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INTRODUCTION
1.

My name is Christopher Wayne Hickey. I work for RMA Science specialising
in Ecotoxicology and Environmental Risk Assessment. Previously, until
September 2020, I was employed as Principal Scientist – Ecotoxicology and
Environmental Chemistry with the National Institute of Water and
Atmospheric Research Limited ("NIWA") based in Hamilton. Prior to this I
was employed by NIWA and its predecessors as a research scientist since
1979.

2.

I hold the degrees of:
(a)

B.Sc., chemistry and biology from the University of Waikato (1976);

(b)

M.Sc. (hons), biochemistry and chemistry from University of Waikato
(1978); and

(c)

Doctor of Philosophy in biochemistry/microbiology from the
University of Waikato which I received in 1986.

3.

I have worked for over 40 years in environmental research and consulting in
the area of contaminant impacts in fresh and marine waters. My specialist
areas are in water quality guidelines and environmental toxicology.

4.

My research experience includes:
(a)

characterisation of wastewater treatment systems;

(b)

environmental impact of wastewater discharges; determining
species sensitivity to chemical contaminants;

(c)

biomonitoring for chemical contaminants and their effects on native
fish and invertebrate species;

(d)

derivation of water and sediment quality guidelines; and

(e)

remediation of environmental contamination.

BAT99881 9918081.1
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5.

I was a contributing author to the ANZECC (2000) water quality guidelines1;
the New Zealand Municipal Wastewater Monitoring Guidelines2; and
Guidelines for Drinking-water Quality Management for New Zealand.3 I am
currently on a technical committee undertaking a review and derivation of
new and revised Australian and New Zealand Guidelines (ANZG) for marine
and freshwaters4 and have been involved in revision of several guidelines –
including the updated guideline for boron in freshwaters.5

6.

I am also on the Technical Experts Committee for toxicants and sediments
for the Ministry for the Environment for derivation and implementation of
national environmental standards for freshwaters. I was responsible for the
recently implemented national standards for nitrate and ammonia6, while
contributing to reports providing the basis for future standards for other
contaminants (nutrients and sediments7).

7.

I was a Regional Associate Editor of Environmental Toxicology, an
International Wiley Journal (1999-2005). I am a member of the Society of
Environmental Toxicology and Chemistry (SETAC). I was President of
SETAC Global (over 5000 members) in 2004 and served on the Board of
Directors for SETAC Asia/Pacific (2001-2010). In 2016, I was elected a
SETAC Fellow. Through my close involvement with national and
international societies, I have been involved with the organisation of and
have participated in numerous workshops and conferences covering a wide
range of environmental issues. This experience is invaluable in undertaking

1

ANZECC/ARMCANZ (2000). Australian and New Zealand guidelines for fresh and marine water quality. Canberra,
Australia, National Water Quality Management Strategy Paper No. 4, Australian and New Zealand Environment
and Conservation Council and Agriculture and Resource Management Council of Australia and New Zealand.
2
NZWERF (2002). New Zealand Municipal Wastewater Monitoring Guidelines. Wellington, New Zealand Water
and Waste Association.
3
MoH
(2005).
Drinking
water
standards
for
New
Zealand
2005
(Revised
2008)
(http://www.health.govt.nz/publication/drinking-water-standards-new-zealand-2005-revised-2008).
Wellington,
New Zealand, Ministry of Health.
4
Warne, M. S., G. E. Batley, O. Braga, J. C. Chapman, D. R. Fox, C. W. Hickey, J. L. Stauber and R. Van Dam
(2014). "Revisions to the derivation of the Australian and New Zealand guidelines for toxicants in fresh and marine
waters." Environmental Science and Pollution Research 21: 51-60, Warne, M. S., G. E. Batley, R. A. van Dam, J.
C. Chapman, D. R. Fox, C. W. Hickey and J. L. Stauber (2018). A revised method for deriving Australian and New
Zealand water quality guideline values for toxicants - update of 2015 version. Australian and New Zealand
Governments and Australian state and territory governments, Canberra, Prepared for the revision of the Australian
and New Zealand Guidelines for Fresh and Marine Water Quality: 54.
5
ANZG (2021). Toxicant default guideline values for aquatic ecosystem protection: Boron in freshwater.
(https://www.waterquality.gov.au/anz-guidelines/guideline-values/default/water-quality-toxicants/toxicants/boronfresh-2021). Australian and New Zealand Guidelines for Fresh and Marine Water Quality. Canberra, ACT, Australia,
Australian and New Zealand Guidelines for Fresh and Marine Water Quality. Australian and New Zealand
Governments and Australian state and territory governments: 30.
6
MfE (2014). National Policy Statement for Freshwater Management 2014. Updated August 2017 to incorporate
amendments from the National Policy Statement for Freshwater (http://www.mfe.govt.nz/publications/freshwater/national-policy-statement-freshwater-management-2014-amended-2017_). Wellington, Ministry for the
Environment: 47.
7
Franklin, P., R. Stoffells, J. Clapcott, D. Booker, A. Wagenhoff and C. W. Hickey (2019). Deriving potential fine
sediment attribute thresholds for the National Objectives Framework, NIWA and Cawthron report prepared for
Ministry for the Environment: 292.
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site-specific evaluations of environmental contaminant risks in various
geographic locations.
8.

Acting as a consultant, I have been involved with the:
(a)

design and implementation of aquatic toxicity assessment and
biomonitoring programmes;

9.

(b)

monitoring of pollution impacts;

(c)

environmental impact reports and discharge consenting applications;

(d)

site-specific guideline derivations; and

(e)

government policy advice.

I have authored or co-authored over 100 published scientific papers on a
range of freshwater and marine environmental toxicology topics, including:

10.

(a)

toxicity of chemicals to organisms;

(b)

pollution impacts on benthic communities;

(c)

the use of freshwater and marine organisms for biomonitoring; and

(d)

the chemical contamination of freshwater and marine sediments.

While this is not an Environment Court hearing, I have read and agree to
comply with the Code of Conduct for Expert Witnesses in the Environment
Court Practice Note 2014. This evidence is within my area of expertise,
except where I state that I am relying on material produced by another
person. I have not omitted to consider material facts known to me that might
alter or detract from the opinions expressed in my evidence.

SCOPE OF EVIDENCE
11.

I have been asked by Bathurst Coal Limited (BCL) to provide ecotoxicology
evidence in relation to the closure proposal for the Canterbury Coal Mine
(CCM). I have reviewed the Addendum AEE for Closure and Rehabilitation
for the CCM, including the relevant Appendices 5, 6 and 7, as well as recent
water quality monitoring results.

BAT99881 9918081.1
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12.

My evidence is provided in response to matters raised by the Environment
Canterbury (ECan) experts and focuses on the specific matter of the
ecotoxicology implications if the proposed water quality requirements are not
met for discharges at the CCM site.

EXPERIENCE WITH THE SITE
13.

I visited the CCM in October 2017 to inspect Tara Stream, Bush Gully
Stream and various seep sites associated with historic mine workings.

14.

On the 19 October 2017 I, together with Bathurst Resources Limited (BRL)
staff, met with ECan staff to discuss boron toxicity issues and potential
species which might be used in laboratory boron toxicity studies.

15.

A study design was then proposed and subsequently accepted to undertake
chronic boron toxicity testing with the Canterbury Mudfish (Neochanna
burrowsius), laboratory testing for boron sensitivity for periphyton biofilms,
and the derivation of site-adapted water quality benchmarks for boron which
were suitable for application to streams in the region of the CCM operations.

16.

That study was completed in 2019.8

EXECUTIVE SUMMARY
17.

In my evidence below I provide an ecotoxicological risk assessment for the
potential effects of exceeding the currently consented compliance guidelines
for boron, iron and manganese present in the CC02-underdrain water.

18.

The conclusions I have drawn from my analysis of potential ecotoxicological
effects are:
(a)

I expect that the proposed treatment and dilution will appropriately
manage boron concentrations almost all of the time.

(b)

Based on my assessment, using the site monitoring data and a
water-balance model for the storage ponds and treatment system
(developed by Dr Paul Weber (Dr Weber)), there will be very
infrequent prolonged dry years where water is not available to meet

8

Hickey, C. W., K. J. Thompson, S. Bell and J. Arnold (2019). Chronic sensitivity of juvenile Canterbury mudfish
(Neochanna burrowsius) and periphyton (Rhizoclonium sp.) to boron, NIWA report prepared for Bathurst Resources
Ltd: 87.
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chronic water quality guidelines for boron. This is predicted to occur
relatively infrequently with 21 occasions over a 32-year modelled
period.

This can be monitored and responded to by adaptive

management techniques through the initial closure phase when
additional dilution water is available.
(c)

That efficient treatment at both high and low water flows will be
required to manage iron and manganese concentrations and
discharge loads to Tara Stream from the underdrain. But recent
monitoring suggests concentrations are currently stabilising and
mass-load reducing from historic levels. This is both to provide
compliance with water quality guidelines but also to minimise
accumulation and regeneration of dissolved iron and manganese
which may precipitate at downstream sites.

(d)

That the wetland on Tara Stream downstream of the CC02 discharge
will likely provide efficient removal of boron by plant uptake, reducing
exposure to downstream aquatic species. This water quality changes
in passage through the wetland should be incorporated as a
component of the receiving water monitoring programme.

19.

Overall, I consider that a robust adaptive management process will be
required to manage the treatment system and future discharges. The TARPs
related to this process should be incorporated in conditions of consent to
incorporate decision-making criteria and agreed triggers for compliance
monitoring, together with appropriate statistical assessment procedures.

ECOTOXICOLOGY ASSESSMENT
20.

BCL undertake comprehensive water quality monitoring of both their
compliance monitoring sites but also downstream receiving water sites. This
assessment relates to potential boron toxicity effects on the Tara Stream
which receives CCM discharges at site CC02-tele – the compliance site, with
receiving water undertaken downstream at sites CC03 and CC09
(Appendix 1).

21.

Historical monitoring of chemical parameters at site CC02-tele has shown a
progressive decline in concentrations for some parameters (e.g., boron) and

BAT99881 9918081.1

Page 7 of 19

a marked decline for many metals (e.g., dissolved zinc and dissolved
manganese (Appendix 2).
22.

Recent monitoring for CC02-tele has shown that the discharge has been
largely compliant with the boron consent limit of 1.5 mg/L – or not
discharging at the time of sampling (Appendix 3).

23.

Concentrations of boron at the downstream CC03 site are generally
substantially lower that that at CC02 on paired sampling occasions.

24.

Based on my understanding, the Tara Stream reach between CC02-tele and
CC03 comprises a wetland surrounded by pine plantation. I consider that the
receiving water consistent reductions in boron concentrations in this reach
are either associated with uptake by wetland plants – submerged or
emergent – or dilution by springs with low boron concentrations.

25.

The most downstream monitoring site on the Tara Stream at CC09
consistently shows boron concentrations below 0.5 mg/L and are generally
comparable with the CC03 concentration (Appendix 3).

26.

My understanding is that characteristic water quality for the CC02underdrain discharge provides the basis for predictions of future discharge
concentrations and loads and for this risk assessment.9

27.

The basis for these predictions are described in the evidence of Dr Weber.
He describes the basis for a range of scenarios for treatment of the CC02underdrain water through the mussel shell reactor (MSR) – to increase pH
and remove metals, use of storage pond water with low boron concentrations
(0.4 to 0.6 mg/L from pond NO2) to dilute the CO02-underdrain water prior
to discharge, and rainfall and storage volume simulations for available NO2
dilution water.

28.

I have reproduced the summary monitoring plots for recent CC02-underflow
data

for

flow,

boron,

dissolved

zinc

and

dissolved

manganese

concentrations; and provide summary statistics for the CC02-underdrain and
CC02-tele sites for data since January 2019 in Appendix 4.

MWM (2021a). Canterbury Coal Mine Closure (Memorandum 1) – Tara Mussel Shell
Reactor Treatment System Design, Memorandum produced for Bathurst Coal Limited by
Mine Waste Management (MWM) Limited: 18.

9
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29.

Both the boron and dissolved manganese concentrations show an
increasing trend as the flow rate decreases in the CC02-underdrain, while
the mass load discharges progressively decreases as a result of decreasing
flow. The median boron concentration for the monitoring since 2019 was 2.4
mg/L and the maximum 4.3 mg/L and flow of 0.05 L/s on 15 April 2021.

30.

Dr Weber has used the 90th percentile value for boron of 3.7 mg/L as a
representative value for his water quality summaries related to his discharge
scenarios. I consider this to be a conservative approach for application to
this discharge scenarios.

31.

A range of scenarios have been tested for managing future discharges from
the mine site as described by Dr Weber.

32.

Scenario 7 provides for treatment of the CC02-untreated flow through the
MSR at design flow (0.2 L/s) with boron compliance through NO2 pit pond
dilution at 0.48 L/s. The modelled time-series for Scenario 7 since 1988 is
shown in Appendix 5 together with a summary of durations when no NO2
dilution water would have been available. During these periods the water
quality in the discharge will default to the treated CC02-underdrain water
quality.

33.

As described by Dr Weber, under Scenario 7, the majority (94.4%) of the
time N02 Pit Pond discharge rates are likely to be equivalent to decant
discharge rates (of 0.48 L/s), with higher flows occurring ~4.3% of the time
when N02 Pit Pond is spilling. Modelling suggests there would be zero
decant discharge occurring only 1.3% of the time (for the modelled ~30-year
Whitecliffs rainfall record). The Scenario 7 model indicates zero decant
discharge periods result from prolonged dry periods and are infrequent
(occurring on a 2- to 7-year basis with a total of 21 zero decant events over
the modelled ~30-year Whitecliffs rainfall record). The modelled duration of
zero decant flows ranged from 1- to 18-days, with an average length of 7days (Appendix 5). The lower flow events tend to cluster together rather
than occurring every year or so. No periods with zero discharge from the
NO2 pond have been predicted for the period since 2016.

34.

In periods when no dilution flow is available from the NO2 pond, the
predicted flow will be 0.076 L/s (about 4.5 L/min) and the boron
concentration 3.7 mg/L for the discharge at CC02-tele.

BAT99881 9918081.1

Page 9 of 19

35.

Notably, this low flow and elevated boron concentration for the discharge is
predicted to occur relatively infrequently with 21 occasions over this 32-year
modelled period. When the exceedances occurred, 67% were of less than
7-days duration – which would be considered an acute (short-term) event
from a toxicological perspective for effects on fish, with the remainder being
considered chronic (long-term) potential exposure conditions.

Toxicological risk assessment: Boron
36.

The ANZG for toxicants in water are derived for chronic (i.e., long-term)
exposure to elevated chemical concentrations. There are no ANZG for acute
(i.e., short-term) exposure to chemicals in the aquatic environment, though
this toxicity information is available from other international jurisdictions.

37.

The ANZG for boron in freshwater have recently been updated.10 The ANZG
provide guideline values (GV) for a range of nominal species protection
values for all species and life-stages of aquatic species. The sensitivity data
used includes plants, invertebrate, amphibians and fish.

38.

The species sensitivity distribution (SSD) data for the 22 species with chronic
data for the boron derivation are shown in Appendix 6. The derivation data
comprised eight fish, two amphibians, three crustaceans, one bivalve, three
macrophytes, one green microalga, three diatoms and one blue–green alga.

39.

Additional data are shown on the SSD for chronic sensitivity data for juvenile
Canterbury mudfish and a filamentous alga from streams adjacent to the
CCM site. The juvenile Canterbury mudfish have a chronic sensitivity of 10.2
mg/L – 71st percentile of SSD values – based on a 40-day toxicity test,
measuring toxicity endpoints of survival, growth (length and weight) and
condition. The filamentous algae sensitivity was 1.7 mg/L based on a 7-day
growth test.11

40.

Compared with the consented standard for boron at site CC02-tele of 1.5
mg/L, there is a 6.8x safety factor for the Canterbury mudfish and a 1.1x

10
ANZG (2021). Toxicant default guideline values for aquatic ecosystem protection: Boron in freshwater.
(https://www.waterquality.gov.au/anz-guidelines/guideline-values/default/water-quality-toxicants/toxicants/boronfresh-2021). Australian and New Zealand Guidelines for Fresh and Marine Water Quality. Canberra, ACT, Australia,
Australian and New Zealand Guidelines for Fresh and Marine Water Quality. Australian and New Zealand
Governments and Australian state and territory governments: 30.
11
Hickey, C. W., K. J. Thompson, S. Bell and J. Arnold (2019). Chronic sensitivity of juvenile Canterbury mudfish
(Neochanna burrowsius) and periphyton (Rhizoclonium sp.) to boron, NIWA report prepared for Bathurst Resources
Ltd: 87.
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safety factor for protection of those species from long-term effects from
boron exposure.
41.

The most sensitive species for boron exposure are aquatic plants.
Theoretically, at the consented standard of 1.5 mg/L there would have been
potential sub-lethal effects on growth for microalgal (diatom) species and a
macrophyte (duck weed, Lemna sp.) should the long-term concentration of
the discharge be maintained at this level (Appendix 7). Generally, however,
the recent CC02-tele monitoring indicates that the boron concentrations are
below this compliance standard and closer to 1 mg/L (Appendix 3).

42.

Increasing the boron discharge concentrations to 3.7 mg/L for chronic
duration periods has the potential to result in chronic effects on multiple
species. However, based on modelling this is only expected to occur 21
times of 33 years. This threshold is shown on the SSD and equates to the
30th percentile of the distribution (Appendix 6). The potential species
chronically nominally affected are highlighted in Appendix 7, and include
four plant species, an invertebrate (Daphnia sp., reproduction) and a fish
(Zebrafish, Danio sp., embryo mortality).

43.

For a prolonged discharge at CC02-tele of the elevated boron concentration
of 3.7 mg/L (modelled at the return period above) the concentration would
still be less than the chronic sensitivity value of 10.2 mg/L for the Canterbury
mudfish, with a safety factor of 2.8x.

44.

The chronic threshold for the Canterbury mudfish was established based on
40-day reductions in growth (length and weight) for the juvenile fish. The
survival of the fish was 100% percent at the highest test concentration of 55
mg/L for this chronic test.12 This data shows that a prolonged exposure to
boron at 3.7 mg/L would be highly unlikely to result in any mortality to juvenile
mudfish.

45.

The sensitivity to mudfish embryos were not tested for sensitivity to boron
so no information is available on their possible sensitivity relative to the
juveniles. The embryo life-stage of rainbow trout (Oncorhynchus mykiss) –
which is not present in streams downstream of the CCM discharges13 – was

12

Table 4-2 ibid.
Harding, J. S., D. A. Norton and A. R. McIntosh (2007). "Persistence of a significant population of rare Canterbury
mudfish (Neochanna burrowsius) in a hydrologically isolated catchment." New Zealand Journal of Marine and
Freshwater Research 41(3): 309-316.
13
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included in the boron guideline derivation with a sensitivity value of 6.2 mg/L
for a mortality endpoint. If present, rainbow trout embryos – which are highly
sensitive to a wide range of chemical contaminants, would not be adversely
affected by a discharge at 3.7 mg/L, with a safety factor of 1.7x.
46.

Mudfish are present in Tara Stream with deep pools and farm ponds
providing refugia during periods of low flows (evidence of Dr Kirsty
Hogsden, paragraph 49). Notably, only one individual Canterbury mudfish
was found in Tara Stream, just downstream of the wetland (site CC03)
(paragraph 29(a)). Thus, exposure of Canterbury mudfish to elevated boron
concentrations is likely to occur during low flow periods after the treated
discharge passes through the wetland downstream of the CC02-tele site and
upstream of the CC03 site. As noted, these events are likely to be very
infrequent.

47.

Based on the monitoring data for boron at the three Tara Stream sites there
is a marked reduction in boron concentrations at sites downstream of CC02tele (Appendix 3). I would expect that this reduction in boron concentration
in Tara Stream between CC02-tele and CC03 will persist in future and will
provide a reduced exposure to downstream aquatic species to elevated
boron concentrations. Furthermore, I consider that the reduced inflow to the
wetland from CC02-tele (Appendix 4) is likely to increase the likelihood of
boron removal during passage downstream to CC03.

48.

The wetland receiving environment immediately downstream of the CC02tele discharge is likely to have a range of submerged and emergent
macrophyte plants which remove boron from the stream water. A number of
publications have demonstrated uptake of boron and their potential as a
treatment system for waters with elevated concentrations.14

49.

I support the adaptive management general approaches recommended to
manage mine closure. The proposed activities for closure, rehabilitation and
post-closure phases are outlined in the Mine Closure Management Plan
(MCMP). The adaptive management for boron concentrations in the CC02-

14

Türker, O. C., J. Vymazal and C. Türe (2014). "Constructed wetlands for boron removal: A review." Ecological
Engineering 64: 350-359, Türker, O. C., C. Türe, H. Böcük, A. Çiçek and A. Yakar (2016). "Role of plants and
vegetation structure on boron (B) removal process in constructed wetlands." Ibid. 88: 143-152, Türker, O. C., C.
Türe, H. Böcük, A. Yakar and Y. Chen (2016). "Evaluation of an innovative approach based on prototype
engineered wetland to control and manage boron (B) mine effluent pollution." Environmental Science and Pollution
Research 23(19): 19302-19316, Moghadam, N. K., B. A. Lajayer and M. Ghorbanpour (2020). Boron Tolerance in
Plants. Metalloids in Plants: 301-314.
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tele discharge to Tara Stream are described in paragraphs 79-127 of Dr
Weber’s evidence.
50.

In addition, I would recommend that flows and water quality measurements
be taken in the wetland reach between CC02-tele and CC03 in
representative dry/low-flow periods to quantify the role of the wetland for
modifying hydrology and water quality for downstream receiving water
environments. This monitoring would particularly target the effectiveness of
the wetland plants for up uptake and removal of boron.

51.

I expect the wetland to be effective for that. Once this effectiveness (or
otherwise) of the wetland has been established then the future monitoring
and compliance conditions should be revisited to integrate the hydrology and
water quality modifying process as they relate to the protection of
downstream ecology in the receiving waters.

Toxicological risk assessment: Manganese and iron
52.

The dissolved manganese and dissolved iron concentrations are markedly
elevated in the CC02-underdrain water, which is untreated, compared with
the CC02-tele water discharged to Tara Stream (Appendix 4).

53.

Recent monitoring has shown that the concentration of dissolved
manganese increases in the CC02-underdrain, while the mass load
discharged decreases, as the flow decreases (Appendix 4). This chemical
behaviour of manganese and iron is likely caused by anoxic conditions in
the underdrain groundwater flows which result in solubilisation of
manganese and iron from soils and mineral materials.

54.

The 90th percentile concentrations of the CC02-underdrain water are
markedly greater than the water quality guidelines for iron, manganese and
zinc, indicating that effective treatment systems will be required.

55.

Based on the ANZG for iron of 0.3 mg/L15, a 90-fold reduction in
concentration is required based on the 90th percentile concentration of 28
mg/L. This reduction would be less for the currently consented GV of 1 mg/L
for iron which is based on the US EPA criteria. For manganese only a 60%
reduction is required to meet a GV of 1.9 mg/L, which is based on the ANZG

15

The present ANZG guidelines for iron in freshwaters are based on prevention of precipitation of iron floc on the
bed of the stream in receiving waters. A revised toxicological guideline for iron is currently in the technical review
process and has not yet been finalised.

BAT99881 9918081.1
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GV for 95% species protection16. For zinc, the CC02-underdrain 90th
percentile concentration of 0.66 mg/L which is 83x the default GV for 95%
species protection of 0.008 mg/L, however, the MSR both binds and
removes zinc while adding hardness, which increases the zinc GV for highhardness receiving waters.
56.

I rely on others regarding the efficiency of the MSR for removal of dissolved
iron and dissolved manganese. Dr Weber expects that, based on his
experience, the MSR will conservatively remove >80% of the iron and
approximately 30% of the manganese (paragraph 76).17 Normally, an
efficient treatment for these elements is to aerate the water and allow settling
of the precipitated oxides prior to discharging the liquor. The proposed
treatment should ensure that a suitable aerated liquor, settling basin and
sludge removal system is in place to manage these elements to meet
discharge standards.

57.

The current 90th percentile concentration of manganese in CC02-underdrain
is 3.0 mg/L (Appendix 4). This concentration is above the ANZG water
quality GV for 95% species protection of 1.9 mg/L but less than the 80%
protect value of 3.6 mg/L. Thus, a prolonged discharge of manganese at 3.0
mg/L may result in chronic (i.e., generally sub-lethal) effects on nominally
about 15% of the aquatic species present. I note that the MSR trial reactor
data gave median concentrations for iron and manganese that were below
the current water quality standards for the CC02-tele discharge.18 So I don’t
anticipate this level of exposure to occur.

58.

Notably, without the appropriate treatment (see paragraph 59 below) the
potential exists for adverse ecological effects in the Tara Stream
downstream of the wetland because of a high mass load of dissolved iron
and manganese discharges. Both these elements will precipitate in the
wetland environment under oxidising conditions but will become redissolved
when the wetland is saturated with water, which then become anoxic in the

16
I note that there is an updated guideline derivation for manganese in freshwaters published by Environment
Canada in 2019. That updated derivation provides short-term and long-term guidelines which incorporate both pH
and water hardness as water quality modifiers. CCME (2019). Scientific criteria document for the development of
the Canadian water quality guidelines for the protection of aquatic life: Manganese. Winnipeg, Canada, Canadian
Council of Ministers of the Environment: 68.
17
My understanding is that Dr Weber’s conservative estimates are based on the results on onsite MSR trial reactor
data showing 98% iron removal and 33% manganese removal based on median inflow and effluent concentrations.
Table 3 of MWM (2021a). Canterbury Coal Mine Closure (Memorandum 1) – Tara Mussel Shell Reactor Treatment
System Design, Memorandum produced for Bathurst Coal Limited by Mine Waste Management (MWM) Limited:
18.
18
Table 4 of ibid.
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wetland environment. After the iron and manganese redissolved in the
wetland environment, they will be transported downstream and reprecipitate
in the aerated stream environment.
59.

I note that based on the recent monitoring data for CC02-underdrain
(Appendix 4), that the mass loads of iron and manganese are decreasing
as the flow decreases. That data, together with the MSR trial data showing
high efficiency of removal iron (98%) and manganese (33%)19, together with
the proposed installation of aeration downstream of the MSR (Dr Weber
evidence paragraph 86), provides confidence that there will be an efficient
treatment system for removal of both iron and manganese.

RESPONSES TO SECTION 42A REPORTS
60.

I have read the s42A report by Ms Adele Dawson, consultant consents
planner contracted by ECan. I consider that most of the specific issues
raised in relation to specific ecotoxicological effects of contaminants of
potential concern are covered in my evidence, however, there are a number
of specific issues raised which I address below.

19

Ref

Comment

Response

150(a)

Identification of triggers
for adaptive management

I recommend that the Trigger Action Response Plan(s)
(TARP) be included in conditions of consent, key
monitoring components and time points for
reassessment of monitoring parameters and frequency.
The objective of this updating of the document would be
to better define the monitoring objectives and the
adaptive management process.

151

Details monthly sampling
to provide concentrations
and loads at compliance
sites, "mixing zone sites",
CC03 and CC09 and
others.

Downstream Tara Stream sites at CC03 and cCC09 are
included in the monthly monitoring together with flow
monitoring. The sites for the Tara Stream monitoring
need to be able to distinguish when no stream flow is
occurring - particularly as the flow from CC02 will be
markedly reduced.

153

Specifies the suite of
parameters to be
measured at all
monitoring sites.

Technical comment that this does not specify total or
dissolved for elements. Water hardness will also need to
be measured for site-adapted guideline values for nickel
and zinc. The need for all of these parameters to be
monitored monthly at all sites will be critically considered
as part of the updating of the TARP document (see
Response comment to 150(a) above).

Table 4 of ibid.
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Ref

Comment

Response

154

Sonde water quality
monitoring site
recommendations.

177

As water quality
parameters monitored
consistently achieve
levels where receiving
impacts are minor, then
the applicant has stated
that approval/variations
to resource consents will
be sought to reduce or
remove monitoring
requirements.
Overall, the applicant
concludes that Tara
Stream to be of moderate
ecological value, for
aquatic ecology habitat
values. Lower reaches,
where Canterbury
Mudfish and other
freshwater fishes occur,
have high aquatic
ecology values.

Not clear why the sonde recommended for the NO2
pond spillway and not the CC02 consented discharge
location? The CC02 site information for conductivity, pH
and flow would be the most informative for the
discharge. Not clear why the monitoring recommended
for CC03 which would include the instream wetland
effects on pH and conductivity together with the effects
of adjacent forestry activities. Continuous flow
measurement at a suitable location would be useful for
discharge and water balance assessments.
I support this approach and recommend the basis for
this decision-making criteria be incorporated into an
updated TARP document following the hearing (see
150(a) response comments above).

222(i)

Noted.

245

Quality of the receiving
environment prior to
open cast mining. "Some
metal parameters
commonly associated
with mineral mining
strata measured in 1998
exceeded the current
CLWRP limits but a
significant pH or
AMD issue is not noted in
the assessment."

Noted. This assessment does not specifically mention
the natural boron concentration which was present at
that time or the boron concentrations in seeps.

398(d)

Testing of the coal ash to
be brought to the site
indicates that the pH of
coal ash is around 5.9

Is this statement correct? Coal ash is normally highly
alkaline and this is why it is used for neutralisation of
AMD.

415

"Dr Meredith states that
the water quality limits of
the existing consent are
required to be achieved
100% of the time to
ensure there are no
significant effects on the
receiving environment."

This is a guideline/standards compliance issue. It is
related to the statistical measure(s) used to analyse the
monitoring data for comparison with the numeric
compliance value.

BAT99881 9918081.1

Standard practice for a compliance assessment
programme would be to use a 95th percentile as a
representative measure of the monitored parameter for
water quality guideline comparison. I note, however, that
the compliance assessment for the existing consents for
boron are based on a 3-month rolling median measure.
From a toxicological perspective, the use of a rolling
mean or median is not appropriate for effects
assessment because peak concentrations - which might
result in adverse effects - a smoothed in the averaging
methodology.
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Ref

Comment

Response

426(a)

All the TARP responses
are focused on dry
weather conditions in the
treatment system only.

427-428

I consider that the
TARP’s should be
developed to form part of
the consent conditions as
these could provide clear
responses to monitoring
in the event that results
indicate the initial
management approach is
not successful.
Retaining the current
boron limit of 1.5mg/L is
appropriate but it must be
achieved at all times

Dry weather conditions are expected only very
occasionally. I agree that there needs to be an
assessment of treatment system efficiency over time for
high flow conditions in relation to iron and manganese
concentrations and mass loads. I address this in
paragraphs 55-62 of my evidence.
I support this suggestion that the decision-making
criteria in the TARP should be updated (see my
response to #150 above).

435(a)

435(b)

Additional parameters to
those specified on
CRC170541 should be
monitored (arsenic,
sulphur, PAH, hardness,
alkalinity, DOC)

435(c)

Aluminium and iron
should be monitored at
all times, not just when
outside defined pH
ranges
The consent limits for all
relevant parameters
should be based on the
ANZECC 95% species
protection limits

435(d)

437

BAT99881 9918081.1

With regards to
monitoring water quality
within the N02 Pit Pond,
Dr Meredith has
recommended a number
of sampling requirements
to assess and manage
potential stratification.

Note that the 1.5 mg/L is equivalent to the 90%
protection level - relevant to 435(d) below). See
response to #415 of this responses to the s42A in
relation to compliance assessment.
These recommended parameters should be
implemented only if justified on a risk basis. Historic
monitoring has shown very low arsenic concentrations
(CC02-underdrain generally <0.001 mg/L dissolved
arsenic). Free sulphur would not be expected to be
present, with the AMD containing elevated sulphate
concentrations. There are no water quality guidelines for
sulphur or sulphate. PAH concentrations are very low in
leachates from coal mining activities. Agree that
hardness is required for metal toxicity evaluation and
DOC is a modifier for the forthcoming revised freshwater
zinc guidelines. Alkalinity may be relevant to instream
processes for plant photosynthesis but is not important
for toxicity assessment.
Agree that aluminium and iron should be measured.
Dissolved forms are the most toxicologically relevant but
information on totals would also be useful for
determining the total mass load of these elements
entering the receiving environment.
Not all current consents are based on the ANZECC (now
ANZG) 95% compliance values. The levels of GVs
should be agreed, as should the site-adapted water
quality modifiers (e.g., pH, hardness) and the analytical
species (e.g., total, dissolved). Any
modifications/clarifications from the current procedures
should be agreed as part of the TARP document. This
must include the statistical compliance method and
reporting period(s) for discrete and continuous
monitoring data.
I consider that a low-powered (solar) aeration system
should be used in the NO2 pond to ensure full
oxygenation and mixing of the pond. Such a system
should also be installed in the pond downstream of the
MSR to ensure oxidation of dissolved iron and
manganese. The system used in this pond should
minimise vigorous mixing so as to optimise settling of
oxidised iron and manganese flocs.
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Ref

Comment

Response

438

In general, the
applicant’s approach of
reducing the intensity
and scale of monitoring is
supported provided there
is sufficient evidence to
support any relationships
between parameters or
that frequent monitoring
is justified as being no
longer required.

See my response to #150. I consider that the decisionmaking criteria should be incorporated in a revised
TARP document.

Appendix
1, Water
Quality
Monitoring

Strikethrough. "note that
changes to the
monitoring programme
are recommended by Dr
Meredith and further
discussion with the
applicant about these
recommendations is
required." "Note: It is
considered that these
conditions are no longer
appropriate based on
closure proposal and
advice of Dr Meredith."

This is in agreement with my recommendation to review
decision-making for monitoring in the TARP.

Christopher Wayne Hickey
1 October 2021
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APPENDIX 1
TARA GULLY MONITORING SITE LOCATIONS

1
Tara Gully Monitoring Site Locations
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APPENDIX 2
TARA GULLY MONITORING DATA FOR BORON, DISSOLVED ZINC AND
DISSOLVED MANGANESE AT SITES CC02-TELE (COMPLIANCE SITE),
CC03 AND CC09 FROM JANUARY 2013 TO MARCH 2019

1
Tara Gully monitoring data for boron, dissolved zinc and dissolved manganese at sites
CC02-tele (compliance site), CC03 and CC09 from January 2013 to March 20191

1

Bathurst water quality monitoring database.

APPENDIX 3
RECENT MONITORING DATA (SINCE 2017) FOR CC02-TELE
(COMPLIANCE SITE), CC03 AND CC09

1
Recent monitoring data (since 2017) for CC02-tele (compliance site), CC03 and CC091

1

Figure 11 from MWM (2021c). Canterbury Coal Mine Closure (Memorandum 3) – Tara catchment discharge water quality,
Memorandum produced for Bathurst Coal Limited by Mine Waste Management (MWM) Limited: 31.

APPENDIX 4
MONITORING- CC02 UNDERDRAIN

1
Monitoring – CC02 underdrain (untreated)
Summary plots for CC02 underdrain (untreated). ‘MSR design’ indicates nominal design
specification for the mussel shell reactor.1

1

Figure 6 from MWM (2021a). Canterbury Coal Mine Closure (Memorandum 1) – Tara Mussel Shell Reactor Treatment System
Design, Memorandum produced for Bathurst Coal Limited by Mine Waste Management (MWM) Limited: 18.

2
Summary statistics for recent monitoring from 14/1/2019 to 15/5/2021 for CC02 (underdrain) and CC02-tele (compliance site)2. All
concentrations mg/L (i.e., g/m3) unless stated. All flow data summarised.

Count
Means
Median
Min
Max
5th percentile
90th percentile
95th percentile

2

Flow (L/s)

pH

29
0.23
0.20
0.05
0.50
0.06
0.45
0.50

29
6.4
6.3
6.1
6.8
6.1
6.7
6.8

CC02-underdrain
Iron
Manganese
(dissolved) (dissolved)
28
17.9
18.1
3.0
39.0
6.8
27.0
31.0

29
2.6
2.7
2.1
3.3
2.1
3.0
3.2

Zinc
(dissolved)

Boron

Flow (L/s)

pH

29
0.54
0.54
0.28
0.75
0.43
0.66
0.68

29
2.7
2.4
1.1
4.3
1.7
3.7
3.9

67
61
70
0
100
0
100
100

71
6.9
7.2
3.2
8.2
4.2
7.7
7.9

CC02-tele
Iron
Manganese
(dissolved)
(dissolved)
71
1.1
0.07
0.01
26.2
0.01
3.5
5.1

71
1.1
0.9
0.03
8.2
0.12
1.9
3.4

Zinc
(dissolved)

Boron

71
0.16
0.04
0.004
3.97
0.01
0.26
0.42

71
1.0
1.0
0.08
2.0
0.5
1.5
1.7

MWM (2021c). Canterbury Coal Mine Closure (Memorandum 3) – Tara catchment discharge water quality, Memorandum produced for Bathurst Coal Limited by Mine Waste Management (MWM)
Limited: 31.

APPENDIX 5
MINE WASTE MANAGEMENT (MWM) MODELLED TIME-SERIES
SCENARIOS FOR STORAGE VOLUMES IN THE NO2 POND AND
HISTORIC DURATIONS WHEN NO DILUTIONS WATER WOULD BE
AVAILABLE

1
Mine Waste Management (MWM) modelled time-series scenarios for storage volumes in the NO2 pond and historic durations when no
dilutions water would be available1

1

Figure 6 time-series plot with durations of dry periods when no dilution flow available and Table 3 summarising discharge water quality from ibid.

2
Durations for no available dilution for Scenario 7:
Start date
24/04/1998
6/05/1998
18/05/1998
16/11/1998
6/12/1998
14/12/1998
21/12/1998
17/02/1999
4/05/2001
22/05/2001
28/05/2001
16/06/2001
4/10/2007
9/12/2007
4/01/2008
31/01/2008
2/01/2015
2/02/2015
17/02/2015
13/06/2015
6/10/2016
>2016-January 2021
Mean

Duration
4
7
7
9
2
4
18
9
1
2
13
3
1
4
18
1
18
7
17
2
6
0
7 days

3

Table 4; Combined Tara catchment discharge contaminant load and concentration
Parameter

Tara catchment discharge combined discharge toad

Tara catchment discharge combined discharge water quality
<mg/L)

<ko'd>
Scenario No

1

2

3

4

5

6

7

6

pH

1

2

3

4

5

6

7

8

6.1

65

71

69

73

7.1

75

71

Calc acidity

0 49

0 007

0.49

0 007

0.51

0011

0028

0.08

75

31

11

1.1

0.45

0.48

0.48

0.10

Sulfate

8.4

74

84

7.4

31

13

33

188

1277

526

19

1130

466

564

564

213

Al

0.0001

0.00003

0 0001

0.00003

0 0018

0.0004

0.0011

0.0046

0.0080

0.0033

0.0021

0.019

0.019

0.0052

B

0.024

0.024

0.024

0.024

0.065

0.033

0.088

0.41

3.7

1.5

0.053

3.7

1.5

1.5

1.5

0.46

Ca

1.7

1.9

1.7

1.9

7.5

3.3

87

46

252

104

37

296

122

148

148

52

Fe

0 18

0003

0.18

0 003

0 19

0.0038

0010

0015

28

12

0 41

040

0 17

0.17

0.17

002

Mg

0 81

0.76

0 81

076

3.3

13

35

20

124

51

1.8

116

48

60

60

22

Mn

0.020

0 011

0 020

0.011

0 049

0 018

0.048

0.054

30

12

0 044

17

071

0.81

0.81

0.062

Ni

0 0007

0.0001

0 0007

0 0001

0 0014

0.0003

0 0007

0 0035

0.101

0 042

0 0015 I 0.015

. 0.0063

0 012

0012

00040

Zn

0 0044

0.0004

0 0044

0 0004

0.0057

0.0007

0 0019

0 0054

067

0.28

0 010

I 0.027

0 033

0 033

0 0062

7.5

80

75

8.0

32

14

36

196

1142

471

38

613

613

222

Hardness
nb：

0.0001 | 0 0050

. 0.065
1214

values shown in red are above the CRC170541 water duality tngger limits, including after hardness modification of tugger values for Zn. • —

|

500

APPENDIX 6
SPECIES SENSITIVITY DISTRIBUTION FOR AUSTRALIAN AND NEW
ZEALAND GUIDELINES (ANZG) WATER QUALITY GUIDELINES
DERIVATION OF BORON IN FRESHWATER WITH SENSITIVITY DATA
FOR CANTERBURY MUDFISH

1
Species sensitivity distribution for Australian and New Zealand Guidelines (ANZG)
water quality guidelines derivation of boron in freshwater1 with sensitivity data for
Canterbury mudfish2

Figure 6-1: Species sensitivity distribution (SSD) data for ANZG freshwater boron
guideline derivation. Additional data (starred) for chronic sensitivity of Canterbury mudfish
and filamentous alga. Dashed line (black) is 95% species protection guideline value (GV,
Table 6-1), dashed line (red) is CC02-tele (compliance GV, 90% species protection) and
dotted line (red) is potential CC02-underdrain discharge with no dilution.
Table 6-1: Toxicant default guideline values, boron in freshwater, very high reliability3
Level of species protection (%)

DGV for boron in freshwater (mg/L) a

99

0.34

95

0.94

90

1.5

80

2.5

a

Default guideline values were derived using the Burrlioz 2.0 software, and based on data from toxicity tests conducted for a pH range of
6.8–10 and hardness range of 9.3–250 mg CaCO3/L. They are reported as µg/L and have been rounded to two significant figures.

1
ANZG (2021). Toxicant default guideline values for aquatic ecosystem protection: Boron in freshwater.
(https://www.waterquality.gov.au/anz-guidelines/guideline-values/default/water-quality-toxicants/toxicants/boron-fresh-2021).
Australian and New Zealand Guidelines for Fresh and Marine Water Quality. Canberra, ACT, Australia, Australian and New
Zealand Guidelines for Fresh and Marine Water Quality. Australian and New Zealand Governments and Australian state and
territory governments: 30.
2
Hickey, C. W., K. J. Thompson, S. Bell and J. Arnold (2019). Chronic sensitivity of juvenile Canterbury mudfish (Neochanna
burrowsius) and periphyton (Rhizoclonium sp.) to boron, NIWA report prepared for Bathurst Resources Ltd: 87.
3
Table 2 from ANZG (2021). Toxicant default guideline values for aquatic ecosystem protection: Boron in freshwater.
(https://www.waterquality.gov.au/anz-guidelines/guideline-values/default/water-quality-toxicants/toxicants/boron-fresh-2021).
Australian and New Zealand Guidelines for Fresh and Marine Water Quality. Canberra, ACT, Australia, Australian and New
Zealand Guidelines for Fresh and Marine Water Quality. Australian and New Zealand Governments and Australian state and
territory governments: 30.

APPENDIX 7
SPECIES USED FOR ANZG FRESHWATER BORON GUIDELINE
DERIVATION

1
Species used for ANZG freshwater boron guideline derivation
Summary of single chronic toxicity values, all species used to derive default guideline values for boron in
freshwater, toxicity values expressed in mg/L.1 Shading indicates species potentially affected by undiluted Tara
MSR discharge at 3.7 mg/L.
Taxonomic group
(phylum)

Species

Life stage

Duration
(d)

Toxicity measure (test
endpoint)

Toxicity
value (mg/L)

Amphibian
(Chordata)

Anaxyrus fowleri

Embryo

7.5

LC10 (Mortality and
development)

41 a

Rana pipiens

Embryo

7.5

29 a

Carassius auratus

Embryo

7

LC10 (Mortality and
development)
LC10 (Mortality)

17 a

Danio rerio
Ictalurus punctatus

Embryo
Embryo
Embryo

34
9
12

NOEC (Biomass)
LC10 (Mortality)
LC10 (Mortality)

1.8 b
14 a
102

Fish
(Chordata)

Melanotaenia
splendida
Micropteris salmoides

Bivalve
(Mollusca)
Macrocrustacean
(Arthropoda)
Microcrustacean
(Arthropoda)
Macrophyte
(Charophyta)

Embryo

11

LC10 (Mortality)

6.0

Oncorhynchus mykiss
Pimephales promelas
Cirrhinus mrigala

Embryo
Embryo
Juvenile

28
32
52

LC10 (Mortality)
NOEC (Mortality)
NOEC (Growth rate)

6.2 a, b
11 a
4

Lampsilis siliquoidea

Juvenile

21

NOEC (Biomass)

10 b

Hyalella azteca

Juvenile

42

NOEC (Reproduction)

6.6 b

Daphnia magna
Ceriodaphnia dubia

Neonate
Neonate

14
7

NOEC (Reproduction)
NOEC (Reproduction)

2.4 a, b
5.6 b, c

Egeria densa

Apical stem
cutting

28

NOEC (Biomass)

6.1

Lemna disperma

NR

Potamogeton
ochreatus

Apical stem
cutting
NR

7
30

EC10 (Growth)
IC10 (Shoot growth)

1.4 b
4.9 b

4

NOEC (Growth)

2.8 b, c

Green microalga
(Chlorophyta)

Pseudokirchneriella
subcapitata

Diatom
(Bacillariophyta)

Cyclotella sp.
Navicula sp. 1
Navicula sp. 2

NR
NR
NR

4–14
4–12
4–16

NOEC (Biomass)
IC10 (Growth)
NOEC (Biomass)

10 c
0.6 c, d
1.0 c

Blue–green alga
(Cyanobacteria)

Nostoc punctiforme
sp. 2

NR

6–26

NOEC (Growth)

10 c

NR = not reported.
a Geometric mean of toxicity values with the same test conditions and endpoint for a single species.
b The minimum toxicity value from different endpoints from a single species was used.
c Nominal boron concentration with partial validation. All other listed boron concentrations are measured.
d IC10 value was derived from raw data presented in the study, since NOEC value was unreliable.

1

Table 1 from ibid.

