











Site No:.
Location :

Flow conditions :

Pages River PR3800
Downstream of Long Pool
Pool only, no flow evident.

Flow rate:
Date inspected:

22 and 23 January 2007

MGA Coordinates: 6474720.68 N
Elevation: 379 m AHD
Water Quality (fie Id): pH
EC 900 pS/cm
T °c

306203.41 E

Laboratory Analysis Results

Analyte Units LOR | 20 June 2006 | 21 July 2006 | 23 January 2007
pH 0.1 8.39
EC pS/cm 1 768 950 900
TDS mg/L @ 180°C 1 528
CO; alkalinity mg/L CaCO; 1 16
HCO; alkalinity | mg/L CaCOs 1 299
Chloride mg/L 1 74.2 85.8
Sulphate mg/L 1 96
Calcium mg/L 1 56
Magnesium mg/L 0.1 52
Sodium mg/L 1 76
Potassium mg/L 0.1 2
Radon Bg/L 0.001 1.069 4.400
Radon error Bg/L 0.001 0.071 0.240
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Site No:
Location:
Flow conditions:

Pages River PR4000
Downstream of Long Pool
Low flow.

Flow rate:
Date inspected:

MGA Coordinates:

22 and 23 January 2007

6474603.38 N 306058.89 E

Elevation:

Water Quality (field):

370 m AHD

pH

EC 840 puS/cm
T °’c

Laboratory Analysis Results

Analyte Units LOR | 20 June 2006 | 21 July 2006 | 23 January 2007
pH 0.1 8.49
EC pS/cm 1 764 930 840
TDS mg/L @ 180°C 1 550
CO; alkalinity mg/L CaCOg 1 20
HCO; alkalinity | mg/L CaCOs 1 296
Chloride mg/L 1 74 78.7
Sulphate mg/L 1 97
Calcium mg/L 1 52
Magnesium mg/L 0.1 52
Sodium mg/L 1 75
Potassium mg/L 0.1
Radon Bg/L 0.001 1.574 1.340
Radon error Bg/L 0.001 0.098 0.090

Radon Survey_07-01_PR4000.doc




Site No:
Location:

Flow conditions:

Pages River PR4200
Downstream of Long Pool
Low flow. Weed growth on pool surface.

Flow rate:
Date inspected:

MGA Coordinates:

22 and 23 January 2007

6474612.56 N 305858.29 E

Elevation:

Water Quality (field):

372 m AHD

pH

EC 870 uS/cm
T °c

Laboratory Analysis Results

Analyte Units LOR | 20 June 2006 | 21 July 2006 | 23 January 2007
pH 0.1 8.36
EC pS/cm 1 762 910 870
TDS mg/L @ 180°C 1 530
CO; alkalinity mg/L CaCO; 1 17
HCOj3; alkalinity | mg/L CaCO; 1 298
Chloride mg/L 1 72.9 80.2
Sulphate mg/L 1 98
Calcium mg/L 1 55
Magnesium mg/L 0.1 52
Sodium mg/L 1 76
Potassium mg/L 0.1 2
Radon Bag/L 0.001 1.293 1.900
Radon error Bag/L 0.001 0.083 0.920
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Site No:
Location:

Flow conditions:

Pages River PR4400
Downstream of Long Pool
Low flow.

Flow rate:
Date inspected:

MGA Coordinates:

22 and 23 January 2007

Elevation:

Water Quality (field):

372 m AHD

pH

EC 840 uS/cm
T °’c

6474731.54 N

305698.22 E

Laboratory Analysis Results

Analyte Units LOR | 20 June 2006 | 21 July 2006 | 23 January 2007
pH 0.1 8.44
EC pS/cm 1 746 910 840
TDS mg/L @ 180°C 1 558
COg3 alkalinity mg/L CaCO; 1 13
HCO; alkalinity | mg/L CaCOs 1 301
Chloride mg/L 1 73.5 83.2
Sulphate mg/L 1 90
Calcium mg/L 1 51
Magnesium mg/L 0.1 50
Sodium mg/L 1 77
Potassium mg/L 0.1 2
Radon Bg/L 0.001 1.068 0.17
Radon error Bg/L 0.001 0.071 0.020
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Site No:
Location:

Flow conditions:

Pages River PR4600
Downstream of Windmill
Low flow.

Flow rate:
Date inspected:

MGA Coordinates:

22 and 23 January 2007

Elevation:

6474640.30 N

373 m AHD

Water Quality (field): pH

305565.89 E

EC 820 uS/cm
T
Laboratory Analysis Results
Analyte Units LOR | 20 June 2006 | 21 July 2006 | 23 January 2007

pH 0.1 8.54
EC pS/cm 1 798 910 820
TDS mg/L @ 180°C 1 542
CO; alkalinity mg/L CaCO; 1 10
HCO; alkalinity | mg/L CaCOs 1 303
Chloride mg/L 1 73.6 75.6
Sulphate mg/L 1 95
Calcium mg/L 1 54
Magnesium mg/L 0.1 51
Sodium mg/L 1 78
Potassium mg/L 0.1 2
Radon Bg/L 0.001 0.768 0.140
Radon error Bg/L 0.001 0.054 0.020

Radon Survey_07-01_PR4600.doc




Bickham Coal WRA & Draft WMP
Appendix 12 - Tracer Studies aqua terra

Annexure 12B Letter from REM
Dated 21 November 2007



Jrem

resource and environmental management

21 November 2007

Peter Dundon

Peter Dundon and Associates Pty Ltd
Unit 9, 1051 Pacific Highway,
Pymble, NSW 2073

RE: Groundwater Interaction with Pages River
Dear Peter

Resource & Environmental Management Pty Ltd (REM) is pleased to provide you with
this letter regarding investigations to estimate discharge of Permian groundwater to the
Pages River, based on radon-222 sampling of Pages River and groundwater in the
Bickham study area.

1.0 Study objective

The principal objective of the study was to determine the nature and degree of
hydraulic interconnection between the Pages River and groundwater in Permian Coal
Measures underlying and adjacent to the river bed.

2.0 Work undertaken
The REM (2007) study involved:

¢ Application of a spreadsheet model RADIN13 developed by Peter Cook (CSIRO
Land & Water, Adelaide), to groundwater and surface water sampling data,
principally radon-222 and chloride, to estimate groundwater discharge to Pages
River;

e RADIN-13 was modified to fully account for the surface water chloride mass-balance
in Pages River and to match observed stream flow. The modelling was based on
data provided by Peter Dundon and Associates;

e A draft report was provided demonstrating minimum groundwater inflows required to
flowing sections of Pages River to match observed radon-222 activities, chloride
concentrations and stream flow.

e The draft report was updated to ‘final draft’ status taking into account additional
chloride data provided by Peter Dundon and Associates, a revised conceptualisation
of the groundwater system, and a re-appraisal of the suitability of the method for the
Bickham locality.

3.0 Method

Investigation of naturally occurring environmental tracers (e.g. radon-222 and chloride)
to differentiate between various potential sources of water contributing to stream flow,
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requires that each of the potential sources of water contributing to stream flow has a
distinctly different signature, and that the signature either changes predictably or
remains unchanged by chemical, physical or biological processes along its flow path.

RADIN13 is used to estimate the rate of subsurface water discharge to stream flow
based on the following:

e changes in in-stream radon-222 activity and chloride concentration between
successive stream water sampling points;

o the likely range of radon-222 activities and chloride concentrations in subsurface
water contributing to stream flow;

¢ estimates of radioactive decay and gas exchange losses of radon-222 from stream
water based on measured stream flow; and

¢ river dimensions and estimates of the evaporative concentration of chloride.

Where there are multiple sources of water that could potentially contribute to stream
flow, a multi-tracer approach is required to enable characterisation and differentiation
between each of the potential sources of water contributing to stream flow.

In-stream monitoring of radon-222 can be used to differentiate between surface and
subsurface sources of water contributing to stream flow because it will only be present
at background levels in surface water unless groundwater contributes to stream flow.
Higher than background activities in stream water determines regions where
subsurface water contributes to stream flow. However, if groundwater contributing to
stream flow contains lower radon-222 activities than stream water, it will not be
identified by in-stream radon-222 monitoring.

If the radon-222 activity of the subsurface source of water contributing to stream flow is
known, the volume of this source of water required to produce observed radon-222
activities in stream water can be quantified using RADIN13. Quantification of
subsurface water contribution to stream flow using RADIN13 is appropriate for flowing
surface water environments only. The precision of this calculation depends on
accuracy in the definition of:

e the radon-222 activity of the subsurface source water; and
e rates of radon-222 loss from the surface water environment.

4.0 Effectiveness of the method

It was found that the method was not able to determine rates of groundwater inflow to
Pages River that were consistent with monitored stream flow, radon-222 activities and
chloride concentrations in areas where surface water and groundwater hydraulics
indicated that there was no possibility of surface water loss to the adjacent
groundwater system. Furthermore, the technique was not able to differentiate Permian
groundwater from the component of Pages River water that resides in or flows through
the streambed gravels, or other potential sources of groundwater discharge to Pages
River throughout most of the study area. Possible reasons for the method not
succeeding in this study are discussed in Section 5.
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5.0 Limitations of radon-222 technique

Method

Spikes of elevated radon-222 activity in stream water indicate either points of
groundwater discharge to stream flow or areas where water re-emerges from
streambed gravels. However, groundwater discharge will not always result in an
elevated spike in the radon-222 activity of stream water and the measurement does not
usually permit the determination of a specific source of groundwater contributing to
stream flow.

Chloride concentrations in stream water can be used to identify sources of water
contributing stream flow, if the chloride signatures of the potential sources are
distinctively different.

The RADIN13 technique for quantifying groundwater discharge to stream flow is only
applicable where surface water is flowing continuously along sampled transects.
Although it appeared that there was continuous flow during the first survey in July
2006, the rate of flow in larger pools was very slow, and some zones may have been
stagnant. During the January 2007 survey, flow was not continuous over the full study
area, and several locations in the riverbed were dry. The application of RADIN13 is
inappropriate for cease flow conditions and was utilised for river sections where flow
was considered continuous.

Quantification of groundwater discharge to stream flow requires good definition of the
radon-222 activity of groundwater contributing to stream flow. If the sources of
groundwater that potentially contribute to stream flow, have a broad range of radon-222
activities, it is only possible to define a range of plausible volumes of groundwater
contributing to stream flow, based on the range of radon-222 activities measured in the
potential source waters. While a number of piezometers were sampled, it cannot be
stated with certainty that these samples represent the full range of groundwater
radon-222 activities in the area. It is possible that there is a source of groundwater
contributing a higher radon-222 activity to Pages River flow than has been monitored in
the piezometer network. If this were the case the RADIN13 technique will have over-
predicted the volume of groundwater discharge required to match radon-222 activities
observed in Pages River water.

Site

The radon-222 technique cannot differentiate between multiple groundwater sources or
the component of Pages River water that resides in or flows through the streambed
gravels, as residence within the stream-bed gravels can cause the radon-222 activities
to increase in a similar way to residence of the groundwater within the coal measures
aquifer system. When stream water re-emerges from the streambed gravels (after
residence on the order of weeks), it may deliver elevated radon-222 activities to the
surface component of Pages River water.

Therefore, the discharge of groundwater from the Permian Coal Measures to Pages
River can only be confirmed across regions where Pages River flows exclusively
through Permian Coal Measure outcrops and the river bed contains no stream-bed
gravels. Since there are many locations through the Permian Coal Measures where
there are accumulations of stream-bed gravels, some of the radon-222 activity level
changes measured in the Pages River could be due to some of the surface flow
entering and then re-emerging from the stream-bed gravels, and may not be due to
groundwater inflows.
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The flow conditions in Pages River through the study area are highly variable, ranging
from shallow or narrow sections with high stream flow velocity to broad and deep pools
with very low flow velocity. Shallow river sections with high flow velocities would be
expected to experience higher rates of radon-222 loss to the atmosphere than deeper
river sections with lower flow velocities.

If the actual sampling sites were concentrated in shallow areas of higher stream flow
velocities, but deeper areas with lower stream flow velocities were more representative
of stream flow conditions over the entire sampled interval, then the RADIN13 analysis
of radon-222 activities in stream water would have over-predicted groundwater inflows
to Pages River.

Further, if the broad, deep pools contained a relatively low radon-222 activity surface
water reservoir that mixed with Pages River water as it flowed downstream, then the
RADIN13 technique may have under-predicted groundwater discharge to Pages River.

The Pages River stream flow may also include a substantial subsurface component in
the stream bed gravels, which would be indistinguishable from groundwater using the
radon-222 technique.

Quantification of groundwater discharge to Pages River (irrespective of source) based
on measured radon-222 activities, chloride concentrations and stream flow required
groundwater inflow rates that were much higher than the actual total streamflows. In
order for the predicted inflows to match the observed stream flow and chloride
concentrations, a surface water loss term, in addition to evaporative losses, was
required. However, based on relative groundwater and river water levels, surface water
discharge to the adjacent groundwater system is not possible along most sections of
the river through the study area.

6.0 References

REM (2007). Subsurface water discharge to Pages River. Final Draft Report to Peter
Dundon and Associates.

If you have any questions regarding information contained in this letter please don’t
hesitate to call the undersigned on 08 8363 1777.

Yours sincerely
Resource & Environmental Management Pty Ltd

3@(}%&@1@%&

Jodie Pritchard
Senior Hydrologist/Hydrogeologist
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