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Dear Sheryl
PROJECT MARTHA RESOURCE CONSENT APPLICATIONS: GROUNDWATER AND GROUND

SETTLEMENT REVIEW

1.0 lntroduction
As requested, we have reviewed the documents accompanying the consent applications for the Martha

Underground Project. ln particular, we have reviewed the following reports:

i

Oceana Gold, Project Martha: Applications for Resource Consents and Assessment of

Environmental Effects, 25 May 2018

i
i

Appendix H: Groundwater Assessment by GWS Ltd
Appendix R: Ground Settlement Assessment by Engineering Geology Ltd.

Your instructions were for us to review the documents and form a view as to whether the information in
relation to the proposed water take applications:

i
i

Was sufficient to identify the extent of potential environmental effects from the proposal

Demonstrated that the potential environmental effects were likely to be less than minor.

ThemainpurposeofthereviewistoassistWRCtoprepareaS42Areporttotheconsenthearing.

Our

assessment follows.

2.O

Sufficiency of information

ln emails on 6, 8 August 2018 we provided questions to be put to the applicant as a result of our initial
review of the documents. On 4 September we provided comments on the responses from GWS and
Engineering Geology to our questions.

3.0 Overall Review Comments
3.1 Groundwater Assessment
The groundwater assessment has examined the additional effects expected to arise from deepening the

lowest proposed dewatering level to RL500m, some 200 m below the currently consented level. The
deeper dewatering is primarily to facilitate mining beneath the current pit while the Rex ore body beneath
commercial, residential and park land to the south of the Martha Pit is largely dewatered already.
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The assessment draws on several lines of enquiry covering: a review of the historical Martha mining
activities where dewatering progressed down to 557 m at the Waihi No 5 shaft, assessment of the

monitoring results from the modern mining operations, and numerical modelling of typical cross-sections
through the underground workings to ground surface. This has been supplemented by additional
borehole investigations related to the Correnso / SUPA mining phases.
ln regard to the historical mining, GWS have noted that following 60 years of mine dewatering the spread
of drawdown effects occurred in the form of an elongated cone of depression some 1,000 m to 1,500 m in
radius; not dissimilar to that currently experienced. High short term water inflows were experienced when
the veins were accessed at a deeper level (up to 26,000 m3/d) but normal baseline pumping was
considered to be around 4,200 m3/d; also not dissimilar to the current pumping rates, at least up until
2015 when the Favona and Martha pumping volumes were combined. GWS note that no adverse effects
on stream flows or ground settlement were noted during the historical mining although it would not be
expected that observations were as detailed as occur today.
We consider that this similarity in observed groundwater responses between the historical and current
mining phases provides a strong basis for predicting the likely effects from the proposed mine deepening
associated with the Martha Underground, especially as the historic mining proceeded to a depth just
above that proposed for the mine.
Conceptually, the groundwater system in the Waihi Basin consists of shallow and deep aquifer
components, separated by a clay rich weathered rind on the surface of the andesite bedrock. The records
show that mine dewatering in the deep aquifer has not affected the water levels in the shallow aquifer
due to the low permeability of the clay rich rind. GWS carried out modelling of the hydraulic gradients
through the rind and concluded that while the vertical gradients due to the Martha Underground can be
expected to increase due to lowered groundwater levels in the deep aquifer the increase in vertical flow
will be minimal compared to the resource in the shallow aquifer, directly as a result of the low
permeability of the weathered andesite. The tightness and continuity of the weathered andesite has
been, and continues to be, the key factor that isolates the shallow aquifer which hosts the significantly
larger water resource, from the effects of the underground mining.
The three lines of evidence that GWS have used to predict that the Martha Underground will not affect the
shallow resource are very compelling and give a high level of confidence that this will be the case. As such,

their prediction of nil effect on existing groundwater users with wells in the shallow resource and some
thatpenetrateintothetopofthedeeperresourcenearUnionHill areconsideredreasonable. Similarly,
the nil effect on stream base flows is also reasonable.
With mining proposed to extend deeper than has occurred historically by some 57 m, the potential extent

oftheconeofdepressionhasbeenconsideredbyGWSintheirresponseforfurtherinformation.

They

note that drawdown propagation primarily occurs along the veins in higher permeability conditions than
occurs in the adjacent country rock. Hence, any increase in the cone of depression from the deeper

dewateringdependsonanunderstandingoftheveingeology. GWSnotethathistoricplansandcurrent
thinking

is

that the vein structures converge with depth, and that there may be a reduction in the strike

lengthoftheveinswithdepth. Thisisreinforcedbythenotedreductioninhistorical pumpingvolumesas
the historical mine preceded below 730 mRL which indicates a more constricted vein system below that
depth. Basedonthisinformationitisconsideredreasonablenottoexpectanenlargementoftheconeof
depression with the Martha Underground, which would otherwise occur in a laterally unrestricted aquifer.
This avoids the need to consider widening the groundwater and ground settlement monitoring network.
However, as GWS have noted there are gaps in the current monitoring network to the south-east of the
mine that are planned to be filled as part of the current proposal. This is endoised.
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GWS have attempted to consider the proposed water take for the Martha Underground against the

Management Level given in Table 3-6 in the Waikato Regional Plan. Difficulty has arisen because there
has not been as yet a detailed resource assessment undertaken to quantify the Waihi Basin resource
sustainable yield and the Management Level in Table 3-6 does not include the currently consented
quantities related to the mine dewatering. As a separate exercise Waikato Regional Council will need to
revisit the Management Level given in Table 3-6 but in the meantime consider the proposed take
associated with the Martha Underground in terms of environmental effects. These have been evaluated
by GWS who have reasonably concluded that they will be less than minor. We also concur with this view
and that application of the current Management Level is not appropriate in this case.

Overall, we are satisfied that the evaluation of potential groundwater effects related to the Martha
Underground is robust and that there can be confidence that the effects will be less than minor.

3.2

Land Settlement Assessment

ln order to assess the potential for land settlement due to the proposed Martha Underground, Engineering
Geology undertook a full review of the monitoring records compiled since monitoring started in 1989. This
has provided support to their predictive methodology for future land settlements based on observation

and has also allowed a revision of the settlement zones around the Waihi township that were first
developed prior to the commencement of modern mining.
By comparing the settlement marker records from 1999 to 2077 with dewatering level in the mine (which
deepened from 975 mRL to 770 mRL during this period) they found a very strong correlation between the
two factors. We note that this period post-dates the early Martha mine development in the 1990's when
inflows to the new Martha pit from the shallow aquifer were stabilising and shallow piezometer levels
were adjusting to this regime. By taking the record post 1999, Engineering Geology needed only to

consider the groundwater level changes in the deep aquifer within the andesite basement rock as the
shallow aquifer levels over this period were stationary. The period also included a one year period at the
beginning and a six year period at the end where dewatering levels were held constant giving time for the
transient pressure changes to mostly stabilise thus accounting for the total settlement over this period.
The lag in settlement responses to dewatering levels does produce some difficulty when trying to correlate
particular dewatering actions with the monitoring record.
Engineering Geology also undertook numerical analysis of the stress/strain relationship for the ground as a
check on their observational predictions. This work generally produced higher settlement than observed

during the 1999 - 2017 period and lower settlement than the observational method for the Martha
Underground predictions, probably due to the simplified assumptions in the model as Engineering Geology
acknowledge. The numerical approach was therefore not given weight in developing the predictions for

the Martha Underground. This approach is considered appropriate as it is likelyto be conservative due to
factors such as increasing ground stiffness with depth and decreasing drawdown influence with depth due
to converging vein configuration as discussed in the groundwater commentary.

tilt that would give rise to
concern. lnthepastexceedancesoftiltcriteriahaveoccurredasresultoflocalityspecificfactorsincluding

The assessment has not indicated any potential for differential settlement or

marker disturbance, old stope subsidence and the Gladstone Road borehole incident which were not
related to the underground mining.
The review of settlement zones has rationalised the outliers in the old zones to some extent which will

help with making a cleaner assessment of the ongoing settlement. As acknowledged by Engineering
Geology the zones can never unify all settlement behaviour in an area and outliers can still be expected to
continue to occur.

WAIKATO REGIONAL COUNCIT.

PROJECT MARTHA RESOURCE CONSENT APPLICATIONS: GROUNDWATER AND

GROUND SETTLEMENT REVIEW

Overall, we are satisfied that the evaluation of potential land settlement effects related to the Martha
Underground mine is reasonable and that exercise of the consent will give rise to land settlement effects
that will be less than minor. We support revision of the zone boundaries as proposed and the revised
trigger levels in Table 2 of Appendix

3.3

R

to the AEE.

Proposed Consent Conditions

ln this review full consideration of the consent requirements has not been undertaken. However, we

support the requirements recommended to be included in a revision of the Dewatering and Settlement
Monitoring Plan (2016) as proposed in Section 5 of the Groundwater Assessment and Section 11 of the
Land Settlement Assessment.

4.O

Conclusion

After distilling all the information in the application documents relating to groundwater and land
settlement we agree with the applicant that, with suitable consent conditions, the effects from the
proposed Martha Underground Project will be less than minor.

Yours faithfully
PATTLE DELAMORE PARTNERS LIMITED

Director
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APPENDIX B

Memo
File

No:

60 59 02A

Date:

7lo8/L8

To:

Sheryl Roa, Principal Advisor- Consents, Resource Use

From:

Anderson Aimusu, Senior Engineer, Technical Services, lntegrated Catchment

Management

Subject:

Technicalassessment

forthe Martha Hill Project located in Waihi

This technical assessment relates to Martha Hill Project located in Waihi. The applicant (Ocean Gold
New Zealand Limited i.e. OGNZL) propose to close an existing pit mine and rehabilitate into a lake by
increasing maximum water take from the Ohinemuri River. Specifically, an assessment of what effect
will any discharge have on the flooding impacts into Mangatoetoe Stream and the Ohinemuri River
have been considered. The findings and recommendations are as follows:

r

lnformation provided by the applicant indicate that;
o The applicant propose to abstract up to 20% of the flow of the Ohinemuri River when
the flow rate is above 2 x Mean Annual Low Flow ('MALF).
o Under current consent conditions the peak extraction rate from Ohinemuri River is
L75lls and 10% take above 2 x MALF ( refer WRC consent # 977293)
o The proposed peak extraction rate increased from Ohinemuri River is to27Ol/s
(15,000 m3/day pump) and 20% take above 2 x MALF
o Long term analysis of the pit lake water balance shows a positive mean discharge
from the lake of 3Ll/s, with potential for the discharge to cease during long dry
periods.

o

o

o

Doc#0

The applicant's consultant (Boffa Miskell) carried out a detailed assessment of the ecological
effects of abstracting water from the Ohinemuri River to fill the pit lake. Their findings are
that the disturbance regime of the Ohinemuri River as a result of this proposal is in a 'low
relief country' flow regime. They concluded that the Ohinemuri River will retain its overall
hydrological disturbance regime with the proposed abstraction regime in place. Also there
are unlikely to be any significant changes to the biological character and values of the river as
a result of the proposed new abstraction regime. This will need to be verified by an Ecologist.
Boffa Miskell consider thaU
o There will be no effect on the water quality of the river resulting from the proposed
change in abstraction, and that the regular and low flow regimes of the river will
remain the same.
o There will be no meaningful impact on the natural flow variability and thus no impact
on the ecological values and biodiversity of the Ohinemuri River.
o There will be no meaningful impact on the natural flow variability and thus no impact
on wetland values and function.
o The proposed increase in maximum water take from the Ohinemuri River is unlikely
to result in any changes to fish migration regimes (or fish passage).
The applicant's consultant (GHD) developed a catchment specific hydraulic model to assess
the potential impact of the Pit Lake discharge on flood levels in Mangatoetoe Stream. Their
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findings indicate that the proposed pit lake outlet flows would have no obvious effect on the
flood levels in the Mangatoetoe Stream.
ICM Technical Services consider the above assessment to be likely adequate.

Note that no geotechnical or structural assessment have been carried out on the stability of the pit
Lake. Therefore the applicant is expected to be fully responsible for the geotechnicaland structural
integrity of the proposed sfiucture.
Let me know if there are any concerns regarding the above recommendations.
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APPENDlX C

Technica! Review
File No:

47 0L 00

Date:

28 September 2018

To:

Sheryl Roa

From:

Jonathan Caldwell

Subject:

Technica! Review of Project Martha - AEE of discharges to air

-

Principal Advisor, Consents, RUD

-

Senior Scientist, Land and Soil,

SAS

Background
Oceana Gold (New Zealand) Ltd operates an open cut and underground gold mining operation at
Waihi. The currently consented mineral resource is projected to be exhausted by late-2019. New
mineral resources have been identified and include additional extractable mineral resources within
the open Martha mine pit (Martha Phase 4 pit) and the Martha Underground including the Rex
orebody. This new activity is collectively referred to as Project Martha.
I have been asked to review the Assessment of Environmental Effects of discharges to air associated
with the Project Martha consent application. ln making my assessment I have considered the following
sources of information :

Project Martha - Assessment of Environmental Effects of Discharges to Air. Report prepared
by Beca, 13 March 2018 (WRC Doc# 12546836).
Response to Request for Further lnformation pursuant to s92 of the Resource Management
Act 1991, prepared by Beca, 77 July 2018 (WRC Doc # 12779089).
Response (2) to Request for Further lnformation pursuant to s92 of the Resource Management
Act l-991 - WRC, prepared by Beca, 27 July 2018 (WRC Doc # ).

Discussion
General background
The assessment has been made by Beca on the basis that Project Martha will continue to use the
existing facilities, including the Process Plant (mill and water treatment plants), Tailings Storage
Facility, conveyor, ponds, access roads, crushing plant and Cemented Aggregate Fill plant. The mining
and ore processing rates and the intensity of operations over the Project Martha site will be similar to
recent activity levels at the Waihi mine. The project is expected to continue for approximately 11 years.
Resource Consent L24859 authorises the discharges to air associated with the currently operating
Golden Link Project. The expiry date for this authorisation is 16 July 2037, well past the projected
lifetime of Project Martha. This consent authorises discharges to air associated with the Correnso
underground mine to the east of Project Martha including above ground operations such as the
Process Plant.

Resource Consent LO974t authorises the discharges to air associated with the currently operating
Favona Mine Project to the east of the Martha Project. The expiry date for this authorisation is 31
December 2028, which is approximately aligned with the projected lifetime of Project Martha. This

Doc # 12939381
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consent authorises discharges to air associated with the underground and above ground Favona
mining activities.
The discharges to air from the Process Plant are not expected to change as a result of the Martha
Project and therefore the AEE by Beca has not included any further assessment of the discharges to air
from this source.
The Martha underground mine will use existing infrastructure including:
o Access through existing portals and development drives associated with the Favona, Trio and
Golden Link projects;
e The Favona stockpile area and the Polishing Pond stockpile area for stockpiling of ore, mined
rock and imported crushed rock;
r The Favona administration, charge -house, magazine, laydown area and workshop buildings.
Discharges to air associated with these activities are therefore already authorised by resource consent
LO974L until 3L December 2028 and 16 July 2037 for activities associated with the Golden Link project.

The existing Favona stockpile area is expected to be able to accommodate the temporary storage of
removed rock and ore from the Martha Underground mine.

Temporary stockpile space will also be required at the Process Plant area associated with the Correnso
Mine to accommodate imported crushed rock for use as cemented backfill of the tvtartha Underground
mine. Associated discharges to air are already authorised by resource consent 724859 which expires
in July 2037.

New surface features required for the Martha Underground, all of which will be located within the
Martha Phase 4 pit (MP4) include:
o A fresh air portal
o A return air portal

o

A return air ventilation shaft

The development of MP4 involves the extension of the pit boundaries along the northern extent of the

pit and the construction of noise bunds which also necessitates the realignment of a section of
Bulltown and Cambridge Roads.
Beca's overall assessment is that the total quantity of potential emissions to air will not change
substantially from the existing Martha pit and underground mine emissions and will be less than
historic levels when the Martha pit was in full production but that the location and scale of some
individual emission sources will change.
Beca has identified the following discharges to air from Project Martha:

o

o
o
o
o
o
o

Dust from surface mining activities such as earthworks, vehicle movements, materials handling

and processing etc.;

Construction of new noise bunds along Bulltown Road;
Construction associated with realignment of Bulltown and Cambridge Roads;
Products of combustion from vehicles on the surface;
Products of combustion from vehicles and dust from underground mining activities that are
discharged to air via the ventilation shafts;

Contaminants produced from blasting both above the surface and underground and
discharged to air via the ventilation shafts; and
Rehabilitation of completed mine areas.
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Assessment of dust and inhalable particulate effects
Dust discharges will comprise of particulate matter with a range of particle sizes including particles
larger than 10 microns in diameter which are typically associated with nuisance effects due to soiling
of surfaces and irritation of the eyes and nose and particles L0 microns in diameter and smaller (PMro)
which have a higher potential for risk to human health as they are inhalable into the lungs.

An additional risk factor for air borne particulate is that the mined material from Waihi contains
crystalline silica. Silica or silicon dioxide (SiOz) is an abundantly occurring natural compound and can
either occur in crystalline or amorphous forms. lt is the crystalline form which poses most riskl. Quartz
is the most common form of crystalline silica. Cristobalite and tridymite are two other forms of
crystalline silica2.
Fine particles of crystalline silica (less than 10 microns) can enter the lungs and cause significant
adverse human health effects (silicosis) if people are exposed to concentrations above recommended
guideline levels over extended periods.
Respirable particles are those inhaled particles penetrating deep in to the lungs in the unciliated
airways and are the fraction of particles with a 4 micron diameter or smaller3a. lt is this particle size
range (PM+) that is considered most relevant to silicosis risk.
PMro and including the fine fraction smaller than 2.5 microns (PMz.s), also referred to as the respirable
range of particles, will mostly be generated from vehicle emissions and blast emissions as well as
excavation and transport of mined materials on site. The fraction of particles smaller than 2.5 microns
in size pose a higher risk to human health.

Ambient air quality monitoring since 2000 provides a detailed record of the discharges of dust and
inhalable particles to air associated with both current and historic mining activities. The monitoring
has included deposited dust, total suspended particulate (TSP), PMro and silica (based on PMro range)
at various sites in the vicinity of the mining operation along with additional PMp monitoring
undertaken by Waikato Regional Council at Grey Street to the east-northeast of the Martha pit over
the period January 2008 to March 2OL2.The monitoring station was decommissioned in March 201-2
due to lack of evidence of potential for breaches of the National Environmental Standards for Air
Quality.
With regards to the silica issue, a submission was received on close of the notification period from
submitter who made the following comments with regard to silica:

a

Research shows that silica particles with a diameter of 1 micro-metre (range = 0.5

- 3.0 micrometre) appear the most fibrotic in humans.
The National lnstitute for Occupational Safety and Health (NIOSH) lists 0.94 micro-metre as
the median particle size in metalliferous mines.
The Office of Environmental Health Hazard Assessment (OEHHA) calculate the median particle
size to be 0.53 micro-metre.
Thus, existing data indicate that the majority of silica in the workplace is respirable.
The reasons provided for the submitter's views were:
o PCBU's have responsibility to protect workers and the public as much as is practicable.
o Data presented in APPENDIX "1" is not accurately portrayed.
o The Crown, public, and the workers require transparency on this topic.
1

Bridge l, 2009. Crystalline Silica: A review of the dose response relationship and environmental risk. Air Quality and Climate Change 43(1):
77-23.

2
3

https://www.osha.gov/oshDoc/data_General*Facts/crystalline-factsheet.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PM C364O939 I

a

Horwell

CJ

and Baxter
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PJ,

2006. The respiratory health hazards of volcanic ash: a review for volcanic risk mitigation. Bull Volcanol 69t f-24.

The submitter seeks the following decision:
o Peer review of APPENDIX "1" Air Quality Assessment, focussing on respirable silica, and the
adverse effects of discharges to air from Project Martha.

o

lndoor Air Quality testing for workers/offices on-site,

and

further implementation of

appropriate mitigation measures.
ln response to this submission it is important to make the following comments:
The requirement to ensure that workers are protected on site (i.e. the workplace) is not a matter that
can be addressed by Waikato Regional Council. Both indoor air quality and workplace air quality
associated with air discharges from that workplace's activities is a matter that falls under Worksafe's
responsibilities. Regional Council's statutory responsibility is limited to the effects on the ambient air
environment outside the boundary of the workplace i.e. outside the boundary of the mine.
It is acknowledge by BECA in their Air Quality Assessment (Appendix L) that the material mined at Waihi
will contain crystalline silica and therefore discharges to air from the mining activities will contain a

certain proportion of crystalline silica. BECA has also provided additional confirmation through a
section 92 response that Oceana Gold undertakes regular monitoring of NOz, CO and respirable dust/
respirable quartz and inhalable dust for Worksafe purposes and that the monitoring has not identified
any exceedances of the relevant Workplace Exposure Standards.
Ambient air monitoring of silica content was initially undertaken in 1993 and 1994 at both Waihi and
Waihi Beach and this monitoring indicated no significant differences between concentrations at the
Waihi site and at Waihi Beach (refer 2007 Newmont report). Further silica monitoring has been
undertaken over the period 2000 to 2OL4 at the Grey Street monitoring station which is 300 metres
east of the northeast Martha mine boundary in Waihis.
While most of this monitoring of silica has occurred in this one location over the period 2OOO to 201-4,
it is within a location immediately downwind of the prevailing wind and therefore best represents the
potentially worst impacted location for elevated airborne dust and silica. The results of this silica
monitoring is provided in Table L below.
Summary of silica and PMro monitoring at Grey St monitoring station (Fe/m').

Table 1.

PM."
RaiEe

Averaoc

Si[ca."
Rame
Averaoc

2000/1

<n - 27.0

<d-'l-1

2003

7.3 - 34.8

<d-62

<

- 10.0'

2005

5.9 - 40.7

19.2

20rJ7

0.4 - 39.4

13.4

o1-1.2

0.9

2009

18.6

0.1 - 1.7

20't1t12

9.7 -37.2
9.' - 29.8

17.O

<d -2.1

0.9
0.5

2014

6-4 - 17.6

12.O

-

1.0

0.1

2.6

ln
<d = less than delectiofl
'2005 reporf considered maximwn result spurious

ln the absence of a New Zealand ambient air quality guideline for silica, a 2OO7 report6 recommended
converting the national workplace exposure standard (WES) for silica into a de facto 24 hour guideline.
The New Zealand WES for crystalline silica in respirable dust at that time was 200 pglm3 as an 8 hour
average and when converted lo a 24 hour average with the addition of a World Health Organisation
factor of safety of 10 the derived guideline was 6.7 rc/m3. Since 2007 the WES has been reduced as of
s

Newmont Waihi Gold, 2007: Fine Particles and Silica Concentrations in the Vicinity of Newmont Waihi Gold, October 2007, Unpublished
report. WRC Doc#1405095.
6 Newmont Waihi Gold, 2007: Fine Particles and Silica Concentrations in the Vicinity of Newmont Waihi Gold, October 2007. Unpublished
report. WRC Doc#1405095.
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2016 from 200pg/m3 to 100pg/m3. Therefore, this 24 hour derived guideline could be reduced to 3.35
[g/m3 to provide a similar level of safety or could remain at 6.7 pg/m3 but with a reduced factor of
safety of 5 pg/m3.

However, I consider that this derived guideline is essentially redundant due to more recent
developments. lwould recommend use of the California based (OEHHA 2005)annualaverage ambient
air guidelineT for respirable crystalline silica of 3 pg/m3. This guideline was also recommended in a
2009 review of crystalline silica risks for protecting vulnerable communities in and has been used
recently in NZ for a monitoring investigation of respirable crystalline silica from a Yaldhurst quarry in
Christchurchs. The Victorian EPA also advocates use of this guideline.
The monitoring periods for silica reported in Table 1 typically covered a period of approximately 3
months or more over the summertime period when airborne dust potential was at its greatest. The
reported averages of approximately 1 [g/m3 or less therefore provide a conservative value for
comparison against an annual average guideline of 3 gg/m3. While it is acknowledged that the
recommended particle range for crystalline silica monitoring is PMq (respirable range) rather than the
PMlq range monitored in this particular situation, an assessment against this guideline is still valid as
the silica concentrations would be expected to decrease with a decreased particle size range.
Further to this, the silica analysis of the PMro filters from

2OO7

onwards was undertaken using Proton

lnduced X-ray Emission Spectroscopy (PIXE) by Geological and Nuclear Sciences Ltd in Lower Hutt. This

method of analysis only provides a concentration of totalsilicon which is converted to silicon dioxide
on the assumption that all of that silicon will be silicon dioxide (silica). This method does not

differentiate between crystalline silica and amorphous silica (which poses a much lower risk). I do not
have any specific information regarding the proportion of crystalline silica to amorphous silica content
at the Martha mine but it is important to note that the analysis will likely be highly conservative if it is
assumed that the measured silica will be less than 100% crystalline form.
Support for this assumption is provided by an investigation of respirable crystalline silica in ambient
air of the Hunter Valley in NSW were there were concerns about potential health impactslo. Various
analysis methods and particle sizes were investigated and it was found that the majority of silicon was
not crystalline silica. Of the silicon containing minerals, silica was a relatively minor component of all
silicon content and not all of that silica was identified as being crystalline. The majority of silicon
content was also detected in the particle sizes greater than 2 microns. Although it is also important to
note that a direct comparison of the findings of this study with the Waihi site is not possible due to the
different minerology between the two sites, it does indicate that unless crystalline silica is being
analysed, an assessment of risk based on silicon concentrations is likely to be highly conservative.

I therefore consider that the previous silica monitoring is likely to be conservative and provides
sufficient evidence that previous mining activities will not have resulted in exceedances of the
recommended annual average guideline of 3 ;rg/m3 for respirable crystalline silica.

With regards to the new area to be mined in the open pit at the northern end, additional information
was requested by me (prior to notification of the application) from BECA regarding the assessment of
the risk posed from crystalline silica content which was based on previous air quality monitoring
associated with mining of different areas of the pit. The question I was raising was that if there is
potential for a significant variation in crystalline silica in different locations of the pit then this could
pose a risk of increased ambient air concentrations of respirable silica.

7

California Office of Environmental Health Hazard Assessment (OEHHA, 2005).
Bridge l, 2009. Crystalline Silica: A review of the dose response relationship and environmental risk. Air Quality and Climate Change 43(1):
77-23.
s Baynham P, 2018. Yaldhurst Air
Quality Monitoring. Report prepared for Environment Canterbury.
10
Morrinson A, Nelson PF, Stelcer E, Cohen Dand Haberlah D,2OtL. Quantifying respirable crystalline silica in the ambient airof the Hunter
Valley, NSW - sorting the silica from the silicon. Proceedings of the 20th Clean Air and Environment Conference, Auckland.
8
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ln summary, BECA responded that the overall crystalline silica content of the mined material will be
the same as the overall crystalline silica content in areas of the pit that have been mined previously
and therefore discharges of crystalline silica from the new area of the pit is expected to be similar to
historical discharges. The monitoring of respirable crystalline silica concentrations previously
undertaken, including when the mine was at peak production, found that concentrations were
consistently below guideline levels.
I agree with BECA's opinion that on the basis of a similar crystalline silica content existing within the
new area to be mined as well as my above assessment of the very conservative analysis of crystalline
silica content used in previous monitoring rounds, then the discharges to air of crystalline silica from
excavations in the new area should not result in exceedances of relevant guidelines.

With regards to BECA's air quality assessment provided in APPENDIX L, I also agree with the opinion
that concentrations of dust and fine particulate, has not been resulting in exceedances of relevant air
quality guidelines or standards for TSP and PMro at the locations monitored.
ln addition to this I note that while there has been no assessment of PMz.s (the fraction of particles

smaller than 2.5 microns in diameter) monitoring data provided,

I would expect that

PMz.s

concentrations should also meet relevant guidelines. This assumption is based on the knowledge that
relatively low concentrations of PMro have previously been identified through ambient air monitoring
and that combustion sources which are typically the main contributors to PMz.s concentrations will be
relatively low compared to dust sources which are expected to contribute more significantly to the
coarser fraction of particles (i.e. those particles larger than 2.5 microns).

the complaint history since 2000 to2017. Complaints relate to dust,
smoke and blasting odours. Over this 18 year period there have been three years were complaints
numbered over 10 complaints per year. For the remaining 15 years, the average complaint number
has been under 10 per year which is considered to represent a moderate to low level for an activity of
this size located within a sensitive receiving environment.
BECA provides an assessment of

The highest rate of complaints were received in 2011 when a total of 26 complaints from 18
complainants was received with 20 complaints being associated with the Martha open pit operations.
While 12 of these complaints were received immediately following public consultation over a proposed
mine development plan it was identified that the complaints were attributed to a very dry and windy
November combined with a water cart breakdown for 36 hours and no sprinklers being used on a
tem porary porta ble crusher.
To prevent a recurrence of the problems, a back-up water cart was contracted and a requirement for
using sprinkler systems on any new crushing equipment was implemented. I note that complaint rates
have been much lower since 2011 and in the last few years has been averaging around 5 per year.
On close of the notification period six submissions (in addition to the submission relating to crystalline
silica) were received that make reference to dust as a concern. These submissions did not provide

specific details or examples of submitters concerns about the dust and were typically made in
reference to wider concerns about mining activity including vibration from blasting and noise and also
proximity of Project Martha to their properties.
The following is a summary of some of those submitter's comments:

o

r

ln conclusion, the thought that we will have to tolerate the dust and noise from the pit again
(it has been a significant and desirable normality without that activity), is of itself distressing.
Our understanding was that the pit was finished and was going to be filled. Two years ago we
purchased our land in Bulltown Rd based on the above taking place, now we have 10-1-2 years
of blasting, dust and noise to look forward to.
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o

Should remediation activities go ahead I request that Oceana Gold Waihi protect my property
from the effects of dust and noise.

While I agree with BECA that the complaint history represents a moderate to low level of complaints
for an activity of this size and proximity to a residential area, the submissions indicate that there is
concern about dust adversely affecting the amenity value of those residents in future as a result of reestablished activity within the Martha Pit.
I recommend that a high level of priority should be implemented by Oceana Gold to ensure that the
potential for fugitive dust discharges are identified and adequately mitigated well before they result
in complaints.

that the current deposited and suspended dust monitoring programme does not provide
any information on short term dust concentrations and that at times, locations downwind of the mine
may experience higher than normal dust concentrations for short periods of time, which may be
noticeable to the public. While BECA also notes that the long term monitoring programme indicates
that any such events do not occur sufficiently frequently, or are of sufficient magnitude, to increase
the long term average concentrations above the relevant guidelines and standards.
BECA notes

BECA provides a more specific assessment of potential nuisance effects of dust as a result of the
increased mining activity associated with Project Martha in the vicinity of a small number of residential
properties to the north of the pit on Bulltown and Cambridge Roads. BECA considers that the risk of
dust generated by Project Martha creating adverse effects on the majority of properties is low.
However, for some properties located within 100 metres of the proposed construction works (road
realignment and noise bund construction works) BECA considers that there is a moderate risk that
short term adverse effects which have potential to cause offensive or objectionable effects for short
periods may result especially during dry windy conditions.

ln order to avoid and mitigate the risk of adverse effects occurring in this area, especially during dry
and windy conditions, BECA recommends some additional mitigation measures, in addition to use of
the current dust control methods.
The additional measures include:
o Wind Speed Alert- if hourly average wind speeds exceed 5 m/s and winds are blowing towards

o

sensitive receptors located within 100 metres of the project boundary, dust controls and
sources will be reviewed and additional controls implemented as required.
Wind Speed Alarm - if gust wind speeds exceed 10 m/s during two consecutive ten minute
periods and winds are blowing towards sensitive receptors located within L00 metres of the
project boundary, all potentially dust-generating activities will cease within 200 metres of
sensitive receptors.

ln addition to this, I note that the proposed monitoring programme will continue to include dust
deposition and TSP monitoring. However, the current dust deposition and TSP monitoring is limited to
one month and 7 day averaging periods respectively which is too long to identify short term elevated
dust events. I therefore recommend that in addition to the recommended windspeed monitoring
triggers, continuous dust monitoring using an optical technique is undertaken at one of the stations
such as station 6.63 (Met station site) at Barry Road and at the northern boundary in the vicinity of
Bulltown and Cambridge Roads. The purpose of such monitoring would be to provide an additional
early warning system/proactive monitoring capability rather than rely on retrospective monitoring to
help identify when problems are occurring and to ensure that mitigative actions are taken promptly.
The continuous dust monitoring data would also provide evidence of whether or not adverse effects
were likely to have occurred.
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I also recommend that proactive monitoring by Oceana Gold staff be undertaken on a frequent and
regular basis around the residential areas in closest proximity to the mining activity and that priority
should also be given to ensuring that there is adequate backup dust suppressant systems such as water

carts and sprinkler systems.
As long as the total emissions are maintained within the previous scale of emissions, that adequate
dust suppression controls (including backups) are implemented and that continuous dust monitoring
and proactive staff monitoring (as discussed above) are undertaken to provide an early warning of
fugitive dust problems, then it is my opinion that the effects of Project Martha should be no more than
minor as a result of dust and particulate emissions.
Assessment of blast emissions
The assessment of blast emissions was based on emission testing of the Favona Vent Shaft undertaken
by Watercare Services on l-5th and 16th August 2007. The testing of nitrogen dioxide (NOz), carbon
monoxide (CO) and PMro was undertaken for periods of between 30 to 90 minutes for a series of 5
blasts. The testing coincided with the ignition of each blast and for the period following the blast when
emissions are at their peak and gradually decreasing back to pre-blast levels.
BECA's conclusion of the ambient air concentrations of NOz, CO and PMro arising from this emission
testing was that concentrations within the underground mine vent shaft during blasting were all below
ambient air quality guidelines and standards and therefore air dispersion modelling is not necessary to
demonstrate offsite ambient air concentrations at sensitive receptors for the current Martha
Underground mine proposal which will be of a similar scale of blasting activity.

ln addition to this, BECA has provided additional confirmation that Oceana Gold undertakes regular
monitoring of NOz, CO and respirable dust/ respirable quartz and inhalable dust for Worksafe purposes
within the mine when vehicles are operating. The monitoring has not identified any exceedances of
the relevant Workplace Exposure Standards. lt is important to note however, that this monitoring does
not coincide with times when blasting is occurring as the mine is evacuated and no vehicles are
operating during blasting. Workplace exposure standards are also higher than ambient air quality
standards as they typically apply to a working day of 8 hours rather than the ambient guidelines which
apply for 24 hours. Despite this, the absence of any monitored exceedance of workplace exposure
standards within the mining area provides additional evidence that ambient air guidelines and
standards are unlikely to be exceeded outside the boundary of the mining area when taking account
of downwind dispersion and dilution.
It is also relevant to consider the air dispersion modelling that was undertaken in 20L2 in association
with the potential Correnso Mine blast emissions (Golden Link project air discharge AEE) which
indicated that ambient air quality guidelines would not be exceeded. I gather that that modelling was
based on the 2007 blast emission testing results.

within the previous scale of blast emissions as monitored
in 2OO7 , then it is my opinion that the effects of blast emissions on ambient air concentrations of NOz,
CO and PMro associated with the Martha Project will be no more than minor. However, I recommend
that some further emission testing is undertaken during representative blasting events as was
undertaken in2OO7.
As long as the blast emissions are maintained

Products of combustion from surface vehicles

With regards to products of combustion from surface vehicles (NOz, CO, and PMro),

previous
guidelines
met.
were
being
that
ambient
1993
determined
monitoring of ambient concentrations in
On this basis, Beca's assessment predicts a similar level of combustion related contaminants on the

within the mine will be similar to
recent levels and with regards to the combustion related contaminant sulfur dioxide (SOz), this is

basis that the frequency and concentration of vehicle movements
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predicted to be significantly less as a result of the significant reduction in sulfur content in dieselfuels
that has occurred.
Beca's assessment did not however clarify whether or not the similarity in current vehicle fleet meant

that there is a similar proportion of vehicles compared with previously i.e. similar proportion of
excavators to trucks to light vehicles etc?
Further information provided by Beca included a comparison of heavy to light vehicle ratios for 2006
compared with 2014. The information provided indicates that there has only been a very small increase
in the heavy to light vehicle ratio over this period and therefore it is not expected that vehicle emissions
will have increased significantly over this period. While this comparison only considered 2006 fleet
ratios to 2014 fleet ratio rather than a comparison with L993 fleet ratios, I am confident that the
significant advances in engine technology and fuel specifications that have occurred over the
intervening years since 1993 should balance out any increase in emissions should there have been an
increase in the heavy to light vehicle ratio.
I am therefore in agreement with Beca that emissions from vehicles associated with Project Martha
operations will not result in exceedances of ambient air quality guidelines outside the mine boundary.
Further evidence for this is provided by the results of monitoring for worksafe purposes within the
mine when vehicles are operating as previously discussed under the section on blasting emissions. No
workplace exposure standards have been exceeded which provides confidence that ambient air quality
guidelines and standards beyond the mining boundary will also not be exceeded.

Existing dust mitigation methods

The following dust mitigation methods already currently being undertaken as per the current air
quality management plan (AQMP) were discussed in Beca's assessment. Further information on these
mitigation methods was provided in response to queries I raised about their implementation:
a)
Keep exposed surfoce oreos to o minimum ond re-vegetate exposed oreas os soon os practicol.
ln response to my question "Can a limit be placed on the square area of exposed soil at any
one time during earthworks rather than just saying keeping this to a minimum and revegetating as soon as practical?" Beca responded that it is not practical to set a limit based on
difficulties in estimating the size of exposed areas in multiple locations and determining what
would be an acceptable limit. ln their experience, many AQMPs include a method which
requires minimisation and revegetation, as soon as practicable, and this is the approach
included in the dust mitigation measures recommended in MfE's Good Practice Guide for
management of dust.
b)
Limit vehicle speeds on houl roods ond occess roods within the project oreo; Minimise houl
distonces.
ln response

c)

to my question "What is the limit for vehicle speeds and how will the consent
holder provide evidence that the haul distances are minimised? Will there be documentation
available to provide evidence of this?" Beca responded that speed limits are imposed within
the mine that are appropriate to the nature of the traffic using the road and the design of the
road and are imposed for both safety and dust suppression reasons. The speed limits can
change as the mine layout changes over time. While it is not practical to impose a blanket
speed limit for roads, we consider that it is appropriate that any specific speed limits are
included in the AQMP. Similarly, they responded that it is impractical to quantify limits on
minimising haul distances but that it is in the general interests of Oceana Gold to minimise haul
distances for time and fuel efficiency. The GPG for dust recommends a method to minimise
travel distances and in their experience, many AQMPs include such a method.
Utilise, where oppropriote ond cost effective, opproved surface-binding agents for dust control
on roads.
ln response to my question "What is the decision making process for using dust suppressants
rather than other forms of mitigation?" Beca responded that the use of dust suppressants will
be assessed based on their appropriateness and cost effectiveness, compared to alternative
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d)

e)

dust control methods, such as the use ofwater and other surface coatings such as aggregates
and sealing.
Looding, conveying ond unlooding controls
ln response to my question "How are drop heights minimised? Can this be quantified/ height
restrictions imposed?" Beca responded that it is impractical to set maximum drop heights as
they vary according to the type of equipment and materials being handled. Oceana Gold makes
their equipment operators aware of the impact excessive drop heights can make to dust and
noise emissions as part of their training.
Vegetate the outer walls of the noise bunds os soon os procticable ofter construction hos been
completed.
No response was provided to my question "l think that a maximum time period should be
imposed by which time vegetation should have been completed i.e. as soon as is practicable
after construction is completed but no later than 2 weeks after for example?"

The responses provided generally addressed my concerns around implementation of dust mitigation
methods and controls. However, I recommend that wherever possible that mitigation methods and

controls identified in the AQMP should be as specific as is practicable and are undertaken in
accordance, where possible and relevant, with the Ministry for the Environment's Good practice guide
for assessing and managing dust including the recommendation that staff are properly educated about
the importance of good dust management and achieving compliance.
National Environmental Standards for Air Quality
The Government has gazetted the Resource Management (National Environmental Standards for Air
Quality) Regulations 2004 (NESAQ). The NESAQ includes standards for ambient air quality that specify
concentration limits for five contaminants (PMro, NOz, CO, SOz and ozone) and in some instances
allowable exceedences of those limits. For PMro the standard is 50 pg/m3 as a 24 hour average with an
allowance for one exceedance per year within an airshed. As already discussed, I am in agreement with
BECA that discharges to air associated with Project Martha should not result in exceedances of these
ambient air quality standards.
ln addition to this, the NES for Air Quality Amendment Regulations 2011 came into force on 1 June
2011. Regulation 17(1) of the NESAQ requires a decline of an application for a resource consent to
discharge PMro by more than 2.5 gg/m3 (24 hr average) in any part of a polluted airshed other than
the site on which the consent would be exercised.
Regulation 17(1)only applies to discharges that effect polluted airsheds. The Martha Project discharges
fall within either the Waihi airshed or the "Rest of the Region" airshed, both of which are non-polluted
airsheds. Therefore the regulation does not apply and the consent cannot be declined on this basis.

Conclusions/Recommendations
I have reviewed BECA's assessment of environmental effects of discharges to air associated with
Oceana Gold's proposal to extend the life of the Waihi mining activities by developing Project Martha
which includes the MP4 pit and the Martha Underground mine.
BECA's overall conclusion is that the potential effects of the discharges
Martha are expected to be less than minor.

to air resulting from Project

agree with BECA that the ambient air quality monitoring and workplace exposure monitoring to date
indicates that compliance is being achieved with ambient air quality standards. I also agree with BECA's
overall assessment that the total quantity of potential emissions to air will not change substantially
from the existing Martha pit and underground mine emissions and will be less than historic levels when
the Martha pit was in full production but that the location and scale of some individual emission
sources will change.
I
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However, BECA's assessment indicates that for some properties located within 100 metres of the
proposed construction works at the north end of the Martha pit, that there is a moderate risk that
short term adverse effects which have potential to cause offensive or objectionable effects for short
periods may result especially during dry windy conditions. BECA has proposed additional mitigation
controls in the form of windspeed and wind direction trigger limits to address this.

It is my opinion that due to the scale of the activities and the proximity of the construction works to
the residential properties at the northern end of the pit that the potential effects will not as BECA
concludes be "less than minor". There is a moderate risk of adverse effects associated with discharges
of dust during dry windy conditions if there is poor implementation of dust controls. Therefore,
conclude that the level of adverse effects is best described as "no more than minor" as long as the
I

current mitigation controls and additional mitigation controls are adhered to as well as some additional
controls and monitoring that I consider necessary to ensure more proactive and rapid responses to
dust issues.
My additional recommendations are:

o

r
o

o
o

That a high level of priority should be implemented by Oceana Gold to ensure that the
potential for fugitive dust discharges are identified and adequately mitigated well before they
result in complaints. This should include frequent proactive monitoring by staff in the
residential areas closest in proximity to the mining activity.
Priority should also be given to ensuring that there is adequate backup dust suppressant
systems such as water carts and sprinkler systems.
ln addition to the recommended windspeed monitoring triggers, I recommend that continuous
dust monitoring using an optical technique is undertaken at one of the stations such as station
6.63 (Met station site) at Barry Road and at the northern boundary in the vicinity of Bulltown
and Cambridge Roads. The purpose of such monitoring would be to provide an additional early
warning system/proactive monitoring capability rather than rely on retrospective monitoring
to help identify when problems are occurring and to ensure that mitigative actions are taken
promptly. The continuous dust monitoring data would also provide evidence of whether or
not adverse effects where likely to have occurred.
That further emission testing is undertaken during representative blasting events as was
undertaken by Watercare Services in 2007 .
That wherever possible the mitigation methods and controls identified in the AQMP should be
as specific as is practicable and are undertaken in accordance, where possible and relevant,
with the Ministry for the Environment's Good practice guide for assessing and managing dust
including the recommendation that staff are properly educated about the importance of good
dust management and achieving compliance.
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APPENDIX D

GEOKEM

Geothermal and Envlronmental Geochemistry
P.O. Box 30125, Barrington

Christchurch 8244
New Zealand
e-mail : jenny@geokem.co.nz

ph: 64 3 347 3458

30 September 2018
Sheryl Roa

Environment Waikato
P.O. Box 4010
Hamilton

Re: Project Martha Resource Consent application: Geochemical Assessment

Dear Sheryl

I have reviewed Appendix S of the Project Martha Resource Consent application document as
requested. This Appendix details an assessment of the likely geochemical effects of moving, using,
storing and replacing ore and overburden in the course of the new development.
OverallComment
The monitoring plan and proposed conditions for limestone addition to the overburden rock do appear
appropriate for the control of acid generation during weathering. This company has a long history of
effectively controlling ARD at this site, and this does provide some confidence in their adaptive
management of acidity generation on site.

However, the predictions in this geochemical assessment of the effects of the new project, are not
actually based on geochemical data for the overburden to be managed in this new project, neither for
predictions of acid generation potential, nor for trace element leaching from the overburden used as
backfill in the underground mine. This seems to be a major shortcoming. All predictions are based on
the assumption that this overburden will have the same average composition and characteristics as
previously mined and managed rock from the pit.

lappreciate that extensive testing of the material to be mined may be expensive, but enough testing
to be sure there were not major departures in the characteristics of the rock to be moved, stored and
mined, would not have been a major cost. Assumptions about the character of the slip material, which
is now partially oxidized, are of particular concern in this regard.

Specific Comments (relating to different sections of Appendix

S)

3.0 Geochemical Assessment

the author that the past 30 years of experience effectively controlling ARD at this site do
provide some confidence in their ability to do this. However, the lack of geochemical data provided for
any of the rock types (ore or overburden) to be managed through this consent is of concern. While
sampling and analysis has evidently been "scheduled" (p6), it is unclear why none at all has yet been
undertaken. The sampling and analysis of L0-15 representative samples of the overburden would have
been enough to demonstrate geochemical similarity (or otherwise) with previously analysed and tested
rock (e.g., as shown in Table2). This would have been a minimal cost, compared to the cost of the overall
I agree with

effects assessment and consent application process.
lnstead, this assessment is entirely based on the geochemistry of other ore bodies considered to have
similar mineralogy (Martha, Favona, Correnso and Trio), and then only for predictions of acid
generational potential. There is no data at all provided for the trace element contaminants identified
as being of potential concern in the overburden: antimony, selenium and arsenic (p6), either for the
existing mines or for the proposed mining. As noted below, these elements can all be mobile under
neutral pH and alkaline conditions ... they do not need acid conditions to develop before they leach
from oxidised rock. Therefore, preventing acidity generation (e.g., through limestone addition) is
unlikely to control their mobility.

further 10 years of mining has been applied for here ... a greater degree of confidence is needed that
this will be "business as usual" in terms of the geochemical processes in the overburden that can
adversely affect the quality of the natural water systems.
A

4.0 Overburden Management
ln general terms, the philosophy is to monitor overburden stockpiles and add limestone if required to
prevent acid generation for the waste, until they can be placed in permanent storage. Overburden to
be stored permanently at the Central and Eastern Stockpiles and in the TSF will be stored in accordance
with existing practice (compaction and covering with NAF material), which has proven effective in the
past.

However, it doesn't appear that consideration has been given to the trace elements that may leach
from oxidised overburden under neutral or alkaline pH conditions. lf the concentrations of such trace
elements in the overburden were presented, the risk posed by their leaching under such conditions
would be easier to assess.

Section

4.1 Short term storage of overburden stockpiles (excluding slip moterial)

Project Martha overburden is predicted to have considerable acid generation potential, based on the
mineralogy of other Martha pit rock, and some may need to be stockpiled for short periods (up to 30
weeks). Limestone amendment is proposed to limit acid generation during this temporary storage,

and limestone dosing requirements have been calculated. These calculations appear reliable, and
conservative assumptions have been made where there is uncertainty. lt does appear that the kinetic
experiments undertaken to derive NAPP here may be on overburden from the pit, collected specifically
for this assessment (this is somewhat unclear). Limestone dosing rates can be adjusted based on the
actual character of the overburden to be stockpiled, once this is known, using this same calculation
method.
Other than the fact that the potential for trace element leaching has not been considered here, these
mitigation measures appear suitable to the task of preventing acidity generation during stockpiling.

Section

4.2 Freshly mined overburden

used os underground bockfill

The effects of backfill leaching on the groundwater quality, assuming only low acid-forming backfill has
been used, have been predicted using a geochemical computer model (PHREEQC). I do have some

major concerns with the process used here. There are simply too many assumptions which appear
unjustified, and too few details of the geochemical processes that have been modelled, to lend
credibility to the predictions made. My concerns include;

o

The modelling has simulated the mixing of a leachate from a previous Martha mine overburden
leaching column test (pH 2.5), with a groundwater from Shaft No 7. lt is noted that the backfill
will actually include up to 30% cement aggregate fill, but this does not appear to have been

considered in the modelling exercise. This must be a factor in pH prediction, and the trace
element content of this cement aggregate could certainly influence leachate quality. Similarly
it is noted that the Martha overburden is not expected to generate an acid leachate, and that
limestone will be added if it has the potential to do so. So using an acid leachate in the
simulation doesn't appear to be relevant.

o

I am unclear why the leachates was initially "equilibrated" with minerals such as sulphides,
hydroxides etc. lf this is a leachate, then surely it has already reacted with those minerals which
would dissolve in the overburden. Also, what was actually done here? Were minerals allowed
to precipitate if saturated, or dissolved if unsaturated, and the trace element concentration
changed by an appropriate amount?

o

Controlling redox conditions would have been very important in this model, and this is not
mentioned, other than to infer that both the leachate and groundwater may have been reducing
or anaerobic (final paragraphs, p15). lf so, why would iron oxides form and/or be stable and
available to adsorb trace elements?

o

How much iron oxide is assumed to be present and able to react (to adsorb) trace elements?
The proportion of trace elements adsorbed will be highly dependent on this value. Assuming
that all of the iron mass present is ferrihydrite (as stated) would greatly overestimate the
adsorption capacity of this rock.

o

The ionic strength of the water is most unlikely to be affected by trace element adsorption ...
not when there is over 1000 mg/L of sulphate (and high concentrations of other major ions)

present! Nor would lowering the ionic strength necessarily lead to iron removal from solution.
Why has goethite solubility been considered in preference to the solubility of other iron oxides?
This whole section (# 3, pL4) doesn't make much sense to me l'm afraid.
can't see how a pH 7.1water can be generated by mixing pH 6.5 and 2.5 waters, unless the pH
has been strongly buffered by another reaction, such as the addition or dissolution of carbonate
minerals. lf this has been included in the model, then an explanation is required here.
I

The commentary at the end about trace element behavior is quite inconsistent with how I would
perceive the situation. lf Fe and Mn are high due to reducing conditions, then it is unlikely that

fresh iron oxides will be forming to adsorb and attenuate the trace elements. lf iron oxides ore
stable, it is unlikely that there would be much attenuation of arsenic, cadmium and zinc at the
pH conditions predicted (pH 7.1). Cadmium may be high under anaerobic conditions (unless
dissolved sulphide is present), but I cannot see why it would necessarily precipitate under
aerobic conditions? Which cadmium mineral is predicted to form? Finally, it is not just selenium
that exists as an anion and would adsorb poorly to iron oxide at neutral pH, but arsenic and
antimony also exist as anions.

Section

4.3 Overburden from the pit

slip to be stockpiled or used in TSF

A rate of limestone amendment required to neutralize the acid generation from the partially oxidized
slip material, if it is stored above ground, has been estimated here. While certainly the limestone
amendment rate can be adjusted to accommodate the actual acid generation characteristics of the slip
material once they are known, I am puzzled by the preference to rely on quite arbitrary assumptions
regarding oxidation depth, NAPP and porosity of the slip material (detailed back on p7l for these
predictions. This creates huge uncertainty, and it would not have been difficult or particularly costly
to measure these characteristics of the slip material.

5.0 Mine Tailings Management
It is anticipated that tailings generated from Project Martha will make up 5% of the material eventually
stored in TSF 14 and TSF 2, most of which is already tailings from the Martha pit. lt is therefore also
anticipated that seepage and decant chemistry will not change greatly from what it is now. This seems
reasonable. I note however that the chemistry shown for the current TSF seepage does not include Se,
previously noted as a trace element of some concern. Nor has Se been considered when discussing the
geochemical processes that act to reduce trace element concentrations in seepage through the tailings
pile. ls this an oversight, or is this not monitored?

A final

thought

the lifetime of this mine continues to extend, way past the once proposed 2007 end date, the
cumulative effects of contaminants that do build up in stream and river sediments (such as selenium)
may need to be reassessed. t see an end date of 2030 is now proposed, and don't doubt that further
As

ore will be identified to extend the mine life beyond even this date. Given the relatively good
environmental record of this mining operation, extension is not necessarily a bad thing, but the
operations will continue to discharge into the same rivers and their cumulative effects over time cannot
be ignored.

Yours sincerely

/r;fiPa'^-p6^
/
J

Dr Jenny Webster-Brown

