in laboratory
certificates) As for surface water
Laboratory analysis;
Physicals - pH, electrical conductivity, moisture content
SO sijatant o'y Sail Major cations - calcium, magneasium, sodium, potassi
drain, upstream of ! LT ' e
Firewater Dam 2 (US Total metals - aluminium, arsenic, cadmium, chromium, copper,
FD1) gallium, lead, manganese, molybdenum, nickel, vanadium, zinc
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5 Soil and water analytical results and hydrogeochemical assessment

5.1 Field water quality results

Field water guality parameters are presented in Table 3 with the field data sheets in Attachment 1.

Table 3 Physico-Chemical Field Parameters

Location
Temp (°C) | DO (% ) H=¢ Sahm_t:,r ORP {mV '_Fur‘r_.*'n:iily
| sat) _ | (uSicm) {ppmimg/L) | KCIAQCI) (NTU)
FD1south  30.3 53.2 6.3 4273 2522 71.4 56
FD1 west 30.3 52.4 6.3 4218 2489 79.8 47
FD2 west 307 88.1 6.40 6730 3939 289 4.1
FD2 north 30.3 50.3 6.38 6584 3887 74.2 4.0
US FD1 225 42.4 4.8 7788 4829 235.5
580MB2004 24.8 12.86 6.42 37075 24180 =111

Efectrical conductivity

Electrical conductivity values within the dams ranged from 4,218 uS/cm (FD1 south) to 6,730 uSfcm
(FO2 north) and indicated the up-gradient Fire Dam 2 were slightly higher and similar to the sample
taken from the up-gradient \/ drain (US FD1). The down-gradient groundwater baore reported a
conductivity an order of magnitude higher at 37,075 uSfcm.

pH and oaxidation reduction potential(Er/ER)

Field pH data indicate that the dam waters were near neutral and all above pH 6.0 with the V drain being
acidic, at pH 4.8. The dam water pH is significantly less acidic than previously measured by RTAY (refer
ta Section 2.2) and is likely ta be due ta inflow of water following recent rainfall and/ar buffering of the
acidic waters by the fresh influx of water.

Er values in the dam, measured using a saturated KCI/AgCI (TPS 1J64) electrode, ranged from 26.9
(FD2 wast) ta 78,8 (FD1 weast), These are equivalent to standard hydrogen electrode Eh values of
+225 9 to +278 B, using the probe correction factor of +198. The corresponding corrected Eh values in
the V' drain were 434_5 with the groundwater sample being at 88.

The pH and Eh conditions have a significant effect on the solubility and speciation of solutes and provide
information in regard to what chemical processes may be occurring in the water system. Iron speciation
and mobility in particular is affected by changes in pH and Eh.

Dissoilved oxygen

Dissolved oxygen (DO) concentrations in the dams would be considered consistent with ponded water
containing organics (leaf litter) that recently had received rainfall and the groundwater concentrations
were typical for groundwater at the site.

Temperature

Temperatures in the dams ranged from 30.3 °C to 30.7 "C. compared to the \ drain at 22.5 "C which was
similar to the groundwater at 24.8 °C.
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5.2 Labaratory analysis

One sadiment and four water samples collected, as described in Table 2, were analysed for a range of
inorganic and organic anolytes. The |laboratory certificates for the analysis are included in Attachment 2
along with Chain of Custody documentation.

53 Soil sample results

Sample analysis of soil sample (USFD1) taken adjacent to the V drain and its water sample location are
discussed below.

pH and electrical conductivity

The soil pH was reported at 6.4 pH, being similar to the Fire dam water readings which were all less
acidic than the  drain water pH. The conductivity was reported at 31 uS/fom, which indicates it is not
=aline and is significantly lower conductivity than waters within the dams.

Soluble cations

The major soluble cation concentrations were reported at <10, <10, 20 and 10 mg'kg for calcium,
magneasium, sodium and potassium respactively.

Metals

Soil metal concenirations are presented in Table 4.

Table 4 Soil Metals Analysis USFD1

Heavy metal | Concentration mg/kg soil
Aluminium - 14,900
Arsenic G
Cadmium <1
Chromium G
Copper 43
Gallium =01
Manganese 409
Lead 9
Molybdenum <2
Mickel 2
Vanadium 156
Zinc 62

The concentrations of metals were all within acceptable guidelines and typical for soils in the area, based
on the previous assessments reviewed. No direct comparison was undertaken between the metals in soll
and the concentrations reported the water samples.
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5.4 Water sample results and hydrogeochemical assessment

Sample analysis of waler from the dams (FD1, FD2), the V drain (USFD1) and the groundwater sample
(580BH2004) are discussed below as part of the hydrogeochemical assessment. The quality of the
laboratory analysis results was assessed and found to be acceptable, including the charge balance
BIrors.

5.4.1 Major lons and general water guality

The field and laboratory analysis results indicate the groundwater and fire dam water have near neutral
to slightly acidic pH, while the water sample collected from the drain had acidic pH. The groundwater
sample showed reducing conditions, while the fire dam and drain water were under cxidising conditions.,

Due the instability of pH and ORP, the field measurements were used in the hydrogeochemical
assessment as they were considered to better represent the envirenmental conditions at the site,

Salinity

The Total Dissclved Solids (TDS) data suggest that groundwater is highly saline (32,000 mg/L at
580MB2004), while the dam water is slightly brackish (~2300 to ~3800 ma/L} and the drain water
brackish (~B000 mg/L). This suggests that the drain is receiving discharge of saline water from either
groundwater base-flow and / or some surface feature that produces saline leachate.

Chioride

Chloride concentrations show a strong relationship to TDS (refer to Figure 2), Chloride generally
behaves conservatively in solution and is not subject to attenuation by sorption or precipitation unless
strongly reducing conditions prevail. It is therefore a good reference for jon ratio analysis.

TDS and Cl Relationship

A{HHNI0
= ¢
Z“." 10000
=}

k]
&
1000 *
1001 10000 100000
TOS (mgfL)

Figure 2 TDS and Chleride relationship for analytical results
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Major ion ratios

Major cations (Ca, Mg, Na and K) and anions (Cl, HCO; and S0,) comprise the majority of the TDS and
their relative proportion within the TDS provides a good indication of the general hydrogecchemical
characteristics of water samples. Figure 3 shows Stiff plots that graphically represent the major ion
characteristics of the four water samples analysed. All four samples show sodium, magnesium chloride
character, which suggests a linkage betwesn the samples.

FD1 FD2
lig HCO3 1 ]
Ca S0 Ca 504
Ma al Ha i
FET LT T T L L L O A e (O
40 32 2 16 8 § 16 24 32 40 (megL) RSk el 208 Biimeat)
SB0BH2004 USFD1
lig HZ03 Mg HoO3
Ca S04 Ca S04
Ha Gl Ma Gl
T F T EF =T T 0 T 17 1T 1T 17T 1T 1771 711
400 320 240 150 &0 B0 160 240 320 400 (meg/L ) B0 &4 4B 32 1§ 16 32 4B 54 B0 (menlL|

Figure 3  Stiff plots for water samples

The Piper plot (Figure 4) shows that the groundwater has sodium deminant over magnesium and while
chloride dominant, has a relatively higher sulfate propartion than the fire dam and drain water samples.
The fire dam and drain water samples show magnesium dominance over sodium and are strongly
chloride type waters, with low relative sulfate and no bicarbonate.
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Figure 4 Piper plot
The spatial assessment of major ion data is summarised on Figure 5.
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The water sample analytical data as used to assess the major ion ratios on an eguivalent weight basis
and results are presented in Table 5.

Table 5

Location

680BH2004 063 1.00 16.1

Major ion ratios

n
£
[
=
8

15.41 0.45 060 060 0004 013 076

FD1 042 B.42 18.63 4588 1615 012 088 0004 014 0.56
FD2 040 277 16,13  38.856 4.23 036 0588 0003 015 055
USFD1 036 1263 2561 46.48 14.71 005 064 000 018 0.54

* Fe mulliplied by 100000

Assessment of the major jon ratios shown in Table 5 suggested the following;

Groundwater had a higher sodium to chloride ratio than the fire dam and drain water samples,
with all samples showing excess chioride over sodium.

Groundwater had a significantly lower calcium to bicarbonate ratio than the fire dam and drain
water samples, suggesting that water in the fire dams and drain was derived through water in
contact with different mineral suite and / or different hydrogecchemical environment than the
groundwater,

The drain water shows a significantly higher sodium to calcium ratio than the fire dam and
groundwater water, suggesting that the water sample collected in the drain at the lime of the field
wark was subject to different hydrogeochemical conditions and / or weathering processes than
the processes responsible for the water character of the fire dams.

The fire dam and drain water samples have a significantly higher chloride to sulfate ratio than the
groundwater, suggesting that sulfide oxidation through groundwater discharge is not likely to be
a significant process in accounting for the low pH in the drain sample and observed acidification
in the fire dams. Acidification through sulfide oxidation leads to a decrease in chloride to sulfate
ratio belween the groundwater and surface water as the surface water is enriched in sulfate with
respect to chlaride.

The fire dam and drain water show significantly higher iron to chloride ratios when compared to
groundwater, suggesting that the surface water samples have a relatively higher iran
concentration when compared to chlaride than the groundwater. This is unusual, given that iron
is generally more soluble under reducing conditions present in groundwater compared to
oxidised surface water,

Azzessment of the bicarbonate and calcium to sulfate ratios suggests that the fire dam waters
have buffered any acidification processes. Bath fire dam samples show higher ratics in both
pairs when comparad to the drain water sample.

The remaining ratios are relatively similar between the samples and provide limited additicnal
information on the potential hydregeochemical processes likely to be responsible for the

observed acidification.
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5.4.2 Tofal arganic carbon (TOC) and dissolved organic carbon {DOC)

Total and dissolved organic carbon concentrations where the same within the samples, which were
reported at 3, 13, 10 and 8 ma/L for S80MB2004, FD1, FD2 and USFDA respectwely This indicates that
the organic carbon was entirely present in the dissclved form.

5.4.3 Nutrients (minor ions)
NO, (Nitrate and Nitrite as N}

Nitrate and nitrate concentrations all wers reported below the laboratory limit of reporting (LOR) of
0.01 ma/L, except for USFD1, which reported a concentration of nitrate of 0.02 ma/L.

Ammaonia {NH;)

Total ammonia concentrations for S80MB2004, FD1, FD2 and USFD1 were D.06, 0.04, 0.04 and
0.10 mg/L respectively.

Reactive phosphorus

Concentrations of reactive phosphorus were all below the LOR of 0.01 mg/L.

5.4.4 Metals

Analyses (total and dissclved) undertaken for key and signature {decant water) metals are presented
below where concentrations were reported above the level of detection for the particular laboratary
analysis undertaken (LOR). No comparisan to specific guideline values has been undertaken:

Surface water samples analyses indicated a chemical signaturs with elevated magnesium and low
potassium coneentrations and non-detectable concentrations of gallium and maolybdenum, which was
also reported for the groundwater sample. The dam water samples were again found to be generally
representative of groundwater and not seepage from the RMA, based on comparison with signature
metals and previous results reviewed as part of this assessment,

Aluminium

Concentrations of total aluminium were reported at 0.14, 0,14, 0.26 and 1.34 mg/L for 580BH2004, FD1,
FD2 and USFD1 respectively, with dissolved concentrations at 0.2, 0.2, 0.2 and 1.44 mg/L. Aluminium
solubility is influenced by pH, with lowest solubility around pH 6.5,

Arsenic

Arsenic concentrations were below LOR except in FD2 and USFD1 where total Arsenic was at 0.1, and
0.2 mg/L respectively.

Copper

Copper concentrations (tatal and dissolved) were 0.013, 0.002 and 0.002 for S80BH2004, FD1 and FD2
with USFD reporting a total and dissolved cancentration of 0.004 and 0.009 ma/L respectively.

Manganese

Manganese concentrations were marginally higher in the total samples at 0.027, 1.4, 1.17 and 1.76 mg/L
for 380BHZ2004, FD1, FDZ and USFDO1 with dissolved concentrations being at 0.012, 1.28, 1.15 and 1.83
ma/L respectively.

Nickel

Total Nickel concentrations were 0.004, 0,002 and 0.007 in FO11, FD2 and USFD1 with dissolved
cancentrations at 0.003, 0.002 and 0.007 mg/L respectively.
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Total Zinc concentrations were 0,008, 0.006 and 0.031 in FO1, FD2 and USFD respectively with
dissolved concentrations reported above LOR in USFD1 at 0.022 mag/L.

fron (ferrous and ferric)

Total and dissolved iron concentrations showed that the majority of the iron was in the form of dissolved
ferrous iron, with the highest dissolved ferrous iron concentration measured in the Vdrain sample. The
digzalved iron concentration in the \Vdrain water sample was an order of magnitude greater than that
measured in the groundwater sample. Based on the Eh and pH conditions at the sampling locations the
potential speciation of iron under equilibrium conditions can be assessed using the standard temperature
and pressure iron stability diagram (Figure ). This analysis suggested.

= The groundwater sample plotted in the ferrous iran equilibrium field, suggesting that iron is stable in
a readily soluble Fe®' form, but was adjacent to the stability field for insoluble pyrite (FeS;). The
relatively low diszolved iron concentration in groundwater suggests that true Eh may have been
slightly lower than that measured in the fisld and that groundwater actually falls in the solid FeS;
field.

= The drain sample plotted near the ferrous iron and ferric hydroxide equilibrium lines suggesting that
the iron present in the drain water, possibly in part from groundwater seepage, is in the ferrous field
and may be subject to oxjdation and precipitation as a hydroxide mineral.

«  The fire dam samples plotted in the ferric hydroxide (Fe(OH);) solid field, near the dissolved ferrous
iron line, suggesting that the soluble ferrous iron may be subject to oxidation and precipitation as iron
hydroxides in the aerobic fire dams.
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Figure 8 Iron stability diagram
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5.5 Potential hydrogeochemical processes

The key focus of the hydrogeochemical assessment was to identify the potential processes responsible
for the observed acidification of the fire dam waters. The assessment considered the concentration, ion
ratio and process information to assess the potential mechanisms that lead to generation of acid.

5.5.1 General acid generation processes

A number of facters, including parent material, climate, vegetation and management and their interaction,
cantrol whether a soil and / or water has a neutral, acidic or alkaline reaction. There are a number of
processes in soils and sediments that can generate or consume protons (H” ions) and therefore affect
pH. These processes interact with the local climate, parent material, and microarganisms over time to
determine soil and / or water pH. Water flow through the system is an important variable as it removes
weathering products and supplies protons for exchange reactions. Some of the important processes that
either generate or consume protons are listed below. Protons that are generated by these processes
interact with the soil exchange complex and the solid phase. Thus, primary minerals, clay and organic
matter content and percolation are important aspects of soil pH regulation.

5.52 Important processes generating or consuming protons

Evaluation of some of the important processes that generate or consume protons in the context of the
Firewater Dams is provided below and indicates that 'pyrite congruent dissolution’ is a potential process
for generation of the observed acidification at the site,

Biological breakdown of profeins
Proteins —Proteoses —Peptones —Polypeptides  :Amino acids —NH,
NH3 + HQG ?'NH.q.-t + OH

This process increases rather than decreases pH and is therefore not considered to result in the
observed acidification of the fire dam water,

Nitrification
NH; + 1% 0, NO+2H + H.0,
NO; + % Oz = NO;™

This process causes acidification but was considered unlikely to contribute to the observed acidification
of the fire dams because while ammonia was present in measurable concentrations in all four samples
tested, no nitrite or nitrate was detected in the samples. This suggests this process is not a significant
cantributor to the observed acidification.

Denitrification
H.0 + NO4™ + 28 +NO, + 20H, 2H.0 + NO,-+ 323 %4 No + 40H
134 Hy0 + NOy + 28- — % NaO + 30H

This process increases, rather than decreases pH and is therefore not considers to result in the observed
acidification of the fire dam water.

Oxidative metabolism

Enzymatically available organic matter + O, » COs + Ho0
H:0 + CO, — H,CO4

HzCO;— H + HCO,
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This process is likely to occur with decay of organic matter in the drain and fire dam system but is
generally considered minor and often offset by buffering. If this process were significant, then all surface
water systems would be acidic. This process of acidification is ubiquitous in the environment but slow
and responsible for most of the long term mineral weathering that occurs in the near surface
enviranment.

Other electran acceptors for microbiclogical respiration
2H,0 + MnO; + 2& — Mn™ + 40H

Fe(OH):+ e — Fe™ + 30H

6H.O + 50,7 + B » H,5 + 100H

This process increases, rather than decreases pH and is therefore not considers to result in the cbhsarved
acidification of the fire dam water.

Addition of sulfur
H,O+ 85"+ 1% 0s— 50,5+ 2H°

This process is a significant generator of acid but generally only oceurs to any significant degree in active
volcanic regions or geological deposits rich in sulfur directly derived from these activities. This process
was not considered ta be a significant contributor to the observed fire dam acidification due re geological
setting of the site.

lon uptake
Root + K' — K{Root) + H’
Root + NO.* » Root (NO5™) + OH

This process of acidification is ubiquitous in the environment but slow and responsible for most of the
long term mineral weathering that occurs in the near surface environment.

Congruent dissolution of the mineral Anorthite and fate of products
Ga Al, Six0p — Ca®™ + 2A1" + 25i0,*

Ca’' - hydrated solution jon {exchangeable)

2AF + B8H,0 —» 2A1{0H)4 + BH"

2 5i0," + BH,0 — 2H,Si04 + BOH

20H + 2C0, »2HCOy

This process increases, rather than decreases pH and is therefore not considered to result in the
ohserved acidification of the fire dam water. Anorthite is a rare compositional varisty of plagicclase that
can occur in mafic igneous rock, It also oceurs in granulite facies metamorphic rocks, in metamorphosed
carbonate rocks and corundum deposits. Anorthite is generally rarer in surficial rocks than at depth due
to ita high weathering potential. Therefore concurrent dissolution of Anarthite was not considered a
significant progress occurring in the environmental setting of the site,

Faylite congruent dissolution and fate of products
Fe,Si0, + 4H,0 — 2Fe” + H, S0, + 40H
2Fe® + 0.50, + 5H,0 — 2Fe(0H)y, + 4H

This process increases, and can decrease pH and but was not considered ta result in the observed
acidification of the fire dam water. Faylite is the iron-rich end-member of the olivine solid-solution mineral
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series and is generally associated with acidic or alkaline igneous rocks. Therefore concurrent dissolution
of faylite was not cansidered a significant progress occurring in the environmental setting of the site.

Pyrite congruent dissolution
FeSay + 3.750; + 3.5H,0 — Fe{OH)g, + 4H' + 250,%

This process can lead to significant generation of acid and is commanly associated with a wide range of
geological domains and is commonly associated with acidification processes. Pyrite exidation and the
associated auxiliary processes are a potential process responsible for generation of acid at the site,

The net result of weathering and buffering reactions along with the attendant climate, produce either acid
or basic soils. In each of these soil types there are unigue reactions.

6 Summary and conclusions

Based upon the document review, site inspections, sampling and analysis of the two firewater dams, an
up-gradient drain and nearby groundwater bore, the following summary and conclusions are provided
below,

+  Two firewater dams, considered to be partially excavated within natural ground, having no
embankments and of limited size and volume (less than 200 kL combined) are present near the
entrance to the RMA site. The dams are interconnected via an overland flow path and recsive
stormwater contributions principally from an undeveloped catchment containing trees, with the
remainder being from a table drain associated with an unsealed road that accesses the RMA car
park and facilities.

»  Previous studies have indicated that low pH waters observed principally within the upper Firewater
Dam 2 may be due to the precipitation of iron hydroxide. Previous Fire Dam and groundwater
sampling of two adjacent bores by RTAY (refer to Section 2.2) demonstrated that the chemical
signatures were similar and not representative of decant water from within the RMA. Elevated salinity
within groundwater was also considered to be naturally occurring, based on historical pre-RMA
construction sampling.

= Given the phreatic surface of groundwater in the down-gradient bore was around 58.2 m AHD at the
time of the inspection and based on groundwater contouring of groundwater levels collected in
October 2014 (refer to Attachment 3), it is estimated that the water table (if unconfined) would be at
around 62,0 m AHD in the area of the fire dams. With the base RL of the lowest dam being
approximately 63.6 m AHD. it is considered that there is unlikely to be a direct interconnection
between groundwater and dam water, based on the diference in levels and that saline groundwater
may be present in fractured bedrock at greater depths,

= From previous groundwater, surface water and toe drain monitaring, it Is considered that there is a
very limited potential for any site-derived contamination to impact the dams or their sub catchmant,
including an absence of evidence from recent monitoring or observations that any decant or residus
is interacting with the dams,

= Analysis of a soil sample taken up-gradient of the fire dams indicated a near neutral pH, with low
salinity and metal concentrations typical for the site and general area.

= A review of the water sample characteristics indicates that ‘pyrite cengruent dissolution' (i.e.
oxidation of pyrite and subsequent generation of acid) is a potential process (refer to Section 5.5.1)
for the observed acidification in the dams.

= There is an apparent linkages between the groundwater and surface water samples given the
similarities in major ion chemistry (Figure 3), although differences are apparent in major ion ratios.
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Based on the major ion ratios groundwater exhibits a higher sodium to chloride ratio than the surface
water samples. Also the calcium to bicarbonate ratios suggest that the dam surface waters may be in
contact with a different mineral suite and / or different hydrogeochemical environment than the
groundwater. This is also similar for the V drain water, which appears to be subject to different
hydrogeochemical conditions and / or weathering processes than that of the fire dams, based on the
sodium to calcium ratios.

« Based on the chloride to sulfate ratios, sulfide oxidation through groundwater discharge is not likely
to be a significant process in accounting for the low pH in the drain sample and observed
acidification in the fire dams, but the surface waters show significantly higher iron to chloride ratios
when compared to groundwater, suggesting that the surface water samples have a relatively higher
iran concentration when compared to chloride than the groundwater.

« During the assessment the pH measured within the dams was near neutral and it appears that the
fire dam waters have buffered any acidification processes, potentially as a result of an influx of
raimwatar and run-off prior to sampling. Whereas the drain water sample was acidic and whose ability
to buffer may be limited.

= |ran analysis within the water samples indicated the majority of the measured dissolved
concentration was dug to the presence of dissolved ferrous iron, with the highest dissolved ferrous
iron concentration measured in the drain sample. Based on the Eh and pH conditions at the
sampling locations and using the iron stability diagram, the analyses suggested that the iron present
in groundwater, dam and drain waters may be from distinctive processes, including the oxidation of
pyrite present in the anaerobic saturated zone, the ferrous species in the V drain may be subject to
oxidation and precipitation as a hydroxide mineral and in the fire dams, and ferrous iron may be
subject to oxidation and precipitation as iron hydroxides.

» [tis considered that low pH conditions that have been experienced in the fire dams are from natural
processes and appear to be exacerbated by near surface seepage, dry periods where no
flushing/influx of fresh water cccurs and where a number of processes, principally iron redox
reactions, may influence and lower the pH of waters entering the dams over time. Observations
within the upstream V drain and from table drain cuttings indicate that some near surface seepage is
ocourring within the extramely weathered rock, possibly from rainfall infiltration which is entering the
dams as baseflow. Increased salinity and low pH within the dams is also considered to be intensified
as a result of evaporation during drier periods, During rainfall, significant increases in runoff and
associated soil water interactions are expected to occur, providing sdditional buffering capacity,
dilution and further mechanisms for pH regulation.

= Although historically, low pH readings have been reported within the Firewater dams, the stored
volume is considered to be relatively small. It also has to be considered that the potential for
envirenmental impact from Firewater Dam releases after rainfall would be limited and of short
duration. During rainfall events, the dams are considered to have a small flow contribution to the
recaiving environment with significant flows from the catchment flowing into the system prior to
discharging at the downstream offsite release point and the main catchment area (Larcom Creek
being over 0.5 km away, via overland flow).

7 Recommendations and SAP

Based on the information presented in this letter report, the following are recommended to provide further
information as part of evaluating further management and /or remediation measures that may be
required.

»  RMA continue to monitor dam water levels and water quality and undertake reqgular site inspections.
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= Maintain adequate freeboard and where low pH is observed, suitable management options may

include undertake dosing with agricultural lime (pH 6.0-8.5) and/or removal of the water by sucker
truck for potential reuse or disposal into the RMA.

+  Although direct groundwater interaction and discharge into the dam is unlikely to be OCCUrring,
consider installing an up-gradient groundwater maonitoring bore (MBOG proposed), which will help to
confirm depth to groundwater, flow pathways and flow direction in the area and allow further
assessment of potential groundwater interactions, if present.

« If the dams are to remain in use, develop a formal monitoring and reporting program including
evaluating potential risks associated with dam release of low pH waters along with appropriate
release limits and triggers for management to ocour.

Recommendations for engoing surface and groundwater monitering are detailed below in Table & and
Table 7,

This monitoring would need to be reviewed as part of any dam management that may be undertaken.

Table 6 Proposed monitoring, sampling and analysis

sample location Sample type Analysis
{sample 1)

Ponded water within Weekly:
Firewater Dam 1 = Water levels measured to datum and field inspections
(FD1) noting water quality chservations such as presence of
Poiided ke wiin staining, flocks {dams only).
Firewater Dam 2 + Field parameters (pH, electrical conductivity, temperature,
(FD2) dissclved oxygen, salinity, redox) with turbidity taken in
" dams anly.
URRES WRIBT v vty (for 4 Vissi and whish BH folls beiaw 5.8 ok
Laboratory analysis:

« Physicals - pH, electrical conductivity, total dissolved
solids, suspended solids. Major lons — calcium,

Ponded water in V/ magnesium, sodium, potassium, chloride, sulfate,
drain channel (US Alkalinity {carbonate, bicarbonate), hardness, fluaride
FD1) « lron (ferrous and ferric)

Downgradient

manitering bore 580- MManthly;

MB-2004 (incorectly = Static water levels

labelled as 580-BH Groundwater .
2004 in laboratory B manthly {for 1 year, then biannually)

certificates). Use « pH, EC, DO, EhEr, Temp (in Fiald)
WMB06 once installed = Laboratory analysis as per water sample
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Table 7

Recommended ongoing reviews and reporting

I i N L

Review of
surface water
inspections and
monitoring
results

Review of
surface water
sampling resulls

Review of
groundwater
sampling and
manitoring
results

Sinceraly
GHD Pty Lid

Weekly

Cluarterly

& monthly

/o /)/
;’/ / G T o

Steve Lawrence

Fnainasr
(04 3316 3941

Review and implemnent
management actions as
required including:

» |mplement additional
maonitoring including
contingency planning for
rainfall events.

= pH adjustment {using fine
agricultural lime)

»  pumping cut dams and

appropriate reuse / disposal
on site

Review data for trends, against
‘action criteria’ etc.

If exceedances, then follow
RTAY reporting procedure,

Update monitoring
requirements in line with
managemenl actions
undertaken.

Review data for trends, against
‘action crteria’ tc.

Completed by end of week of
monitoring period

" Completed within one week of

receipt of all results

Completed within one week of
receipt of all resulls
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