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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 30th June 2015 (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 November 
2015, January 2016, April 2016 and June 2016.  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 2016, 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, iron, COD and manganese.  

Stream concentrations of arsenic, chromium, copper, zinc and lead were not markedly increased at 
downstream sites compared with the upstream sites, indicating that the landfill contribution 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 one occasion, while copper, zinc and manganese were in exceedance 
at either one or all TTD, OSU and/or OSD on one occasion.  

The long term data record for TTD shows an upward trend for a number of contaminants including 
ammonia, iron, manganese, dissolved magnesium, dissolved calcium, alkalinity and total hardness. 
Concentrations appear to have peaked between 2011 and 2013 and then stabilised or receded during 
the past few years. A spike in at least one sampling point for all of these parameters was evident in 
2016. 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.  

In summary: 

 Ammoniacal-nitrogen concentrations at TTD and ODS exceeded the ANZECC (2000) 90% trigger value 
(TV) on one occasion during this reporting period. The concentration at TTD was considerably elevated 
while the exceedance at ODS was marginal. 

 Zinc and manganese were in exceedance of the ANZECC (2000) 90% TV at TTD, OSU and/or OSD on 
one occasion. The exceedance for zinc at all three sites (TTD, OSD and OUS) was marginal with 
concentrations remaining below those recorded between 2009 and 2013. Concentrations of Manganese 
at TTD were above those recorded between 2009 and 2013. 
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 While one reading in 2016 showed higher concentrations for several parameters – notably ammoniacal-
nitrogen, overall concentrations of most contaminants downstream of the landfill were lower during the 
reporting year than in the years between 2009 and 2013. 

 

 

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 dashed line 
indicates the ANZECC 90% protection TV 
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Figure 3-7: Arsenic for surface water quality monitoring sites. 

 

Figure 3-8: Copper for surface water quality monitoring sites. The dashed lines indicate ANZECC 
90% protection TVs. 
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Figure 3-9: Chromium for surface water quality monitoring sites. The dashed lines indicate 
ANZECC 90% protection TVs. 

 

Figure 3-10: Lead for surface water quality monitoring sites. The dashed lines indicate ANZECC 
90% protection TVs. 
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Figure 3-11: Zinc for surface water quality monitoring sites. The dashed lines indicate ANZECC 
90% protection TVs. 

 

Figure 3-12: Manganese for surface water quality monitoring sites. The dashed lines indicate 
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 (UCL) 

07/07/2016 28/04/2016 29/01/2016 26/11/2015 

pH -0.4 -0.4 -0.4 -0.2 -0.4 0.4 

Electrical Conductivity 76.350 40.05 42.85 38.7  72.4 

Alkalinity 323 197 215.5 221.5  226 

Total suspended solids 17.5 9.5 38 17.5  31.7 

COD 27 0 11 10  21 

Total Hardness 411 191.5 198 190  465 

Ammoniacal Nitrogen 2.69 0.605 0.545 0.705  0.346 

Iron 8382 4083 17764 9618.5  2748 

Manganese 2299 1546 1835 7796  1461 

Lead 0.585 0.16 0.45 0.26  5.9 

Copper  0.345 -0.175 -0.165 0.085  4.0 

Zinc 14.425 2.525 5.375 4.025  130 

Arsenic 3.350 1.7 4.8 2.8  13 

Chromium 1.705 0.34 0.61 0.33  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 and subsequent formation of a large pond in the 
Western Gully above the landfill. It is noted however the ammoniacal nitrogen concentrations were lower 

                                                      
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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during 2014 and start of 2015 compared to the current monitoring year but lower than during the 2011, 
2012 and 2013 peak years. 

Iron and manganese both exceeded the upper tolerance limit on all four quarters indicating an increase 
compared with the baseline period. Electrical conductivity, alkalinity, TSS, COD and chromium all 
exceeded the upper tolerance limit on one occasion. 

 
3.4 Adaptive Management Actions 

In the event that any contaminant in samples collected at TTD exceeds the 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).   

One result from the year to June 2016 exceeded both ANZECC trigger values and upper tolerance limits 
for any constituent (Table 3-2).  Accordingly, adaptive management action was required in respect of 
conditions 13 or 14 of the discharge consent. It is noted that it was the June 2016 results that required 
additional sampling due to high ammoniacal nitrogen. These additional results are not presented in this 
annual report due to the time of report completion and will be reported separately.  
 

Table 3-2: Compliance record from four sampling rounds for the year to June 2016 

Parameter 

Tolerance limit 

exceeded? 

ANZECC 

(2000) 90% TV 

ANZECC 

 90% TV 

Exceeded? 

Additional 

sampling 

required? 

Adaptive 

Management 

action required? 

pH 0/4 not available not applicable no no 

Electrical conductivity 1/4 not available not applicable no no 

Alkalinity 1/4 not available not applicable no no 

Total suspended solids 1/4 not available not applicable no no 

COD 1/4 not available not applicable no no 

Total Hardness 0/4 not available not applicable no no 

Total ammoniacal N 4/4 1.430 1/4 yes pending 

Iron 4/4 not available not applicable no no 

Manganese 4/4 2.5 0/4 no no 

Lead 0/4 0.0056 0/4 no no 

Copper 0/4 0.0018 0/4 no no 

Zinc 0/4 0.015 0/4 no no 

Chromium 1/4 0.006 0/4 no no 

Arsenic 0/4 0.042 0/4 no no 

 

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 
3-17 and Figure 3-18.There is very little correlation between groundwater and surface water 
concentrations of these metals. 
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Table 3-3: Groundwater monitoring results for the year to June 2016 

Parameter Unit 

TTG Results 

07/07/2016 28/04/2016 29/01/2016 26/11/2015 

pH pH 6.6 6.5 6.8 7 

Chloride g/m3 83 82 87 88 

Conductivity µS/m 46.1 46.6 47 47.5 

Nitrate Nitrogen g/m3 1.185 2 1.69 1.97 

Ammoniacal Nitrogen g/m3 0.021 0.005 0.021 0.005 

Total Lead g/m3 0.049 0.025 0.044 0.032 

Total Zinc g/m3 0.143 0.079 0.122 0.095 

Total Iron g/m3 28 15.1 24 17.1 

Total Manganese g/m3 1.99 1.05 2.3 1.85 

Total Copper g/m3 0.024 0.0141 0.02 0.015 

 

 

Figure 3-17: Iron and manganese concentrations in groundwater samples collected downstream 
of the landfill at site TTG 
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Figure 3-18: Lead, copper and zinc concentrations in groundwater samples collected 
downstream of the landfill at site TTG 
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4 Comparison with Baseline Ecology Results 
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 have 
been a degradation in the quality of the aquatic ecosystem as a result of the discharge.” 

In order to determine if changes in stream water quality below the landfill may have resulted in any 
degradation in the stream ecology since the ecological survey undertaken over the 2009/10 summer, we 
have compared the quarterly stream water quality monitoring results for the 24-month period to June 
2010 with the 24-month period to June 2016.  A 24-month period was used, rather than 12-months, in 
order to provide a greater sample size with increased power to detect differences.  The statistical 
comparisons are summarised in Table 4-1 and the data are shown by boxplots in Figure 4-1. 

There is strong evidence for increases in both ammoniacal nitrogen and iron concentrations in the 2014-
2016 period compared with baseline period.  However, as only one sample exceeded the ANZECC 
(2000) 90% trigger value for ammoniacal nitrogen and no sample exceeded the trigger for iron during 
either period, the risk of toxicity remains low. 

There is moderate or strong evidence for decreases in concentrations of copper , lead and zinc in 2014-
2016 compared with the baseline period.  Zinc TVs were substantially exceeded prior to 2010 but in the 
current period exceedences were marginal and intermittent.  This indicates a possible reduction in the 
risk of zinc toxicity.  Lead and copper intermittently exceeded their TVs in the baseline period but were 
consistently below the TVs in the 2014-2016 period, again suggesting a possible reduction in the risk of 
toxicity. 

On balance, the monitoring results indicate that the risk to aquatic ecosystems was no higher in the 
current reporting period compared with the 2010 baseline period, and may have reduced since 2010.  

Table 4-1: Results of equivalence tests at site TTD comparing quarterly monitoring results for the 
24-month period to June 2010 with the 24-month period to June 2016 

2010 vs 2014 Equivalence 
analysis 

N 
samples 

t-test 
p-

value 

Bayesian posterior 
probability that difference 

is within limits 

mean 
for period to June 

2010 (g/m3) 

mean 
for period to 

June 2016 (g/m3) 

Total 

ammoniacal-N 

Strong evidence for 

increase 

8 0.034 1.022% 0.290 0.911 

Total lead Moderate evidence 

for decrease 

8 0.037 3.021% 0.002 0.0005 

Total zinc Strong evidence for 

decrease 

8 0.005 0.660% 0.055 0.011 

Total copper Strong evidence for 

decrease 

8 0.010 1.204%% 0.002 0.0004 

Total iron Strong evidence for 

increase 

8 0.017 0.672% 2.629 7.758 

Total 

manganese 

Inconclusive – not 

enough data 

8 0.072 2.831% 1.099 2.438 

 

Note: The statistical significance of the results was determined using an equivalence test which incorporates both 
testing of means (using a student t-test) and testing of meaningful change by interval testing of ‘equivalence’ and 
‘inequivalence’.  The tests were based on an interval of +/- 10% and a difference was only considered significant if 
the p-value was <0.05. 
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Figure 4-1: Comparison in water quality (g/m3) at TTD for the 24-month period to June 2010 with the 24- 

month period to June 2015 (N=8). 
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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. 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 surface 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 has proposed modifications to the diversion system that was originally consented, and 
an application to change consent conditions has been lodged with Greater Wellington Regional Council. 

6 Conclusion and Recommendation 
Monitoring results indicate that leachate generation in the landfill continues to have some impact on 
downstream water quality of the tributary of Owhiro Stream.  Nevertheless, a decrease in contaminant 
levels has been evident over the last two years to the extent that ANZECC trigger values for the 
protection of aquatic ecosystems have rarely been exceeded downstream of the landfill over that period.  
Despite these improvements 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 proposed diversion of the stream and local stormwater around the landfill will greatly 
reduce leachate volumes, and will enable the remaining leachate to be more effective ly treated by a 
constructed wetland, thereby reducing the effect on the lower tributary and Owhiro Stream. 

It is our recommendation that steps be undertaken to implement the stream diversion and complete 
construction of the wetland treatment system as soon as this becomes practicable. 
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Appendix  B Site Photos 
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