
 

 

In the matter of:  the Resource Management Act 
1991 

and 

In the matter of:  an application by Mighty River 
Power the Northland Regional 
Council and the Whangarei 
District Council for resource 
consents relating to a Coal Fired 
Power Station 

 

STATEMENT OF EVIDENCE OF SHELLEY ANDERSON 

 

1. My full name is Shelley Anderson.  I am a Senior Environmental Consultant with 

ENVIROTEST and a Certified Environmental Practitioner. 

2.  I hold the degrees of Bachelor of Science (Environmental Sciences) and Graduate 

Diploma of Environmental Quality. 

3. I am a member of the Environment Institute of Australia and New Zealand and am listed 

in the Certified Environmental Practitioner Program Directory (Australia and New 

Zealand). 

4.  I have been practicing in Environmental Consulting with ENVIROTEST since 1989.  

During this time I have performed environmental investigations for a wide range of 

industrial and commercial facilities including oil and gas production, coal seam gas 

production, gas-fired power stations, co-generation plant, chemical formulation, training 

institutes (manual trades), automotive finishing and reinforced plastics manufacture. 

5. I have prepared environmental assessments as part of legal submissions in a number of 

cases for ENVIROTEST.  I have appeared on behalf of Greenpeace as an Expert Witness. 

6.  I was approached by Greenpeace New Zealand, Inc. (Greenpeace) for my assessment of 

the application for resource consents for the proposed repowering of the Marsden B power 
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station on coal. My evidence is given in support of the submission by Greenpeace relating 

to the application. 

7. I have read the Code of Conduct for expert witnesses contained in the Environment Court 

Practice Note and agree to comply with it.  I have not omitted to consider material facts 

known to me that might alter or detract from the opinions expressed 

SCOPE OF EVIDENCE 

8. My statement of evidence begins by summarising the types and quantities of wastes 

produced by a coal fired power station (i.e. coal combustion wastes).  It then addresses the 

following issues: 

1. Coal fuel quality and impacts on environmental discharges, 

2. Gaseous emissions, specifically sulphur dioxide, and air dispersion modelling, 

3. Potential exceedances of the Ambient Air Quality National Environmental Standards1 

(NES), 

4. Health and environmental risks associated with the project, and 

5. Resource consent issues surrounding air, water and land discharges. 

COAL COMBUSTION WASTES 

9. Coal-fired power stations produce more waste types than most other forms of electricity 

generation used in New Zealand.  This includes gas-fired power generation, as well as 

renewable energy sources such as hydro-generation, thermal and geothermal power, solar 

power and wind turbines. 

10. The wastes produced by the proposed coal-fired boiler will be discharged to the 

atmosphere, the marine aquatic environment (water, sediments and biota), land and 

groundwater (e.g. leachate from land contamination).  The activity includes both fugitive 
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(e.g. coal handling) and point (e.g. coal-fired boiler and cooling/wastewater) source 

discharges. 

11. The waste emissions to air include particulates, gases, air toxics, odour, heat and noise.  

The waste emissions to water include heat, ash, persistent toxic substances (e.g. mercury, 

dioxins and polycyclic aromatic hydrocarbons (PAHs)), radioactive substances (e.g. 

thorium) and process chemicals (e.g. biofouling agents).  The waste emissions to land (ash 

disposal area) include coal ash and associated contaminants and FGD wastes.  This 

discussion focuses on gaseous emissions while persistent toxic substances are discussed by 

Dr Greg Miller. 

12. Coal contains sulphur, carbon and nitrogen, which convert to gas upon burning.  The 

primary gases produced by burning carbon (i.e. carbon dioxide (CO2) and methane (CH4)) 

are known as greenhouse gases.  While there are more than 35 trace gases that could 

contribute to global warming trends, carbon dioxide and methane are among the major 

culprits. 

13. While for most developed countries CO2 is by some margin the most significant 

greenhouse gas, in New Zealand, in 2002, it accounted for only 45% of total emissions 

(MED 2004)2.  The significance of CO2 emissions in New Zealand will increase with 

commissioning of a new power station at Marsden 

14. It has been established that the Marsden B power station repowering project, using coal 

combustion, will generate large quantities of global warming and toxic gases, particulates, 

metals and persistent toxic substances into the local and regional environment. 

                                                                                                                                                                  
1 The Users Guide to Resource Management Regulations (National Environmental Standards Relating to Certain Air 
Pollutants, Dioxins and Other Toxics) 2004 (draft) 

2 MED (2004).  Energy greenhouse gas emissions 1990-2003.  Ministry of Economic Development 2004.  
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15. The quantities of contaminants entering the environment will depend on the effectiveness 

of proposed control measures.  Nonetheless, there will be an increase in the current 

exposure levels because control technologies do not achieve 100% removal efficiency.  In 

addition, collected wastes and associated pollutants will be disposed either to land (e.g. ash 

disposal area and potentially groundwater or freshwater) or marine waters (i.e. Bream Bay 

and Whangarei Harbour). 

16. The Resource Management Regulations3 2004 provide guidance for protecting regional air 

quality.  After 1 September 2005, regional councils must monitor air quality, if it is likely 

that the standard concentrations will be exceeded in the airshed and give public notice if 

the standards are exceeded in the airshed.  The onus is on Councils to monitor in the 

‘worst’ location in an airshed, which in this case would be located where people are most 

exposed to the combined effects of Marsden B and the NZRC. 

17. The estimates of proposed air emissions under full load (300MW) are summarised in 

Table 1.  These estimates were based on various emission rates given in the Assessment of 

Environmental Effects and emissions factors from a Greenhouse Gas Inventory 

(Australian Greenhouse Gas Office) for those air pollutants not listed in the proposal4. 

Table 1:  Estimated stack emissions of gases, particulates and volatile organics 

Air pollutant Tonnes per year 
Carbon dioxide (CO2) 2100 
Carbon monoxide (CO) 511 
Nitrogen oxides (NOx) 6935 
Nitrous oxide (N2O) 14-20 
Sulphur dioxide (SO2) 2847 (a) 
Sulphur dioxide (SO2) 8357 (b) 
Methane 16-22 

                                                 
3 The Resource Management Regulations3 (National Environmental Standards Relating to Certain Air Pollutants, 
Dioxins and Other Toxics) 2004 

4 Envirotest (February 2005).  Submission on environmental effects – Marsden B power station repowering project. 
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Total suspended particulates 121 
 7-738 

 
*  assumes annual combustion of 830 000 tonnes of coal per year and 300 MW capacity 

(a) Based on 1% coal and 85% control efficiency  

(b) Based on 3% coal and 85% control efficiency 

18. As shown in Table 1, coal fired power stations release sulphur dioxide.  The quantity of 

sulphur dioxide released can be reduced using air emissions control technology such as 

wet and dry flue gas desulphurisation (FGD).  However, FGD does not operate during the 

start up period of the boiler, which is a period of 6 hours.  Other studies presented have 

assumed that this process could occur once per month, which would result in 72 

uncontrolled SO2 emission events per year (based on a 1 hour average).  Mr Fisher has also 

reported that concentrations can be high and potentially exceed the national environmental 

standard (NES) when the station is in cold start mode, and/or when the refinery is 

discharging at one of its higher limits. 

19. Sulphur dioxide emissions from thermal electricity generation in New Zealand increased 

from 2067 tonnes in 1990 to 12 417 tonnes in 2003, which represents an increase of 500% 

(MED 2004).  Increased coal use is one source (47% increase in the same time period), 

while an increase in diesel fuel use was also a significant contributor.  The repowering 

project is expected to release 7.8 tonnes of SO2 per day or 2847 tonnes per year.  This is 

equivalent to 23% of the total SO2 emissions from the thermal electricity generation sector 

estimated for 2003.  The repowering project therefore represents a significant single source 

of SO2 emissions (with emission controls) in New Zealand. 

COAL FUEL QUALITY AND IMPACTS ON ENVIRONMENTAL DISCHARGES 

20. The quantities of contaminants released during the combustion of coal (i.e. air discharges), 

or remaining in waste products (e.g. coal ash, cooling water discharges) depends on the 
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composition of the coal being used.  As has been discussed in several submissions, the 

concentrations of major and minor constituents (including toxicants) are highly variable. 

21. This discussion focuses on sulphur dioxide emissions to the atmosphere because point 

industrial sources of sulphur dioxide have been targeted by the Resource Management 

Regulations 2004. 

22. The quantity (e.g. kg) of sulphur dioxide released depends on the sulphur content of the 

coal used.  The sulphur content of New Zealand coal is considered low by world standards 

but varies considerably.  Solid Energy New Zealand Limited5 reports total sulphur 

contents ranging from 0.38 to 3% (I also understand that MRP is also envisaging 

importing coal).  The New Zealand Mineral Industries Association (NZMIA) reports 

sulphur contents ranging from 0.2% to >7%6.  Other ranges of sulphur contents in New 

Zealand coals are shown in Table 2.  The sulphur content in fuel used in air dispersion 

modelling was 1% (with 85% control efficiency by the FGD).   

Table 2:  Sulphur contents in some New Zealand coals 
Region Rank/description Sulphur content (%) 

Waikato Coal Region Northern seams Low sulphur 
0.15 – 0.30% (Gillard & Moore 1999) 

 Southern seams Medium to high sulphur 
 Okoko seam High sulphur 
Taranaki Coal Region Subbituminous A to B Most medium to high sulphur (1-4%) 

Range 0.9% (low) to 5.7% (very high) 
Nelson Coal Region Subbituminous A to high volatile 

bituminous C 
Low sulphur (<0.5%) 

West Coast Coal Region Reefton and Garvey Creek 
coalfields 

<1% to 7% 

 Inanagahua Coalfield Three mines produce high sulphur 
subbituminous coal 
Two mines produce low sulphur coal 

Otago Coal Region Miocene lignites 0.2-0.5% sulphur 
 Ngapara-Herbert and Waihao 

coalfields (subbituminous coals) 
2-4% 

 Green Island and Kaitangata coals 
range from Lignite A to 

Medium to high sulphur (1-5%) 

                                                 
5 http://www.coalnz.com/export-specs.htm.  

6 http://www.minerals.co.nz/html/main_topics/minerals_industry_in_nz/coal/coal_overview.html.  
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subbituminous C 
Southland Coal Region Eastern Southland lignite Very low to low (0.1-1%) 
 Morley seams subbituminous A to 

high volatile C bituminous rank 
Low (0.2 – 0.6%) 
0.15 – 0.25% (Gillard & Moore 1999) 

Source:  Steve Edbrooke, Institute of Geological and Nuclear Sciences Ltd 
Mineral Commodity Report 18 - Coal, New Zealand Mining Volume 25 March 1999 
 

23. An engineering calculation can be applied to predict SO2 emissions based on application 

of conservation laws, if the fuel rate and the sulphur content of the fuel are known.  The 

approach assumes complete conversion of sulphur to sulphur dioxide.  Therefore, for 

every kg of sulphur (EW = 32) burned, two kg of SO2 (MW = 64) are emitted. 

24. The calculation is: 

FFPf OpHrsEWMWelScontentfuhrkgQyrkgSO ×××= )/(100/(%))/()/(2
7 

where,  

Qf = fuel use (kg/hr), 

MWP = molecular weight of pollutant emitted (64 kg/kg-mole for SO2), 

EWF = elemental weight of pollutant in fuel (32 kg/kg-mole for S), and 

OpHrs = operating hours (hrs/yr). 

25. The quantity of sulphur dioxide for a typical coal consumption rate of 106 t/h can then be 

calculated for a range of sulphur contents.  These are total emissions prior to any 

treatment. 

26. For a coal type with 1% sulphur, the quantity of SO2 calculated was 50.88 t/day.  The 

emission rate used in air dispersion modelling therefore assumes a control efficiency of 

85% (modelled on 7.8 t/day or 325 kg/hr). 

27. If very low sulphur content coal (i.e. average of 0.5%) is used then the total released would 

be 25.44 t/day. 

                                                 
7 Emission estimation manual for combustion in boilers.  Version 1.2.  2 June 2003.  National Pollutant Inventory.  
Commonwealth of Australia. 
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28. However, if high sulphur content coal is used (i.e. an average of 3%) then the total 

released would be 153 t/day (153 000 kg/day).  The control efficiency required to achieve 

the maximum SO2 emission rate would then be 95%.  This is at the upper end of the 

reported control efficiencies for FGD systems. 

29. The efficiency of the proposed air emission control technology has to be the highest 

available (i.e. 95% or greater) to allow for variation in the sulphur content of the fuel (up 

to 3%) to achieve an emission rate of 7.8 t/day of sulphur dioxide. 

30. The proposed maximum discharge rate of 7.8 t/day of sulphur dioxide could be exceeded 

where: 

• The control efficiency is 85% but the coal sulphur content exceeds 1%, and 

• The control efficiency is 95% but the coal sulphur content exceeds 3%. 

31. The maximum discharge rate will also be exceeded during start-up conditions (FGD off) 

although it is noted that the Council conditions would require the use of coal containing a 

maximum of 0.5% sulphur during these times. 

32. Trace elements and heavy metals are also present in coals in small quantities.  However, 

combustion can concentrate some trace elements in the ash residue, while releasing others 

into the atmosphere in gaseous form.  By world standards, New Zealand coals contain high 

levels of boron.  Boron in coal is discharged into the atmosphere in vapour form and the 

boron remaining in ash is susceptible to leaching after burial, causing contamination of 

groundwater8. 

33. The applicant has discussed the variability in concentrations for different coal types and 

maximum reported concentrations of individual elements were used to estimate air 

                                                 
8 Moore, N.A. and Moore, T.A. (1999). A Review of Current Coal Research in New Zealand.  New Zealand Mining.  
Volume 25.  March 1999. 
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emission concentrations.  Mr Fisher demonstrated that the concentrations were very low 

compared to guidelines based on Workplace Exposure Standards (i.e. TWA/30).  Some 

elements however are classified as IARC Group I carcinogens.  This category is used 

when there is sufficient evidence of carcinogenicity in humans and includes arsenic, 

beryllium and nickel. 

34. Subsequently, in Australia (Victoria), design criteria have been developed that take into 

account carcinogenicity.  The design criteria for these compounds are 10 times lower than 

those used by Mr Fisher (Table 2, Further analysis of trace compound effects, 3 July 

2005).  A comparison is shown in Table 3. 

Table 3:  Comparison of estimated peak trace element concentrations with modified 
workplace exposure standards and Victorian design criteria. 

Element Peak concentration 
ambient 
µg/m3 

1 hour average 

TWA/30 
µg/m3 

 

Victorian design criteria1 
(3 minute average) 

   Criteria Reason for classification 
Arsenic 0.079 1.7 0.17 IARC Group 1 carcinogen 
Beryllium 0.083 0.07 0.007 IARC Group 1 carcinogen 
Nickel 0.26 3.3 0.33 IARC Group 1 carcinogen 
1 State Environmental Protection Policy (Air Quality Management) 2001.  Victoria Government Gazette.  Friday 21 
December 2001. 

 

35. If we convert the estimated 1 hour average concentrations to 3 minute averages (for direct 

comparison with Victorian design criteria) then the peak ambient concentrations are 

higher.  A 1-hour average can be converted to a 3 minute average using the following 

formula: 

2.0

60
60

⎥⎦
⎤

⎢⎣
⎡=

t
CC  

36. The estimated peak ambient concentrations based on a 3 minute average are: 

• Arsenic:  0.14 µg/m3 



Evidence of Shelley Anderson (Envirotest) 

Page 10   July 2005 

Mighty River Power. 
Marsden B Power Station Repowering Project  

• Beryllium:  0.15 µg/m3 

• Nickel:  0.47 µg/m3. 

37. The potential added concentrations of arsenic, beryllium and nickel are significant on the 

basis of carcinogenic risks.  Beryllium is 21 times higher than the design criteria, for a 3 

minute average. 

SULPHUR DIOXIDE EMISSIONS AND AIR DISPERSION MODELLING 

38. This section considers the sensitivity of predicted ground level concentrations of sulphur 

dioxide in response to variations in coal quality.  It discusses the potential for exceedance 

of the NES for SO2 as well as the recommendations for air discharge conditions specified 

by the Council Staff Report Summary. 

39. The quantity of sulphur dioxide emitted to the environment was assumed to be 7.8 t/day 

(or 7800 kg/day) in air dispersion modelling (NIWA 2004 and Fisher 2005), when the 

power station was operating at base load (300 MW).  This emission rate could be achieved 

if the coal contains an average sulphur content of 1% and the air emission control 

efficiency is 85% or greater. 

40. However, this emission rate would be exceeded if the coal used has a higher sulphur 

content and the control efficiency remains the same.  An increase in the emission rate will 

cause an increase in predicted ground level concentrations. 

41. The increase in ground level concentrations can be estimated by examining their ratio to 

other modelled contaminants (e.g. PM10 and SO2).  This approach was used by Mr Fisher 

to assess predicted ground level concentrations of minor contaminants. 

42. This assessment also focuses on Case 6, which assesses the impacts of the power station 

operating at base load (300MW) and the cumulative effects of known sulphur dioxide 

emissions from the NZRC.  This approach is consistent with the NZ Good Practice Guide 
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for Atmospheric Dispersion Modelling, which states that assessments must take into 

account the potential cumulative effects caused by the addition of the discharge being 

modelled and the current background concentrations.  The guide recommends using 

locally recorded air quality data where available.  This data was available and has been 

reviewed here and by Mr Fisher but was not incorporated in air dispersion modelling for 

Cases 1 to 5, which considered emissions from the proposed power station alone.  

Background concentrations from the only other major source of sulphur dioxide in the 

region (NZRC) have however, been included in Cases 6 and 7. 

43. Of the cases modelled, Case 6 is assumed to be the most representative of cumulative SO2 

concentrations for most of the time.  In this case, the power station is operating at base 

load (300MW), with the FGDS On (7.8 t/day), and it includes SO2 emissions from the 

NZRC (12 t/day). 

44. The maximum predicted concentration for Case 6 at all locations was 272 µg/m3 and the 

99.9% ile concentration was 186 µg/m3.  In addition, relatively high concentrations 

(maximum and 99.9% iles) of SO2 were predicted to occur at the following locations: 

• Mt Aubrey (139 and 109 µg/m3 respectively), 

• Manaia (224 and 166 µg/m3), and 

• Busby Head Hill (145 and 108 µg/m3). 

45. However, we can only evaluate Case 1 (Marsden B only at 300MW) in terms of increased 

coal sulphur content (by applying a factor).  In this scenario, relatively high concentrations 

were predicted to occur at Busby Head Hill, McEwan Rd East End and Sime Rd West 

End.  If coal was used with a sulphur content of 3% (and all other operating conditions 

remain the same), then the ground level concentrations would be expected to be 3 times 
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higher (ratio of 3:1).  A comparison of these predictions is shown in Table 4 but it does not 

include effects from NZRC. 
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Table 4:  Comparison of predicted concentrations for coal containing 1 and 3% 
sulphur (Marsden 300MW FGD ON). 

Receptor Maximum concentration (µg/m3) 99.9% ile concentration (µg/m3) 
 1% sulphur 3% sulphur 1% sulphur 3% sulphur 
All locations 232 696 71 213 
Busby Head Hill 92 276 35 105 
McEwan Rd East End 91 273 48 144 
Sime Rd West End 90 270 35 105 
National Environmental 
Standard 

570 350 

 

46. The predicted ground level concentrations would exceed the maximum guideline at some 

location if the coal used has a sulphur content of 3%. 

47. These exceedances would be greater if maximum discharge rates from NZRC were 

included.  The predicted concentrations were based on a discharge from NZRC of 12 t/day 

but the Council Staff Summary Report indicates emissions could be up to 28 t/day. 

48. The argument can be extended to consider comparison with the SO2 10 minute average 

guideline of 500 µg/m3 (specified in the Council Staff Summary Report).  This standard 

has been used in the past because it has been recognised that SO2 can frequently present as 

brief sharp peaks.  It was designed to protect sensitive persons (such as asthmatics) during 

short periods of exposure9. 

49. A 1-hour average can be converted to a 10 minute average using the formula described 

previously (paragraph 35).  In this case, it is equal to a factor of 1.4.  The maximum 

predicted concentration would then be 974 µg/m3 (3% S). 

50. Use of coal with up to 3% sulphur content will require an air emission control efficiency 

of 95% to achieve the maximum emission rate of 7.8 t/day (NIWA 2004 and Council Staff 

Summary Report). 
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51. This would require the best available technology because the advanced FGD systems were 

reported to have efficiencies in the range of 90-95% (Council Staff Summary Report).  

Also, seawater FGD can only be used for lower sulphur coals (up to 1.7%) (Mr Daysh). 

52. All models contain inherent error factors, which should be considered when comparing 

predicted concentrations to environmental guidelines.  This is compensated to some degree 

by the use of conservative assumptions for input data. 

53. For example, plume models such as Ausplume, are accepted to predict concentrations 

within a factor of 2.  This means that there is a good degree of confidence that a guideline 

will not be exceeded if the predicted peak concentration is less than half the guideline 

value.  While greater confidence can be placed in the results of well-validated puff models 

(such as Calpuff) that have accurate input data, there is still expected to be an error factor. 

54. The predicted 99.9% ile concentrations exceed half the guideline value for sulphur dioxide 

(350 µg/m3) for the assumptions used in air dispersion modelling under the following 

scenarios:  300MW FGD off, 120MW FGD off, 300MW FGD on + NZRC and 120MW 

FGD off + NZRC. 

55. Importantly, there is little margin for error allowed for Case 6 (300MW) FGD on + NZRC 

(12 t/day), which is expected to represent the operating conditions to which most people 

will be exposed over the long term.  Safety margins have been reported in the assessment 

of other air emissions by Mr Fisher (e.g. heavy metals). 

56. NIWA assumed that there was no sulphur dioxide present at background concentrations.  

However, the Ministry for the Environment Report (October 2003)10 states that the 

                                                                                                                                                                  
9 Streeton, J.A. (1997).  A Review of Existing Health Data on Six Air Pollutants.  Prepared for the National 
Environment Protection Council.  May 1997. 

10 Monitoring of CO, NO2, SO2, ozone, benzene and benzo(a)pyrene in New Zealand.  Air Quality Technical Report 
No. 42.  Environet Limited.  October 2003.  Published by the Ministry for the Environment, January 2004. 
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Takahiwai site (in the Northland region) is generally representative of rural conditions 

except that a petroleum refinery – a significant source of sulphur dioxide, is situated 

approximately 4km due east of the analyser. 

57. The maximum reported sulphur dioxide concentration recorded at Takahiwai since the 

refinery upgrade in 2000 was is 100 µg/m3.  Background data should be included in air 

dispersion modelling of Cases 1 to 4 (these cases represent added concentrations from the 

proposed power station only).  There has been no background monitoring carried out by 

the applicant and only available data up until 2001 has been reviewed. 

58. There was no sensitivity analysis carried out in air dispersion modelling.  This would be 

useful to demonstrate the effect of varying stack heights, exit velocities, and control 

efficiencies.  This type of modelling is often used to set the minimum design parameters 

(enforced through consent conditions) such as the minimum stack height and control 

efficiency to achieve air quality goals (e.g. 50% of the air quality standard). 

59. In summary, the following variations in the assumptions used in air dispersion modelling 

could produce ground level concentrations of sulphur dioxide that exceed national 

standards or other guidelines:  increased sulphur content of coal, inclusion of background 

data and consideration of model errors and uncertainty. 
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Local health and environmental risks 

60. The environmental, social and economic values of the local area that may be impacted by 

this proposal include: 

• Human health, 

• Natural coastal areas, 

• Recreational activities,  

• Fishing and consumption of seafoods, and 

• Groundwater supplies. 

I will discuss some of these points in the following sections. 

Human health 

61. The sensitive receptors in the area include residences located to the south and southwest of 

the site and the Whangarei Heads community, which is located on the north bank of 

Whangarei Harbour (5.5km to 10km radius from Marsden B) and includes a school for 

about 120 children plus staff.  The air assessment has predicted added SO2 concentrations 

in this area of ~100 µg/m3, when the FGD is off.  The existing background concentration 

is unknown although it is understood NZRC has a monitoring station at the school.  This 

information is essential for assessing the cumulative SO2 effects on these school children. 

62. The Part B:  Assessment of Environmental Effects (Mighty River Power 2004) states that 

the region currently has a high standard of air quality.  This is despite the presence of 

NZRC.  However, the maximum reported sulphur dioxide concentration recorded at 

Takahiwai between 1994 and 2000 was 238 µg/m3 (1 hour average), which is 68% of the 

air quality goal and 86 µg/m3 for a 24 hour average, which is 72% of the air quality goal.  

These background concentrations are a lot higher than that assumed in the Council Staff 
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Summary Report (<8 µg/m3 for Takahiwai).  Mr Fisher reported a maximum concentration 

of 100 µg/m3 after the refinery upgrade in 2000. 

63. The New Zealand Good Practice Guide for Air Dispersion Modelling states that while 

there is usually a case for assessing the effects of a particular discharge, people are more 

interested in the cumulative effect.  This means that modelling results must be added to 

current background concentrations discharged by other sources.  This has been addressed 

to some degree by Mr Fisher in Cases 6 and 7, which considers the combined effect of the 

proposed discharges from Marsden B and NZRC.  However, Cases 1, 2, 3, 4, and 5 do not 

include background concentrations. 

64. The Good Practice Guide recommends the following where local air quality data are 

unavailable: 

• Model other sources (as carried out in Cases 6 and 7), 

• Comparing the location with somewhere similar, 

• Making a worst-case assumption, or 

• Starting a new monitoring program. 

65. If we consider the option of making a worst-case assumption, then we might assume a 

background concentration of 100 µg/m3 (i.e. the maximum reported concentration 

discussed above).  If we apply this concentration to Cases 1, 2, 3, 4, 5 and 8, then the 

maximum predicted concentrations are: 

• Case 1 (300 MW, FGDS ON):  332 µg/m3 (NES = 570 µg/m3), 

• Case 2 (300MW, FGDS OFF):  1218 µg/m3, 

• Case 3 (200MW, FGDS ON):  280 µg/m3, 

• Case 4 (120 MW, FGDS ON):  252 µg/m3, and 

• Case 5 (120 MW, FGDS OFF):  830 µg/m3. 
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66. While the maximum predicted concentrations comply with guideline, the values are 

significantly higher when a worst-case background concentration is taken into account, 

particularly for the cases when all controls are in place.  Inclusion of a background 

concentration in Case 1, for example, represents a 43% increase in the maximum predicted 

concentration (from 232 µg/m3 to 332 µg/m3).  The predicted value has increased from 

41% of the NES to 58% of the NES.  If we were applying a safety factor of 2, then this 

result would exceed the criteria.  Another way of looking at the importance of including 

background concentrations is that the added concentration will be 2.3 times higher (232 

µg/m3) than the previously reported maximum (100 µg/m3). 

67. The predicted maximum ground level concentration from Case 8 (NZRC stacks alone) is 

higher than the reported maximum background concentration of 100 µg/m3 (at Takahiwai).  

This also raises doubts about the existing background concentrations in the area. 

68. Residences close to the power station may also be exposed to fine particulate matter and 

nuisance dust both during the construction phase, which is estimated to take 2 to 3 years, 

and normal operation.  Nuisance dust and odours are the two most common reasons for 

complaint to local and regional councils. 

69. The existing potential sources of particulate matter in the local airshed are the NZRC and 

Carter Holt Harvey Ltd LVL Plant.  The PM10 concentrations (24 hour average) measured 

at the Carter Holt Harvey Plant range from 2.8 to 21.1 µg/m3.  The maximum value is 42% 

of the air quality goal.  The typical background level for rural areas in New Zealand is less 

than 1 µg/m3 (MfE 1997)11. 

70. Very fine particulates (PM2.5) are now considered to be the major contributor to health 

effects, as these particles can block the very small passages of the lungs.  This fraction has 

                                                 
11 MfE (1997).  The State of New Zealand’s Environment 1997.  The Ministry for the Environment, Wellington, NZ 
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not been assessed.  Air toxics such as PAHs, dioxin and mercury adsorb to particulate 

matter, including the PM2.5 fraction.   

71. Ambient air quality monitoring should be enforced as part of any consent approval to 

validate the results of air dispersion modelling and ensure air discharges comply with air 

quality standards.  This information should be publicly available – it was noted that the 

SO2 monitoring carried out by NZRC at Whangarei Heads school was unavailable for 

assessment. 

72. A new monitoring station would need to be established where people are exposed to 

emissions from both NZRC and Marsden B. 

Natural coastal areas 

73. The proposed Marsden B power station is to be located at Ruakaka on Bream Bay.  This is 

an open embayment at the entrance to Whangarei Harbour, facing the Pacific Ocean 

(NIWA, October 2004).  Water currents in the northern segment of the Bay are dominated 

by tidal flows into and out of Whangarei Harbour.  The combined effect of ebb tidal jets 

and eddies produces a net northward flowing water current at the site of the intake and 

outfall structures of Marsden A and Marsden B power stations. 

74. The Northland Regional Council and the Department of Conservation both recognise the 

environmental, social and cultural values of Whangarei Harbour.  In the case of the 

Northland Regional Council, it is proposed to rezone nine areas from Marine 2 

(Conservation) Management Area to Marine 1 (Protection) Management Areas12 . 

75. A Marine 1 (Protection) Management Area recognises regionally significant sites of 

special ecological, cultural, historic, scientific, scenic, landscape and amenity value, 

                                                 
12 http://www.nrc.govt.nz/planning/whangareihbr_review.shtml  
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including the areas of important conservation value identified by the Minister of 

Conservation. 

76. The Department of Conservation has recently (December 2004) approved a new marine 

reserve complex in Whangarei Harbour.  The Conservation Minister (Chris Carter) has 

stated that the marine environment in Whangarei Harbour is of such distinctive quality that 

its continued preservation is in the national interest13.  A marine reserve is a specified area 

of the territorial sea, seabed and foreshore managed for scientific study and to preserve the 

marine habitat in its natural state. 

77. The remainder of the impacted coastal environment (Bream Bay) is classified as Marine 2 

(Conservation) Management Area.  The Regional Coastal Plan states that little or no 

comprehensive information exists to assist the Northland Regional Council in deciding 

resource consent issues for the coastal marine areas of this management area although it 

does contain significant amenity, visual and intrinsic values. 

78. The objectives of the Marine 2 (Conservation) Management Area further propose 

Subdivision, use and development occurring in such a way as to maintain, and where 

practicable enhance, the existing natural, cultural and amenity values.  The repowering 

proposal will result in added concentrations of contaminants to the marine environment, 

and therefore will not maintain the existing values nor enhance the existing values. 

79. Based on these assessments by the Northland Regional Council and the Department of 

Conservation, the water quality of this area should be assessed against water quality 

guidelines for high conservation/ecological value systems (99% level of protection) rather 

than slightly to moderately disturbed systems (95% level of protection) (ANZECC & 

ARMCANZ 2000).  The higher level of protection should be applied for all contaminants 

                                                 
13 www.doc.govt.nz/Whats-New/presult.asp?prID=1693  
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(it was used for copper, lead and nickel).  The reported chronic marine guideline value 

(ANZECC & ARMCANZ 2000) for mercury (0.1 µg/L, 99% level) applies to inorganic 

mercury, which has relatively low toxicity and availability to bioconcentrate.  There was 

insufficient data to derive a guideline (ANZECC & ARMCANZ 2000) for the more toxic 

and bioaccumulative organomercury complexes (particularly methyl mercury). 

80. Applying a higher protection level would reduce the mass load limits for chromium.  The 

99% level trigger for chromium VI, for example, is 4.4 µg/L while the 99% level trigger 

value is 0.14 µg/L (i.e. 31 times lower). 

81. The Regional Coastal Plan also states that Marine 2 (Conservation) Management Area will 

ensure that use, development and protection of the coastal marine area is appropriate by, 

among other things, ensuring that adequate information regarding any proposed activity is 

supplied so that the effects of the activity on the coastal marine area can be determined 

prior to any decision being made. 

82. The assessment of effects of contaminant discharges on aquatic life and human health has 

assumed that the ambient sea water is of a high quality.  Ambient sea water contaminant 

concentrations were incorporated for key derivations (e.g. arsenic and cadmium) but not 

for all contaminants.  These background concentrations were based on accepted global 

average concentrations of elements in seawater (Mr Hickey paragraph 1.118).  However, 

site-specific background data (particularly toxicant concentrations) are important for this 

assessment because the approach used to derive the maximum contaminant loads is based 

on compliance with the water quality guidelines (Mr Hickey paragraph 1.39). 
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83. In addition, arsenic and mercury are released into the environment naturally by volcanic 

activity.  Therefore, background concentrations in New Zealand could be higher than the 

global average. 

84. The derived mass load limits should be based on an appropriate level of protection for this 

environment (99% level of protection) and incorporation of site-specific background 

concentrations.  While the assessment has been based on conservative assumptions, it is 

questionable whether allowing one point source to discharge quantities of trace elements 

up to the water quality guideline is the best approach for maintenance of values in this 

area.   

85. A potential long-term impact of fossil fuel burning on the marine environment is ocean 

acidification due to increased atmospheric carbon dioxide.  A recent report (June 2005)14 

by the Royal Society described a reduction in pH (or increase in acidity) of 0.5 units by 

2100, based on current rising trends (fossil fuel burning and cement production).   

86. The impacts of acidification on marine organisms and their ecosystems require extensive 

study.  However, acidification is likely to impact on photosynthetic marine organisms, 

which in turn impact on fish, cephalopods, cetaceans and birds.  The direct impacts are 

likely to be most severe for the calcifying species such as molluscs, crustaceans, 

echinoderms and corals. 

87. Ocean acidification is also expected to produce changes in ocean chemistry that may affect 

the availability of nutrients and toxins to marine organisms.  For example, the proportion 

of free dissolved metals (the most toxic form) may increase and acidification may increase 

the mobilisation of trace elements from sediments and suspended particulates.  This could 

be of particular importance in shallow seas. 

                                                 
14 The Royal Society (2005), Ocean acidification due to increasing atmospheric carbon dioxide.  London. 
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88. The atmospheric concentration of carbon dioxide has increased from 280ppm since pre-

industrial times to 380ppm today.  This represents an increase of 100ppm over the last 150 

years.  The repowering project is expected to release 2100 tonnes of carbon dioxide per 

year.  The Royal Society concluded that reducing CO2 emissions to the atmosphere 

appears to be the only practical way to minimise the risk of large-scale and long-term 

changes to the environment. 

89. Sensitive habitats that may be affected during the construction and operational phases of 

the power station include dunes, estuary, freshwater wetlands and river margins.  These 

areas provide habitats for a variety of threatened bird species.  The Ruakaka River estuary 

and an adjoining coastal area, about 2 kilometres south of the power station, is also a 

Marine 1 (Protection) Management Area. 

Fishing and consumption of seafoods 

90. There is a risk of seafood contamination both for domestic and export markets.  High 

levels of contaminants in fish or other seafoods (i.e. exceeding specified maximum residue 

limits) could be very damaging to the seafood industry. 

91. These concerns are relevant to the Aquaculture Park, which requires high quality seawater 

for its operation, both in terms of stock losses (e.g. toxic effects of copper on shellfish 

larvae) and damaged reputation. 

92. The water discharge was predicted to add arsenic and mercury to the marine environment.  

The bioaccumulation of these toxicants in fish and shellfish may affect human health 

through consumption of seafoods.  The total amount of arsenic taken daily by humans, for 

example, is strongly influenced by the amount of seafood in the diet.  The 1997/98 New 
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Zealand total diet survey (MoH, 2000)15 reported that fish products (including fish, 

mussels and oysters) contributed 85% of weekly total arsenic exposure for young males 

and 73% for young children. 

93. In seafood, mercury is most commonly found in the most toxic organic form, usually 

methyl mercury (MoH, 2000).  In the total diet survey, fish products contributed 60% of 

young male and 42% of young child mercury exposure. 

94. The mercury levels in fish in the area (and background water concentrations) should be 

surveyed to account for natural sources.  A study by Tracey (1993)16 from a commercial 

fishery in the Bay of Plenty region reported a mean mercury concentration in fish of 1.47 

mg/kg (n = 48), well above the New Zealand maximum permissible level of 0.05 mg/kg. 

95. Bioconcentration factors for methyl mercury in fish range from 4000 to 85000 (ANZECC 

& ARMCANZ 2000) and a bioconcentration factor of 5000 has been reported for mercury 

(II).  Therefore, there is no basis for a maximum contaminant load for total mercury since 

it doesn’t matter whether the discharge occurs for two days or continuously (i.e. 

bioaccumulation is the issue not toxicity).   

96. Bioconcentration factors for cadmium are also high.  ANXECC & ARMCANZ (2000) 

reported a bioconcentration factor between a mussel and its environment of 10000 to 

20000. 

97. Mr Hickey (Table 2) states that the average limits are based on the chronic marine 

guideling and the maximum limits are based on the more sensitive of either acute or 

marine aquaculture protection.  In the case of total mercury, the chronic guideline (Exhibit 

                                                 
15 Ministry of Health 2000.  1997/98 New Zealand Total Diet Survey.  Part 2:  Elements.  Selected contaminants and 
Nutrients. 

16 Tracey, D.M. (1993).  Mercury levels in black cardinalfish (Epigonus telescopus).  New Zealand Journal of Marine 
and Freshwater Research, 1993:  Vol. 27:  The Royal Society of New Zealand 1993. 
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CWH 7.1) 0.1 µg/L and the more sensitive of the acute and aquaculture guidelines is 

aquaculture (0.04 µg/L), which is lower than the chronic guideline.  However, this 

approach has not been demonstrated in Table 2 because the maximum contaminant load is 

higher than the average contaminant load. 

98. Shellfish and finfish larvae and juveniles are particularly sensitive to the direct toxicity 

effects of heavy metals including copper and mercury. 

99. The range of dioxin levels reported in fish in New Zealand is also high and exceeds the 

levels found in other foods (i.e. meats, dairy, poultry and cereals) (Buckland et al 1998)17.  

The risk is therefore increased for people that consume a high proportion of seafoods in 

their daily diet. 

Resource consent issues surrounding air, water and land discharges 

100. It should not be left up to the consent holder to choose the specific plant and process 

elements, especially when the air and water quality assessments have been based on 

specific assumptions about these elements.  Any changes could substantially affect the 

contaminant loads to the environment as demonstrated by varying elemental 

concentrations in coal and efficiencies of different control technologies. 

101. Seawater FGD, for example, can only be used for lower sulphur coals (up to 1.7%) and if 

higher sulphur coals are used then more ash and gypsum material will need to be handled 

at the ash disposal site (Evidence from Mr Daysh). 

Discharges of contaminants to Bream Bay and Whangarei Harbour 

102. The assessment of water discharges has not fully evaluated the existing background 

concentrations in Bream Bay or Whangarei Harbour by carrying out site-specific 

                                                 
17 Buckland, S.J; Scobie, S and Heslop, V (1998).  Concentrations of PCSSs, PCDFs and PCBs in retail foods and an 
assessment of dietary intake for New Zealanders.  Organochlorines Programme.  Ministry for the Environment.  
November 1998. 
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monitoring.  Of importance are water and sediment quality and levels of metals and 

persistent organic pollutants in aquatic organisms (including shellfish). 

103. The assessment derived maximum allowable contaminant loads based on the seawater 

FGD but the contribution from other major sources in the region (e.g. NZRC) is unknown.  

Measurements were available from the Aquaculture Park, but toxic contaminant loadings 

from this activity are not comparable to those from burning fossil fuels.  Deposition from 

fugitive sources (e.g. coal handling) and the boiler stack (arsenic and mercury) would also 

add toxicants to the aquatic environment. 

104. The combined discharge of cooling, storm and wastewaters waters could increase turbidity 

(caused by suspended particulate matter, SPM) levels in Bream Bay.  The guideline for 

turbidity of 50 NTU recommended by Mr Daysh is unacceptable because low turbidity 

values are normally found in offshore waters.  The main impact of turbidity is to reduce 

light penetration and thus affect primary production.  Adverse effects can also occur on 

fish due to mechanical and abrasive impairment of gills (ANZECC & ARMCANZ 2000).  

When it settles, SPM can cause adverse effects by smothering on benthic organisms and 

their habitats. 

105. ANZECC & ARMCANZ (2000) recommends using interim trigger values for south-east 

Australian marine ecosystems until New Zealand trigger values are developed.  These 

guidelines recommend 0.5 to 10 NTU for estuarine and marine waters.  The upper value is 

usually applied to estuaries or inshore coastal waters. 

Discharges of contaminants to air 

106. The applicant should be required to demonstrate compliance with ambient limits despite 

the fact there are multiple potential contributors.  The Users Guide to the Resource 

Management Regulations specifically refers to the cumulative SO2 effects of multiple 
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sources in an airshed.  Consent cannot be granted to a source of SO2 that would cause the 

concentration limit to be exceeded (whether the background concentration is high or low). 

107. Stack emissions sampling to demonstrate compliance with mass discharge limits will not 

guarantee that ambient air quality standards are being met because the modelling has not 

been validated. 

108. Carbon monoxide emissions should be evaluated because it is produced by all fossil fuel 

combustion processes, causes health impacts at high concentrations and has been 

identified as an ambient air quality indicator in the Resource Management Regulations.  

An assessment of existing carbon monoxide concentrations needs to be addressed because 

exceedances have been reported in the city of Whangarei from traffic emissions and 

domestic fires, NRC 200318. 

109. Any stack emissions testing should include volatile elements such as mercury and arsenic.  

Experiments carried out by the AIE on New Zealand industrial coals reported that mercury 

consistently reached the flue gas in the gas phase (AIE 2005)19.  A small amount was 

associated with the fly ash and cyclone ash, with some degree of enrichment compared to 

the 78 ppb (µg/kg) levels at which it was found in coal.  The level of arsenic found in 

combustor gas was higher than expected. 

Discharges of contaminants to land 

110. The quantity of coal ash to be managed over the lifetime of the project is unknown.  It 

depends on the ash content of the coal type, which was unspecified at the time of the 

assessment.  New Zealand coal is known for its low ash content (3-5%) although up to 8% 

                                                 
18 Northland Regional Council (2003).  State of the Environment 2002 

19 AIE (2005).  Combustion studies of New Zealand industrial coals.  Australian Institute of Energy. 
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has been reported in lignite.  The ash content of different coals can vary from a few 

percent to well over 20% by mass of coal (Samarin (1997)20). 

111. The proposed ash disposal area is estimated to cover 50 hectares based on coal with 12.4% 

ash content.  This site will not be remediated at the completion of the project.  The ash 

disposal area will be covered with topsoil, contoured and grassed. 

112. The Hazardous Activities and Industries List (HAIL) is a compilation of activities and 

industries that are considered likely to cause land contamination resulting from hazardous 

substance use, storage or disposal.  This list includes coal and coke yards, power stations 

and any other facility or activity that stores, uses or disposes of hazardous substances, in 

sufficient quantity that intentional or accidental discharge of the substance could be a risk 

to human health or the environment. 

113. This ash disposal area therefore will be registered as contaminated land, which severely 

restricts any future land uses (including grazing).  It will require a site management plan to 

prevent exposure to contaminants within the landfill by all pathways (air, water, and soil) 

and ongoing monitoring for an indefinite period.  Long-term projections about the integrity 

of the liner under increasing stress for the life-time of the project and maintenance of the 

leachate collection system post-closure should also be considered. 

 

                                                 
20 Samarin, A. (1997).  Total fly ash management:  From concept to commercial reality.  The Australian Coal Review.  
November 1997. 
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Conclusions 

114. Coal-fired power stations produce more waste types than other forms of electricity 

generation.  These wastes include potential discharges to air (local and regional impacts), 

the marine waters of Bream Bay and Whangarei Harbour, land (approximately 50 

hectares), freshwaters (Ruakaka River), estuaries (Ruakaka Estuary) and groundwaters.  

Potential discharges present risks to human health, natural coastal environments, 

recreational activities, fishing (including intake water for the Aquaculture Park) and 

groundwater supplies. 

115. The quantity and quality of the coal burned will determine the air emission types and 

concentrations, quality of the cooling water to be discharged and quantity and quality of 

the coal ash for disposal to land.  It is difficult to determine the appropriate control 

technologies and assess their efficiency, and subsequent environmental impacts, when 

these factors are unspecified. 

116. Allowing the applicant the ability and flexibility to choose exactly how discharge limits 

are met has led to uncertainties about the predicted air and marine contaminant 

concentrations, which have been based on specific model parameters.  Modifications to 

these parameters will change the predicted environmental concentrations. 
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