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1 Introduction 
T&T Landfills Ltd. holds a resource consent for the discharge of contaminants to a tributary of the 
Owhiro Stream. Condition 9 of the discharge permit WGN070260 [26124] (attached in full as Appendix 
1) states that: 

“The permit holder shall ensure that a person suitably qualified to the satisfaction of the Manager, 
Environmental Regulation, Wellington Regional Council prepares and submits a report by 30 June each 
year detailing the items required by conditions 6 and 7 and the approved DMP. 

The report shall include, but not be limited to: 

 The results and comparison of the contaminants sampled for with the relevant limits approved under the 
DMP and condition 8 of this permit. 

 A comparison of the concentration of contaminants of the latest year of sampling with the baseline 
ecology survey results as required by condition 12 of this permit to determine whether there may have 
been a degradation in the quality of the aquatic ecosystem as a result of the discharge. 

 Any other relevant information; and 

 Any recommendations for approval to the Manager, Environmental Regulation, Wellington Regional 
Council to remedy or mitigate any significant adverse effects that have occurred, or to avoid unforeseen 
significant adverse effects as a result of the discharge of contaminants from the landfill area to the 
tributaries of Owhiro Stream.  Examples of these could be: 

o Changes to the management or site protocols; 

o Methods to remedy adverse effects that may have been transported into the Owhiro Stream 
catchment; and 

o Mitigation measures to offset or minimize the significant adverse effects.” 

 
This report covers monitoring undertaken in the year ending 30 th June 2017 (note, the requirement to 
submit this report by the end of June was not achieved because results from the June monitoring round 
were not received until part way through July). 

 

2 Adaptive Management Overview 

The adaptive management arrangement for surface water samples, as outlined in conditions 6 to 14 of 
the consent, includes the following steps: 

a. Determination, on a quarterly basis, of contaminant levels in surface water of the two tributaries 
upstream of the landfill at TTE & TTW, and in the combined stream flow downstream of the landfill at 
TTD, and in Owhiro Stream at OSU and OSD; 

b. Comparison of results with ANZECC (2000) trigger values; 

c. Determination of contaminant contribution from the landfill;  

d. Comparison of that contribution with pre-determined tolerance limits; 

e. Identification of any determinand which exceeds both the relevant ANZECC (2000) trigger value at 
TTD and the relevant tolerance limit; 

f. In the event that a result exceeds both a tolerance limit and trigger value, undertake two rounds of 
follow-up sampling testing; 

g. In the event that the average of these two follow-up values continues to exceed the relevant 
tolerance limit and the ANZECC trigger values the permit holder is required to implement the 
adaptive management conditions as required by conditions 13 and 14 of the discharge consent.  
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3 Routine Quarterly Water Quality Monitoring 

3.1 Methods 

The routine sampling methodology is described in the Discharge Management Plan (DMP).  

3.2 Surface Water Quality Results 

This annual report covers routine quarterly water quality sampling rounds undertaken in September 
2016, December 2016, March 2017 and June 2017.  Water samples were tested for the range of water 
quality parameters required by condition 7 of the permit. 

The sampling sites are (refer to the DMP for further details): 

 TTW western gully stream (true right branch) at the northern end of the landfill 

 TTE eastern gully stream (true left branch) at the northern end of the landfill 

 TTD lower stream, 100m downstream from the toe of the landfill 

 TTG groundwater bore 100 m downstream from the toe of the landfill 

 OSU Owhiro Stream upstream of the T&T landfill stream 

 OSD Owhiro Stream downstream of the T&T landfill stream 

The surface water quality results for the year to 30 June 2017, together with results from samples 
collected previously since December 2009, are graphed in Figure 3-1 to Figure 3-16. 

The monitoring results for the year show that the headwater tributaries (TTW and TTE) upstream of the 
landfill had generally high water quality and low contaminant levels. Concentrations of a number of 
contaminants increased in the watercourse during its passage through the French Drain network under 
the landfill to the downstream site TTD. The changes include a slight pH reduction and a marked 
increase in total suspended solids (TSS), alkalinity, electrical conductivity (EC), dissolved magnesium 
and calcium concentrations, and an associated increase in water hardness. These changes would be 
expected for water passing through a large volume of crushed concrete in the landfill. Other changes 
include increased concentrations ammonia, COD and manganese.  

Stream concentrations of arsenic, chromium, copper and lead were not markedly increased at 
downstream sites compared with the upstream sites, indicating that the landfill cont ribution of these 
contaminants to the stream is low. 

During this reporting year ammoniacal-nitrogen concentrations at TTD and ODS exceeded the ANZECC 
(2000) 90% trigger value (TV) on all four occasions, while manganese was in exceedance on two 
occasions for TTD and ODS, and zinc was in exceedance on three occasions for OUS, TTE, TTD and 
ODS. 

Three observations were made in respect of trends for sites TTD and ODS. The first is that no trend was 
observed for TSS, pH, Zinc and Iron. The second observation is that conductivity, COD, manganese, 
dissolved calcium, chromium and total hardness showed an overall increase in concentration compared 
to previous results. The third is that concentrations of alkalinity and dissolved magnesium increased 
sharply over time compared to previous results. 

The long term data record for TTD and ODS shows an upward trend for a number of contaminants 
where concentrations appear to have peaked between 2011 and 2013 and then stabilised or receded 
until 2016 where an increasing trend was observed again. The upward trend is likely to have been 
associated with the onset of anoxic conditions within the landfill from about 2009. It is not clear why 
concentrations have reduced during the last few years, but the results indicate a reduction in either 
leachate strength or leachate volumes (or both) over that period. It is also likely the spikes in 
concentrations are related to rainfall 
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In summary: 

 Ammoniacal-nitrogen concentrations at TTD and ODS exceeded the ANZECC (2000) 90% trigger value 
(TV) on three occasions during this reporting period.  

 Manganese (TTD and ODS) and Zinc (TTE, OUS, TTD, ODS)  exceeded the ANZECC (2000) 90% TV 
on two and three occasions respectively.  Zinc was elevated both upstream and downstream of the 
landfill, and it is noted that the elevated zinc result at TTE is unusual and will be monitored to check if it 
was an anomaly. Concentrations of Manganese at TTD were above those recorded between 2009 and 
2013. 

 Although previous reports have indicated a mild increase in exceedances, this reporting period noted 
significant increases, notably for Ammoniacal-nitrogen, zinc and manganese. 

 

Figure 3-1: pH for surface water quality monitoring sites. The red lines indicates GWRC 
recommended guideline levels (Perrie et al, 2012). 

 

Figure 3-2: Alkalinity for surface water quality monitoring sites. 
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Figure 3-3: Conductivity for surface water quality monitoring sites. 

 

Figure 3-4: Total Suspended Solids for surface water quality monitoring sites. 
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Figure 3-5: COD for surface water quality monitoring sites. 

 

Figure 3-6: Ammoniacal Nitrogen for surface water quality monitoring sites. The red line 
indicates the ANZECC 90% protection TV. 
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Figure 3-7: Arsenic for surface water quality monitoring sites. The red line indicates the ANZECC 
90% protection TV as Arsenic V. 

 

Figure 3-8: Copper for surface water quality monitoring sites. The red line indicates ANZECC 90% 
protection TVs. 
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Figure 3-9: Chromium for surface water quality monitoring sites. The red line indicates ANZECC 
90% protection TVs. 

 

Figure 3-10: Lead for surface water quality monitoring sites. The red line indicates ANZECC 90% 
protection TVs. 
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Figure 3-11: Zinc for surface water quality monitoring sites. The red line indicates ANZECC 90% 
protection TVs. 

 

Figure 3-12: Manganese for surface water quality monitoring sites. The red line indicates 
ANZECC 90% protection TVs. 
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Figure 3-13: Iron for surface water quality monitoring sites.  

 

Figure 3-14: Dissolved Magnesium for surface water quality monitoring sites.  
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Figure 3-15: Dissolved Calcium for surface water quality monitoring sites.  

 

Figure 3-16: Total hardness for surface water quality monitoring sites.  
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3.3 Comparison with Tolerance Limits 

The eastern and western branches of the T&T gully are each drained by headwater streams which join 
beneath the landfill and flow out from the toe of the landfill as a single watercourse (TTD).  The 
contamination recorded at TTD is derived from sources upstream of the landfill (measured at TTE and 
TTW) and from the landfill itself.  For each parameter the contribution derived from the landfill can be 
calculated by subtracting the average concentration upstream of the landfill from that recorded 
downstream of the landfill: 

Contaminant increment from landfill = TTD – (TTE + TTW)/2 

The contaminant increments from the landfill determined from four quarterly monitoring rounds are 
compared against the specified tolerance limits in Table 3-1 below1. 

Table 3-1: Contaminant increments from the landfill compared with specified tolerance limits 
(exceedences are underlined in bold). 

Parameter 
TTD – (TTE + TTW)/2 Results 

Lower Tolerance 
Limit (LTL) 

Upper Tolerance 
Limit (UTL) 

29/06/2017 10/04/2017 15/12/2016 27/09/2016 

pH -0.25 -0.05 -0.10 -0.45 -0.4 0.4 

Electrical Conductivity 67.95 172.05 72.55 138.80  72.4 

Alkalinity 267 463 241 398.5  226 

Total suspended solids 1.25 31.75 15.5 23.5  31.7 

COD 17 69 21 53  21 

Total Hardness 348.5 874.5 316.5 731.5  465 

Ammoniacal Nitrogen 2.195 6.895 2.795 5.995  0.346 

Iron 3.077 9.226 6.990 8.181  2748 

Manganese 1.718 4.093 2.298 3.200  1461 

Lead 0.000265 0.0038675 0.000525 0.003145  5.9 

Copper  0.000545 0.0036775 -0.00025 0.003535  4.0 

Zinc -0.028075 0.057625 0.009025 0.058625  130 

Arsenic 0.00185 0.00405 0.00295 0.00545  13 

Chromium 0.001075 0.004535 0.001835 0.0027125  1 

 

Ammoniacal nitrogen exceeded the upper tolerance limit on all four sampling occasions, indicating that 
the ammonia contribution from the landfill remained high compared with the 2004 to 2008 baseline 
period.  A trend of increased ammoniacal nitrogen levels began during 2009 and is characterised by a 
series of peaks which coincide with heavy rainfall. Recent sampling events showed ammoniacal nitrogen 
concentrations have continued to be high regardless of rainfall events.  

Electrical conductivity, pH, TSS, COD and Total Hardness all exceeded the upper tolerance limit on 1 - 3 
occasions and alkalinity on 4 occasions. 

                                                      
1 The tolerance limits are specified in condition 8 of the discharge permit and have been calculated from monitoring 

data collected between March 2004 and November 2008, inclusive except for total hardness and total suspended 
solids (TSS) which were calculated using monitoring data collected between December 2009 and January 2012.  
These tolerance intervals have been calculated on the difference between the downstream and upstream samples 
such that they contain 95% of the data distribution with 95% probability.  Arsenic and chromium ‘tolerance limits’ 
were not derived from previous monitoring results but were arbitrarily selected in the 2011 consent variation. 
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3.4 Adaptive Management Actions 

In the event that any contaminant in samples collected at TTD exceeds the site specific ANZECC 90% 
protection TVs and the relevant tolerance limit, two further sampling rounds are required within two 
months.  If the average of the two recoveries continues to exceed the relevant tolerance limit and TVs, 
the permit holder is required to implement the adaptive management actions under conditions 13 and 14 
of the discharge permit (refer Appendix 1).   

Three results from the year to June 2017 exceeded both site specific ANZECC trigger values and upper 
tolerance limits for any constituent (Table 3-2).  Accordingly, additional monitoring was triggered from 
September, January and April quarterly monitoring. Adaptive management action was required in 
respect of conditions 13 or 14 of the discharge consent based on the December 2016 additional 
monitoring results, where the average of both additional monitoring rounds showed ammonical nitrogen 
levels higher than site specific ANZECC trigger values. 
 
Table 3-2: Compliance record from four sampling rounds for the year to June 2017 

Parameter 

Tolerance limit 

exceeded? 

ANZECC 

(2000) 90% TV 

ANZECC 

 90% TV 

Exceeded? 

Additional 

sampling 

required? 

Adaptive 

Management 

action required? 

pH 1/4 Not Available Not Applicable no no 

Electrical conductivity 2/4 Not Available Not Applicable no no 

Alkalinity 4/4 Not Available Not Applicable no no 

TSS 1/4 Not Available Not Applicable no no 

COD 3/4 Not Available Not Applicable no no 

Total Hardness 2/4 Not Available Not Applicable no no 

Total ammoniacal N 4/4 1.430 (2.34) 3/4 yes Yes, in progress 

Iron 0/4 Not Available Not Applicable no no 

Manganese 0/4 2.5 2/4 no no 

Lead 0/4 0.0056 (0.011) 0/4 no no 

Copper 0/4 0.0018 (0.0028) 2/4 no no 

Zinc 0/4 0.015 (0.027) 2/4 no no 

Chromium 0/4 0.006 0/4 no no 

Arsenic 0/4 0.042 0/4 no no 

Adaptive management was triggered due increased ammonical nitrogen levels. As well as additional 
monitoring, including a survey of the benthic ecology of Owhiro Stream and tributaries, the adaptive 
management covers solution based approach to contaminants in the form of a stream diversion and 
wetland system. The current extent of construction of a wetland and diversion system are shown in 
Figure 17 and Figure 18.  
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Figure 17: Wetland construction as of June 2017 

  

Figure 18: Diversion Construction as of June 2017 

 

3.5 Groundwater Monitoring Results 

Groundwater quality monitoring results summarized in Table 3-3 show contaminant concentrations were 
variable through the monitoring year. Over the longer term there has been considerable variation in 
concentrations of iron and manganese in particular, and to a lesser extent copper, zinc and lead Figure 
3-19 and Figure 3-20.There is very little correlation between groundwater and surface water 
concentrations of these metals. 

 

Table 3-3: Groundwater monitoring results for the year to June 2017 

Parameter Unit 

TTG Results 

29/07/2017 10/04/2017 15/12/2016 27/09/2016 

pH pH 6.5 6.7 6.7 6.7 

Chloride g/m3 90 85 91 86 

Conductivity µS/m 47.9 51.5 57.5 46.6 

Nitrate Nitrogen g/m3 1.93 1.52 1.81 1.63 

Ammoniacal Nitrogen g/m3 0.005 0.005 0.005 0.005 

Total Lead g/m3 0.0119 0.038 0.05 0.035 

Total Zinc g/m3 0.022 0.094 0.149 0.115 

Total Iron g/m3 5.9 21 18.6 21 

Total Manganese g/m3 0.77 4.5 1.49 1.5 

Total Copper g/m3 0.0054 0.017 0.036 0.0177 
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Figure 3-19: Iron and manganese concentrations in groundwater samples collected downstream 
of the landfill at site TTG 

 

 

Figure 3-20: Lead, copper and zinc concentrations in groundwater samples collected 
downstream of the landfill at site TTG 
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4 Ecology Assessment 2016 
Condition 9 of the discharge consent requires that the annual report include: 

“A comparison of the concentration of contaminants of the latest year of sampling with the baseline 
ecology survey results as required by condition 12 of this permit to determine whether there may hav e 
been a degradation in the quality of the aquatic ecosystem as a result of the discharge.”  

T&T Landfills commissioned an ecological study of the tributary stream upstream and downstream of the 
landfill during 2010 pursuant to condition 12 of the consent.  A second ecological survey was conducted 
in December 2016 (Cameron, 2017), following an exceedance of trigger values during the last quarter of 
2016, as required by condition 13 of the consent.  A comparison between results of the 2010 and 2016 
surveys show that: 

 Concentrations of a number of contaminants at site TTD including EC, alkalinity, hardness, calcium, 
magnesium, ammonia, iron and manganese have increased since 2010, possibly associated with the 
gradual development of the landfill over that period.  By contrast total copper, total lead and total zinc 
show a decreasing trend at TTD over that period.  Metal fractions that show no measurable change 
during passage under the landfill include dissolved arsenic, dissolved copper, dissolved chromium, total 
chromium and dissolved lead. 

 The contaminants of most concern at TTD are iron, manganese and ammonia, all of which have 
significantly exceeded recommended TVs.  High levels of iron have, in combination with elevated levels 
of dissolved organic matter (DOM), resulted in ferric iron precipitation covering streambed substrates in 
the reach below the landfill, extending downstream beyond site OSD.  A review of quarterly reports 
indicates that the extent of streambed affected by iron bacteria has gradually increased between 2010 
and 2016.  Similarly, TSS has gradually increased at TTD due in part to increased iron bacteria 
growths. It is noted that iron precipitation may have direct or indirect effects on stream biota but also 
has an adverse effect on water clarity, TSS, and the visual appearance of the streambed. 

 Invertebrate metric scores are lower in 2016 than in 2010 at all sites.  The reason for differences at 
upstream sites TTW and TTW is not clear, but may be related to a major flood event that occurred 
approximately 5 weeks prior to the 2016 survey.    

 Adverse effects in the tributary below the landfill appear to have been more pronounced in 2010 
than in 2016; and 

 Adverse effects in Owhiro Stream were similar, but slightly more pronounced in 2016 than in 2010. 

The 2016 ecological study (Cameron, 2017) concluded that macroinvertebrate community metrics do not 
show a greater level of adverse effects in 2016 compared with 2010. Nevertheless, the discharges have 
caused a significant change in the colour and/or visual clarity of the stream, and the magnitude of that 
effect has increased since the baseline survey was conducted in 2010.   
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5 Other Information 
The development of a conspicuous orange colouration in the pond at the toe of the landfill and in the 
stream further downstream has been evident since approximately 2009 and has continued through  the 
current reporting period. Site photos are shown in Appendix B and Figure 21 below. The orange 
colouration is caused by elevated concentrations of iron in stream water below the landfill leading to 
precipitation of iron floc.  An iron oxide-accumulating bacterium (Leptothrix) facilitates the precipitation of 
iron floc and formation of the gelatinous masses observed in the stream. Leptothrix are non-disease 
producing bacteria which commonly colonise the transition zone where deoxygenated water from an 
anaerobic environment flows into an aerobic environment, i.e., where the stream emerges at the surf ace 
after passing more than 1km under the landfill.  The area affected by iron floc became more extensive 
during 2009 and 2010, probably indicating the onset of anoxic conditions in the landfill at that time.  

Iron floc affects the visual appearance of the stream and at times causes a conspicuous change in 
colour and clarity of stream water and the stream bed.  Under condition 11 of the consent, this should 
trigger the consideration of relevant treatment methodologies. In that regard, we understand that  the 
consent holder is currently implementing a programme of works to divert the stream around the landfill 
and to complete a wetland treatment system at the toe of the landfill.  

  

Figure 21: Iron precipitate at wetland and downstream of landfill 

6 Conclusion and Recommendation 
Monitoring results indicate that leachate generation in the landfill continues to have some impact on 
downstream water quality of the Owhiro Stream through exceedence of ammoniacal nitrogen site 
specific ANZECC trigger values for the protection of aquatic ecosystems. In addition, the landfill 
continues to cause a conspicuous change in colour and clarity of the stream downstream of the landfill, 
which may adversely affect amenity values.   

In our view the diversion, currently being constructed, of the stream and local stormwater around the 
landfill will greatly reduce leachate volumes, and will enable the remaining leachate to be more 
effectively treated by a constructed wetland, thereby reducing the effect on the lower tributary and 
Owhiro Stream. 

It is our recommendation that works to complete the stream diversion and construction of the wetland 
treatment system should be implements as quickly as is practicable. 
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Appendix  B Site Photos 
29 June 2017 
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