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Project 
area 

Monitoring 
location 

Monitoring 
bore 

Geological unit Main lithology 

Note: Monitoring bore (and location) nomenclature is as follows:  
 EL – Eastern Leases; 
 MB – Monitoring Bore; 
 S – Shallow Bore targeting groundwater table typically hosted by strata above the manganese orebody; 
 D – Deep Bore targeting groundwater body typically hosted by strata below the manganese orebody. 

 Groundwater production bores 5.3.2

Table 3 Production bore details 

Project area Monitoring 
location 

Production 
bore 

Geological unit Lithology 
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Table 4 In-situ permeability test results 
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Table 5 Summary of dissolved mineral concentrations  

Parameter Laterite Marine claystone and 
manganese 

Marine sandstone and 
reworked basement 
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Table 6 Groundwater characteristics of geological units 

Geological age Geological unit  Status 

 Overview of existing conceptual groundwater regime  7.1
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Table 7 Total change to baseflow 

River 
Baseflow change during mining Baseflow change post mining 

(ML) (%) (ML/a) (%) 

 

 Cumulative groundwater impacts 8.8
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 Monitoring bore drilling and construction A2.1

 Test production bore installations A2.2

 Bore development A2.3
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 Groundwater levels and logger installations A2.4

 Survey of bore locations A2.5

 Hydraulic testing A3

 In-situ permeability testing A3.1

A slug test method for determining hydraulic conductivity of unconfined 
aquifers with completely or partially penetrating wells

Time lag and soil permeability in ground-water observations

The design, performance, and analysis of slug tests

Aquifer Test 2011.1
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Table A.2 In-situ permeability test details 

Hole ID Date Test type Aquifer 
type 

Analysis 
method 

Hydraulic 
conductivity 

(m/day) 
Geological unit 

 Step drawdown tests A3.2
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Table A.3 Step test details 

Step test Date Maximum 
drawdown 

(m) 

Multi-rate 
step 

Time since 
pumping began 

(minutes) 

Pumping 
rate (L/s) 

Maximum 
drawdown (m) 

 Constant rate tests A3.3

Non-steady radial flow in an infinite leaky aquifer
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Table A.4 Pumping test details 

Test production 
well 

Date Test duration 
(hours) 

Actual discharge 
Rate (L/s) 

Pre-test 
standing water 

level (mbGL) 

Maximum 
drawdown 

(m) 

 Groundwater quality and sampling A4
A4.1.1 Groundwater quality sampling and laboratory analysis 
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A4.1.2 Field water quality sampling  
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Table A.5 Average field water quality data 

Bore ID EC ( S/cm) TDS (mg/L) pH  Oxygen 
reduction 

potential (mV) 

DO (% sat) 

 Bore census and site assessment of groundwater connection A5
to creek systems 
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Protective lockable steel collar: +0.97 m
Stick up: +0.91 m

305 mm Blade bit: 0 m to 1.8 m (Mud rotary)

158.8 mm Blade bit: 1.8 m to 43.8 m (Mud rotary)

219.1 mm  (OD) steel (6.4 mm) surface casing: -0.2 
m to 1.8 m

Bentonite grout (4 %): 0 m to 28 m

50 mm PN9 uPVC blank casing: +0.71 m to 33 m

SWL: 12.62 mBGL on the 1st Jun 2014

Bentonite seal: 28 m to 30 m

1.6 - 3.2 mm washed, rounded, quartz gravel pack: 
30 m to 43.8 m

50 mm PN9 uPVC machine slotted casing, slot 
apperture: 1 mm, slot length: 45 mm, 131 slots / m, 
33 m to 42 m

Airlift flow rate: 0.6 L/s

End cap

End of hole: 43.8 m BGL
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5

SAND: coarse sand, angular, lithic clasts, silty matrix, 
variegated, loose

LATERITE: fine sand to medium sand, iron cemented, 
dark reddish brown, medium strength, minor clay in 
samples

CLAY: high plasticity, light orange / grey, firm

CLAY: low plasticity, light grey, stiff

CLAY: low plasticity, light grey, stiff, disseminated 
manganese throughout

MANGANESE: black, hard

CLAY: low plasticity, light grey, stiff, disseminated 
manganese throughout

CLAY: high plasticity, dark grey, firm

CLAY: low plasticity, orange, firm

SANDSTONE: fine sand to medium sand, 
sub-rounded, quartz clasts, silty matrix, white, low 
strength

SANDSTONE: fine sand to fine gravel, rounded, quartz 
clasts, granular, silty matrix, white, low strength

SANDSTONE: medium sand to fine gravel, rounded, 
quartz clasts, granular, silty matrix, white, low strength
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PROJECT No: G1663
PROJECT NAME: Groote Eylandt
DATE DRILLED: 1st Dec 2013

DRILLER: G. Despotakis (155NT/330WA)
DRILLING COMPANY: J & S Drilling

DRILLING METHOD: Mud Rotary
DRILL RIG: Fraste XL Max

EASTING: 664012.09 mE

DATUM: MGA94 (z53)
RL: 39.48 mAHDLOGGED BY: HM (AGE)

NORTHING: 8447502.29 mN

TD: 43.8 mBGLCOMMENTS:  

page:1 of 1 

ELNMB01D

BOREHOLE LOG

Bore DescriptionSoil or Rock Field Material Description Bore ConstructionR.L. 
(mAHD)

Depth
(mBGL)Graphic

Log

Australasian Groundwater & Environmental
Consultants Pty Ltd

Level 2, 15 Mallon Street, Bowen Hills, Queensland 4006

Stratigraphic
Cloumn
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Protective lockable steel collar: +0.95 m

Stick up: +0.91 m

305 mm Blade bit: 0 m to 1.8 m (Mud rotary)

158.8 mm Blade bit: 1.8 m to 7.5 m (Mud rotary)

219.1 mm  (OD) steel (6.4 mm) surface casing: -0.2 
m to 1.8 m

50 mm PN9 uPVC blank casing: +0.78 m to 4 m
SWL: 1.43 mBGL on the 1st Jun 2014
Gravel backfill: 0 m to 1.6 m

Bentonite seal: 1.6 m to 3 m

1.6 - 3.2 mm washed, rounded, quartz gravel pack: 3 
m to 7.5 m

50 mm PN9 uPVC machine slotted casing, slot 
apperture: 1 mm, slot length: 45 mm, 131 slots / m, 4 
m to 7 m

Bore development: 3 hrs

No flow during development, water used to clean 
gravel pack

End cap

End of hole: 7.5 m BGL

40

38

36

34

32

SAND: coarse sand, angular, lithic clasts, silty matrix, 
variegated, loose

LATERITE: fine sand to medium sand, iron cemented, 
dark reddish brown, medium strength, light grey clay 
throughout

CLAY: high plasticity, light orange / grey, firm
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PROJECT No: G1663
PROJECT NAME: Groote Eylandt
DATE DRILLED: 2nd Dec 2013

DRILLER: G. Despotakis (155NT/330WA)
DRILLING COMPANY: J & S Drilling

DRILLING METHOD: Mud Rotary
DRILL RIG: Fraste XL Max

EASTING: 664016.22 mE

DATUM: MGA94 (z53)
RL: 39.51 mAHDLOGGED BY: HM (AGE)

NORTHING: 8447502.49 mN

TD: 7.5 mBGLCOMMENTS: Lithology from ELNMB01D 

page:1 of 1 
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BOREHOLE LOG
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Protective lockable steel collar: +0.78 m

Stick up: +0.76 m

305 mm Blade bit: 0 m to 1.8 m (Mud rotary)

158.8 mm PCD bit: 1.8 m to 8.1 m (Mud rotary)

219.1 mm  (OD) steel (6.4 mm) surface casing: -0.2 
m to 1.8 m

50 mm PN9 uPVC blank casing: +0.74 m to 6 m

Bentonite grout (4 %): 0 m to 4.4 m

Logger the in bore over the wet season identified the 
water level rose to 6.25 mBGL on the 22nd March 
2014 then gradually fell

Bentonite seal: 4.4 m to 5.5 m

1.6 - 3.2 mm washed, rounded, quartz gravel pack: 
5.5 m to 8.1 m

50 mm PN9 uPVC machine slotted casing, slot 
apperture: 1 mm, slot length: 45 mm, 131 slots / m, 6 
m to 8 m

Bore development: 2 hrs 30 mins

No flow during development, water used to clean 
gravel pack
bore dry on the 1st Jun 2014

End cap
End of hole: 8.1 m BGL
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SAND: coarse sand, sub-angular, lithic clasts, dark 
reddish brown, loose

LATERITE: medium gravel, sub-angular to 
sub-rounded, lithic clasts, iron cemented, dark reddish 
brown, medium strength, probably a laterised gravel 
conglomerate, significant water loss during drilling

MANGANESE: black, very high strength, massive

CLAY: medium plasticity, white, firm, manganese 
throughout as layers within clay unit

CLAY: low plasticity, mottled red / yellow, hard

SANDSTONE: very fine sand to fine sand, quartz 
clasts, silty matrix, white, high strength

QUARTZITE: white, very high strength, drill bit refusal 8

6

4

2

0

+0.76m

-0 m

-1.8 m

-4.4 m

-5.5 m

-6 m

-8 m
-8.1 m

100

200

400

900

1000

1100

S
an

d
La

te
rit

e
M

an
ga

ne
se

 
or

eb
od

y
M

ar
in

e 
cl

ay
st

on
e

M
ar

in
e 

sa
nd

st
on

e

PROJECT No: G1663
PROJECT NAME: Groote Eylandt
DATE DRILLED: 10th Dec 2013

DRILLER: C. Foster (352WA)
DRILLING COMPANY: J & S Drilling

DRILLING METHOD: Mud Rotary
DRILL RIG: Fraste XL Max

EASTING: 664120.5 mE

DATUM: MGA94 (z53)
RL: 49.51 mAHDLOGGED BY: HM (AGE)

NORTHING: 8448621.93 mN

TD: 8.1 mBGLCOMMENTS:  
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Protective lockable steel collar: +0.80 m

Stick up: +0.75 m

305 mm Blade bit: 0 m to 1.8 m (Mud rotary)

158.8 mm PCD bit: 1.8 m to 4.5 m (Mud rotary)

219.1 mm  (OD) steel (6.4 mm) surface casing: -0.2 
m to 1.8 m

Gravel backfill: 0 m to 1.5 m

Bentonite seal: 1.5 m to 2 m

1.6 - 3.2 mm washed, rounded, quartz gravel pack: 2 
m to 4.5 m
50 mm PN9 uPVC blank casing: +0.74 m to 3 m

50 mm PN9 uPVC machine slotted casing, slot 
apperture: 1 mm, slot length: 45 mm, 131 slots / m, 3 
m to 4 m

End cap

End of hole: 4.5 m BGL

Bore development: 2 hrs 30 mins

No flow during development, water used to clean 
gravel pack
bore dry on the 1st Jun 2014
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SAND: coarse sand, sub-angular, lithic clasts, dark 
reddish brown, loose

LATERITE: medium gravel, sub-angular to 
sub-rounded, lithic clasts, iron cemented, dark reddish 
brown, medium strength, probably a laterised gravel 
conglomerate, significant water loss during drilling

MANGANESE: black, very high strength, massive

CLAY: medium plasticity, white, firm, manganese 
throughout as layers within clay unit
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PROJECT No: G1663
PROJECT NAME: Groote Eylandt
DATE DRILLED: 11th Dec 2013

DRILLER: C. Foster (352WA)
DRILLING COMPANY: J & S Drilling

DRILLING METHOD: Mud Rotary
DRILL RIG: Fraste XL Max

EASTING: 664117.91 mE

DATUM: MGA94 (z53)
RL: 49.44 mAHDLOGGED BY: HM (AGE)

NORTHING: 8448622.16 mN

TD: 4.5 mBGLCOMMENTS: Lithology from ELNMB02D 
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Protective lockable steel collar: +0.72 m
Stick up: +0.67 m

305 mm Blade bit: 0 m to 1.8 m (Mud rotary)

158.8 mm PCD bit: 1.8 m to 34.5 m (Mud rotary)

219.1 mm  (OD) steel (6.4 mm) surface casing: -0.2 
m to 1.8 m

Bentonite grout (4 %): 0 m to 16 m

50 mm PN9 uPVC blank casing: +0.68 m to 23.3 m

Bentonite seal: 16 m to 17 m

Gravel backfill: 17 m to 19 m

SWL: 19.53 mBGL on the 1st Jun 2014
Bentonite seal: 19 m to 21 m

1.6 - 3.2 mm washed, rounded, quartz gravel pack: 
21 m to 33.5 m

50 mm PN9 uPVC machine slotted casing, slot 
apperture: 1 mm, slot length: 45 mm, 131 slots / m, 
23.3 m to 32.3 m

pH: 6.19
Airlift flow rate: 0.45 L/s

End cap

Hole collapse: 33.5 m to 34.5 m

End of hole: 34.5 m BGL
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SAND: coarse sand, sub-rounded, quartz and lithic 
clasts, variegated, loose

LATERITE: fine sand, lithic clasts, iron cemented, red / 
grey / black, low strength, manganese nodules 
throughout
MANGANESE: black, very high strength

CLAY: high plasticity, mottled red / grey, firm, 
manganese mineralisation throughout

CLAY: high plasticity, light brown / grey, firm

MANGANESE & CLAY: black, high strength 
manganese layers alternating with high plasticity, 
white, soft clay

SANDSTONE: fine sand, sub-rounded, quartz clasts, 
silty matrix, white, low strength

SANDSTONE: fine sand, sub-rounded, quartz clasts, 
silty matrix, white, low strength

SANDSTONE: fine to coarse sand, sub-rounded, 
quartz clasts, silty matrix, white, low strength

SANDSTONE: fine sand, sub-rounded, quartz clasts, 
silty matrix, white, low strength, poor sample return 
from 28 m, sand too fine for sieve
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PROJECT No: G1663
PROJECT NAME: Groote Eylandt
DATE DRILLED: 3rd Dec 2013

DRILLER: G. Despotakis (155NT/330WA)
DRILLING COMPANY: J & S Drilling

DRILLING METHOD: Mud Rotary
DRILL RIG: Fraste XL Max

EASTING: 664983.5 mE

DATUM: MGA94 (z53)
RL: 49.06 mAHDLOGGED BY: HM (AGE)

NORTHING: 8447701.01 mN

TD: 34.5 mBGLCOMMENTS:  
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Protective lockable steel collar: +0.80 m

Stick up: +0.62 m

305 mm Blade bit: 0 m to 1.8 m (Mud rotary)

158.8 mm PCD bit: 1.8 m to 7.5 m (Mud rotary)

219.1 mm  (OD) steel (6.4 mm) surface casing: -0.2 
m to 1.8 m

50 mm PN9 uPVC blank casing: +0.63 m to 4 m
Gravel backfill: 0 m to 1.5 m

Bentonite seal: 1.5 m to 3.2 m

1.6 - 3.2 mm washed, rounded, quartz gravel pack: 
3.2 m to 7.8 m

SWL: 4.08 mBGL on the 1st Jun 2014

50 mm PN9 uPVC machine slotted casing, slot 
apperture: 1 mm, slot length: 45 mm, 131 slots / m, 4 
m to 7 m

pH: 7.64

No flow during development, water used to clean 
gravel pack

End cap

End of hole: 7.8 m BGL
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SAND: coarse sand, sub-rounded, quartz and lithic 
clasts, variegated, loose

LATERITE: fine sand, lithic clasts, iron cemented, red / 
grey / black, low strength, manganese nodules 
throughout

MANGANESE: black, very high strength

CLAY: high plasticity, mottled orange / grey, firm, 
manganese mineralisation throughout
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PROJECT No: G1663
PROJECT NAME: Groote Eylandt
DATE DRILLED: 5th Dec 2013

DRILLER: G. Despotakis (155NT/330WA)
DRILLING COMPANY: J & S Drilling

DRILLING METHOD: Mud Rotary
DRILL RIG: Fraste XL Max

EASTING: 664984.32 mE

DATUM: MGA94 (z53)
RL: 49.07 mAHDLOGGED BY: HM (AGE)

NORTHING: 8447705.19 mN

TD: 7.8 mBGLCOMMENTS: Lithology from ELNMB03D 
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Protective lockable steel collar: +0.76 m
Stick up: +0.71 m

305 mm Blade bit: 0 m to 1.8 m (Mud rotary)

158.8 mm PCD bit: 1.8 m to 45 m (Mud rotary)

219.1 mm  (OD) steel (6.4 mm) surface casing: -0.2 
m to 1.8 m

Bentonite grout (4 %): 0 m to 23.5 m

50 mm PN9 uPVC blank casing: +0.72 m to 34 m

Bentonite seal: 23.5 m to 25 m

1.6 - 3.2 mm washed, rounded, quartz gravel pack: 
25 m to 43.8 m

SWL: 28.65 mBGL on the 1st Jun 2014

50 mm PN9 uPVC machine slotted casing, slot 
apperture: 1 mm, slot length: 45 mm, 131 slots / m, 
34 m to 43 m

pH: 7.17
Airlift flow rate: 0.45 L/s

End cap

Hole collapse: 43.8 m to 45 m

End of hole: 45 m BGL
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CLAYBOUND SAND: fine sand to medium sand, 
sub-rounded to rounded, quartz clasts, light reddish 
brown, medium strength

SANDY CLAY: silty matrix, red, soft, lithic gravel clasts 
at base

SANDY CLAY: fine sand, quartz clasts, mottled yellow 
/ red, soft

MANGANESE: black, very high strength
CLAY: white, soft, manganese mineralisation 
throughout
MANGANESE: black, very high strength
CLAY: white, soft, manganese mineralisation 
throughout
SANDSTONE: fine sand, quartz clasts, white, poor 
sample return, very hard drilling

SANDSTONE: fine sand, sub-rounded, quartz clasts, 
light reddish white, very low strength, minor coarse 
sand at 17 m to 18 m

SANDSTONE: fine sand to coarse sand, rounded, 
quartz clasts, variegated, very low strength, 
predominantly coarse sand with minor fine sand and 
fine gravel component

CLAY: mottled yellow / red, soft, probably sandy clay 
lens

SANDSTONE: fine sand to coarse sand, rounded, 
quartz clasts, light yellow, very low strength

SANDSTONE: fine sand to coarse sand, rounded, 
quartz clasts, white, very low strength
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PROJECT No: G1663
PROJECT NAME: Groote Eylandt
DATE DRILLED: 13th Dec 2013

DRILLER: C. Foster (352WA)
DRILLING COMPANY: J & S Drilling

DRILLING METHOD: Mud Rotary
DRILL RIG: Fraste XL Max

EASTING: 665742.68 mE

DATUM: MGA94 (z53)
RL: 60.29 mAHDLOGGED BY: HM (AGE)

NORTHING: 8449493.7 mN

TD: 45 mBGLCOMMENTS:  
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Protective lockable steel collar: +0.80 m

Stick up: +0.75 m

305 mm Blade bit: 0 m to 1.8 m (Mud rotary)

158.8 mm PCD bit: 1.8 m to 10 m (Mud rotary)

219.1 mm  (OD) steel (6.4 mm) surface casing: -0.2 
m to 1.8 m

50 mm PN9 uPVC blank casing: +0.74 m to 6 m

Bentonite grout (4 %): 0 m to 4 m

Bentonite seal: 4 m to 5 m

1.6 - 3.2 mm washed, rounded, quartz gravel pack: 5 
m to 10 m

50 mm PN9 uPVC machine slotted casing, slot 
apperture: 1 mm, slot length: 45 mm, 131 slots / m, 6 
m to 9 m

Bore development: 1 hr 30 mins

No flow during development, water used to clean 
gravel pack

SWL: 8.76 mBGL on the 1st Jun 2014

End cap

End of hole: 10 m BGL
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CLAYBOUND SAND: fine sand to medium sand, 
sub-rounded to rounded, quartz clasts, light reddish 
brown, medium strength

SANDY CLAY: silty matrix, red, soft, lithic gravel clasts 
at base

SANDY CLAY: fine sand, quartz clasts, mottled yellow 
/ red, soft
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PROJECT No: G1663
PROJECT NAME: Groote Eylandt
DATE DRILLED: 14th Dec 2013

DRILLER: C. Foster (352WA)
DRILLING COMPANY: J & S Drilling

DRILLING METHOD: Mud Rotary
DRILL RIG: Fraste XL Max

EASTING: 665745.42 mE

DATUM: MGA94 (z53)
RL: 60.16 mAHDLOGGED BY: HM (AGE)

NORTHING: 8449493.02 mN

TD: 10 mBGLCOMMENTS: Lithology from ELNMB04D 
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Headworks; Table D flange

Stick up: +0.47 m

368.3 mm Blade bit: 0 m to 5.8 m (Mud rotary)

158.8 mm Blade bit: 5.8 m to 28.5 m (Mud rotary)

158.8 mm PCD bit: 28.5 m to 42 m (Mud rotary)

254 mm Blade bit: 5.8 m to 42 m (Mud rotary)
Bentonite grout (4 %): 0 m to 29 m

273.1 mm  (OD) steel (9.3 mm) surface casing: -0.2 
m to 5.8 m

SWL: 12.68 mBGL on the 1st Jun 2014

168.3 mm (OD) steel (7.1 mm) surface casing: +0.5 
m to 35 m

Rod string dropped in bore, casing integrity checked 
with downhole camera, a hole was identified in the 
base of the casing and approx 1.5 m of gravel at 
base of bore. A J-plug was installed in the sump to 
seal hole. No damage to the screen was identified

Bentonite seal: 29 m to 31 m

1.6 - 3.2 mm washed, rounded, quartz gravel pack: 
31 m to 42 m

154.1 mm stainless steel wire wound, slot apperture: 
1.5 mm, 35 m to 38 m

pH: 5.93
Airlift flow rate: 5.7 L/s
3 m sump and end cap: 38 m to 41 m

End of hole: 42 m BGL
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SAND: coarse sand, angular, lithic clasts, silty matrix, 
variegated, loose, poor sample return

LATERITE: iron cemented, dark reddish brown, low 
strength

CLAY: low plasticity, light grey / orange, stiff

CLAY: low plasticity, light grey / orange, stiff, 
manganese throughout as layers within clay unit

MANGANESE: black, very high strength

CLAY: low plasticity, light grey / orange, stiff, 
manganese throughout as layers within clay unit

CLAY: high plasticity, grey, soft

CLAY: high plasticity, mottled / orange, soft

SANDSTONE: fine sand, quartz clasts, white, low 
strength

SANDSTONE: fine sand to fine gravel, quartz clasts, 
white, low strength
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PROJECT No: G1663
PROJECT NAME: Groote Eylandt
DATE DRILLED: 17th Dec 2013

DRILLER: C. Foster (352WA)
DRILLING COMPANY: J & S Drilling

DRILLING METHOD: Mud Rotary
DRILL RIG: Fraste XL Max

EASTING: 664016.28 mE

DATUM: MGA94 (z53)
RL: 39.5 mAHDLOGGED BY: HM (AGE)

NORTHING: 8447511.56 mN

TD: 42 mBGLCOMMENTS:  
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Headworks; Table D flange

Stick up: +0.55 m

359.9 mm Tri-cone: 0 m to 5.8 m (Mud rotary)

158.8 mm PCD bit: 5.8 m to 43.5 m (Mud rotary)

Reamed using 254 mm PCD bit: 5.8 m to 37.5 m 
(Mud rotary)
168.3 mm (OD) steel (7.1 mm) surface casing: +0.52 
m to 31 m
273.1 mm  (OD) steel (9.3 mm) surface casing: -0.2 
m to 5.8 m

Bentonite grout (4 %): 0 m to 22 m

SWL: 19.58 mBGL on the 1st Jun 2014

Bentonite seal: 22 m to 23.9 m

1.6 - 3.2 mm washed, rounded, quartz gravel pack: 
23.9 m to 37.5 m

154.1 mm stainless steel wire wound, slot apperture: 
1.5 mm, 31 m to 34 m

3 m sump and end cap: 34 m to 37 m

Airlift flow rate: 3.6 L/s

Trace fine sand remaining at the end of bore 
development

Hole collapse from 37.5 m

End of hole: 43.5 m BGL
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SANDSTONE: medium sand to coarse sand, rounded, 
quartz clasts, variegated, loose

LATERITE: iron cemented, dark red / black, high 
strength, significant manganese mineralisation 
throughout
MANGENESE: black, very high strength

CLAY: high plasticity, mottled orange / grey, firm, 
manganese mineralisation throughout

MANGANESE & CLAY: black, high strength 
manganese layers alternating with high plasticity, 
white, soft clay

SANDSTONE: fine sand to medium sand, 
sub-rounded, quartz clasts, silty matrix, light reddish 
black, low strength

SANDSTONE: fine sand, sub-rounded, quartz clasts, 
silty matrix, white, low strength

SANDSTONE: fine to coarse sand, sub-rounded, 
quartz clasts, white, low strength

SANDSTONE: fine sand, sub-rounded, quartz clasts, 
clay matrix, white, very low strength, matrix supported, 
soft clay

SANDSTONE: fine sand to medium sand, sub-rounded 
to rounded, quartz clasts, white, very low strength
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PROJECT No: G1663
PROJECT NAME: Groote Eylandt
DATE DRILLED: 7th Dec 2013

DRILLER: G. Despotakis (155NT/330WA)
DRILLING COMPANY: J & S Drilling

DRILLING METHOD: Mud Rotary
DRILL RIG: Fraste XL Max

EASTING: 664994.51 mE

DATUM: MGA94 (z53)
RL: 49.11 mAHDLOGGED BY: HM (AGE)

NORTHING: 8447701.34 mN

TD: 43.5 mBGLCOMMENTS:  

page:1 of 1 

ELNPB03

BOREHOLE LOG

Bore DescriptionSoil or Rock Field Material Description Bore ConstructionR.L. 
(mAHD)

Depth
(mBGL)Graphic

Log

Australasian Groundwater & Environmental
Consultants Pty Ltd

Level 2, 15 Mallon Street, Bowen Hills, Queensland 4006

Stratigraphic
Cloumn

Appendix F | Groundwater Report



Protective lockable steel collar: +0.78 m
Stick up: +0.71 m

305 mm Blade bit: 0 m to 1.8 m (Mud rotary)

158.8 mm PCD bit: 1.8 m to 45.5 m (Mud rotary)

219.1 mm  (OD) steel (6.4 mm) surface casing: -0.2 
m to 1.8 m

Bentonite grout (4 %): 0 m to 34.3 m

50 mm PN9 uPVC blank casing: +0.71 m to 39.1 m

SWL: 26.62 mBGL on the 1st Jun 2014

Bentonite seal: 34.3 m to 36.5 m

1.6 - 3.2 mm washed, rounded, quartz gravel pack: 
36.5 m to 45.5 m

50 mm PN9 uPVC machine slotted casing, slot 
apperture: 1 mm, slot length: 45 mm, 131 slots / m, 
39.1 m to 45.1 m

pH: 7.12
Airlift flow rate: 0.25 L/s

End cap
End of hole: 45.5 m BGL
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NO SAMPLE RETURN: chip samples not collected

LATERITE: sub-rounded to rounded, lithic clasts, 
mottled red / white, low strength, clasts comprised of 
medium grained sandstone

CLAY: low plasticity, mottled red / grey, low strength, 
soft, possibly weathered claystone

CLAY: high plasticity, orange / grey, low strength, soft

CLAY: high plasticity, yellow, low strength, soft

CLAY: high plasticity, red / grey, low strength, soft
MANGANESE: black, very high strength

CLAY: high plasticity, yellow, low strength, soft

CLAY: high plasticity, grey, low strength, soft

CLAY: medium plasticity, dark greenish grey, low 
strength, soft

MANGANESE & CLAY: black, high strength 
manganese with significant clay throughout

CLAY: high plasticity, light black, soft, manganese 
dispersed throughout

MANGANESE & CLAY: black, high strength 
manganese with clay dispersed throughout

CLAY: lithic clasts, orange, soft, manganese dispersed 
throughout
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PROJECT No: G1663
PROJECT NAME: Groote Eylandt
DATE DRILLED: 16th May 2014

DRILLER: G. Despotakis (155NT/330WA)
DRILLING COMPANY: J & S Drilling

DRILLING METHOD: Mud Rotary
DRILL RIG: Fraste XL Max

EASTING: 664485.01 mE

DATUM: MGA94 (z53)
RL: 48.78 mAHDLOGGED BY: HM (AGE)

NORTHING: 8442765.44 mN

TD: 45.5 mBGLCOMMENTS:  
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Protective lockable steel collar: +0.76 m
Stick up: +0.69 m

305 mm Blade bit: 0 m to 1.8 m (Mud rotary)

158.8 mm PCD bit: 1.8 m to 44 m (Mud rotary)

219.1 mm  (OD) steel (6.4 mm) surface casing: -0.2 
m to 1.8 m

Bentonite grout (4 %): 0 m to 29 m

50 mm PN9 uPVC blank casing: +0.7 m to 33 m

SWL: 14.18 mBGL on the 31st May 2014

Bentonite seal: 29 m to 31 m

1.6 - 3.2 mm washed, rounded, quartz gravel pack: 
31 m to 43 m

50 mm PN9 uPVC machine slotted casing, slot 
apperture: 1 mm, slot length: 45 mm, 131 slots / m, 
33 m to 42 m

pH: 5.64

Airlift flow rate: 1.9 L/s

End cap

Hole collapse: 43 m to 44 m
End of hole: 44 m BGL

34

32

30

28

26

24

22

20

18

16

14

12

10

8

6

4

2

0

2

4

6

8

10

12

SAND: sub-angular, quartz clasts, red / brown, loose

LATERITE: coarse sand, angular, lithic clasts, poorly 
graded, reddish brown, loose

CLAY: medium plasticity, grey
CLAY: low plasticity, mottled cream / black, very stiff
MANGANESE: black, medium strength
CLAY: mottled orange / cream, firm

CLAY: mottled brown / cream, firm

CLAY: mottled cream / yellow, firm

CLAY: grey, stiff

CLAY: red, stiff

CLAY: light yellow, stiff

MANGANESE: black, medium strength

SANDSTONE: fine sand, rounded, quartz clasts, well 
graded, light yellow

SANDSTONE: fine to medium sand, rounded, quartz 
clasts, light very low strength

SANDSTONE: fine to coarse sand, rounded, quartz 
clasts, white / red / yellow, very low strength

SANDSTONE: medium sand to coarse sand, rounded, 
quartz clasts, light cream, very low strength

SANDSTONE: very fine sand, rounded, quartz clasts, 
light cream, very low strength, poor sample return
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PROJECT No: G1663
PROJECT NAME: Groote Eylandt
DATE DRILLED: 9th Jan 2014

DRILLER: G. Despotakis (155NT/330WA)
DRILLING COMPANY: J & S Drilling

DRILLING METHOD: Mud Rotary
DRILL RIG: Fraste XL Max

EASTING: 663560.48 mE

DATUM: MGA94 (z53)
RL: 33.87 mAHDLOGGED BY: HM (AGE)

NORTHING: 8442618.6 mN

TD: 45 mBGLCOMMENTS:  

page:1 of 1 

ELSMB06D

BOREHOLE LOG

Bore DescriptionSoil or Rock Field Material Description Bore ConstructionR.L. 
(mAHD)

Depth
(mBGL)Graphic

Log

Australasian Groundwater & Environmental
Consultants Pty Ltd

Level 2, 15 Mallon Street, Bowen Hills, Queensland 4006

Stratigraphic
Cloumn

Appendix F | Groundwater Report



Protective lockable steel collar: +0.78 m

Stick up: +0.68 m

305 mm Blade bit: 0 m to 1.8 m (Mud rotary)

158.8 mm Blade Bit: 1.8 m to 6 m (Mud rotary)

219.1 mm  (OD) steel (6.4 mm) surface casing: -0.2 
m to 1.8 m

Bentonite seal: 0 m to 1.5 m

50 mm PN9 uPVC blank casing: +0.68 m to 2 m

SWL: 1.88 mBGL on the 31st May 2014

1.6 - 3.2 mm washed, rounded, quartz gravel pack: 
1.5 m to 6 m

50 mm PN9 uPVC machine slotted casing, slot 
apperture: 1 mm, slot length: 45 mm, 131 slots / m, 2 
m to 5 m

Bore development: 3 hrs 15 mins, bore flushed with 
fresh water

No flow at the time of drilling

End cap

End of hole: 6 m BGL
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SAND: sub-angular, quartz clasts, red / brown, loose

LATERITE: coarse sand, angular, lithic clasts, poorly 
graded, reddish brown
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PROJECT No: G1663
PROJECT NAME: Groote Eylandt
DATE DRILLED: 10th Jan 2014

DRILLER: G. Despotakis (155NT/330WA)
DRILLING COMPANY: J & S Drilling

DRILLING METHOD: Mud Rotary
DRILL RIG: Fraste XL Max

EASTING: 663556.93 mE

DATUM: MGA94 (z53)
RL: 33.82 mAHDLOGGED BY: HM (AGE)

NORTHING: 8442618.95 mN

TD: 6 mBGLCOMMENTS: Lithology from ELSMB06D 
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Protective lockable steel collar: +0.78 m
Stick up: +0.73 m

305 mm Blade bit: 0 m to 1.8 m (Mud rotary)

158.8 mm PCD bit: 1.8 m to 44 m (Mud rotary)

219.1 mm  (OD) steel (6.4 mm) surface casing: -0.2 
m to 1.8 m

Bentonite grout (4 %): 0 m to 21 m

50 mm PN9 uPVC blank casing: +0.74 m to 34 m

SWL: 14.08 mBGL on the 31st May 2014

Bentonite seal: 21 m to 24 m

1.6 - 3.2 mm washed, rounded, quartz gravel pack: 
24 m to 44 m

50 mm PN9 uPVC machine slotted casing, slot 
apperture: 1 mm, slot length: 45 mm, 131 slots / m, 
34 m to 43 m

pH: 6.35
Airlift flow rate: 1.62 L/s

End cap

End of hole: 44 m BGL
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GRAVEL: coarse gravel to fine sand, sub-angular, lithic 
clasts, poorly graded, dark reddish brown, low strength, 
loose, clasts consist of fine to medium sandstone
LATERITE: coarse gravel to fine sand, sub-angular, 
lithic clasts, poorly graded, dark reddish brown, low 
strength, loose, clasts consist of fine to medium 
sandstone and manganese, laterised gravel
MANGANESE: black, high strength, generally massive 
manganese, pisolites at base

CLAY: high plasticity, mottled greyish orange, low 
strength, soft, disseminated manganese throughout

CLAY: high plasticity, grey, low strength, soft

CLAY: high plasticity, mottled orange / grey, low 
strength, soft, disseminated manganese in samples 
between 18-19 m and 20-22 m

SANDSTONE: medium sand to fine sand, rounded, 
quartz clasts, poorly graded, black / white, low 
strength, disseminated manganese throughout

SANDSTONE: very fine sand to fine sand, 
sub-rounded, quartz clasts, poorly graded, white, low 
strength

SANDSTONE: medium sand to coarse sand, 
sub-rounded, quartz clasts, poorly graded, white, low 
strength

SANDSTONE: coarse sand to medium sand, quartz 
clasts, poorly graded, white / yellow, low strength, trace 
fine sand
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PROJECT No: G1663
PROJECT NAME: Groote Eylandt
DATE DRILLED: 17th May 2014

DRILLER: G. Despotakis (155NT/330WA)
DRILLING COMPANY: J & S Drilling

DRILLING METHOD: Mud Rotary
DRILL RIG: Fraste XL Max

EASTING: 665206.81 mE

DATUM: MGA94 (z53)
RL: 35.63 mAHDLOGGED BY: HM (AGE)

NORTHING: 8441009.71 mN

TD: 44 mBGLCOMMENTS:  
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Protective lockable steel collar: +0.82 m

Stick up: +0.76 m

305 mm Blade bit: 0 m to 1.8 m (Mud rotary)

158.8 mm Blade Bit: 1.8 m to 5 m (Mud rotary)

219.1 mm  (OD) steel (6.4 mm) surface casing: -0.2 
m to 1.8 m

Bentonite seal: 0 m to 2.1 m

50 mm PN9 uPVC blank casing: +0.8 m to 2.5 m

SWL: 1.8 mBGL on the 31st May 2014

1.6 - 3.2 mm washed, rounded, quartz gravel pack: 
2.1 m to 5 m

50 mm PN9 uPVC machine slotted casing, slot 
apperture: 1 mm, slot length: 45 mm, 131 slots / m, 
2.5 m to 4.5 m

6.58

Airlift flow rate: ~1.5 L/s

End cap

End of hole: 5 m BGL
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GRAVEL: coarse gravel to fine sand, sub-angular, lithic 
clasts, poorly graded, dark reddish brown, low strength, 
loose, clasts consist of fine to medium sandstone

LATERITE: coarse gravel to fine sand, sub-angular, 
lithic clasts, poorly graded, dark reddish brown, low 
strength, loose, clasts consist of fine to medium 
sandstone and manganese, laterised gravel

MANGANESE: black, high strength, generally massive 
manganese, pisolites at base
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PROJECT No: G1663
PROJECT NAME: Groote Eylandt
DATE DRILLED: 17th May 2014

DRILLER: G. Despotakis (155NT/330WA)
DRILLING COMPANY: J & S Drilling

DRILLING METHOD: Mud Rotary
DRILL RIG: Fraste XL Max

EASTING: 665209.81 mE

DATUM: MGA94 (z53)
RL: 35.59 mAHDLOGGED BY: HM (AGE)

NORTHING: 8441009.83 mN

TD: 5 mBGLCOMMENTS: Lithology from ELSMB07D 
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Protective lockable steel collar: +0.73 m
Stick up: +0.69 m

305 mm Blade bit: 0 m to 1.8 m (Mud rotary)

158.8 mm Blade Bit: 1.8 m to 41.6 m (Mud rotary)

219.1 mm  (OD) steel (6.4 mm) surface casing: -0.2 
m to 1.8 m

SWL: 8.54 mBGL on the 31st May 2014

50 mm PN9 uPVC blank casing: +0.7 m to 23 m

Bentonite grout (4 %): 0 m to 19 m

Bentonite seal: 19 m to 21 m

1.6 - 3.2 mm washed, rounded, quartz gravel pack: 
21 m to 27 m

50 mm PN9 uPVC machine slotted casing, slot 
apperture: 1 mm, slot length: 45 mm, 131 slots / m, 
23 m to 26 m

End cap

Bentonite seal: 27 m to 28 m

Gravel backfill: 28 m to 32 m

pH: 7.47
Airlift flow rate: 0.14 L/s

Drill cuttings backfill: 32 m to 41.6 m

End of hole: 41.6 m BGL
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LATERITE: fine sand, quartz clasts, silty matrix, 
reddish low strength

SILTY CLAY: high plasticity, silty matrix, mottled 
orange / white, low strength, soft, trace coarse sand 
component

CLAY: high plasticity, mottled reddish white, low 
strength, soft

MANGANESE: black, high strength, clay dispersed 
throughout

CLAY: high plasticity, mottled reddish white, low 
strength, stiff, probably claystone

CLAY: high plasticity, light grey, low strength, soft

CLAY: light yellow, low strength, soft

CLAY: light yellow, low strength, soft, manganese 
disseminated throughout

SANDY CLAY & MANGANESE: mottled red / brown / 
grey, low strength, alternating manganese and clay 
layers

CLAY: high plasticity, dark greenish grey, low strength

CLAY: high plasticity, red, low strength, soft

SILTY CLAY: medium plasticity, light yellow, low 
strength, alternating manganese and clay layers
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PROJECT No: G1663
PROJECT NAME: Groote Eylandt
DATE DRILLED: 25th May 2014

DRILLER: G. Despotakis (155NT/330WA)
DRILLING COMPANY: J & S Drilling

DRILLING METHOD: Mud Rotary
DRILL RIG: Fraste XL Max

EASTING: 667487.7 mE

DATUM: MGA94 (z53)
RL: 43.1 mAHDLOGGED BY: HM (AGE)

NORTHING: 8440495.71 mN

TD: 41.6 mBGLCOMMENTS:  
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Protective lockable steel collar: +0.77 m

Stick up: +0.70 m

305 mm Blade bit: 0 m to 1.8 m (Mud rotary)

158.8 mm Blade Bit: 1.8 m to 8 m (Mud rotary)

219.1 mm  (OD) steel (6.4 mm) surface casing: -0.2 
m to 1.8 m

Bentonite seal: 0 m to 2 m

50 mm PN9 uPVC blank casing: +0.72 m to 3.0 m

1.6 - 3.2 mm washed, rounded, quartz gravel pack: 2 
m to 8 m

50 mm PN9 uPVC machine slotted casing, slot 
apperture: 1 mm, slot length: 45 mm, 131 slots / m, 3 
m to 7.5 m

Bore development: 1 hr

no flow during development, water used to clean 
gravel pack

SWL: 5.84 mBGL on the 31st May 2014

End cap

End of hole: 8 m BGL
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LATERITE: fine sand, quartz clasts, silty matrix, 
reddish low strength

SILTY CLAY: high plasticity, silty matrix, mottled 
orange / white, low strength, soft, trace coarse sand 
component
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PROJECT No: G1663
PROJECT NAME: Groote Eylandt
DATE DRILLED: 26th May 2014

DRILLER: G. Despotakis (155NT/330WA)
DRILLING COMPANY: J & S Drilling

DRILLING METHOD: Mud Rotary
DRILL RIG: Fraste XL Max

EASTING: 667489.96 mE

DATUM: MGA94 (z53)
RL: 43.2 mAHDLOGGED BY: HM (AGE)

NORTHING: 8440495.53 mN

TD: 8 mBGLCOMMENTS: Lithology from ELSMB08D 
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Protective lockable steel collar: +0.79 m
Stick up: +0.74 m

305 mm Blade bit: 0 m to 1.8 m (Mud rotary)

158.8 mm Blade Bit: 1.8 m to 44 m (Mud rotary)

219.1 mm  (OD) steel (6.4 mm) surface casing: -0.2 
m to 1.8 m
SWL: 6.98 mBGL on the 2nd Jun 2014

Bentonite grout (4 %): 0 m to 20 m

50 mm PN9 uPVC blank casing: +0.71 m to 34 m

Bentonite seal: 20 m to 21 m

Gravel backfill: 21 m to 26 m

Bentonite seal: 26 m to 28 m

1.6 - 3.2 mm washed, rounded, quartz gravel pack: 
28 m to 44 m

50 mm PN9 uPVC machine slotted casing, slot 
apperture: 1 mm, slot length: 45 mm, 131 slots / m, 
34 m to 43 m

Airlift flow rate: 5.3 L/s

End cap

End of hole: 44 m BGL
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LATERITE: coarse gravel, sub-angular, dark reddish 
brown, low strength, loose, clasts consist of 
manganese cemented sandstone and manganese 
nodules, laterised gravel
CLAY: high plasticity, mottled cream / orange, low 
strength, soft
MANGANESE: black, high strength

CLAY: high plasticity, orange, low strength, soft, red 
staining on planar surfaces

CLAY: low plasticity, light low strength, stiff, purple 
staining on planar surfaces

CLAY: high plasticity, mottled orange / grey, low 
strength, soft

CLAY: high plasticity, red, low strength, stiff

SANDSTONE & MANGANESE: fine sand, quartz 
clasts, light yellow, very low strength, extremely 
weathered, manganese has infilled the sandstone 
matrix
CLAY: high plasticity, brown
CLAY: high plasticity, light low strength, soft

SANDSTONE: fine sand to medium sand, rounded, 
quartz clasts, low strength

SANDSTONE: coarse sand to medium sand, 
sub-angular, quartz clasts, poorly graded, white, low 
strength
CLAY: silty matrix, light orange, soft

SANDSTONE: coarse sand to medium sand, 
sub-angular, quartz clasts, poorly graded, white, low 
strength

SANDSTONE: fine sand to medium sand, sub-angular, 
quartz clasts, poorly graded, white, low strength

SANDSTONE: medium sand to coarse sand, 
sub-angular, quartz clasts, poorly graded, white, low 
strength

SANDSTONE: coarse sand, sub-angular, quartz clasts, 
poorly graded, white / orange, low strength
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PROJECT No: G1663
PROJECT NAME: Groote Eylandt
DATE DRILLED: 22nd May 2014

DRILLER: G. Despotakis (155NT/330WA)
DRILLING COMPANY: J & S Drilling

DRILLING METHOD: Mud Rotary
DRILL RIG: Fraste XL Max

EASTING: 665819.03 mE

DATUM: MGA94 (z53)
RL: 29.06 mAHDLOGGED BY: HM (AGE)

NORTHING: 8440248.4 mN

TD: 44 mBGLCOMMENTS:  
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Protective lockable steel collar: +0.80 m

Stick up: +0.73 m

305 mm Blade bit: 0 m to 1.8 m (Mud rotary)

158.8 mm Blade Bit: 1.8 m to 8.5 m (Mud rotary)

219.1 mm  (OD) steel (6.4 mm) surface casing: -0.2 
m to 1.8 m

Bentonite grout (4 %): 0 m to 3 m

50 mm PN9 uPVC blank casing: +0.69 m to 5 m

Bentonite seal: 3 m to 4 m

SWL: 3.59 mBGL on the 2nd Jun 2014

1.6 - 3.2 mm washed, rounded, quartz gravel pack: 4 
m to 8.5 m

50 mm PN9 uPVC machine slotted casing, slot 
apperture: 1 mm, slot length: 45 mm, 131 slots / m, 5 
m to 8 m

Bore development: 1 hr

no flow during development, water used to clean 
gravel pack

End cap

End of hole: 8.5 m BGL
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LATERITE: coarse gravel, sub-angular, dark reddish 
brown, low strength, loose, clasts consist of 
manganese cemented sandstone and manganese 
nodules, laterised gravel

CLAY: high plasticity, mottled cream / orange, low 
strength, soft

MANGANESE: black, high strength

CLAY: high plasticity, orange, low strength, soft, red 
staining on planar surfaces

CLAY: low plasticity, light low strength, stiff, purple 
staining on planar surfaces

CLAY: high plasticity, mottled orange / grey, low 
strength, soft
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PROJECT No: G1663
PROJECT NAME: Groote Eylandt
DATE DRILLED: 23rd May 2014

DRILLER: G. Despotakis (155NT/330WA)
DRILLING COMPANY: J & S Drilling

DRILLING METHOD: Mud Rotary
DRILL RIG: Fraste XL Max

EASTING: 665821.42 mE

DATUM: MGA94 (z53)
RL: 29.11 mAHDLOGGED BY: HM (AGE)

NORTHING: 8440248.35 mN

TD: 8.5 mBGLCOMMENTS: Lithology from ELSMB09D 
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BOREHOLE LOG

Bore DescriptionSoil or Rock Field Material Description Bore ConstructionR.L. 
(mAHD)

Depth
(mBGL)Graphic

Log

Australasian Groundwater & Environmental
Consultants Pty Ltd

Level 2, 15 Mallon Street, Bowen Hills, Queensland 4006
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Protective lockable steel collar
Stick up: +0.79 m

305 mm Blade bit: 0 m to 1.8 m (Mud rotary)

158.8 mm Blade Bit: 1.8 m to 37.6 m (Mud rotary)

219.1 mm  (OD) steel (6.4 mm) surface casing: -0.2 
m to 1.8 m

Bentonite grout (4 %): 0 m to 27 m

50 mm PN9 uPVC blank casing: +0.79 m to 30 m

SWL: 21.4 mBGL on the 1st Jun 2014

Bentonite seal: 27 m to 29 m

1.6 - 3.2 mm washed, rounded, quartz gravel pack: 
29 m to 37.6 m

50 mm PN9 uPVC machine slotted casing, slot 
apperture: 1 mm, slot length: 45 mm, 131 slots / m, 
30 m to 36 m

End cap

End of hole: 37.6 m BGL

pH: 8.16
Airlift flow rate: 0.08 L/s
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SILTY CLAY: low plasticity, coarse sand, rounded, 
quartz clasts, red, low strength, soft

LATERITE: fine sand, quartz clasts, silty matrix, yellow 
/ red, medium strength, fine sandstone laterite

SILTY CLAY: fine sand, quartz clasts, mottled white / 
yellow, low strength, soft, probably weathered 
sandstone

SANDY CLAY & MANGANESE: dark medium strength, 
alternating layers of clay and manganese

CLAY: light grey, low strength, soft, manganese 
throughout forming alternating layers of clay and 
manganese

CLAY: high plasticity, mottled red / grey, low strength, 
soft

CLAY: high plasticity, mottled red / grey, low strength, 
soft, disseminated manganese throughout

CLAY: high plasticity, mottled red / grey, low strength, 
soft

SANDY CLAY: dark greenish grey, low strength

CLAY: medium plasticity, mottled grey, low strength, 
soft

SILTY CLAY: low plasticity, fine sand, quartz clasts, 
low strength, soft, probably weathered sandstone
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PROJECT No: G1663
PROJECT NAME: Groote Eylandt
DATE DRILLED: 27th May 2014

DRILLER: G. Despotakis (155NT/330WA)
DRILLING COMPANY: J & S Drilling

DRILLING METHOD: Mud Rotary
DRILL RIG: Fraste XL Max

EASTING: 668229.77 mE

DATUM: MGA94 (z53)
RL: 59.5 mAHDLOGGED BY: HM (AGE)

NORTHING: 8442001.12 mN

TD: 37.6 mBGLCOMMENTS:  
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Depth
(mBGL)Graphic

Log

Australasian Groundwater & Environmental
Consultants Pty Ltd

Level 2, 15 Mallon Street, Bowen Hills, Queensland 4006
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Protective lockable steel collar

Stick up: +0.78 m

305 mm Blade bit: 0 m to 1.8 m (Mud rotary)

158.8 mm Blade Bit: 1.8 m to 7.5 m (Mud rotary)

219.1 mm  (OD) steel (6.4 mm) surface casing: -0.2 
m to 1.8 m

Bentonite seal: 0 m to 3 m

50 mm PN9 uPVC blank casing: +0.75 m to 4 m

1.6 - 3.2 mm washed, rounded, quartz gravel pack: 3 
m to 7.5 m

50 mm PN9 uPVC machine slotted casing, slot 
apperture: 1 mm, slot length: 45 mm, 131 slots / m, 4 
m to 7 m

Bore development: 1 hr

no flow during development, water used to clean 
gravel pack

SWL: 6.14 mBGL on the 1st Jun 2014

End cap

End of hole: 7.5 m BGL
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SILTY CLAY: low plasticity, coarse sand, rounded, 
quartz clasts, red, low strength, soft

LATERITE: fine sand, quartz clasts, silty matrix, yellow 
/ red, medium strength, fine sandstone laterite

SILTY CLAY: fine sand, quartz clasts, mottled white / 
yellow, low strength, soft, probably weathered 
sandstone
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PROJECT No: G1663
PROJECT NAME: Groote Eylandt
DATE DRILLED: 28th May 2014

DRILLER: G. Despotakis (155NT/330WA)
DRILLING COMPANY: J & S Drilling

DRILLING METHOD: Mud Rotary
DRILL RIG: Fraste XL Max

EASTING: 668229.7 mE

DATUM: MGA94 (z53)
RL: 59.49 mAHDLOGGED BY: HM (AGE)

NORTHING: 8441999.02 mN

TD: 7.5 mBGLCOMMENTS: Lithology from ELSMB10D 
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(mBGL)Graphic

Log

Australasian Groundwater & Environmental
Consultants Pty Ltd

Level 2, 15 Mallon Street, Bowen Hills, Queensland 4006
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Headworks; Table D flange

Stick up: +0.32 m

359.9 mm Tri-cone: 0 m to 5.8 m (Mud rotary)

254 mm Tri-cone: 5.8 m to 42 m (Mud rotary)

273.1 mm  (OD) steel (9.3 mm) surface casing: -0.2 
m to 5.8 m

Bentonite grout (4 %): 0 m to 20 m

168.3 mm (OD) steel (7.1 mm) surface casing: +0.5 
m to 35 m

SWL: 13.73 mBGL on the 31st May 2014

Bentonite seal: 20 m to 23 m

1.6 - 3.2 mm washed, rounded, quartz gravel pack: 
23 m to 42 m

Airlift flow rate: 4 - 5 L/s

Initially the airlift flow rate was approx 6 - 7 L/s, after 
about 15 minutes the bore began to surge producing 
apporximately  4

154.1 mm stainless steel wire wound, slot apperture: 
1.5 mm, 35 m to 38 m

3 m sump and end cap: 38 m to 41 m

End of hole: 42 m BGL
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GRAVEL: coarse gravel to fine sand, sub-angular, lithic 
clasts, poorly graded, dark reddish brown, low strength, 
loose, clasts consist of fine to medium sandstone
LATERITE: coarse gravel to fine sand, sub-angular, 
lithic clasts, poorly graded, dark reddish brown, low 
strength, loose, clasts consist of fine to medium 
sandstone and manganese, laterised gravel
MANGANESE: black, high strength, generally massive 
manganese, pisolites at base

CLAY: high plasticity, dark greenish grey / orange, low 
strength, soft, disseminated manganese throughout

CLAY: high plasticity, greenish grey / yellow, low 
strength, soft

CLAY: mottled low strength, soft

CLAY: high plasticity, yellow, low strength, soft

SANDSTONE: fine sand to medium sand, quartz 
clasts, black with white speckles, high strength, 
manganese forms the  sandstone matrix

SANDSTONE: medium sand, sub-rounded, quartz 
clasts, poorly graded, black / white, low strength, trace 
manganese throughout

SANDSTONE: fine sand to medium sand, 
sub-rounded, quartz clasts, poorly graded, low 
strength, trace coarse sand

SANDSTONE: medium sand to coarse sand, 
sub-rounded, quartz clasts, poorly graded, low strength
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PROJECT No: G1663
PROJECT NAME: Groote Eylandt
DATE DRILLED: 20th May 2014

DRILLER: G. Despotakis (155NT/330WA)
DRILLING COMPANY: J & S Drilling

DRILLING METHOD: Mud Rotary
DRILL RIG: Fraste XL Max

EASTING: 665213.95 mE

DATUM: MGA94 (z53)
RL: 35.35 mAHDLOGGED BY: HM (AGE)

NORTHING: 8440998.55 mN

TD: 42 mBGLCOMMENTS:  
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(mBGL)Graphic

Log

Australasian Groundwater & Environmental
Consultants Pty Ltd

Level 2, 15 Mallon Street, Bowen Hills, Queensland 4006
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Headworks; Table D flange

Stick up: +0.47 m

359.9 mm Tri-cone: 0 m to 5.8 m (Mud rotary)

254 mm Tri-cone: 5.8 m to 27.6 m (Mud rotary)

273.1 mm  (OD) steel (9.3 mm) surface casing: -0.2 
m to 5.8 m
SWL: 6.93 mBGL on the 2nd Jun 2014

Bentonite grout (4 %): 0 m to 17 m

168.3 mm (OD) steel (7.1 mm) surface casing: +0.47 
m to 20 m

Bentonite seal: 17 m to 19 m

1.6 - 3.2 mm washed, rounded, quartz gravel pack: 
19 m to 27.6 m
154.1 mm stainless steel wire wound, slot apperture: 
1.5 mm, slot length: n/a mm, n/a slots / m, 20 m to 23 
m

3 m sump and end cap: 23 m to 26 m

End cap

End of hole: 27.6 m BGL

pH: 5.82
Airlift flow rate: 6.4 L/s
trace fine sand still present at the end of bore 
development
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LATERITE: fine sand, quartz clasts, dark grey, medium 
strength, manganese cemented sandstone clasts in 
laterite

CLAY: light grey, low strength, weathered claystone
MANGANESE: black, high strength

SANDY CLAY: mottled grey / orange, low strength, 
manganese throughout clay

CLAY: high plasticity, light grey, low strength, soft, 
probably claystone

CLAY: high plasticity, red, low strength

SILTY CLAY: high plasticity, coarse sand, 
sub-rounded, red, low strength, manganese cemented 
sandstone clasts

NO SAMPLE RETURN: drilling samples mixed up
SILTY CLAY: low plasticity, fine sand, quartz clasts, 
mottled red / yellow / white, low strength
SANDSTONE: coarse sand to fine sand, sub-rounded 
to sub-angular, quartz clasts, poorly graded, low 
strength, manganese cemented sandstone clasts
SILTY CLAY: low plasticity, fine sand to coarse sand, 
quartz clasts, mottled white / red, low strength
SANDSTONE: fine sand to medium sand, 
sub-rounded, quartz clasts, white, low strength
SANDSTONE: fine sand to coarse sand, sub-rounded 
to sub-angular, quartz clasts, white, low strength

SANDSTONE: fine sand to medium sand, 
sub-rounded, quartz clasts, white, low strength
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PROJECT No: G1663
PROJECT NAME: Groote Eylandt
DATE DRILLED: 30th May 2014

DRILLER: G. Despotakis (155NT/330WA)
DRILLING COMPANY: J & S Drilling

DRILLING METHOD: Mud Rotary
DRILL RIG: Fraste XL Max

EASTING: 665826.14 mE

DATUM: MGA94 (z53)
RL: 29.02 mAHDLOGGED BY: HM (AGE)

NORTHING: 8440240.1 mN

TD: 27.6 mBGLCOMMENTS:  
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Log
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GEMCO Eastern Leases Project - Groundwater Impact Assessment (G1663)

Appendix A 2 

Hydraulic test data sheets 

Appendix F | Groundwater Report



Slug Test Analysis Report

Project: Gemco

Number: G1663

Client: Hansen Bailey

AGE Consultants
Level 2/15 Mallon St
Bowen Hills, QLD, 4006

Location: Groote Eylandt, NT Slug Test: ELSMB01D: falling head Test Well: ELNMB01D

Test Conducted by: H. McCarthy Test Date: 11/01/2014

Analysis Performed by: H. McCarthy Hvorslev Analysis Date: 30/06/2014

Aquifer Thickness: 13.00 m

Calculation using Hvorslev

Observation Well Hydraulic 
Conductivity

[m/d]

ELNMB01D 4.70 × 10
0

Slug Test Analysis Report

Project: Gemco

Number: G1663

Client: Hansen Bailey

AGE Consultants
Level 2/15 Mallon St
Bowen Hills, QLD, 4006

Location: Groote Eylandt, NT Slug Test: ELSMB01S: falling head Test Well: ELNMB01S

Test Conducted by: H. McCarthy Test Date: 23/05/2014

Analysis Performed by: H. McCarthy Bouwer & Rice Analysis Date: 30/06/2014

Aquifer Thickness: 6.00 m

Calculation using Bouwer & Rice

Observation Well Hydraulic 
Conductivity

[m/d]

ELNMB01S 8.50 × 10
-3
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Slug Test Analysis Report

Project: Gemco

Number: G1663

Client: Hansen Bailey

AGE Consultants
Level 2/15 Mallon St
Bowen Hills, QLD, 4006

Location: Groote Eylandt, NT Slug Test: ELSMB01S: falling head Test Well: ELNMB01S

Test Conducted by: H. McCarthy Test Date: 23/05/2014

Analysis Performed by: H. McCarthy Bouwer & Rice Analysis Date: 30/06/2014

Aquifer Thickness: 6.00 m

Calculation using Bouwer & Rice

Observation Well Hydraulic 
Conductivity

[m/d]

ELNMB01S 8.50 × 10
-3
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Slug Test Analysis Report

Project: Gemco

Number: G1663

Client: Hansen Bailey

AGE Consultants
Level 2/15 Mallon St
Bowen Hills, QLD, 4006

Location: Groote Eylandt, NT Slug Test: ELSMB03D: rising head Test Well: ELNMB03D

Test Conducted by: H. McCarthy Test Date: 10/01/2014

Analysis Performed by: H. McCarthy Hvorslev Analysis Date: 30/06/2014

Aquifer Thickness: 21.50 m

Calculation using Hvorslev

Observation Well Hydraulic 
Conductivity

[m/d]

ELNMB03D 4.50 × 10
0

Slug Test Analysis Report

Project: Gemco

Number: G1663

Client: Hansen Bailey

AGE Consultants
Level 2/15 Mallon St
Bowen Hills, QLD, 4006

Location: Groote Eylandt, NT Slug Test: ELSMB03S: rising head Test Well: ELNMB03S

Test Conducted by: H. McCarthy Test Date: 22/05/2014

Analysis Performed by: H. McCarthy Bouwer & Rice Analysis Date: 30/06/2014

Aquifer Thickness: 8.00 m

Calculation using Bouwer & Rice

Observation Well Hydraulic 
Conductivity

[m/d]

ELNMB03S 2.34 × 10
-1
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Slug Test Analysis Report

Project: Gemco

Number: G1663

Client: Hansen Bailey

AGE Consultants
Level 2/15 Mallon St
Bowen Hills, QLD, 4006

Location: Groote Eylandt, NT Slug Test: ELSMB03S: rising head Test Well: ELNMB03S

Test Conducted by: H. McCarthy Test Date: 22/05/2014

Analysis Performed by: H. McCarthy Bouwer & Rice Analysis Date: 30/06/2014

Aquifer Thickness: 8.00 m

Calculation using Bouwer & Rice

Observation Well Hydraulic 
Conductivity

[m/d]

ELNMB03S 2.34 × 10
-1
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Slug Test Analysis Report

Project: Gemco

Number: G1663

Client: Hansen Bailey

AGE Consultants
Level 2/15 Mallon St
Bowen Hills, QLD, 4006

Location: Groote Eylandt, NT Slug Test: ELSMB04D: rising head Test Well: ELNMB04D

Test Conducted by: H. McCarthy Test Date: 20/05/2014

Analysis Performed by: H. McCarthy Butler High-K Analysis Date: 30/06/2014

Aquifer Thickness: 30.00 m

Calculation using Butler High-K

Observation Well tD/t Hydraulic 
Conductivity

m/d

CD

ELNMB04D 1.01 × 10
0

2.28 × 10
1

7.84 × 10
-1

Slug Test Analysis Report

Project: Gemco

Number: G1663

Client: Hansen Bailey

AGE Consultants
Level 2/15 Mallon St
Bowen Hills, QLD, 4006

Location: Groote Eylandt, NT Slug Test: ELSMB05: falling head Test Well: ELSMB05

Test Conducted by: H. McCarthy Test Date: 20/05/2014

Analysis Performed by: H. McCarthy Hvorslev Analysis Date: 30/06/2014

Aquifer Thickness: 9.00 m

Calculation using Hvorslev

Observation Well Hydraulic 
Conductivity

[m/d]

ELSMB05 2.00 × 10
0
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Slug Test Analysis Report

Project: Gemco

Number: G1663

Client: Hansen Bailey

AGE Consultants
Level 2/15 Mallon St
Bowen Hills, QLD, 4006

Location: Groote Eylandt, NT Slug Test: ELSMB05: falling head Test Well: ELSMB05

Test Conducted by: H. McCarthy Test Date: 20/05/2014

Analysis Performed by: H. McCarthy Hvorslev Analysis Date: 30/06/2014

Aquifer Thickness: 9.00 m

Calculation using Hvorslev

Observation Well Hydraulic 
Conductivity

[m/d]

ELSMB05 2.00 × 10
0
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Slug Test Analysis Report

Project: Gemco

Number: G1663

Client: Hansen Bailey

AGE Consultants
Level 2/15 Mallon St
Bowen Hills, QLD, 4006

Location: Groote Eylandt, NT Slug Test: ELSMB06D: falling head Test Well: ELSMB06D

Test Conducted by: H. McCarthy Test Date: 30/05/2014

Analysis Performed by: S. Jones Butler High-K Analysis Date: 30/06/2014

Aquifer Thickness: 16.00 m

Calculation using Butler High-K

Observation Well tD/t Hydraulic 
Conductivity

m/d

CD

ELSMB06D 3.60 × 10
-1

4.71 × 10
0

1.35 × 10
0

Slug Test Analysis Report

Project: Gemco

Number: G1663

Client: Hansen Bailey

AGE Consultants
Level 2/15 Mallon St
Bowen Hills, QLD, 4006

Location: Groote Eylandt, NT Slug Test: ELSMB06S: rising head Test Well: ELSMB06S

Test Conducted by: H. McCarthy Test Date: 15/05/2014

Analysis Performed by: H. McCarthy Bouwer & Rice Analysis Date: 30/06/2014

Aquifer Thickness: 6.00 m

Calculation using Bouwer & Rice

Observation Well Hydraulic 
Conductivity

[m/d]

ELSMB06S 1.80 × 10
-1
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Slug Test Analysis Report

Project: Gemco

Number: G1663

Client: Hansen Bailey

AGE Consultants
Level 2/15 Mallon St
Bowen Hills, QLD, 4006

Location: Groote Eylandt, NT Slug Test: ELSMB06S: rising head Test Well: ELSMB06S

Test Conducted by: H. McCarthy Test Date: 15/05/2014

Analysis Performed by: H. McCarthy Bouwer & Rice Analysis Date: 30/06/2014

Aquifer Thickness: 6.00 m

Calculation using Bouwer & Rice

Observation Well Hydraulic 
Conductivity

[m/d]

ELSMB06S 1.80 × 10
-1
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Slug Test Analysis Report

Project: Gemco

Number: G1663

Client: Hansen Bailey

AGE Consultants
Level 2/15 Mallon St
Bowen Hills, QLD, 4006

Location: Groote Eylandt, NT Slug Test: ELSMB07D: falling head Test Well: ELSMB07D

Test Conducted by: H. McCarthy Test Date: 27/05/2014

Analysis Performed by: H. McCarthy Hvorslev Analysis Date: 1/07/2014

Aquifer Thickness: 21.00 m

Calculation using Hvorslev

Observation Well Hydraulic 
Conductivity

[m/d]

ELSMB07D 8.86 × 10
0

Slug Test Analysis Report

Project: Gemco

Number: G1663

Client: Hansen Bailey

AGE Consultants
Level 2/15 Mallon St
Bowen Hills, QLD, 4006

Location: Groote Eylandt, NT Slug Test: ELSMB07S: rising head Test Well: ELSMB07S

Test Conducted by: H. McCarthy Test Date: 22/05/2014

Analysis Performed by: H. McCarthy Bouwer & Rice Analysis Date: 30/06/2014

Aquifer Thickness: 5.00 m

Calculation using Bouwer & Rice

Observation Well Hydraulic 
Conductivity

[m/d]

ELSMB07S 1.20 × 10
1
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Slug Test Analysis Report

Project: Gemco

Number: G1663

Client: Hansen Bailey

AGE Consultants
Level 2/15 Mallon St
Bowen Hills, QLD, 4006

Location: Groote Eylandt, NT Slug Test: ELSMB07S: rising head Test Well: ELSMB07S

Test Conducted by: H. McCarthy Test Date: 22/05/2014

Analysis Performed by: H. McCarthy Bouwer & Rice Analysis Date: 30/06/2014

Aquifer Thickness: 5.00 m

Calculation using Bouwer & Rice

Observation Well Hydraulic 
Conductivity

[m/d]

ELSMB07S 1.20 × 10
1
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Slug Test Analysis Report

Project: Gemco

Number: G1663

Client: Hansen Bailey

AGE Consultants
Level 2/15 Mallon St
Bowen Hills, QLD, 4006

Location: Groote Eylandt, NT Slug Test: ELSMB08D: falling head Test Well: ELSMB08D

Test Conducted by: H. McCarthy Test Date: 29/05/2014

Analysis Performed by: H. McCarthy Hvorslev Analysis Date: 30/06/2014

Aquifer Thickness: 6.00 m

Calculation using Hvorslev

Observation Well Hydraulic 
Conductivity

[m/d]

ELSMB08D 6.15 × 10
-2

Slug Test Analysis Report

Project: Gemco

Number: G1663

Client: Hansen Bailey

AGE Consultants
Level 2/15 Mallon St
Bowen Hills, QLD, 4006

Location: Groote Eylandt, NT Slug Test: ELSMB09D: falling head Test Well: ELSMB09D

Test Conducted by: H. McCarthy Test Date: 25/05/2014

Analysis Performed by: H. McCarthy Butler High K Analysis Date: 30/06/2014

Aquifer Thickness: 25.00 m

Calculation using Butler High-K

Observation Well tD/t Hydraulic 
Conductivity

m/d

CD

ELSMB09D 5.55 × 10
-1

3.52 × 10
1

2.79 × 10
-1
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Slug Test Analysis Report

Project: Gemco

Number: G1663

Client: Hansen Bailey

AGE Consultants
Level 2/15 Mallon St
Bowen Hills, QLD, 4006

Location: Groote Eylandt, NT Slug Test: ELSMB09D: falling head Test Well: ELSMB09D

Test Conducted by: H. McCarthy Test Date: 25/05/2014

Analysis Performed by: H. McCarthy Butler High K Analysis Date: 30/06/2014

Aquifer Thickness: 25.00 m

Calculation using Butler High-K

Observation Well tD/t Hydraulic 
Conductivity

m/d

CD

ELSMB09D 5.55 × 10
-1

3.52 × 10
1

2.79 × 10
-1
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Slug Test Analysis Report

Project: Gemco

Number: G1663

Client: Hansen Bailey

AGE Consultants
Level 2/15 Mallon St
Bowen Hills, QLD, 4006

Location: Groote Eylandt, NT Slug Test: ELSMB10D: rising head Test Well: ELSMB10D

Test Conducted by: H. McCarthy Test Date: 29/05/2014

Analysis Performed by: H. McCarthy Hvorslev Analysis Date: 30/06/2014

Aquifer Thickness: 8.60 m

Calculation using Hvorslev

Observation Well Hydraulic 
Conductivity

[m/d]

ELSMB10D 3.00 × 10
-2
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Slug Test Analysis Report

Project: Gemco

Number: G1663

Client: Hansen Bailey

AGE Consultants
Level 2/15 Mallon St
Bowen Hills, QLD, 4006

Location: Groote Eylandt, NT Slug Test: ELSMB10D: rising head Test Well: ELSMB10D

Test Conducted by: H. McCarthy Test Date: 29/05/2014

Analysis Performed by: H. McCarthy Hvorslev Analysis Date: 30/06/2014

Aquifer Thickness: 8.60 m

Calculation using Hvorslev

Observation Well Hydraulic 
Conductivity

[m/d]

ELSMB10D 3.00 × 10
-2
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Pumping Test Analysis Report

Project: Gemco

Number: G1663

Client: Hansen Bailey

AGE Consultants
Level 2/15 Mallon St
Bowen Hills, QLD, 4006

Location: Groote Eylandt, NT Pumping Test: 24 hr constant rate Pumping Well: ELNPB01

Test Conducted by: Gemco / J & S Drilling Test Date: 22/06/2014

Analysis Performed by: H. McCarthy Analysis Date: 3/07/2014

Aquifer Thickness: 12.00 m Discharge Rate: 12.3 [l/s]

Calculation using Hantush

Observation Well Transmissivity

[m²/d]

Hydraulic 
Conductivity

[m/d]

Storage 
coefficient

Hydr. 
resistance

[min]

Leakage 
factor

[m]

Radial 
Distance to 
PW

[m]

ELNMB01D 6.40 × 10
2

5.33 × 10
1

7.40 × 10
-5

1.10 × 10
5

2.21 × 10
2

10.2

Pumping Test Analysis Report

Project: Gemco

Number: G1663

Client: Hansen Bailey

AGE Consultants
Level 2/15 Mallon St
Bowen Hills, QLD, 4006

Location: Groote Eylandt, NT Pumping Test: 24 hr constant rate Pumping Well: ELNPB03

Test Conducted by: H. McCarthy (AGE) Test Date: 24/05/2014

Analysis Performed by: H. McCarthy Hantush Analysis Date: 2/07/2014

Aquifer Thickness: 20.00 m Discharge Rate: 5.1 [l/s]

Calculation using Hantush

Observation Well Transmissivity

[m²/d]

Hydraulic 
Conductivity

[m/d]

Storage 
coefficient

Hydr. 
resistance

[min]

Leakage 
factor

[m]

Radial 
Distance to 
PW

[m]

ELNMB03D 8.50 × 10
2

4.25 × 10
1

1.14 × 10
-3

3.75 × 10
5

4.70 × 10
2

11.0
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Pumping Test Analysis Report

Project: Gemco

Number: G1663

Client: Hansen Bailey

AGE Consultants
Level 2/15 Mallon St
Bowen Hills, QLD, 4006

Location: Groote Eylandt, NT Pumping Test: 24 hr constant rate Pumping Well: ELNPB03

Test Conducted by: H. McCarthy (AGE) Test Date: 24/05/2014

Analysis Performed by: H. McCarthy Hantush Analysis Date: 2/07/2014

Aquifer Thickness: 20.00 m Discharge Rate: 5.1 [l/s]

Calculation using Hantush

Observation Well Transmissivity

[m²/d]

Hydraulic 
Conductivity

[m/d]

Storage 
coefficient

Hydr. 
resistance

[min]

Leakage 
factor

[m]

Radial 
Distance to 
PW

[m]

ELNMB03D 8.50 × 10
2

4.25 × 10
1

1.14 × 10
-3

3.75 × 10
5

4.70 × 10
2

11.0
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Pumping Test Analysis Report

Project: Gemco

Number: G1663

Client: Hansen Bailey

AGE Consultants
Level 2/15 Mallon St
Bowen Hills, QLD, 4006

Location: Groote Eylandt, NT Pumping Test: 24 hr constant rate Pumping Well: ELSPB07

Test Conducted by: Gemco / J & S Drilling Test Date: 26/06/2014

Analysis Performed by: H. McCarthy Hantush Analysis Date: 2/07/2014

Aquifer Thickness: 21.00 m Discharge Rate: 12.3 [l/s]

Calculation using Hantush

Observation Well Transmissivity

[m²/d]

Hydraulic 
Conductivity

[m/d]

Storage 
coefficient

Hydr. 
resistance

[min]

Leakage 
factor

[m]

Radial 
Distance to 
PW

[m]

ELSMB07D 6.20 × 10
2

2.95 × 10
1

2.00 × 10
-3

1.80 × 10
3

2.78 × 10
1

13.6

Pumping Test Analysis Report

Project: Gemco

Number: G1663

Client: Hansen Bailey

AGE Consultants
Level 2/15 Mallon St
Bowen Hills, QLD, 4006

Location: Groote Eylandt, NT Pumping Test: 24 hr constant rate Pumping Well: ELSPB09

Test Conducted by: Gemco / J & S Drilling Test Date: 30/06/2014

Analysis Performed by: H. McCarthy Hantush Analysis Date: 7/07/2014

Aquifer Thickness: 25.00 m Discharge Rate: 13.3 [l/s]

Calculation using Hantush

Observation Well Transmissivity

[m²/d]

Hydraulic 
Conductivity

[m/d]

Storage 
coefficient

Hydr. 
resistance

[min]

Leakage 
factor

[m]

Radial 
Distance to 
PW

[m]

ELSMB09D 1.70 × 10
3

6.80 × 10
1

7.59 × 10
-4

1.46 × 10
4

1.31 × 10
2

11.0
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Pumping Test Analysis Report

Project: Gemco

Number: G1663

Client: Hansen Bailey

AGE Consultants
Level 2/15 Mallon St
Bowen Hills, QLD, 4006

Location: Groote Eylandt, NT Pumping Test: 24 hr constant rate Pumping Well: ELSPB09

Test Conducted by: Gemco / J & S Drilling Test Date: 30/06/2014

Analysis Performed by: H. McCarthy Hantush Analysis Date: 7/07/2014

Aquifer Thickness: 25.00 m Discharge Rate: 13.3 [l/s]

Calculation using Hantush

Observation Well Transmissivity

[m²/d]

Hydraulic 
Conductivity

[m/d]

Storage 
coefficient

Hydr. 
resistance

[min]

Leakage 
factor

[m]

Radial 
Distance to 
PW

[m]

ELSMB09D 1.70 × 10
3

6.80 × 10
1

7.59 × 10
-4

1.46 × 10
4

1.31 × 10
2

11.0
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GEMCO Eastern Leases Project - Groundwater Impact Assessment (G1663)

Appendix A 3 

Water quality data 
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                                 G1663 (GEMCO) APPENDIX A 3
                                 Groundwater Quality Results Page 1 / 6
                                 Sample Date: January 2014

Analyte Units LOR
Fresh Water 

Aquatic

Drinking 

Water
ELNMB01 S ELNMB03 S ELNMB03 D ELNMB04 D ELSMB06 S ELSMB06 D BLANK 2 ELNMB01 D

ELNMB01 D 

DUPLICATE

Relative 

Percentage 

Difference

EA025: Suspended Solids

Susoended Solids (SS) mg/L 5 - - - - - - - - - - - -

EA065: Total Hardness as CaCO3

Total Hardness as CaCO3 mg/L 1 - - 78 7 <1 13 22 22 <1 7 7 0%

ED037P: Alkalinity by PC Titrator

Bicarbonate Alkalinity as CaCO3 ` 1 - - 95 26 8 26 36 28 5 13 14 7%

Carbonate Alkalinity as CaCO3 mg/L 1 - - <1 <1 <1 <1 <1 <1 <1 <1 <1 0%

Hydroxide Alkalinity as CaCO3 mg/L 1 - - <1 <1 <1 <1 <1 <1 <1 <1 <1 0%

Total Alkalinity as CaCO3 mg/L 1 - - 95 26 8 26 36 28 5 13 14 7%

ED041G: Sulfate (Turbidimetric) as SO4 2- 

by DA

Sulfate as SO4 - Turbidimetric mg/L 1 - 500 35 2 1 1 3 9 <1 1 1 0%

ED045G: Chloride Discrete analyser

Chloride mg/L 1 - 250
b 314 14 12 6 11 14 1 10 10 0%

ED093F: Dissolved Major Cations

Calcium mg/L 1 - - 10 1 <1 2 4 4 <1 1 1 0%

Magnesium mg/L 1 - - 13 1 <1 2 3 3 <1 1 1 0%

Potassium mg/L 1 - - 2 <1 <1 <1 <1 <1 <1 <1 <1 0%

Sodium mg/L 1 - - 210 18 8 6 11 12 <1 8 8 0%

EG020F: Dissolved Metals by ICP-MS

Aluminium mg/L 0.01 0.055 0.2
b <0.01 0.02 <0.01 <0.01 <0.01 0.02 <0.01 0.03 0.02 40%

Arsenic mg/L 0.001 0.013 0.01 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0%

Barium mg/L 0.001 - 2 0.084 0.016 0.035 0.037 0.016 0.031 <0.001 0.022 0.022 0%

Beryllium mg/L 0.001 0.004 0.09 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0%

Boron mg/L 0.05 0.37 4 0.06 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0%

Cadmium mg/L 0.0001 0.0002 0.002 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0%

Chromium mg/L 0.001 0.01 0.05 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0%

Cobalt mg/L 0.001 - - 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0%

Copper mg/L 0.001 0.0014 2 0.007 0.001 0.032 0.008 0.002 0.01 <0.001 0.003 0.003 0%

Iron mg/L 0.05 - 0.3
b 0.06 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0%

Lead mg/L 0.001 0.0034 0.01 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0%

Manganese mg/L 0.001 1.9 0.5 0.978 0.029 0.388 4.32 0.074 0.73 <0.001 0.139 0.138 1%

Nickel mg/L 0.001 0.011 0.02 0.014 <0.001 0.003 0.001 0.001 0.005 <0.001 0.003 0.003 0%

Selenium mg/L 0.01 0.005 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0%

Uranium mg/L 0.001 - 0.017 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0%

Vanadium mg/L 0.01 - - <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0%

Zinc mg/L 0.005 0.008 3
b 0.013 0.007 0.025 0.006 <0.005 0.02 <0.005 0.012 0.013 8%

EG020T: Total Metals by ICP-MS

Aluminium mg/L 0.01 - - 0.06 0.15 <0.01 0.06 1.44 0.12 <0.01 0.21 0.19 10%

Arsenic mg/L 0.001 - - <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0%

Barium mg/L 0.001 - - 0.079 0.017 0.036 0.037 0.038 0.031 <0.001 0.03 0.031 3%

Beryllium mg/L 0.001 - - <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0%

Boron mg/L 0.05 - - 0.18 <0.05 <0.05 <0.05 <0.05 <0.05 0.06 <0.05 <0.05 0%

Cadmium mg/L 0.0001 - - <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0%

Chromium mg/L 0.001 - - <0.001 <0.001 0.003 <0.001 0.002 <0.001 <0.001 0.001 0.001 0%

Cobalt mg/L 0.001 - - 0.001 <0.001 <0.001 <0.001 <0.001 0.001 <0.001 <0.001 <0.001 0%

Copper mg/L 0.001 - - 0.01 0.002 0.028 0.003 0.004 0.008 <0.001 0.006 0.006 0%

Iron mg/L 0.05 - - 0.18 0.12 <0.05 0.13 1.9 0.11 <0.05 0.3 0.27 11%

Lead mg/L 0.001 - - <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0%

Manganese mg/L 0.001 - - 0.945 0.033 0.41 4.29 0.19 0.762 <0.001 0.253 0.247 2%

Nickel mg/L 0.001 - - 0.013 0.001 0.004 0.002 0.003 0.005 <0.001 0.004 0.004 0%

Selenium mg/L 0.01 - - <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0%

Uranium mg/L 0.001 - - <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0%

Vanadium mg/L 0.01 - - <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0%

Zinc mg/L 0.005 - - 0.014 0.007 0.03 0.066 0.012 0.019 <0.005 0.015 0.017 13%

EG035F: Dissolved Mercury by FIMS

Mercury mg/L 0.0001 - - <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0%

EG035T: Total Recoverable Mercury by 

FIMS

Mercury mg/L 0.0001 - - <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0%

Nutrients by Discrete Analyser

Nitrite + Nitrate as N mg/L 0.01 - - 0.14 0.15 0.04 0.03 <0.01 <0.01 <0.01 0.03 0.03 0%

Total Kjeldahl Nitrogen as N mg/L 0.1 - - 0.2 <0.1 <0.1 0.2 <0.1 <0.1 <0.1 <0.1 <0.1 0%

Total Nitrogen as N mg/L 0.1 - - 0.3 0.2 <0.1 0.2 <0.1 <0.1 <0.1 <0.1 <0.1 0%

Total Phosphorus as P mg/L 0.01 - - 0.02 <0.01 <0.01 <0.01 0.02 <0.01 <0.01 0.02 0.03 40%

EN055: Ionic Balance*

Ionic Balance* % 0.01 - - 3.3 - - - - - - - - 0%

Total Anions meq/L 0.01 - - 11.5 0.96 0.52 0.71 1.09 1.14 0.13 0.56 0.58 4%

Total Cations meq/L 0.01 - - 10.8 0.92 0.35 0.53 0.92 0.97 <0.01 0.48 0.48 0%

EP080/071: Total Petroleum Hydrocarbons

C10 - C14 Fraction μg/L 50 - - <50 <50 <50 <50 <50 <50 <50 <50 <50 0%

C10 - C36 Fraction (sum) μg/L 50 - - <50 <50 <50 <50 <50 <50 <50 <50 <50 0%

C15 - C28 Fraction μg/L 100 - - <100 <100 <100 <100 <100 <100 <100 <100 <100 0%

C29 - C36 Fraction μg/L 50 - - <50 <50 <50 <50 <50 <50 <50 <50 <50 0%

EP080/071: Total Recoverable 

Hydrocarbons - NEPM 2013

>C10 - C16 Fraction μg/L 100 - - <100 <100 <100 <100 <100 <100 <100 <100 <100 0%

>C10 - C40 Fraction (sum) μg/L 100 - - 100 <100 <100 <100 <100 <100 <100 <100 <100 0%

>C16 - C34 Fraction μg/L 100 - - 100 <100 <100 <100 <100 <100 <100 <100 <100 0%

>C34 - C40 Fraction μg/L 100 - - <100 <100 <100 <100 <100 <100 <100 <100 <100 0%

Notes:

LOR Limit of reporting

200 Detected concentration above Aquatic Guideline for Fresh Water

100 Detected concentration above Long Term Irrigation purposes

3 Detected concentration above Drinking Water Guidelines 

0.01 LOR is higher than the guideline trigger

60% RPDs above 50% criteria

40% Where one sample is below detectable levels, evaluated as equivalent to detection limit

- No value
b

Aesthetic
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                                 G1663 (GEMCO) APPENDIX A 3
                                 Groundwater Quality Results Page 2 / 6
                                 Sample Date: February, 2014

Analyte Units LOR
Fresh Water 

Aquatic

Drinking 

Water
ELNMB01 S ELNMB03 S ELNMB03 D ELNMB04 D ELSMB06 S ELSMB06 D BLANK 2 ELNMB01 D

ELNMB01 D 

DUPLICATE

Relative 

Percentage 

Difference

EA025: Suspended Solids

Susoended Solids (SS) mg/L 5 - - <5 20 <5 <5 <5 <5 <5 <5 <5 0%

EA065: Total Hardness as CaCO3

Total Hardness as CaCO3 mg/L 1 - - 22 <1 <1 5 <1 11 <1 4 4 0%

ED037P: Alkalinity by PC Titrator

Bicarbonate Alkalinity as CaCO3 ` 1 - - 48 9 5 22 10 11 5 11 11 0%

Carbonate Alkalinity as CaCO3 mg/L 1 - - <1 <1 <1 <1 <1 <1 <1 <1 <1 0%

Hydroxide Alkalinity as CaCO3 mg/L 1 - - <1 <1 <1 <1 <1 <1 <1 <1 <1 0%

Total Alkalinity as CaCO3 mg/L 1 - - 48 9 5 22 10 11 5 11 11 0%

ED041G: Sulfate (Turbidimetric) as SO4 2- 

by DA

Sulfate as SO4 - Turbidimetric mg/L 1 - 500 42 <1 <1 1 1 2 <1 <1 <1 0%

ED045G: Chloride Discrete analyser

Chloride mg/L 1 - 250
b 74 7 12 6 8 10 1 10 10 0%

ED093F: Dissolved Major Cations

Calcium mg/L 1 - - 4 <1 <1 2 <1 1 <1 <1 <1 0%

Magnesium mg/L 1 - - 3 <1 <1 <1 <1 2 <1 1 1 0%

Potassium mg/L 1 - - 1 <1 <1 <1 <1 <1 <1 <1 <1 0%

Sodium mg/L 1 - - 82 6 7 4 7 6 <1 6 6 0%

EG020F: Dissolved Metals by ICP-MS

Aluminium mg/L 0.01 0.055 0.2
b 0.02 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0%

Arsenic mg/L 0.001 0.013 0.01 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0%

Barium mg/L 0.001 - 2 0.026 0.006 0.028 0.044 0.009 0.035 <0.001 0.023 0.022 4%

Beryllium mg/L 0.001 0.004 0.09 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0%

Boron mg/L 0.05 0.37 4 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0.08 <0.05 <0.05 0%

Cadmium mg/L 0.0001 0.0002 0.002 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0%

Chromium mg/L 0.001 0.01 0.05 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0%

Cobalt mg/L 0.001 - - <0.001 <0.001 <0.001 <0.001 <0.001 0.001 <0.001 <0.001 <0.001 0%

Copper mg/L 0.001 0.0014 2 0.005 0.005 0.021 0.005 0.001 0.016 <0.001 0.005 0.005 0%

Iron mg/L 0.05 - 0.3
b <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0%

Lead mg/L 0.001 0.0034 0.01 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0%

Manganese mg/L 0.001 1.9 0.5 0.254 0.018 0.206 5.8 0.034 1.2 <0.001 0.154 0.155 1%

Nickel mg/L 0.001 0.011 0.02 0.002 <0.001 0.003 0.003 <0.001 0.004 <0.001 0.002 0.002 0%

Selenium mg/L 0.01 0.005 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0%

Uranium mg/L 0.001 - 0.017 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0%

Vanadium mg/L 0.01 - - <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0%

Zinc mg/L 0.005 0.008 3
b 0.007 <0.005 0.029 0.014 <0.005 0.009 <0.005 0.01 0.008 22%

EG020T: Total Metals by ICP-MS

Aluminium mg/L 0.01 - - 0.71 0.64 0.01 0.02 0.5 0.08 <0.01 0.06 0.06 0%

Arsenic mg/L 0.001 - - 0.002 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0%

Barium mg/L 0.001 - - 0.031 0.014 0.029 0.043 0.014 0.038 <0.001 0.024 0.025 4%

Beryllium mg/L 0.001 - - <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0%

Boron mg/L 0.05 - - <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0.07 <0.05 <0.05 0%

Cadmium mg/L 0.0001 - - <0.0001 <0.0001 <0.0001 0.0001 <0.0001 0.0001 <0.0001 <0.0001 <0.0001 0%

Chromium mg/L 0.001 - - 0.002 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0%

Cobalt mg/L 0.001 - - <0.001 <0.001 <0.001 <0.001 <0.001 0.002 <0.001 <0.001 <0.001 0%

Copper mg/L 0.001 - - 0.02 0.016 0.025 0.009 0.001 0.02 <0.001 0.012 0.006 67%

Iron mg/L 0.05 - - 0.77 0.56 <0.05 0.1 0.62 0.05 <0.05 0.06 0.06 0%

Lead mg/L 0.001 - - <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0%

Manganese mg/L 0.001 - - 0.31 0.042 0.224 6.1 0.053 0.94 <0.001 0.185 0.184 1%

Nickel mg/L 0.001 - - 0.004 0.002 0.003 0.003 0.001 0.005 <0.001 0.002 0.002 0%

Selenium mg/L 0.01 - - <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0%

Uranium mg/L 0.001 - - <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0%

Vanadium mg/L 0.01 - - <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0%

Zinc mg/L 0.005 - - 0.014 0.01 0.025 0.016 <0.005 0.009 <0.005 0.008 0.008 0%

EG035F: Dissolved Mercury by FIMS

Mercury mg/L 0.0001 - - <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0%

EG035T: Total Recoverable Mercury by 

FIMS

Mercury mg/L 0.0001 - - <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0%

Nutrients by Discrete Analyser

Nitrite + Nitrate as N mg/L 0.01 - - 0.21 0.04 0.02 0.07 0.03 0.01 <0.01 0.02 0.03 40%

Total Kjeldahl Nitrogen as N mg/L 0.1 - - 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0%

Total Nitrogen as N mg/L 0.1 - - 0.3 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0%

Total Phosphorus as P mg/L 0.01 - - 0.04 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0%

EN055: Ionic Balance*

Ionic Balance* % 0.01 - - 1.45 - - - - - - - - 0%

Total Anions meq/L 0.01 - - 3.92 0.38 0.44 0.63 0.45 0.54 0.13 0.5 0.5 0%

Total Cations meq/L 0.01 - - 4.04 0.26 0.3 0.48 0.3 0.48 <0.01 0.34 0.34 0%

EP080/071: Total Petroleum Hydrocarbons

C10 - C14 Fraction μg/L 50 - - <50 <50 <50 <50 <50 <50 <50 <50 <50 0%

C10 - C36 Fraction (sum) μg/L 50 - - <50 <50 <50 <50 <50 <50 <50 <50 <50 0%

C15 - C28 Fraction μg/L 100 - - <100 <100 <100 <100 <100 <100 <100 <100 <100 0%

C29 - C36 Fraction μg/L 50 - - <50 <50 <50 <50 <50 <50 <50 <50 <50 0%

EP080/071: Total Recoverable 

Hydrocarbons - NEPM 2013

>C10 - C16 Fraction μg/L 100 - - <100 <100 <100 <100 <100 <100 <100 <100 <100 0%

>C10 - C40 Fraction (sum) μg/L 100 - - <100 <100 <100 <100 <100 <100 <100 <100 <100 0%

>C16 - C34 Fraction μg/L 100 - - <100 <100 <100 <100 <100 <100 <100 <100 <100 0%

>C34 - C40 Fraction μg/L 100 - - <100 <100 <100 <100 <100 <100 <100 <100 <100 0%

Notes:

LOR Limit of reporting

200 Detected concentration above Aquatic Guideline for Fresh Water

100 Detected concentration above Long Term Irrigation purposes

3 Detected concentration above Drinking Water Guidelines 

0.01 LOR is higher than the guideline trigger

60% RPDs above 50% criteria

40% Where one sample is below detectable levels, evaluated as equivalent to detection limit

- No value
b

Aesthetic
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                                 Sample Date: March, 2014

Analyte Units LOR
Fresh Water 

Aquatic

Drinking 

Water
ELNMB01 S ELNMB02D ELNMB03 S ELNMB03 D ELNMB04 D ELSMB06 S ELSMB06 D BLANK 2 ELNMB01 D

ELNMB01 D 

DUPLICATE

Relative 

Percentage 

Difference

EA025: Suspended Solids

Susoended Solids (SS) mg/L 5 - - <5 1560 <5 <5 16 7 <5 <5 <5 <5 0%

EA065: Total Hardness as CaCO3

Total Hardness as CaCO3 mg/L 1 - - 16 <1 <1 <1 <1 <1 4 <1 <1 <1 0%

ED037P: Alkalinity by PC Titrator

Bicarbonate Alkalinity as CaCO3 ` 1 - - 30 33 11 3 12 7 5 6 6 6 0%

Carbonate Alkalinity as CaCO3 mg/L 1 - - <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 0%

Hydroxide Alkalinity as CaCO3 mg/L 1 - - <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 0%

Total Alkalinity as CaCO3 mg/L 1 - - 30 33 11 3 12 7 5 6 6 6 0%

ED041G: Sulfate (Turbidimetric) as SO4 2- 

by DA

Sulfate as SO4 - Turbidimetric mg/L 1 - 500 45 10 2 2 2 2 2 1 2 2 0%

ED045G: Chloride Discrete analyser

Chloride mg/L 1 - 250
b 53 10 6 10 5 8 10 <1 9 9 0%

ED093F: Dissolved Major Cations

Calcium mg/L 1 - - 3 <1 <1 <1 <1 <1 <1 <1 <1 <1 0%

Magnesium mg/L 1 - - 2 <1 <1 <1 <1 <1 1 <1 <1 <1 0%

Potassium mg/L 1 - - <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 0%

Sodium mg/L 1 - - 60 25 7 8 4 6 6 <1 6 6 0%

EG020F: Dissolved Metals by ICP-MS

Aluminium mg/L 0.01 0.055 0.2
b 0.1 - 0.03 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0%

Arsenic mg/L 0.001 0.013 0.01 <0.001 - <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0%

Barium mg/L 0.001 - 2 0.029 - 0.008 0.034 0.028 0.013 0.039 <0.001 0.021 0.02 5%

Beryllium mg/L 0.001 0.004 0.09 <0.001 - <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0%

Boron mg/L 0.05 0.37 4 <0.05 - <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0%

Cadmium mg/L 0.0001 0.0002 0.002 <0.0001 - <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0%

Chromium mg/L 0.001 0.01 0.05 <0.001 - <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0%

Cobalt mg/L 0.001 - - <0.001 - <0.001 <0.001 <0.001 <0.001 0.001 <0.001 <0.001 <0.001 0%

Copper mg/L 0.001 0.0014 2 0.054 - 0.009 0.017 0.008 0.001 0.032 <0.001 0.005 0.005 0%

Iron mg/L 0.05 - 0.3
b <0.05 - <0.05 <0.05 0.06 <0.05 <0.05 <0.05 <0.05 <0.05 0%

Lead mg/L 0.001 0.0034 0.01 <0.001 - <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0%

Manganese mg/L 0.001 1.9 0.5 0.228 - 0.021 0.29 2.57 0.054 0.716 <0.001 0.116 0.116 0%

Nickel mg/L 0.001 0.011 0.02 0.001 - <0.001 0.002 0.002 <0.001 0.004 <0.001 0.002 0.001 67%

Selenium mg/L 0.01 0.005 0.01 <0.01 - <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0%

Uranium mg/L 0.001 - 0.017 <0.001 - <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0%

Vanadium mg/L 0.01 - - <0.01 - <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0%

Zinc mg/L 0.005 0.008 3
b 0.009 - 0.005 0.016 0.017 <0.005 0.016 <0.005 0.011 0.01 10%

EG020T: Total Metals by ICP-MS

Aluminium mg/L 0.01 - - 0.23 13.4 0.13 0.08 0.03 0.14 0.05 <0.01 0.05 0.06 18%

Arsenic mg/L 0.001 - - <0.001 0.004 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0%

Barium mg/L 0.001 - - 0.032 0.344 0.009 0.039 0.033 0.017 0.037 <0.001 0.022 0.022 0%

Beryllium mg/L 0.001 - - <0.001 0.005 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0%

Boron mg/L 0.05 - - <0.05 0.07 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0%

Cadmium mg/L 0.0001 - - <0.0001 0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0%

Chromium mg/L 0.001 - - 0.001 0.005 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0%

Cobalt mg/L 0.001 - - <0.001 0.005 <0.001 <0.001 <0.001 <0.001 0.001 <0.001 <0.001 <0.001 0%

Copper mg/L 0.001 - - 0.067 0.016 0.012 0.014 0.01 0.002 0.029 <0.001 0.006 0.006 0%

Iron mg/L 0.05 - - 0.22 13.6 0.1 0.1 0.19 0.16 0.08 <0.05 0.06 0.08 29%

Lead mg/L 0.001 - - <0.001 0.04 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0%

Manganese mg/L 0.001 - - 0.25 0.511 0.028 0.323 2.88 0.074 0.656 <0.001 0.137 0.135 1%

Nickel mg/L 0.001 - - 0.003 0.014 0.001 0.002 0.002 0.001 0.005 <0.001 0.003 0.002 40%

Selenium mg/L 0.01 - - <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0%

Uranium mg/L 0.001 - - <0.001 0.02 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0%

Vanadium mg/L 0.01 - - <0.01 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0%

Zinc mg/L 0.005 - - 0.012 0.064 0.006 0.015 0.023 0.006 0.016 <0.005 0.011 0.012 9%

EG035F: Dissolved Mercury by FIMS

Mercury mg/L 0.0001 - - <0.0001 - <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0%

EG035T: Total Recoverable Mercury by 

FIMS

Mercury mg/L 0.0001 - - <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0%

Nutrients by Discrete Analyser

Nitrite + Nitrate as N mg/L 0.01 - - 0.17 0.05 0.03 0.02 0.06 <0.01 0.04 <0.01 0.02 0.03 40%

Total Kjeldahl Nitrogen as N mg/L 0.1 - - 0.2 0.2 0.2 0.1 0.2 0.2 0.1 <0.1 0.2 0.1 67%

Total Nitrogen as N mg/L 0.1 - - 0.4 0.2 0.2 0.1 0.3 0.2 0.1 <0.1 0.2 0.1 67%

Total Phosphorus as P mg/L 0.01 - - 0.05 0.29 0.02 0.02 0.02 0.03 0.04 0.03 0.03 0.04 29%

EN055: Ionic Balance*

Ionic Balance* % 0.01 - - 1.83 - - - - - - - - - 0%

Total Anions meq/L 0.01 - - 3.03 1.15 0.43 0.38 0.42 0.41 0.42 0.14 0.42 0.42 0%

Total Cations meq/L 0.01 - - 2.92 1.09 0.3 0.35 0.26 0.26 0.34 <0.01 0.26 0.26 0%

EP080/071: Total Petroleum Hydrocarbons

C10 - C14 Fraction μg/L 50 - - <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 0%

C10 - C36 Fraction (sum) μg/L 50 - - <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 0%

C15 - C28 Fraction μg/L 100 - - <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 0%

C29 - C36 Fraction μg/L 50 - - <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 0%

EP080/071: Total Recoverable 

Hydrocarbons - NEPM 2013

>C10 - C16 Fraction μg/L 100 - - <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 0%

>C10 - C40 Fraction (sum) μg/L 100 - - <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 0%

>C16 - C34 Fraction μg/L 100 - - <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 0%

>C34 - C40 Fraction μg/L 100 - - <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 0%

Notes:

LOR Limit of reporting

200 Detected concentration above Aquatic Guideline for Fresh Water

100 Detected concentration above Long Term Irrigation purposes

3 Detected concentration above Drinking Water Guidelines 

0.01 LOR is higher than the guideline trigger

60% RPDs above 50% criteria

40% Where one sample is below detectable levels, evaluated as equivalent to detection limit

- No value
b

Aesthetic
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                                 Sample Date: May 2014

Analyte Units LOR
Fresh Water 

Aquatic

Drinking 

Water
ELNMB01 S ELNMB03 S ELNMB03 D ELNMB04 D ELSMB06 S ELSMB06 D BLANK 2 ELNMB01 D

ELNMB01 D 

DUPLICATE

Relative 

Percentage 

Difference

EA025: Suspended Solids

Susoended Solids (SS) mg/L 5 - - - - - - - - - - - 0%

EA065: Total Hardness as CaCO3

Total Hardness as CaCO3 mg/L 1 - - 13 <5 <5 <5 <5 <5 <5 <5 <5 0%

ED037P: Alkalinity by PC Titrator

Bicarbonate Alkalinity as CaCO3 ` 1 - - 26 8 3 6 5 4 <1 6 8 29%

Carbonate Alkalinity as CaCO3 mg/L 1 - - <1 <1 <1 <1 <1 <1 <1 <1 <1 0%

Hydroxide Alkalinity as CaCO3 mg/L 1 - - <1 <1 <1 <1 <1 <1 <1 <1 <1 0%

Total Alkalinity as CaCO3 mg/L 1 - - 26 8 3 6 5 4 <1 6 8 29%

ED041G: Sulfate (Turbidimetric) as SO4 2- 

by DA

Sulfate as SO4 - Turbidimetric mg/L 1 - 500 42 <1 <1 1 <1 <1 <1 <1 <1 0%

ED045G: Chloride Discrete analyser

Chloride mg/L 1 - 250
b 38 8 12 5 9 11 <1 9 10 11%

ED093F: Dissolved Major Cations

Calcium mg/L 1 - - 2 <1 <1 <1 <1 <1 <1 <1 <1 0%

Magnesium mg/L 1 - - 2 <1 <1 <1 <1 <1 <1 <1 <1 0%

Potassium mg/L 1 - - <1 <1 <1 <1 <1 <1 <1 <1 <1 0%

Sodium mg/L 1 - - 51 7 7 3 5 5 <1 6 6 0%

EG020F: Dissolved Metals by ICP-MS

Aluminium mg/L 0.01 0.055 0.2
b 0.1 0.12 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0%

Arsenic mg/L 0.001 0.013 0.01 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0%

Barium mg/L 0.001 - 2 0.028 0.014 0.022 0.018 0.013 0.032 <0.001 0.021 0.021 0%

Beryllium mg/L 0.001 0.004 0.09 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0%

Boron mg/L 0.05 0.37 4 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0%

Cadmium mg/L 0.0001 0.0002 0.002 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0%

Chromium mg/L 0.001 0.01 0.05 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0%

Cobalt mg/L 0.001 - - <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0%

Copper mg/L 0.001 0.0014 2 0.009 0.009 0.016 0.025 0.002 0.041 <0.001 0.008 0.008 0%

Iron mg/L 0.05 - 0.3
b <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0%

Lead mg/L 0.001 0.0034 0.01 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0%

Manganese mg/L 0.001 1.9 0.5 0.184 0.04 0.102 0.671 0.049 0.37 <0.001 0.109 0.109 0%

Nickel mg/L 0.001 0.011 0.02 0.014 0.008 0.01 0.02 0.004 0.007 <0.001 0.009 0.009 0%

Selenium mg/L 0.01 0.005 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0%

Uranium mg/L 0.001 - 0.017 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0%

Vanadium mg/L 0.01 - - <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0%

Zinc mg/L 0.005 0.008 3
b 0.031 0.017 0.015 0.017 0.01 0.018 <0.005 0.016 0.013 21%

EG020T: Total Metals by ICP-MS

Aluminium mg/L 0.01 - - 0.35 0.17 0.01 0.03 0.13 0.03 <0.01 0.07 0.08 13%

Arsenic mg/L 0.001 - - <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0%

Barium mg/L 0.001 - - 0.03 0.016 0.024 0.022 0.014 0.033 <0.001 0.022 0.025 13%

Beryllium mg/L 0.001 - - <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0%

Boron mg/L 0.05 - - <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0%

Cadmium mg/L 0.0001 - - <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0%

Chromium mg/L 0.001 - - 0.01 0.004 0.002 0.002 <0.001 <0.001 <0.001 <0.001 0.002 0%

Cobalt mg/L 0.001 - - <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0%

Copper mg/L 0.001 - - 0.013 0.009 0.014 0.027 0.002 0.037 <0.001 0.008 0.012 40%

Iron mg/L 0.05 - - 0.36 0.11 <0.05 0.15 0.14 0.1 <0.05 0.07 0.11 44%

Lead mg/L 0.001 - - <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0%

Manganese mg/L 0.001 - - 0.199 0.044 0.111 0.766 0.052 0.361 <0.001 0.121 0.149 21%

Nickel mg/L 0.001 - - 0.018 0.009 0.01 0.02 0.005 0.007 <0.001 0.009 0.01 11%

Selenium mg/L 0.01 - - <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0%

Uranium mg/L 0.001 - - <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0%

Vanadium mg/L 0.01 - - <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0%

Zinc mg/L 0.005 - - 0.038 0.013 0.012 0.022 0.009 0.016 <0.005 0.013 0.016 21%

EG035F: Dissolved Mercury by FIMS

Mercury mg/L 0.0001 - - <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0%

EG035T: Total Recoverable Mercury by 

FIMS

Mercury mg/L 0.0001 - - <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0%

Nutrients by Discrete Analyser

Nitrite + Nitrate as N mg/L 0.01 - - 0.18 0.07 0.02 0.03 0.04 0.02 <0.01 0.03 0.02 40%

Total Kjeldahl Nitrogen as N mg/L 0.1 - - 0.3 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0%

Total Nitrogen as N mg/L 0.1 - - 0.5 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0%

Total Phosphorus as P mg/L 0.01 - - 0.04 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.02 <0.01 0%

EN055: Ionic Balance*

Ionic Balance* % 0.01 - - - - - - - - - - - 0%

Total Anions meq/L 0.01 - - 2.47 0.39 0.4 0.28 0.35 0.39 <0.01 0.37 0.44 17%

Total Cations meq/L 0.01 - - 2.48 0.3 0.3 0.13 0.22 0.22 <0.01 0.26 0.26 0%

EP080/071: Total Petroleum Hydrocarbons

C10 - C14 Fraction μg/L 50 - - <50 <50 <50 <50 <50 <50 <50 <50 <50 0%

C10 - C36 Fraction (sum) μg/L 50 - - <50 <50 <50 <50 <50 <50 <50 <50 <50 0%

C15 - C28 Fraction μg/L 100 - - <100 <100 <100 <100 <100 <100 <100 <100 <100 0%

C29 - C36 Fraction μg/L 50 - - <50 <50 <50 <50 <50 <50 <50 <50 <50 0%

EP080/071: Total Recoverable 

Hydrocarbons - NEPM 2013

>C10 - C16 Fraction μg/L 100 - - <100 <100 <100 <100 <100 <100 <100 <100 <100 0%

>C10 - C40 Fraction (sum) μg/L 100 - - <100 <100 <100 <100 <100 <100 <100 <100 <100 0%

>C16 - C34 Fraction μg/L 100 - - <100 <100 <100 <100 <100 <100 <100 <100 <100 0%

>C34 - C40 Fraction μg/L 100 - - <100 <100 <100 <100 <100 <100 <100 <100 <100 0%

Notes:

LOR Limit of reporting

200 Detected concentration above Aquatic Guideline for Fresh Water

100 Detected concentration above Long Term Irrigation purposes

3 Detected concentration above Drinking Water Guidelines 

0.01 LOR is higher than the guideline trigger

60% RPDs above 50% criteria

40% Where one sample is below detectable levels, evaluated as equivalent to detection limit

- No value
b

Aesthetic
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                                 Sample Date: June 2014

Analyte Units LOR
Fresh Water 

Aquatic

Drinking 

Water
ELNMB01 S ELNMB03 S ELNMB03 D ELNMB04 D ELNMB05 ELSMB06 S ELSMB06 D ELSMB07D ELSMB08D BLANK 2 ELNMB01 D

ELNMB01 D 

DUPLICATE

Relative 

Percentage 

Difference

EA025: Suspended Solids

Susoended Solids (SS) mg/L 5 - - - - - - - - - - - 0%

EA065: Total Hardness as CaCO3

Total Hardness as CaCO3 mg/L 1 - - 9 <1 <1 <1 <1 <1 <1 67 26 <1 <1 <1 0%

ED037P: Alkalinity by PC Titrator

Bicarbonate Alkalinity as CaCO3 ` 1 - - 22 10 3 5 30 5 4 136 50 2 3 6 67%

Carbonate Alkalinity as CaCO3 mg/L 1 - - <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 0%

Hydroxide Alkalinity as CaCO3 mg/L 1 - - <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 0%

Total Alkalinity as CaCO3 mg/L 1 - - 22 10 3 5 30 5 4 136 50 2 3 6 67%

ED041G: Sulfate (Turbidimetric) as SO4 2- 

by DA

Sulfate as SO4 - Turbidimetric mg/L 1 - 500 50 <1 <1 1 <1 <1 <1 8 6 <1 <1 <1 0%

ED045G: Chloride Discrete analyser

Chloride mg/L 1 - 250
b 39 7 12 5 17 9 11 47 22 <1 10 10 0%

ED093F: Dissolved Major Cations

Calcium mg/L 1 - - 2 <1 <1 <1 <1 <1 <1 12 4 <1 <1 <1 0%

Magnesium mg/L 1 - - 1 <1 <1 <1 <1 <1 <1 9 4 <1 <1 <1 0%

Potassium mg/L 1 - - <1 <1 <1 <1 1 <1 <1 3 2 <1 <1 <1 0%

Sodium mg/L 1 - - 54 8 8 4 25 7 7 68 26 <1 7 7 0%

EG020F: Dissolved Metals by ICP-MS

Aluminium mg/L 0.01 0.055 0.2
b 0.32 <0.01 <0.01 <0.01 0.04 <0.01 <0.01 - 0.02 <0.01 <0.01 <0.01 0%

Arsenic mg/L 0.001 0.013 0.01 <0.001 <0.001 <0.001 <0.001 0.001 <0.001 <0.001 - <0.001 <0.001 <0.001 <0.001 0%

Barium mg/L 0.001 - 2 0.027 0.014 0.002 0.018 0.002 0.011 0.031 - 0.08 <0.001 0.022 0.021 5%

Beryllium mg/L 0.001 0.004 0.09 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 - <0.001 <0.001 <0.001 <0.001 0%

Boron mg/L 0.05 0.37 4 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 - <0.05 <0.05 <0.05 <0.05 0%

Cadmium mg/L 0.0001 0.0002 0.002 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 - <0.0001 <0.0001 <0.0001 <0.0001 0%

Chromium mg/L 0.001 0.01 0.05 <0.001 <0.001 <0.001 <0.001 0.003 <0.001 <0.001 - <0.001 <0.001 <0.001 <0.001 0%

Cobalt mg/L 0.001 - - <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 - 0.006 <0.001 <0.001 <0.001 0%

Copper mg/L 0.001 0.0014 2 0.082 0.01 <0.001 0.027 0.002 0.003 0.036 - 0.001 <0.001 0.009 0.009 0%

Iron mg/L 0.05 - 0.3
b 0.1 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 - 0.06 <0.05 <0.05 <0.05 0%

Lead mg/L 0.001 0.0034 0.01 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 - <0.001 <0.001 <0.001 <0.001 0%

Manganese mg/L 0.001 1.9 0.5 0.195 0.037 <0.001 0.431 0.009 0.056 0.3 - 6.01 <0.001 0.093 0.091 2%

Nickel mg/L 0.001 0.011 0.02 0.005 0.002 <0.001 0.003 0.004 0.001 0.008 - 0.013 <0.001 0.008 0.009 12%

Selenium mg/L 0.01 0.005 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 - <0.01 <0.01 <0.01 <0.01 0%

Uranium mg/L 0.001 - 0.017 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 - <0.001 <0.001 <0.001 <0.001 0%

Vanadium mg/L 0.01 - - <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 - <0.01 <0.01 <0.01 <0.01 0%

Zinc mg/L 0.005 0.008 3
b 0.047 0.013 0.007 0.019 0.015 0.006 0.021 - 0.018 <0.005 0.027 0.027 0%

EG020T: Total Metals by ICP-MS

Aluminium mg/L 0.01 - - 0.5 0.08 <0.01 <0.01 0.19 0.92 0.06 4.74 0.22 <0.01 <0.01 <0.01 0%

Arsenic mg/L 0.001 - - <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.003 <0.001 <0.001 <0.001 <0.001 0%

Barium mg/L 0.001 - - 0.032 0.015 0.048 0.021 0.003 0.035 0.033 0.243 0.089 <0.001 0.023 0.022 4%

Beryllium mg/L 0.001 - - <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0%

Boron mg/L 0.05 - - <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0%

Cadmium mg/L 0.0001 - - <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.0002 <0.0001 <0.0001 <0.0001 <0.0001 0%

Chromium mg/L 0.001 - - 0.004 <0.001 <0.001 <0.001 0.004 <0.001 <0.001 0.008 <0.001 <0.001 <0.001 <0.001 0%

Cobalt mg/L 0.001 - - <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.022 0.006 <0.001 <0.001 <0.001 0%

Copper mg/L 0.001 - - 0.098 0.007 0.022 0.029 0.002 0.006 0.033 0.037 0.005 <0.001 0.009 0.008 12%

Iron mg/L 0.05 - - 0.55 <0.05 <0.05 <0.05 0.2 1.22 0.11 9.84 0.19 <0.05 <0.05 <0.05 0%

Lead mg/L 0.001 - - <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.009 <0.001 <0.001 <0.001 <0.001 0%

Manganese mg/L 0.001 - - 0.223 0.046 0.304 0.524 0.026 0.22 0.318 13.6 6.12 <0.001 0.101 0.101 0%

Nickel mg/L 0.001 - - 0.006 0.002 0.006 0.003 0.004 0.003 0.009 0.036 0.012 <0.001 0.008 0.008 0%

Selenium mg/L 0.01 - - <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0%

Uranium mg/L 0.001 - - <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0%

Vanadium mg/L 0.01 - - <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.01 <0.01 <0.01 <0.01 <0.01 0%

Zinc mg/L 0.005 - - 0.052 0.014 0.025 0.016 0.018 0.014 0.024 0.061 0.019 <0.005 0.024 0.024 0%

EG035F: Dissolved Mercury by FIMS

Mercury mg/L 0.0001 - - <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 - <0.0001 <0.0001 <0.0001 <0.0001 0%

EG035T: Total Recoverable Mercury by 

FIMS

Mercury mg/L 0.0001 - - <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0%

Nutrients by Discrete Analyser

Nitrite + Nitrate as N mg/L 0.01 - - 0.14 0.06 0.01 0.03 0.05 <0.01 0.02 <0.01 <0.01 <0.01 0.02 0.02 0%

Total Kjeldahl Nitrogen as N mg/L 0.1 - - <0.1 <0.1 <0.1 0.6 <0.1 <0.1 0.5 1.5 0.2 <0.1 <0.1 <0.1 0%

Total Nitrogen as N mg/L 0.1 - - 0.1 <0.1 <0.1 0.6 <0.1 <0.1 0.5 1.5 0.2 <0.1 <0.1 <0.1 0%

Total Phosphorus as P mg/L 0.01 - - 0.04 <0.01 <0.01 0.56 0.22 0.08 0.19 0.4 0.15 <0.01 <0.01 <0.01 0%

EN055: Ionic Balance*

Ionic Balance* % 0.01 - - - - - - - - - 1.88 - - - - 0%

Total Anions meq/L 0.01 - - 2.58 0.4 0.4 0.26 1.08 0.35 0.39 4.21 1.74 0.04 0.34 0.4 16%

Total Cations meq/L 0.01 - - 2.53 0.35 0.35 0.17 1.11 0.3 0.3 4.37 1.71 <0.01 0.3 0.3 0%

EP080/071: Total Petroleum Hydrocarbons

C10 - C14 Fraction μg/L 50 - - <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 0%

C10 - C36 Fraction (sum) μg/L 50 - - <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 0%

C15 - C28 Fraction μg/L 100 - - <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 0%

C29 - C36 Fraction μg/L 50 - - <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 0%

EP080/071: Total Recoverable 

Hydrocarbons - NEPM 2013

>C10 - C16 Fraction μg/L 100 - - <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 0%

>C10 - C16 Fraction minus Napthalene μg/L 100 - - <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 0%

>C10 - C40 Fraction (sum) μg/L 100 - - <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 0%

>C16 - C34 Fraction μg/L 100 - - <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 0%

>C34 - C40 Fraction μg/L 101 - - <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 0%

Notes:

LOR Limit of reporting

200 Detected concentration above Aquatic Guideline for Fresh Water

100 Detected concentration above Long Term Irrigation purposes

3 Detected concentration above Drinking Water Guidelines 

0.01 LOR is higher than the guideline trigger

60% RPDs above 50% criteria

40% Where one sample is below detectable levels, evaluated as equivalent to detection limit

- No value
b

Aesthetic

Appendix F | Groundwater Report



                                 G1663 (GEMCO) APPENDIX A 3
                                 Groundwater Quality Results Page 6 / 6
                                 Sample Date: July 2014

Analyte Units LOR
Fresh Water 

Aquatic

Drinking 

Water
ELNMB01S ELNMB03S ELNMB03D ELNMB04D ELSMB05D ELSMB06S ELSMB06D ELSMB07S ELSMB07D ELSMB08S ELSMB08D ELSMB09S ELSMB09D ELSMB10S ELSMB10D BLANK 2 ELNMB01D

DUPLICATE 

ELNMB01D

Relative 

Percentage 

Difference

EA025: Suspended Solids

Susoended Solids (SS) mg/L 5 - - n/a

EA065: Total Hardness as CaCO3

Total Hardness as CaCO3 mg/L 1 - - 7 <1 <1 <1 4 <1 <1 <1 33 114 16 91 14 81 36 <1 <1 <1 n/a

ED037P: Alkalinity by PC Titrator

Bicarbonate Alkalinity as CaCO3 ` 1 - - 25 13 5 4 30 4 5 4 69 216 27 33 14 116 59 4 4 5 22%

Carbonate Alkalinity as CaCO3 mg/L 1 - - <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 n/a

Hydroxide Alkalinity as CaCO3 mg/L 1 - - <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 n/a

Total Alkalinity as CaCO3 mg/L 1 - - 25 13 5 4 30 4 5 4 69 216 27 33 14 116 59 4 4 5 22%

ED041G: Sulfate (Turbidimetric) as SO4 2- 

by DA

Sulfate as SO4 - Turbidimetric mg/L 1 - 500 41 <1 <1 2 1 <1 <1 <1 9 5 10 3 <1 15 20 <1 <1 <1 n/a

ED045G: Chloride Discrete analyser

Chloride mg/L 1 - 250
b 42 11 11 6 15 9 10 7 24 221 15 177 12 20 26 <1 9 9 0%

ED093F: Dissolved Major Cations

Calcium mg/L 1 - - 1 <1 <1 <1 <1 <1 <1 <1 5 26 3 10 4 21 6 <1 <1 <1 n/a

Magnesium mg/L 1 - - 1 <1 <1 <1 1 <1 <1 <1 5 12 2 16 1 7 5 <1 <1 <1 n/a

Potassium mg/L 1 - - <1 <1 <1 <1 1 <1 <1 <1 2 6 1 1 <1 4 2 <1 <1 <1 n/a

Sodium mg/L 1 - - 59 10 10 4 22 7 7 5 28 174 15 85 8 36 37 <1 5 6 18%

EG020F: Dissolved Metals by ICP-MS

Aluminium mg/L 0.01 0.055 0.2
b 0.41 0.02 <0.01 <0.01 0.04 0.03 <0.01 0.02 0.09 0.15 0.02 0.08 0.04 0.13 0.57 <0.01 <0.01 <0.01 n/a

Arsenic mg/L 0.001 0.013 0.01 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.001 0.002 <0.001 <0.001 <0.001 0.002 0.002 <0.001 <0.001 <0.001 n/a

Barium mg/L 0.001 - 2 0.029 0.028 0.04 0.018 0.003 0.018 0.033 0.007 0.109 1.01 0.105 0.056 0.024 0.122 0.036 <0.001 0.014 0.015 7%

Beryllium mg/L 0.001 0.004 0.09 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 n/a

Boron mg/L 0.05 0.37 4 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0.09 <0.05 0.07 <0.05 0.07 0.06 <0.05 <0.05 <0.05 n/a

Cadmium mg/L 0.0001 0.0002 0.002 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.0001 <0.0001 <0.0001 <0.0001 n/a

Chromium mg/L 0.001 0.01 0.05 <0.001 <0.001 <0.001 <0.001 0.003 <0.001 <0.001 <0.001 <0.001 0.001 <0.001 0.005 <0.001 <0.001 0.001 <0.001 <0.001 <0.001 n/a

Cobalt mg/L 0.001 - - <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.007 0.009 0.005 0.002 <0.001 0.002 0.003 <0.001 <0.001 <0.001 n/a

Copper mg/L 0.001 0.0014 2 0.048 0.041 0.02 0.02 0.002 0.01 0.05 0.004 0.001 0.004 0.002 0.007 0.004 0.002 0.003 <0.001 0.009 0.01 11%

Iron mg/L 0.05 - 0.3
b 0.14 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0.07 11 0.29 0.06 0.08 0.42 0.38 <0.05 <0.05 <0.05 n/a

Lead mg/L 0.001 0.0034 0.01 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.002 <0.001 <0.001 <0.001 n/a

Manganese mg/L 0.001 1.9 0.5 0.208 0.067 0.164 0.302 0.012 0.094 0.365 0.085 5.4 15.3 4.51 1.19 0.328 1.83 4.17 <0.001 0.054 0.052 4%

Nickel mg/L 0.001 0.011 0.02 0.01 0.006 0.004 0.004 0.003 0.003 0.016 0.003 0.012 0.038 0.015 0.053 0.008 0.01 0.014 <0.001 0.004 0.004 0%

Selenium mg/L 0.01 0.005 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 n/a

Uranium mg/L 0.001 - 0.017 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 n/a

Vanadium mg/L 0.01 - - <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 n/a

Zinc mg/L 0.005 0.008 3
b 0.062 0.022 0.025 0.038 0.017 0.008 0.068 0.025 0.03 0.023 0.032 0.359 0.037 0.015 0.028 <0.005 0.034 0.033 3%

EG020T: Total Metals by ICP-MS

Aluminium mg/L 0.01 - - 0.56 0.42 0.08 0.04 0.43 3.53 0.01 0.05 1.44 0.77 0.08 2.63 0.16 0.39 1.3 <0.01 0.04 0.05 22%

Arsenic mg/L 0.001 - - <0.001 <0.001 <0.001 <0.001 0.001 <0.001 <0.001 <0.001 0.002 0.002 <0.001 0.001 <0.001 0.002 0.002 <0.001 <0.001 <0.001 n/a

Barium mg/L 0.001 - - 0.034 0.036 0.045 0.021 0.006 0.102 0.033 0.007 0.135 1.05 0.107 0.07 0.028 0.13 0.044 <0.001 0.016 0.016 0%

Beryllium mg/L 0.001 - - <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 n/a

Boron mg/L 0.05 - - <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0.11 <0.05 0.06 <0.05 0.09 0.06 <0.05 <0.05 <0.05 n/a

Cadmium mg/L 0.0001 - - <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.0002 <0.0001 <0.0001 <0.0001 <0.0001 0.0001 <0.0001 <0.0001 <0.0001 n/a

Chromium mg/L 0.001 - - 0.001 <0.001 <0.001 <0.001 0.004 0.003 <0.001 <0.001 0.003 0.004 <0.001 0.023 <0.001 0.001 0.004 <0.001 <0.001 <0.001 n/a

Cobalt mg/L 0.001 - - <0.001 <0.001 <0.001 <0.001 <0.001 0.001 <0.001 <0.001 0.009 0.014 0.006 0.002 <0.001 0.003 0.005 <0.001 <0.001 <0.001 n/a

Copper mg/L 0.001 - - 0.067 0.043 0.021 0.025 0.004 0.027 0.054 0.005 0.008 0.025 0.007 0.018 0.007 0.01 0.015 <0.001 0.01 0.01 0%

Iron mg/L 0.05 - - 0.59 0.36 0.15 0.08 0.45 4.96 0.06 <0.05 2.45 12.5 0.33 2.71 0.16 0.87 0.9 <0.05 0.06 <0.05 n/a

Lead mg/L 0.001 - - <0.001 <0.001 <0.001 <0.001 <0.001 0.001 <0.001 <0.001 0.002 0.003 <0.001 0.002 0.003 <0.001 0.004 <0.001 <0.001 <0.001 n/a

Manganese mg/L 0.001 - - 0.237 0.089 0.235 0.392 0.1 0.695 0.356 0.096 7.17 16.2 4.48 1.53 0.487 2 4.88 <0.001 0.067 0.065 3%

Nickel mg/L 0.001 - - 0.016 0.01 0.005 0.005 0.006 0.012 0.015 0.003 0.018 0.059 0.017 0.065 0.01 0.01 0.02 <0.001 0.005 0.004 22%

Selenium mg/L 0.01 - - <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 n/a

Uranium mg/L 0.001 - - <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 n/a

Vanadium mg/L 0.01 - - <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.02 <0.01 <0.01 <0.01 n/a

Zinc mg/L 0.005 - - 0.082 0.03 0.028 0.034 0.031 0.03 0.063 0.03 0.05 0.022 0.038 0.43 0.044 0.022 0.048 <0.005 0.04 0.035 13%

EG035F: Dissolved Mercury by FIMS

Mercury mg/L 0.0001 - - <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 n/a

EG035T: Total Recoverable Mercury by 

FIMS

Mercury mg/L 0.0001 - - <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 n/a

Nutrients by Discrete Analyser

Nitrite + Nitrate as N mg/L 0.01 - - 0.13 0.04 <0.01 0.04 0.05 0.01 0.02 <0.01 <0.01 <0.01 <0.01 0.03 0.02 <0.01 0.02 <0.01 0.01 0.01 0%

Total Kjeldahl Nitrogen as N mg/L 0.1 - - <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.3 1.2 <0.1 0.4 <0.1 0.5 0.2 <0.1 <0.1 <0.1 n/a

Total Nitrogen as N mg/L 0.1 - - 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.3 1.2 <0.1 0.4 <0.1 0.5 0.2 <0.1 <0.1 <0.1 n/a

Total Phosphorus as P mg/L 0.01 - - 0.04 <0.01 <0.01 <0.01 0.23 0.06 <0.01 <0.01 0.07 0.17 <0.01 0.06 0.03 0.06 0.42 <0.01 <0.01 <0.01 n/a

EN055: Ionic Balance*

Ionic Balance* % 0.01 - - - - - - - - - - - 3.15 - 1.58 - 1.5 - - - - n/a

Total Anions meq/L 0.01 - - 2.54 0.57 0.41 0.29 1.04 0.33 0.38 0.28 2.24 10.6 1.17 5.71 0.62 3.19 2.33 0.08 0.33 0.35 6%

Total Cations meq/L 0.01 - - 2.7 0.43 0.43 0.17 1.06 0.3 0.3 0.22 2.12 10 0.99 5.54 0.63 3.29 2.37 <0.01 0.22 0.26 17%

EP080/071: Total Petroleum Hydrocarbons

C10 - C14 Fraction μg/L 50 - - <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 60 <50 70 <50 <50 <50 <50 n/a

C10 - C36 Fraction (sum) μg/L 50 - - <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 60 <50 380 <50 <50 <50 <50 n/a

C15 - C28 Fraction μg/L 100 - - <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 250 <100 <100 <100 <100 n/a

C29 - C36 Fraction μg/L 50 - - <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 60 <50 <50 <50 <50 n/a

EP080/071: Total Recoverable 

Hydrocarbons - NEPM 2013

>C10 - C16 Fraction μg/L 100 - - <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 n/a

>C10 - C40 Fraction (sum) μg/L 100 - - <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 250 <100 <100 <100 <100 n/a

>C16 - C34 Fraction μg/L 100 - - <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 250 <100 <100 <100 <100 n/a

>C34 - C40 Fraction μg/L 100 - - <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 n/a

Notes:

LOR Limit of reporting

200 Detected concentration above Aquatic Guideline for Fresh Water

100 Detected concentration above Long Term Irrigation purposes

3 Detected concentration above Drinking Water Guidelines 

0.01 LOR is higher than the guideline trigger

60% RPDs above 50% criteria

40% Where one sample is below detectable levels, evaluated as equivalent to detection limit

- No value
b

Aesthetic
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GEMCO Eastern Leases Project - Groundwater Impact Assessment (G1663)

 Groundwater modelling B1

 Overview of groundwater modelling B1.1

 

 

 

 

 Groundwater model B1.2

 Model code B1.2.1

Appendix F | Groundwater Report



GEMCO Eastern Leases Project - Groundwater Impact Assessment (G1663)  

 Model geometry B1.2.2

 

 

 

 

 

Table B 1 Model layers 

Ground 
water model 

layer 

GEMCO geological 
model surface 

Geological age Geological unit Status 
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GEMCO Eastern Leases Project - Groundwater Impact Assessment (G1663)

 Modelling approach B1.2.3

 

 

 

 Boundary conditions B1.2.4

 Model boundaries B1.2.4.1

 Recharge and evaporation B1.2.4.2
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 Surface drainage B1.2.4.3

Table B.2 River bed parameters 

ID Width 
(m) 

Depth 
(m) 

Perennial 
stage height 

(m)  
steady state 

Perennial 
stage 

height (m) 
transient 

Ephemeral 
stage height 

(m) 
transient 

Thickness 
(m) 

Zone 

 

 

 

 Mine drainage B1.2.4.4

 Model calibration B1.3
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 Calibration approach B1.3.1

 Calibration targets B1.3.2

Table B 3 Steady state calibration targets 

BORE ID 
Easting 
GDA94 

(m) 

Northing 
GDA94 

(m) 

Model 
layer 

Observed 
water 
level 

(mAHD) 

Calculated 
water 
level 

(mAHD) 

Residual 
(m) Weight 
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BORE ID 
Easting 
GDA94 

(m) 

Northing 
GDA94 

(m) 

Model 
layer 

Observed 
water 
level 

(mAHD) 

Calculated 
water 
level 

(mAHD) 

Residual 
(m) Weight 
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BORE ID 
Easting 
GDA94 

(m) 

Northing 
GDA94 

(m) 

Model 
layer 

Observed 
water 
level 

(mAHD) 

Calculated 
water 
level 

(mAHD) 

Residual 
(m) Weight 
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BORE ID 
Easting 
GDA94 

(m) 

Northing 
GDA94 

(m) 

Model 
layer 

Observed 
water 
level 

(mAHD) 

Calculated 
water 
level 

(mAHD) 

Residual 
(m) Weight 

 Steady state calibration results B1.3.3

5.02)(/1 imo hhnRMS
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Figure B.3 Steady state calibration – modelled vs observed groundwater levels 

 

Table B.4 Calibration statistics – steady state 

Calibration performance measure Value 

��m o� res�����s ���� �m� �11��3 
�e�� s�m o� res�����s ����� �m� �0�13 
����e� me�� s�m o� res�����s ������ ��� �0�25 
��m o� s���res ����� �m2� 1064�4� 
�e�� s�m o� s���res ������ �m2� 11��0 
�oo� me�� s���re ����� �m� 3�42 
�oo� me�� �r����o� s���re ������ ��� 34��4 
����e� ���� ������� ��� ��1� 
����e� ��� ������ ��� 6�53 
 

��e m���m�m ���e�����e ����e �or ��e �����r���o� �r��er�o� �e�e��s o� ��e m�������e o� ��e �����e 
�� �e��s o�er ��e mo�e� �om���� �� ��e r���o o� ��e ��� error �o ��e �o��� �e�� �oss �� ��e s�s�em �s 
sm���� ��e errors �re o��� � sm��� ��r� o� ��e o�er��� mo�e� res�o�se� ��e �o��� o�ser�e� �e�� �oss 
������ ��e mo�e� �om��� �s 52�4 m� ��ere�ore� ��e r���o o� ��� �o ��e �o��� �e�� �oss ������ �s 6�5 �� 
���s �������es � �oo� �����r���o� ��� �s ������ ��e ��s�r����� ����e���es �B�r�e�� e� ��� 2012� o� 10 � 
����e� ���� 

Appendix F | Groundwater Report



 

 

-15

-5

5

15

25

35

45

55

15 20 25 30 35 40 45 50 55

Sc
re

en
 e

le
va

ti
on

 (m
AH

D
)

Groundwater Pressure (mAHD)
ELNMB01 (observed) ELNMB01 (modelled) ELNMB03 (observed) ELNMB03 (modelled)
ELSMB06 (observed) ELSMB06 (modelled) ELSMB07 (observed) ELSMB07 (modelled)
ELSMB08 (observed) ELSMB08 (modelled) ELSMB09 (observed) ELSMB09 (modelled)
ELSMB10 (observed) ELSMB10 (modelled)

��s�r�l�s��� �ro��d���er ��d E�v�ro�me���l �o�s�l����s ��� L�d 
GEMCO Eastern Leases Project - Groundwater Impact Assessment (G1663)  � B 12 

��e model ��s ��l�br��ed �o m�l��-level mo���or��� bores �o e�s�re ��e observed ver����l 
�ro��d���er �r�d�e��s �ere re�l����ed b� ��e model� ����re B�4 s�o�s �r������ll� �o� ��e model 
re�rod��ed ��e ver����l ��dr��l�� �r�d�e��s observed� ��e res�l�s ��d����e ��e ver����l �r�d�e�� �s 
re�l����ed b� ��e model� 

 
Figure B.4 Steady state vertical pressure gradient – observed vs measured 

 

 Transient calibration results B1.3.4

���er level re�ords �rom � �o��l o� 38 bores �ere �sed �o ��l�br��e ��e �r��s�e�� model over ��e �er�od 
�e�ember 2013 �o ���e 2014� 

����re B 5 �om��res ��e observed ��d ��l��l��ed ���er levels �rom ��e �r��s�e�� model �r������ll� 
���� ��ble B 5 �rese����� s����s���s �rom ��e ��l�br���o� �ro�ess� ���e�d�� B-1 �rov�des ��dro�r���s 
�or e��� bore �om��r��� ��e observed ��d s�m�l��ed �ro��d���er levels �rom ��e �r��s�e�� model� �s 
��e ��mber o� ��l�br���o� d��� �o���s v�r�ed �� e��� lo����o�� ��e res�d��ls �ere �e����ed ���ord��� �o 
��e ��mber o� me�s�reme��s �� e��� lo����o� �o �reve�� s�e���� o� ��e model s����s���s� 
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 Calibrated heads B1.3.5

 

 

 

 

 Hydraulic properties B1.3.6

Table B.6 Model layer hydraulic parameters 

Model 
layer 

Lithology Horizontal 
hydraulic 

conductivity 
(m/day) 

Vertical 
hydraulic 

conductivity 
(m/day) 

Specific yield Sy 
(%) 

Specific storage 
Ss 

(m-1) 

Note: Parameters used in the model are conservative estimates using a combination of field data, hydrogeological expertise 
and knowledge of the region. 
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Figure B.6 Distribution of horizontal hydraulic conductivity 

 
All �al�es �or t�e ��aternar� sed�ments (�redom�nantl� sands)� �ert�ar� later�te and later�t�c cla� and 
t�e �retaceo�s sandstone �n�ts �all ��t��n t�e ran�e o� ��eld data res�lts. ��eld data �s not a�a�la�le �or 
t�e �eat�ered �asement and �asement as t�e� are located at de�t� or �e�ond t�e �mmed�ate 
m�nea�le ��arr� areas.  �or t�ese �n�ts� t�e model der��ed t�e �al�es t�at �ro��ded t�e most ro��st 
cal��rat�on res�lt �ased on ��eld o�ser�at�ons.  ��e ro��st cal��rat�on stat�st�c (d�sc�ssed �n t�e 
�re��o�s sect�on) con��rms t�at t�e ado�ted �al�es are s��ta�le. 

��e model �al�e �or t�e mar�ne cla�stone �n�t �s lo�er t�an t�e meas�red �al�es �rom t�e �n�s�t� 
�ermea��l�t� tests. ��e �ores �sed �n t�e �ermea��l�t� tests tar�et d�screte �or��ons ���c� ��elded 
�ater and t�ere�ore s�o�ed a ����er �ermea��l�t�.  ��ese �al�es do not t�ere�ore re�lect t�e lo�er 
��l� ��dra�l�c cond�ct���t� o� t�e �n�t. ��e model �al�e �s at t�e ����er end o� t�e t���cal �ermea��l�t� 
ran�e �or cla�stone and t�ere�ore re�resents a conser�at��e �al�e �or t�e ��r�oses o� t��s assessment. 

���er�ed �ert�cal cond�ct���t� o� eac� r��er s�stem �as cal��rated �n t�e stead� state and trans�ent 
models (see �a�le �.�). ��e cal��rated �al�e �or t�e r��er �eds �as close to t�e �ert�cal ��dra�l�c 
cond�ct���t� o� t�e ��aternar� sed�ments (�redom�nantl� sands) and later�t�c sed�ments �n t�e model. 
���s a�reed ��t� t�e conce�t�al model� ���c� t�e s�r�ace �ater and �ro�nd�ater s�stem are locall� 
connected. 
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Table B.7 Calibrated river bed vertical hydraulic conductivity 

ID Width (m) Depth (m) Thickness (m) Kz (m/day) 

 Calibrated recharge B1.3.7

Table B.8 Model recharge rates 

Unit Recharge (%) Recharge (ML/day) 

Total  74.94 

 Calibration baseflow B1.3.8

Table B.9 Model baseflow rates 

River Simulated baseflow  
(ML/day) 

Adopted daily baseflow 
(ML/day)1 

Steady state 
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River Simulated baseflow  
(ML/day) 

Adopted daily baseflow 
(ML/day)1 

Transient average 

Note: 1 - (Source: Aquaterra 2001-2002) 

 Water budget B1.3.9

Table B 10 Steady state model budget 

Parameter IN (KL/day) OUT (KL/day) IN (ML/day) OUT (ML/day) 

Total 83730 83842 83.7 83.8 
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Figure B.7 Transient model budget 

 

 Calibration Sensitivity B1.3.10

�ensitivit� ana��sis eva��ates the e��ect o� changing individ�a� �ode� para�eters on �ode� res��ts and 
indicates the �ncertaint� in the esti�ates o� �ode� para�eters� The sensitivit� o� si���ated heads to 
para�eters �as assessed to aid �ode� ca�i�ration� The re�ative co�posite sensitivit� �R��� �as 
ca�c��ated as o�t�ined �� �ohert� �2010�� 

si � ��t���0�5�i�� 
where: � � �aco�ian �atrix� derivatives o� si���ated heads at o�servations 

�ith respect to the ith para�eter in vector �� 

 � � co�actor �atrix� a diagona� �atrix �ith the e�e�ents �eing the 
s��ared o�servation �eights� 

 �i � ith para�eter va��e in vector �� 

 �  n���er o� o�servations that have non-�ero �eights� 

The co�posite sensitivit� va��es �ere ca�c��ated d�ring the �E�T ca�i�ration process �or the 
stead�-state�transient �ode�s and �ere converted to R�� as sho�n in Fig�re ��8� 
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Figure B.8 Model composite sensitivity 

RCS is a measure o� the composite changes in model outputs that have incurred �y a change in the 
value o� the parameter ��ill and Tiedeman� 200��. That is� �hether the model cali�ration is sensitive 
to an input parameter such as hydraulic conductivity or recharge. This statistic can �e used to assess 
the relative sensitivity o� model parameters given the set o� o�servations used in the model. 

�enerally� i� the RCS o� a parameter is greater than one� the model is sensitive to this parameter and 
the model o�servations have provided enough in�ormation to estimate the parameter �ith greater 
certainty. Where parameters have a lo� RCS� the model cali�ration is less sensitive to these� yet there 
is greater uncertainty associated �ith them and they are likely to contri�ute more to the uncertainty o� 
the model predictions. �n this case� the predictive uncertainty has �een guided �y this sensitivity 
analysis �ithin the constraints o� the model cali�ration statistics.  

�or the current model� the RCS o� all cali�ration parameters is less than one.  This demonstrates that 
the model has a relatively lo� sensitivity to parameter changes.  
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     Model classification B1.3.11

et al

 

 

 

 

 
 
 

 Predictive simulations B2

 Time slices B2.1

 Mine drainage B2.2
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 In pit overburden emplacements properties B2.3

Table B.11 Hydraulic/recharge parameters 

Geology Type Parameter Value 

 Sensitivity analysis B2.4
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 Mining area seepage  B2.4.1

�ig�re B.9 sho�s the sensiti�it� o� the pre�icte� seepage rate to changing the para�eters in the �o�el. 

 
Figure B.9 Sensitivity of quarry inflows 

 
�he pre�icte� seepage is �ost sensiti�e to changes in the recharge rate. �ncreasing the recharge rate 
�� 50 � �o��les the �axi��� pre�icte� seepage pea�s �ro� 0.8 �L/�a� to 1.6 �L/�a�. �e��cing the 
recharge rate �� 50 � e��ecti�el� hal�es the �axi��� pre�icte� seepage pea�.  ���ra�lic con��cti�it� 
o� the o�er��r�en e�place�ent �as the secon� �ost sensiti�e para�eter to �ining area seepage� 
�ith a 50 � increase� res�lting in an increase a�o�e the �ase seepage rate o� a�o�t 0.2 �L/�a�. 

�a�le B 12 sho�s ho� changing the �o�el para�eters in�l�ences the o�erall �o�el error (as 
represente� �� the S��S an� the �ine seepage). �t sho�s that changes to the h��ra�lic con��cti�it� 
res�lt in the �o�el �alling o�t o� cali�ration an� these changes are there�ore �nrealistic extre�es.  

�axi��� �earl� in�lo� rates �ro� the sensiti�it� scenarios s�ggest that �ine in�lo� can increase �� 
100 � o� the pre�icte� �ase case an� re�ain relati�el� lo�. 
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Table B 12 Summary results of sensitivity analysis  

Parameter 

Steady state SRMS 
(%) 

Transient 
SRMS (%) Maximum mine seepage (ML/a) 

 Interaction with surface water system  B2.4.2

Table B.13 Summary results of sensitivity analysis  

Parameter 

Steady 
state 
SRMS 
(%) 

Transient 
SRMS (%) 

Modelled total flow change over mine life

Angurugu River Emerald River Amagulu River  

(ML) (%) (ML) (%) (ML) (%) 
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 Zone of depressurisation B2.4.3

 Sensitivity classification B2.4.4

 

 

 

 

 

 

 

 References B3
et al “Australian Groundwater Modelling Guidelines”.

PEST: Model-Independent Parameter Estimation, User Manual”: 

“Effective Groundwater Model Calibration, with Analysis of Data, Sensitivities, 
Predictions, and Uncertainty”

Murray Darling Basin Commission Groundwater Modelling Guidelines

Appendix F | Groundwater Report



GEMCO Eastern Leases Project - Groundwater Impact Assessment (G1663)

Appendix B-1 

Calibration Hydrographs 
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Calibration Hydrographs 

40

50

60

12/13 03/14 06/14

Gr
ou

nd
w

at
er

 L
ev

el
 (m

R
L)

Year

ELNMB03S

Simulated Observations

30

40

50

12/13 03/14 06/14

Gr
ou

nd
w

at
er

 L
ev

el
 (m

R
L)

Year

ELNMB04D

Simulated Observations

20

30

40

12/13 03/14 06/14

Gr
ou

nd
w

at
er

 L
ev

el
 (m

R
L)

Year

ELSMB05D

Simulated Observations

10

20

30

12/13 03/14 06/14

Gr
ou

nd
w

at
er

 L
ev

el
 (m

R
L)

Year

ELSMB06D

Simulated Observations

20

30

40

12/13 03/14 06/14

Gr
ou

nd
w

at
er

 L
ev

el
 (m

R
L)

Year

ELSMB06S

Simulated Observations

20

30

40

12/13 03/14 06/14

Gr
ou

nd
w

at
er

 L
ev

el
 (m

R
L)

Year

ELSMB07D

Simulated Observations

30

40

50

12/13 03/14 06/14

Gr
ou

nd
w

at
er

 L
ev

el
 (m

R
L)

Year

ELSMB07S

Simulated Observations

30

40

50

12/13 03/14 06/14

Gr
ou

nd
w

at
er

 L
ev

el
 (m

R
L)

Year

ELSMB08D

Simulated Observations

Appendix F | Groundwater Report



Calibration Hydrographs 
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Calibration Hydrographs 
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