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TIPPERARY CREEK HYDROLOGICAL MONITORING

1.0 INTRODUCTION
1.1 Background

Oceana Gold (New Zealand) Limited (OceanaGold) is currently expanding their gold mining operations at
Macraes Flat in East Otago between Middlemarch and Palmerston. As part of this project, hydrological
information is required for Tipperary Creek, a small upper catchment tributary of McCormicks Creek adjacent
to the proposed site (Figure 1).

Golder Associates (NZ) Limited (Golder) is undertaking hydrogeological and hydrological assessments within
the Tipperary Creek catchment with the objective of obtaining resource consents for Macraes Phase 1|
including the construction and operation of the proposed Top Tipperary Tailings Storage Facility (TTTSF).
Obtaining hydrological information is critical for developing a surface water model, in particular for calibration
of the model.

Golder installed a continuous flow monitoring site in Tipperary Creek in May 2010 to characterise the flow
regime (especially low flows) and to use for calibration and validation of site hydrological models. Six flow
gaugings were used to construct the rating curve for the site.

1.2  Scope and Report Contents

This report® presents:

m  The water level data collected to date

m The rating curve generated from gauging data

m  The resulting continuous flow data

m The continuous flow data by removing unnatural upstream discharges to the stream

m Recommendations for future monitoring

2.0 TIPPERARY CREEK HYDROLOGICAL MONITORING SITE

On 18 May 2010 water level monitoring equipment was installed on the Tipperary Creek upstream of an
existing natural rocky outcrop (Figure 2). The site, subsequently named “Tipperary Creek at rock weir* has a
catchment area of approximately 3.9 km? and sits at an elevation of approximately 427 m. The maximum
elevation of the catchment is approximately 575 m.

The location of the monitoring site was selected because water was confined to a hard rock bed section. A
length of angle iron was bolted and mortared in place to provide a weir like control. This was undertaken to
ensure particularly low flows could be accurately monitored.

A water level measuring device (transducer) was bolted to the bed of the stream in the pool created above
the angle iron weir. An external staff gauge (ESG) was not installed due to the difficulties in securing it at the
site. Instead, a measurement from a dynabolt in the upstream pool is undertaken to provide check data for
the recorded water level. This bolt is assumed to have an arbitrary relative level (RL) of 1,000 mm. The
survey and site establishment documentation is attached in Appendix B.

* This report is subject to the limitations provided in Appendix A.

't__’
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Information contained in this drawing is the copyright of Golder Associates (NZ) Ltd. Unauthorised use or reproduction of this plan either wholly or in part without written permission infringes copyright.
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TIPPERARY CREEK HYDROLOGICAL MONITORING

Figure 2: Tipperary Creek at rock weir.

3.0 SITE VISITS AND FLOW GAUGINGS

Between 18 May 2010 and 17 February 2011 the Tipperary Creek at rock weir site was visited on seven
occasions to undertake flow gaugings and to download water level data. On the initial site visit, the weir was
installed and a volumetric flow gauging undertaken. The second visit on 25 May occurred during a flood
event. A total of seven flow gaugings (Table 1) were collected in the vicinity of the gauge site

The gauging on 25 May 2010 occurred during a flood event. The full section could not be gauged safely and
only around 75% of the section was measured. The water level was pegged for later survey of the missing
portion of the cross section. Where the water was too swift to enter, a velocity estimate was made based on
previous verticals and professional judgement. The cross section was surveyed on the following visit. For
this reason, the gauging on 25 May should be treated with caution as it has a larger degree of error than the
other gaugings. The estimated margin of error associated with the 25 May 2010 gauging is 20% — 30% or
+0.8 m®/s — 1.2 m?/s, due to the estimated velocities in part of the section and the uncertainty in undertaking
high flow gaugings. Figure 3 and Figure 4 show the site during low and high flow.
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TIPPERARY CREEK HYDROLOGICAL MONITORING

Table 1: Gauging results for the Tipperary Creek at rock weir monitoring site.

Site Date and Time ) Stage Flow Area Average
velocity
mm L/s m?2 m/s
Tipperary Creek at rock weir 18/05/2010 1:45 pm 1,105 2 0.03 0.07
25/05/2010 4:00 pm 1,356 4,051 2.43 1.58
29/07/2010 2:45 pm 1,186 32 0.14 0.22
26/08/2010 9:30 am 1,192 32 0.18 0.18
30/09/2010 11:30 am 1,142 10 0.07 0.15
10/12/2010 10:15 am 1,089 1 @ @
17/2/2011 8 -9 @ @

Notes: (1) All times reported as New Zealand standard time.
(2) Volumetric gauging completed using a bucket and stopwatch therefore area and velocity not measured.
(3) The stage and flow during the visit on 17 February 2011 was recorded on field sheets which were in the process of being
electronically scanned at the time of the 22 February 2011 Christchurch earthquake. At the time of updating this report it
had not been possible to enter Golder’s Christchurch office and retrieve the field sheets.

Figure 3: Tipperary Creek site on 18-05-2010, flow estimated at approximately 2 L/s.

April 2011
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TIPPERARY CREEK HYDROLOGICAL MONITORING

Figure 4: Tipperary Creek site on 25-05-2010, flow estimated at approximately 4,000 L/s

40 WATER LEVEL DATA

Water levels in Tipperary Creek at the rock weir monitoring site have been recorded continuously by Golder
since 18 May 2010. The water level record up to 17 February 2011 contains one gap associated with a large
flood on 29 May 2010. During this flood the water level monitoring instrument was damaged and
consequently stopped logging. The water level monitoring instrument was replaced during the next
inspection on 29 July 2010 and logging recommenced. The recorded water level data are presented in
Figure 5 as daily average water level. The data up to 30 September 2010 have been referenced to the
external staff gauge (ESG). Due to the 22 February 2011 Christchurch earthquake it has not been possible
to retrieve the field sheets from the site visits on 10 December 2010 and 17 February 2011. The water level
data since 30 September 2010 has therefore not been referenced to the ESG and should be treated with
caution. The water level immediately prior to the logger being damaged on 29 May 2010 should also be
treated with some caution as there is some uncertainty over exactly when the logger was damaged.

Weed growth appeared to affect the water level data during a prolonged period of low flow between

26 August 2010 and 30 September 2010. Consequently, a data correction was undertaken to remove the
effect of weed growth. A simple ramp correction was undertaken on the stage data after weed was removed
on 30 September and the water level receded to its natural level. This ramp correction assumes weed
growth rate was constant over this period.

April 2011 er*‘ F Golder
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Figure 5: Tipperary Creek daily average water level data for the period 18 May 2010 to 17 February 2011 presented with rainfall data for the Glendale rainfall station.
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TIPPERARY CREEK HYDROLOGICAL MONITORING

Rainfall data from the Glendale rainfall monitoring station (150341) until 17 February 2011 is also presented
in Figure 5. The rainfall monitoring station is approximately 2.3 km northwest of the Tipperary Creek at rock
weir flow monitoring site, at an elevation of 550 m. There is a strong correlation between water level in
Tipperary Creek and local rainfall.

5.0 RATING CURVE

Of the seven instantaneous flow gaugings undertaken since installation of the water level monitoring
equipment on 18 May 2010 (Table 1), six were used to derive a preliminary relationship between stage
height and discharge (i.e. the rating curve). The gauging undertaken on 17 February 2011 was not included
in generation of the rating curve as the 22 February 2011 Christchurch earthquake prevented retrieval of the
necessary field sheets. The stage for zero flow, the level at which flow over the rock weir ceases, was
estimated from survey data. Figure 6 presents the rating curve and Figure 7 illustrates the early portion of
the curve.

No rating changes were observed over the monitoring period. The six gauged flows used to generate the
rating cure ranged from 1 L/s to 4,051 L/s (Table 1 in Section 3.0). The gauging undertaken on 25 May 2010
(4,051 L/s) is considered high in the context of the data collected to date. All gauging points fit well (within
8%) on the preliminary rating curve that has been developed (Table 2) with the exception of the gauging on
26 August 2010. This gauging plotted around 14% off the rating and is possibly due to water level or
gauging error.

The current rating relationship is considered reasonably strong for flows up to approximately 100 L/s.
Additional gauging of flows greater than approximately 50 L/s is required to further develop and verify the
preliminary rating curve.

The high end of the rating curve (flows > 4,051 L/s) has been calculated using extrapolated stage area and
stage velocity curves, measured cross sectional area and an estimate of catchment flood flows. This high
flow estimate of the rating should be treated with caution as no gauging data is available to qualify the
estimate and it is likely that a reasonable degree of error will be associated with flows above 4,000 L/s.
Flood gaugings should be targeted in the future.

Table 2: Tipperary Creek at rock weir stage-discharge relationship.

Water Level (mm) Flow (L/s) Water Level (mm) Flow (L/s)
1,050 0 1,189 32

1,097 1 1,218 124

1,105 2 1,259 867

1,128 6 1,356 4,051
1,142 10 1,800 30,870
1,168 20 - -

6.0 TIPPERARY CREEK HYDROLOGY

6.1 Flow Data

Water level data for the period 18 May 2010 to 17 February 2011 together with the rating relationship

(Table 3) were used to calculate a 15-minute interval flow record for the Tipperary Creek at rock weir
monitoring site (Figure 8 and Figure 9). The short record indicates that the Tipperary Creek experiences
long periods of relatively low flow but can experience very large flood events. Between 18 May 2010 and 17
February 2011 the mean flow in the stream was 23 L/s while the median flow was 5 L/s. The minimum flow
recorded was less than 1 L/s which occurred on 23 December 2010. A large flood event in the record
peaked at approximately 4 m%s on 25 May 2010.

s
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TIPPERARY CREEK HYDROLOGICAL MONITORING

Flow statistics for the period 18 May 2010 to 17 February 2011 are presented in Table 3 and Table 4.

Table 3: Tipperary Creek at rock weir 15 minute flow statistics™.

Minimum” Maximum® | Mean Standard Lower Median Upper
deviation quartile quartile

(L/s) (Lls) (Lls) Us) Ls) (L/s) Us)

<1 4,051 23 97 1 5 24

Notes: 'Statistics for the monitoring period from 18 May 2010 to 17 February 2011; * Minimum gauged flow used in rating was 1 L/s; *

Maximum gauged flow used in rating was 4,051 L/s.

Table 4: Tipperary Creek at rock weir daily mean flow statistics.

Minimum Maximum Mean Star.‘d?“d Lowe_r Median Uppe_r
deviation quartile quartile

(L/s) (L/s) (L/s) (Lls) (Lls) (L/s) (Lls)

1 439% 19 42 1 5 22

Notes: 'Statistics for the monitoring period from 18 May 2010 to 17 February 2011.*Maximum flow occurred on 28 December, because
the peak flow event (4,051 L/s) was a partial day, this is not included.

The flow distribution curve for the record is shown in Figure 10 and expanded in Figure 11. These figures
illustrate the exceedance percentiles for any given flow. Exceedance percentiles identify the period of time
(identified as a percentage) that a particular flow is equalled or exceeded. For example (the flow at the
Tipperary site equals or exceeds 18.0 L/s for 30% of the time over the monitoring period. Appendix C
contains all the daily flow information derived from the water level information recorded at Tipperary Creek

over the 18 May 2010 to 17 February 2011 monitoring period.

6.2 Naturalising the Flow Data

Upstream of the hydrological monitoring site on Tipperary Creek, a source of groundwater enters the creek.
The groundwater is sourced from an exploration borehole which became artesian after it was drilled

(Figure 12). Groundwater now flows out of this uncapped borehole and into the Tipperary Creek catchment
approximately 3.1 km upstream of the monitoring site. This additional flow artificially alters the flow regime,

and the flow in Tipperary Creek must therefore be naturalised.

The flow of groundwater out of the borehole has been measured on seven occasions from 6 June 2010 to 17
February 2011 using a volumetric method. The time taken to fill a container of known volume is recorded,
and a discharge rate calculated. The results of the seven volumetric measurements are summarised in

Table 5.

April 2011
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Figure 11: Flow distribution curve for the instantaneous flow record for Tipperary Creek at rock weir for the period 18 May 2010 to 17 February 2011.
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TIPPERARY CREEK HYDROLOGICAL MONITORING

Figure 12: Artesian borehole with flowing groundwater.

Table 5: Artesian borehole flow measurements.

Site Date and time Flow (L/s) Recorded by

Artesian Borehole 03/06/2010 1:45 pm 0.9 OceanaGold
16/06/2010 11:20 am 1.2 OceanaGold
05/07/2010 12:15 pm 1.0 OceanaGold
26/08/2010 10:30 am 1.2 Golder
30/09/2010 11:30 am 1.0 Golder
10/12/2010 11:00 am 0.9 Golder
17/2/2011 -0 Golder
Average 1.0

Notes: (1) The flow during the visit on 17 February 2011 was recorded on field sheets which were in the process of being electronically
scanned at the time of the 22 February 2011 Christchurch earthquake. At the time of updating this report it had not been
possible to enter Golder’s Christchurch office and retrieve the field sheets.

The average flow of around 1 L/s from the artesian borehole signifies the artificial flow added to Tipperary
Creek. Subtracting this artificial flow from Tipperary Creek flows provides the naturalised flow. Naturalised
flow statistics for the period 18 May 2010 to 17 February 2011 are presented in Table 6 and Table 7. The
naturalised record indicates the stream was likely to have ceased flowing at the monitoring site during the
dry summer period. Mean naturalised flow for the monitoring period was 22 L/s while the median naturalised
flow was 3 L/s. The maximum flow is unaffected by the small addition and as such is still around 4 m?s.
Appendix C includes all naturalised daily flow information calculated for Tipperary Creek over the 18 May
2010 to 17 February 2011 monitoring period.

April 2011
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TIPPERARY CREEK HYDROLOGICAL MONITORING

Table 6: Tipperary Creek at rock weir naturalised 15 minute flow statistics.

Minimum* Maximum Mean Standard Lower Median Upper
deviation quartile quartile

(L/S) (L/S) (L/S) (L/S) (L/S) (L/S) (L/S)

0 4,050 22 97 0 3 23

Notes: Statistics are for the period from 18 May 2010 to 17 February 2011. * Under naturalised conditions Tipperary Creek at Rock Weir
is expected to be ephemeral.

Table 7: Tipperary Creek at rock weir naturalised daily mean flow statistics.

Minimum* Maximum Mean Standard Lower Median Upper
deviation quartile quartile

(L/S) (L/S) (L/S) (L/S) (L/S) (L/S) (L/S)

0 438 18 42 0 4.0 21

Notes: Statistics are for the period from 18 May 2010 to 17 February 2011. * Under naturalised conditions Tipperary Creek at Rock Weir
is expected to be ephemeral.

7.0 SUMMARY AND RECOMMENDATIONS

Summary

Golder installed and operated a flow monitoring site on Tipperary Creek at rock weir, downstream of the
proposed Top Tipperary Tailings Storage Facility. The site was established to help in the calibration of a
surface water model and to characterise the low flows in the Tipperary Creek and to quantify likely dilution
water available. Since its establishment on 18 May 2010, the hydrological monitoring site on Tipperary
Creek has operated well, however, a gap of around 60 days exists where the transducer was damaged in a
large flood event. Water levels were recorded in the stream at 15 minute intervals and were used to derive
flow data using a rating curve established over the monitoring period. The rating curve was constructed
using six measured/gauged flows with corresponding water levels. The daily average flow in Tipperary
Creek at rock weir, over the 2010-2011 monitoring period ranged from less than 1 L/s to around 438 L/s.

The data collected for Tipperary Creek at rock weir represents the flow in the creek with the addition of
groundwater flowing from an uncapped upstream artesian bore. The bore spills on average around 1 L/s
into the stream. Under naturalised conditions Tipperary Creek at Rock Weir is expected to be ephemeral.

The high flow gauging undertaken on 25 May 2010 has a higher degree of error than the lower gaugings due
to the error associated with flood gaugings and because the full gauging could not be completed due to the
high flood waters. For this reason the high flow end of the rating curve should be treated with some caution.

The hydraulic control at the monitoring site has the potential to be influenced by weed growth (periphyton),
especially during periods of low stable flows. However, this can be controlled through periodic weed
removal. To date the hydraulic control at the monitoring site has been reliable and no rating changes have
been required.

Recommendations

It is recommended that further gaugings be carried out, particularly at flow rates above 50 L/s. This would
provide a better range of data points from which to construct the rating curve, and therefore a more accurate
representation of how the creek water level alters with changing flow rates. Additionally, frequent site visits
and gaugings are required to ensure a robust dataset, especially during the summer months where weed
growth may affect the water level readings.
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TIPPERARY CREEK HYDROLOGICAL MONITORING

REPORT LIMITATIONS

This Document has been provided by Golder Associates (NZ) Ltd (“Golder”) subject to the following
limitations:

0

(ii).

(i)

(iv).

(V).

(vi).

(vi).

(viii).

This Document has been prepared for the particular purpose outlined in Golder's proposal and no
responsibility is accepted for the use of this Document, in whole or in part, in other contexts or for any
other purpose.

The scope and the period of Golder’s Services are as described in Golder’s proposal, and are subject
to restrictions and limitations. Golder did not perform a complete assessment of all possible
conditions or circumstances that may exist at the site referenced in the Document. If a service is not
expressly indicated, do not assume it has been provided. If a matter is not addressed, do not assume
that any determination has been made by Golder in regards to it.

Conditions may exist which were undetectable given the limited nature of the enquiry Golder was
retained to undertake with respect to the site. Variations in conditions may occur between
investigatory locations, and there may be special conditions pertaining to the site which have not
been revealed by the investigation and which have not therefore been taken into account in the
Document. Accordingly, additional studies and actions may be required.

In addition, it is recognised that the passage of time affects the information and assessment provided
in this Document. Golder's opinions are based upon information that existed at the time of the
production of the Document. It is understood that the Services provided allowed Golder to form no
more than an opinion of the actual conditions of the site at the time the site was visited and cannot be
used to assess the effect of any subsequent changes in the quality of the site, or its surroundings, or
any laws or regulations.

Any assessments made in this Document are based on the conditions indicated from published
sources and the investigation described. No warranty is included, either express or implied, that the
actual conditions will conform exactly to the assessments contained in this Document.

Where data supplied by the client or other external sources, including previous site investigation data,
have been used, it has been assumed that the information is correct unless otherwise stated. No
responsibility is accepted by Golder for incomplete or inaccurate data supplied by others.

The Client acknowledges that Golder may have retained subconsultants affiliated with Golder to
provide Services for the benefit of Golder. Golder will be fully responsible to the Client for the
Services and work done by all of its subconsultants and subcontractors. The Client agrees that it will
only assert claims against and seek to recover losses, damages or other liabilities from Golder and
not Golder’s affiliated companies. To the maximum extent allowed by law, the Client acknowledges
and agrees it will not have any legal recourse, and waives any expense, loss, claim, demand, or
cause of action, against Golder’s affiliated companies, and their employees, officers and directors.

This Document is provided for sole use by the Client and is confidential to it and its professional
advisers. No responsibility whatsoever for the contents of this Document will be accepted to any
person other than the Client. Any use which a third party makes of this Document, or any reliance on
or decisions to be made based on it, is the responsibility of such third parties. Golder accepts no
responsibility for damages, if any, suffered by any third party as a result of decisions made or actions
based on this Document.
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APPENDIX B

Site Survey Results

SITE:
WATERCOURSE:
DESCRIPTION:
CLIENT:

OPERATIONAL LIFE:

REGION:
MAP REFERENCE
(NZMG):

BACKGROUND
INFORMATION:

INSTALLER:

INSTRUMENTATION:

REASON FOR
INSTRUMENTS:

POWER SOURCE:

PROBLEMS
ENCOUNTERED:

SITE ESTABLISHMENT SHEET

Rock Weir

Tipperary Creek

Water Level Recorder

Oceana Gold

<1 Years

CATCHMENT AREA
Otago (KM?): 3.9

-45.37256, 170.50138

Flow monitoring site to characterise flow in Tiperarry Creek
No Data is available for the Creek

Matt Hamilton/Scott

Mossman DATE: 18-May-10
INSTRUMENT: SERIAL NUMBER: PROGRAM:
3m PT2X #2720006 15 min log

Cheap and reliable with no telemetry specifications needed
A permanent site is planned

2 x AA Batteries

Hydrological control was good, a rock weir.

Flows are very low and low flows should be measured volumetrically
Clay and a small culvert can be utilised to direct flow to a fish bin.
a volumetric vessel > than 50L should be used.

A drill hole higher in the catchment is leaking artesian groundwater
into the catchment. If this drillhole is to be capped this should be
done so immediately so to not influence results.
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SITE PLAN:
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APPENDIX B

Site Survey Results

ADDITIONAL INFORMATION:

[

Old transducer housing

BM 1 - measured up from the bottom
dynabolt of transducer housing

—— e —
e

o
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APPENDIX B
Site Survey Results

SITE SURVEY:
SURVEY EQUIPMENT:
SERIAL NUMBER:
WEATHER:

BENCHMARKS
BM1 (Dynabolt at bottom of
transducer housing)

STAFF GAUGE ZERO
ORIFICE (approx)

Zero Flow

Bottom Dynabolt Old Housing
FLOOD MARKS

Nikon

641013

Fine

RL (RELATIVE LEVEL)

1000.00

0

1000

1050

1029

None Noted

mm

mm
mm
mm
mm

h:\company\projects-numbered\09781x\10xxx\0978110_562_oceanagold_macraesflatexpansion\reports (golder)\macraes phase iii reports\r003 tipperary hydrological

monitoring\version b 29-3-2011\appendix b - site survey results (3).docx
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APPENDIX C

Daily Flow Results

~~~ PDAY ~
Source is H:\Company\Projects-Numbered\09781x\10xxx\0978110_562_OceanaGold_MacraesFlatExpansion\Data\Field Data-Site Visits\Tipperary
Flow (m3/sec) at Tipperary Ck at Rock Weir (Post report)

From 18-May-2010 13:30:00 to 17-Feb-2011

24 hour periods beginning at midnight each day.

Daily means Years 2010-2011 Flow(m3/sec) at Tipperary Ck at Rock Weir (Post report)
Day Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar
1 ? ? ? ? 0.028 0.111 0.012 0.003 0.001 0.011 0.001 ?
2 ? ? ? ? 0.028 0.098 0.01 0.002 0.001 0.004 0.001 ?
3 ? ? ? ? 0.026 0.08 0.008 0.002 0.001 0.007 0.001 ?
4 ? ? ? ? 0.025 0.061 0.007 0.002 0.001 0.005 0.001 ?
5 ? ? ? ? 0.024 0.051 0.006 0.002 0.001 0.003 0.001 ?
6 ? ? ? ? 0.022 0.056 0.006 0.002 0.001 0.004 0.001 ?
7 ? ? ? ? 0.029 0.058 0.005 0.002 0.001 0.005 0.205 ?
8 ? ? ? ? 0.071 0.047 0.006 0.002 0.001 0.002 0.02 ?
9 ? ? ? ? 0.061 0.039 0.008 0.001 0.001 0.001 0.014 ?
10 ? ? ? ? 0.05 0.036 0.013 0.001 0.001 0.001 0.006 ?
11 ? ? ? ? 0.049 0.032 0.01 0.001 0.002 0.001 0.006 ?
12 ? ? ? ? 0.048 0.031 0.006 0.001 0.001 0.001 0.004 ?
13 ? ? ? ? 0.073 0.029 0.005 0.001 0.001 0.001 0.004 ?
14 ? ? ? ? 0.146 0.029 0.005 0.001 0.001 0.001 0.019 ?
15 ? ? ? ? 0.089 0.027 0.005 0.001 0.001 0.001 0.007 ?
16 ? ? ? ? 0.081 0.025 0.004 0.001 0.001 0.001 0.004 ?
17 ? ? ? ? 0.076 0.025 0.007 0.001 0.001 0.001 ? ?
18 ? ? ? ? 0.067 0.023 0.018 0.001 0.001 0.001 ? ?
19 ? 0.001 ? ? 0.055 0.021 0.009 0.001 0.001 0.011 ? ?
20 ? 0.001 ? ? 0.047 0.021 0.008 0.013 0.001 0.002 ? ?
21 ? 0.002 ? ? 0.045 0.019 0.007 0.014 0.001 0.001 ? ?
22 ? 0.002 ? ? 0.041 0.018 0.005 0.007 0.001 0.001 ? ?
23 ? 0.001 ? ? 0.036 0.019 0.004 0.002 0.001 0.001 ? ?
24 ? 0.017 ? ? 0.032 0.017 0.004 0.001 0.001 0.001 ? ?
25 ? ? ? ? 0.031 0.016 0.004 0.001 0.001 0.001 ? ?
26 ? ? ? ? 0.033 0.014 0.004 0.001 0.001 0.001 ? ?
27 ? ? ? ? 0.03 0.011 0.003 0.001 0.011 0.001 ? ?
28 ? ? ? ? 0.029 0.01 0.003 0.001 0.439 0.001 ? ?
29 ? ? ? ? 0.04 0.009 0.01 0.001 0.022 0.001 ?
30 ? ? ? 0.028 0.151 0.013 0.005 0.001 0.006 0.001 ?
31 ? 0.027 0.171 0.004 0.006 0.001 ?
Min ? 0.001 ? 0.027 0.022 0.009 0.003 0.001 0.001 0.001 0.001 ? 0.001
Mean ? 0.004 ? 0.028 0.056 0.035 0.007 0.002 0.016 0.002 0.018 ? 0.019
Max ? 0.017 ? 0.028 0.171 0.111 0.018 0.014 0.439 0.011 0.205 ? 0.439
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APPENDIX C

Daily Flow Results

~~ PDAY ~

Source is H:\Company\Projects-Numbered\09781x\10xxx\0978110_562_OceanaGold_MacraesFlatExpansion\Data\Field Data-Site Visits\Tipperary

Flow site\Tipperary site process\Copy of Tipperary Creek at Rock Weir_updated 25032011.hts

Flow (m3/sec) at Tipperary Ck at Rock Weir Naturalised (Post report)
From 18-May-2010 13:30:00 to 17-Feb-2011

08:00:00
24 hour periods beginning at midnight each day.
Daily means Years 2010-2011 Naturalised Flow(m3/sec) at Tipperary Ck at Rock Weir (Post
report)
Day Apr May Jun Jul Aug Sep Oct Nov Dec
1 ? ? ? ? 0.027 0.110 0.011 0.002 0.000
2 ? ? ? ? 0.027 0.097 0.009 0.001 0.000
3 ? ? ? ? 0.025 0.079 0.007 0.001 0.000
4 ? ? ? ? 0.024 0.060 0.006 0.001 0.000
5 ? ? ? ? 0.023 0.050 0.005 0.001 0.000
6 ? ? ? ? 0.021 0.055 0.005 0.001 0.000
7 ? ? ? ? 0.028 0.057 0.004 0.001 0.000
8 ? ? ? ? 0.070 0.046 0.005 0.001 0.000
9 ? ? ? ? 0.060 0.038 0.007 0.000 0.000
10 ? ? ? ? 0.049 0.035 0.012 0.000 0.000
11 ? ? ? ? 0.048 0.031 0.009 0.000 0.001
12 ? ? ? ? 0.047 0.030 0.005 0.000 0.000
13 ? ? ? ? 0.072 0.028 0.004 0.000 0.000
14 ? ? ? ? 0.145 0.028 0.004 0.000 0.000
15 ? ? ? ? 0.088 0.026 0.004 0.000 0.000
16 ? ? ? ? 0.080 0.024 0.003 0.000 0.000
17 ? ? ? ? 0.075 0.024 0.006 0.000 0.000
18 ? ? ? ? 0.066 0.022 0.017 0.000 0.000
19 ? 0.000 ? ? 0.054 0.020 0.008 0.000 0.000
20 ? 0.000 ? ? 0.046 0.020 0.007 0.012 0.000
21 ? 0.001 ? ? 0.044 0.018 0.006 0.013 0.000
22 ? 0.001 ? ? 0.040 0.017 0.004 0.006 0.000
23 ? 0.000 ? ? 0.035 0.018 0.003 0.001 0.000
24 ? 0.016 ? ? 0.031 0.016 0.003 0.000 0.000
25 ? ? ? ? 0.030 0.015 0.003 0.000 0.000
26 ? ? ? ? 0.032 0.013 0.003 0.000 0.000
27 ? ? ? ? 0.029 0.010 0.002 0.000 0.010
28 ? ? ? ? 0.028 0.009 0.002 0.000 0.438
29 ? ? ? ? 0.039 0.008 0.009 0.000 0.021
30 ? ? ? 0.027 0.150 0.012 0.004 0.000 0.005
31 ? 0.026 0.170 0.003 0.005
Min ? 0.001 ? 0.027 0.022 0.009 0.003 0.001 0.001
Mean ? 0.004 ? 0.028 0.056 0.035 0.007 0.002 0.016
Max ? 0.017 ? 0.028 0.171 0.111 0.018 0.014 0.439

Jan
0.010
0.003
0.006
0.004
0.002
0.003
0.004
0.001
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.010
0.001
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.001
0.002
0.011

Feb
0.000
0.000
0.000
0.000
0.000
0.000
0.204
0.019
0.013
0.005
0.005
0.003
0.003
0.018
0.006
0.003

Z
2

R S S e R I R S R S I V)

0.001
0.018
0.205

0.001
0.019
0.439
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At Golder Associates we strive to be the most respected global company Africa +27 11 254 4800
providing consulting, design, and construction services in earth, environment, Asia + 852 2562 3658
and energy. Employee owned since our formation in 1960, we have created a Australia &

unique culture with pride in ownership, resulting in long-term organisational e R

o g , ; : - Europe + 44356 21 42 30 20
stability. Golder professionals take the time to build an understanding of client North America + 1 800 275 3281

needs and of the specific environments in which they operate. We continue to South America + 55 21 3095 9500
expand our technical capabilities and have experienced steady growth with

employees who operate from offices located throughout Africa, Asia, solutions@golder.com
Australasia, Europe, North America, and South America. www.golder.com

TAKAPUNA CHRISTCHURCH TAURANGA
Tel [64] (9) 486 8068 Tel [64] (3) 377 5696 Tel [64] (7) 928 5335
Fax [64] (9) 486 8072 Fax [64] (3) 377 9944 Fax [64] (7) 928 5336
Level 2 Level 4 78 Maunganui Road
Takapuna Business Park 115 Kilmore Street Tauranga 3116
4 Fred Thomas Drive Christchurch 8013
Takapuna 0740 (PO Box 13611
Auckland (PO Box 2281 Tauranga Central
Christchurch 8140) Tauranga 3141)
(PO Box 33-849
Takapuna 0622)
DUNEDIN NELSON
Tel [64] (3) 479 0390 Tel [64] (3) 548 1707
Fax [64] (3) 474 9642 Fax [64] (3) 548 1727
Level 9A Level 3
John Wickliffe House 295 Trafalgar Street
265 Princes Street Nelson 7010
Dunedin 9016
(PO Box 1724
(PO Box 1087 Nelson 7040)
Dunedin 9054)
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