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INFERRED HYDROGEOLOGICAL SECTION: ED1 &2
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ED1& 2 Proposed Geophysical & Preliminary Monitoring Locations 
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Time Series Graphs 



Groundwater MB-1; Key Parameters 1996 to 2016 
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Groundwater MB-1; SWL in RL (mAHD) 1996 to 2016 
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Groundwater MB-1; SWL (mbgl) and PH from 1996 to 2016 
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Groundwater MB-10; Key Parameters 1996 to 2016 
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Groundwater MB-10; Water level (mbgl) and PH from 1996 to 2016 
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Groundwater MB-10,  SWL RL  from 1996 to 2016 
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Groundwater MB-11; Key Parameters 1996 to 2016 
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Groundwater MB-11; Water Level (mbgl) and PH from 1996 to 2016 
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Groundwater MB-11; Water Level RL (mAHD) from 1996 to 2016 
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Groundwater MB-12; Key Parameters 1996 to 2016 
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 MB-12; Wate level (mbgl) and PH from 1996 to 2016 
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Groundwater MB-12; SWl RL from 1996 to 2016 
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Groundwater MB-13; Key Parameters 1996 to 2016 
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Groundwater MB-13; Water Level (mbgl) and PH from 1996 to 2016 
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Groundwater MB-13; SWL RL from 1996 to 2016 
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Groundwater MB-14; Key Parameters 1996 to 2016 
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Groundwater MB-14; Water Level (mbgl) and PH from 1996 to 2016 

4.0

5.0

6.0

7.0

8.0

9.0

10.0

11.0

23/08/1996 1/11/1998 9/01/2001 20/03/2003 28/05/2005 6/08/2007 14/10/2009 23/12/2011 2/03/2014 10/05/2016

Date

W
at

er
 L

ev
el

 (m
bg

l) 
an

d 
PH

 

MB14 PH

MB-14 SWL mbgl



Groundwater MB-14; SWL RL from 1996 to 2016 

770.0

775.0

780.0

785.0

790.0

795.0

800.0

23/08/1996 1/11/1998 9/01/2001 20/03/2003 28/05/2005 6/08/2007 14/10/2009 23/12/2011 2/03/2014 10/05/2016

Date

W
at

er
 T

ab
le

 R
L 

(m
 A

H
D

) 

MB14  SWL RL



Groundwater MB-19; Key Parameters 1996 to 2016 
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Groundwater MB-19; Water level (mbgl) and PH from 1996 to 2016 
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Groundwater MB-19; SWL RL from 1996 to 2016 
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Groundwater MB-20; Key Parameters 1996 to 2016 
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Groundwater MB-20; SWL RL from 1996 to 2016 
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Groundwater MB-20; Water Level (mbgl) and PH from 1996 to 2016 
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Groundwater MW-9s; Key Parameters 2007 to 2016 

0.01

0.10

1.00

10.00

100.00

1000.00

10000.00

100000.00

6/08/2007 1/06/2008 28/03/2009 22/01/2010 18/11/2010 14/09/2011 10/07/2012 6/05/2013 2/03/2014 27/12/2014 23/10/2015

Date

C
on

ce
nt

ra
tio

n 
m

g/
L

MB9s EC uS/cm MB9s SO4 mg/L

MB9s Cu mg/L MB9s  Zn mg/L

MB9s TDS mg/L MB-9s Cl mg/L



Groundwater MW-9s; Water Level (mbgl) and PH)
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Groundwater MW-9s; SWL RL from 2007 to 2016 
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Tables 



Table 1: Summary of Aquifer Testing Results

Wel ID Transmissivity (m2/day) Geology Comments

MB-11 0.1 clay, weathered dolerite/shale low permeability

MB-12 5.56 clay, weathered dolerite/shale low-moderate permeability

MB-13 4.53 clay, sandyclay, weathered dolerite/shale low-moderate permeability

MB-14 8.59 clay, with weathered dolerite (fractures) low-moderate permeability

MB-15 0.01 NI low permeability

MB-16 9.69 NI low-moderate permeability

Note: Woodward Clyde (1996 and 1997)
NI= no information



Table 2: Summary of Water Quality Trends (ED1 & 2)

Well ID Water Quality Impacts Hydrochemical Trends Water Level PH Hydrogeological Setting Comments

MW-9s
Low & Stable Cu, Zn impact (<1 

mg/L) rising Cl, SO4

water fluctuating 2-5m, becoming 

stable from 2012 (3m) PH neutral

ED-1 - upgradient in bedrock-

dolerite

Likely to reflect ED-3 

Lagoons water quality- 

precurser to plume migration-

potential risk? (flow to Void)

MB-1 Low & Stable Zn impact (<1 mg/L)

Fluctuating to increasing trends-

TDS, SO4, Cl

deep water level becoming 

shallower (30m to 20 m)

PH neutral

ED-1 downgradient in bedrock- 

dolerite

MB-10 Decreasing Zn, Cu (<1 mg/L) rising Cl trend, decreasing SO4

water fluctuating 0-5m, becoming 

shallower from 2010 (3m) PH neutral ED-1 downgradient in alluvials

precurser to plume migration-

potential risk?

MB-11
Increasing Cu& Zn impact (>100 

mg/L) rising Cl,TDS, SO4 trend water deepening; 0 to 2m

becoming acidic (PH 6.5 to 

3.5)

ED-2 downgradient in fractured 

dolerite

Actual Preferential Pathway- 

plume migration

MB-12
Increasing Cu& Zn impact (>1,000 

mg/L) rising Cl,TDS, SO4 trend water deepening; 0 to 2.5m

becoming acidic (PH 5.5 to 

3.5)

ED-2 downgradient in weathered 

dolerite

Actual Preferential Pathway- 

plume migration

MB-13 Variable Zn impact fluctuating Cl & SO4 trend water fluctuates; 2 to 3m PH neutral

ED-2 downgradient in fractured 

dolerite

Potential Preferential 

Pathway- plume fringe ?

MB-14
decreasing to low Zn impact (<1 

mg/l) fluctuating to decreasing trends deepening of water table (7 <9m) PH neutral

ED-2 downgradient in fractured 

dolerite

Historical impact (Zn ~100 

mg/L) diminishing- plume 

retraction due to ED1 low 

levels.

MB-19
fluctuating / low Cu, Zn impact (<1 

mg/l) rising Cl,TDS/EC trend

water fluctuating 0-3m, becoming 

shallower from 2010 (1-2m) PH neutral

ED-2 downgradient (borelog not 

available)

Potential Preferential 

Pathway- plume fringe ?

MB-20
fluctuating/ low Cu, Zn impact (<1 

mg/l) rising Cl trend

water fluctuating 0-4m, becoming 

shallower from 2010 (1-3m) PH neutral

ED-2 downgradient (borelog not 

available)

Potential Preferential 

Pathway- plume fringe ?

Table 2 WQ summary



Table 3: Summary of Evaporation Dam Surveillance Assessments  (URS: 2008, 2012, 2015)

Date of Inspection
Inspection         
Personnel Report

Embankment 
Conditions-ED1

Embankment 
Conditions -  

ED2
Water Level in 

ED1 & 2 Recommendations

15 May 2015
Dr Neil Mattes of 

URS

Surveillance 
Report by URS, 

June 2015
Good Good

ED1 @ 4.7m below 
crest level.        

ED2 @ 6.5m below 
crest level

Trigger points for water level in ED-1 (2.5m below wave 
crest) & ED-2 (3m below wave crest) not exceeded.     

Continue to maintain embankments.                  
Remove trees at downstream embankment faces.        

If water levels rise to within 2m of ED-1 spillway, then 
create new spillway between ED1 & 2

14 September 2012
Dr Neil Mattes of 

URS

Surveillance 
Report by URS, 
October 2012

Good Good

ED1 @ 3.5m below 
crest level.        

ED2 @ 7m below 
crest level

Trigger points for water level in ED-1 & 2 not exceeded. 
Continue to maintain embankments.                  

Remove trees at downstream embankment faces.        
If water levels rise to within 2m of ED-1 spillway, then 

create new spillway between ED1 & 2

26 October 2007
Dr Neil Mattes of 

URS

Surveillance 
Report by URS, 

January 2008
Good Good

ED1 @ 4.5m below 
crest level.        

ED2 @ 6.5 m 
below crest level

Trigger points for water level in ED-1 & 2 not exceeded. 
Continue to maintain embankments.                  

Remove trees at downstream embankment faces.        
Survey recommended of spillway at ED-1 and 

depression between ED1& 2 to confirm adequate 
provisions & lowest points.

Tables 1-4 Surveilance Aquifer WQ DP 19-7-2016

Earth2Water Pty Ltd 

ABN: 64 100 859 238



Earth2Water Pty Ltd

Table 4 - E2W Preliminary Geotechnical Investigation Results (2015 to 2016)
Woodlawn Bioreactor - Evaporation Dam ED3SS 

Sample ID Date Sample Depth    
(m) Sample Description

Inferred Cap Quality 
(E2W interpretation 

from logging)

Permeability 
(m/sec) Sampling Area Comments

  

FFK-1 @0.9m 12/01/2016 0-0.18m Silty clay with fine gravel (tuff ~10%)- light 

brown (u50 tube)

B 4.0 E-08 Floor completed with 0.9m rerworked insitu

not meeting criteria for clay liner    

(E-9 m/sec)

FFK-2 @0.9m 12/01/2016 0.05-0.15m Silty clay with fine gravel (tuff ~10%)- light 

brown (u50 tube)

B 2.0 E-08 Floor completed with 0.9m rerworked insitu

not meeting criteria for clay liner    

(E-9 m/sec)

FFK-3 @0.9m 12/01/2016 0.05-0.15m Silty clay with fine gravel (tuff ~10%)- light 

brown (u50 tube)

B 5.0 E-08 Floor completed with 0.9m rerworked insitu

not meeting criteria for clay liner    

(E-9 m/sec)

  

NFK-1 15/12/2015 0-0.15m Silty clay with fine gravel (tuff ~10%)- light 

brown

A 3.2 E-09 Floor not completed within ~1m of final level

meets criteria for clay liner         

(E-9 m/sec)

SFK-2 15/12/2015 0-0.15m Silty clay with fine gravel (tuff ~10%)- light 

brown

B 1.3 E-08 Floor not completed within ~1m of final level

not meeting criteria for clay liner    

(E-9 m/sec)

SFK-2 Rock 15/12/2015 0-0.3m Tuff- light brown, fine grained, massive-clay 

matrix, poorly cemented, weathered. 

B 2.0 E-08 Floor not completed within ~1m of final level

not meeting criteria for clay liner    

(E-9 m/sec)

SFK-3 15/12/2015 BH-6 (0.1-0.6m) Silty clay with fine gravel (tuff ~10%)- light 

grey/white

B 1.0 E-08 Floor not completed within ~1m of final level

not meeting criteria for clay liner    

(E-9 m/sec)

MSFK-4 15/12/2015 BH9B (0.2-0.8m) Silty clay with fine gravel (tuff ~10%)- light 

brown

B 1.7 E-08 Floor not completed within ~1m of final level. 

Predominant material type at centre of liner

not meeting criteria for clay liner    

(E-9 m/sec)

  

ED3SS- Fl 10/03/2016 0-0.15m Silty clay with fine gravel (siltstone)- medium 

brown

A+ 5.2 E-11 Floor completed with 1.2m reworked insitu & 

capped with 0.3m MBT clay. 

meets criteria for clay liner         

(E-9 m/sec). Needs to be covered by

gravel for protection 

ED3SS- Wl 10/03/2016 0-0.15m Silty clay with fine gravel (siltstone)- medium 

brown

A+ 2.4 E-11
Walls completed with ~2m reworked insitu & 

capped with 0.3m MBT clay. Gravel layer not 

installed as yet

meets criteria for clay liner         

(E-9 m/sec). Needs to be covered by

gravel for protection 

u50TP-5 @0.2m 15/12/2015 0.2-0.35m Silty clay with fine gravel (tuff ~10%)- light 

brown

B 2.0 E-08
sample collected from batter slope. Testpit excavated to 0.2m 

depth. Sample collected with steel u50 tube for insitu sample. 

Slopes completed and compacted

not meeting criteria for clay liner    

(E-9 m/sec)

u50TPx @0.5m 15/12/2015 0.5-0.65m Silty clay with fine gravel (tuff ~10%)- light 

brown

B 5.0 E-08
sample collected from batter slope. Testpit excavated to 0.5m 

depth. Sample collected with steel u50 tube for insitu 

sample.Slopes completed and compacted

not meeting criteria for clay liner    

(E-9 m/sec)

ED-1 Clay 12/01/2016 0-1 m (stockpile) Clay with sand and gravel A 4.0 E-09 sample collected from a stockpile excavated from ED-1 floor 

(1m depth)

meets criteria for clay liner         

(E-9 m/sec)

Lipmans Exacavated 
Material 16/10/2015 Grab Silty clay with fine gravel (siltstone)- medium 

brown

A+ 4.0 E-11 material collected at source

meets criteria for clay liner         

(E-9 m/sec)

Top Of Void 17/10/2015 Grab Silty clay with fine gravel (siltstone)- medium 

brown

A+ 4.0 E-11 material collected at stockpile area (top of void)

meets criteria for clay liner         

(E-9 m/sec)

MBT SP-2 12/01/2016 0.1-0.4m Silty clay with fine gravel (siltstone)- medium 

brown

A+ 7.0 E-11 Large stockpile situated next to Void- 

meets criteria for clay liner         

(E-9 m/sec)

MBT SP 15/12/2015 0-0.2m Silty clay with fine gravel (siltstone)- medium 

brown

A+ 7.0 E-11 Large stockpile situated next to Void- other 

samples collected by Testright

meets criteria for clay liner         

(E-9 m/sec)

Notes:          

 

Batter Slope of Evaporation Dam (completed)

Floor of Evaporation Dam ED3SS (section completed area of 0.9m thick , 2500 m2)

Floor of Evaporation Dam ED3ss (in progress- 1 to 2m higher)

MBT Stockpile  (adjacent haul road near ED-2)- Source of Clay cap (0.3m)

Floor & Walls of Evaporation Dam ED3ss (completed layers with insitu 1.2m & 0.3m clay cap -MBT stockpile)

ED-1 Evaporation Dam (burrow pit)

Tables 1-4 Surveilance Aquifer WQ DP 19-7-2016 1/1

Prepared by: ES

Checked by: DP
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Appendix A: ED1 & 2 construction design 
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Appendix B:  Borelogs & Aquifer Tests 
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Appendix C:  ED-1 Clay Permeability Testing  



WoodlawnLocation
ED1 CLAYBH / TP No.

Sample Details

SYD16-0012-05GHD Sample No

Sampled By ClientSampled By

CLAY: brown with gravel & sandSoil Description

12/01/2016Date Sampled

Test Results

0.0
Tamped

Approx 100% standard
0.0
0.0

1.20
73.1
85.1

Tap Water
30

4 E -09
Result

Coef of Permeability (m/sec) AS 1289.6.7.3
MethodDescription Limits

Mean Stress Level (kPa)
Permeant Used
Length (mm)
Diameter (mm)
Length/Diameter Ratio
Laboratory Moisture Ratio (%)
Laboratory Density Ratio (%)
CompactiveEffort
Method of Compaction
Surcharge Applied (Kg)

10Pressure Applied (Kpa)
 9.5Oversize Sieve (mm)
1.0Percentage Oversize (%)

32.3Moisture Content (%)
14/01/2016Date Tested

Sydney Laboratory 
57 Herbert St

Artarmon NSW 2064

email: artarmon@ghd.com.au

web: www.ghd.com.au/ghdgeotechnics

Tel: (02) 9462 4860

Fax:(02) 9462 4710

Aggregate/Soil Test Report
Report No: SYD1600037

Issue No:  1
This report replaces all previous issues of report no 'SYD1600037'.

Accredited for compliance with ISO / IEC 17025

22/01/2016

NATA Accredited
Laboratory Number:

679 Date of Issue:
THIS DOCUMENT SHALL NOT BE REPRODUCED EXCEPT IN FULL

Client:

Project: 2124279

Earth 2 Water Pty Ltd

Gerringong  NSW  2534
Material Evaluation

Approved Signatory:  D.P Brooke (Sydney Laboratory Manager)

Page 1 of 1© 2000-2013 QESTLab by SpectraQEST.comForm No: 18909, Report No: SYD1600037

At clients request specimen remoulded to approximately 100% standard compactive & approximately OMC. Moisture and Density Ratio's not
applicable. 
Remoulded moisture content = 21.7%  ,  Remoulded dry density = 1.574 t/m³

Comments
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Appendix D:   ED-1 Leakage Study Figures (URS, 1997) 
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Appendix E:   Historical Aerial Photographs  
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Appendix F:  Limitations 

 
 

Earth2Water Pty Ltd has prepared this report for the use of Veolia in accordance with the 
standard terms and conditions of the consulting profession. This report is prepared with regard 
to Veolia brief and agreed scope of work.  The methodology adopted and sources of 
information used by E2W are outlined in this report.  
 
E2W has made no independent verification of the monitoring or technical information 
provided by the client. E2W assumes no responsibility for any inaccuracies or omissions in the 
data.  
 
This report was prepared by E2W from June to July 2016 and is based on the information 
reviewed at the time of preparation.  This report should be read in full. No responsibility is 
accepted for use of any part of this report in any other context or for any other purpose or by 
third parties.  
 
The precision with which site conditions are indicated depends largely on the frequency and 
method of sampling, and the uniformity of conditions as constrained by the project budget 
limitations. The behaviour of surface water and groundwater and some aspects of the 
contaminants in the environment are complex. Our professional interpretation and conclusions 
of the data and technical information are based upon our education, experience and review of 
available consultant reports from the site.  
 
Where conditions encountered at the site are subsequently found to differ significantly from 
those anticipated in this report, E2W should be notified of any such findings and be provided 
with an opportunity to review the facts, content and recommendations included herein.  



 

 

 

 LAST PAGE OF REPORT 

 

Thank you for the opportunity to work with 
Veolia. 
 
Feedback is Welcomed at Earth2Water   
(dino@earth2water.com.au) 


