
 

APPENDIX J: 

Water quality of Wairarapa stock water races: 
state, trends and impacts 

Report prepared by: 

Malcolm Main 

Consultant water quality scientist 

12 January 2018 

 

 
Memorial at Kirwee, Canterbury to Colonel DeRenzie Brett, who initiated one of the earliest water race systems in New Zealand, in the late 1870s 

 





 

 

Contents 

1. Executive Summary 1 

2. Introduction 3 
2.1 Stock water races 3 
2.2 Receiving waters 6 

3. Methods 8 
3.1 Data 8 

3.2 Analytical methods and approach 10 

4. Results 12 

4.1 Water quality within the races and receiving waters 12 
4.2 Temporal changes 34 

5. Discussion 44 
5.1 General water quality 44 

5.2 Water quality within the water races 46 
5.3 Receiving water impacts 47 

5.4 Environmental effects 48 
5.5 Water quality changes over time 59 

6. Conclusions 60 

7. Acknowledgements 62 

8. References 63 

Appendix I. Water quality determinands 65 
Nitrogen 65 
Total phosphorus 65 

E. coli 65 
pH 65 

Conductivity 65 
Dissolved oxygen 65 

Appendix II. Censored data 66 

 
 

 

List of figures 

Figure 2.1: Stock water race systems in the Wairarapa (modified from a summary 

prepared by Stephen Thorley, GWRC). ........................................................................... 5 

The Te Ore Ore race closed in 2016 ................................................................................. 5 

Figure 3.4: The Moroa water race system (adapted from Cardno, 2016). ....................... 9 



 

Figure 4.1. Total nitrogen concentrations along the Opaki water race system. The 

water race discharge site is coloured blue and green, and sites in Waipoua River 

are shown in red and yellow. Note the logarithmic scale. .............................................. 15 

Figure 4.2. Total phosphorus concentrations along the Opaki water race system. 

The water race discharge site is coloured blue and green, and sites in Waipoua 

River are shown in red and yellow. Note the logarithmic scale. .................................... 15 

Figure 4.3. E. coli concentrations along the Opaki water race system. The water 

race discharge site is coloured blue and green, and sites in Waipoua River are 

shown in red and yellow. Note the logarithmic scale. .................................................... 16 

Figure 4.4. Suspended solids concentrations along the Opaki water race system. 

The water race discharge site is coloured blue and green, and sites in Waipoua 

River are shown in red and yellow. Note the logarithmic scale. .................................... 16 

Figure 4.5. Conductivity along the Opaki water race system. The water race 

discharge site is coloured blue and green, and sites in Waipoua River are shown in 

red and yellow. ............................................................................................................... 16 

Figure 4.6. pH along the Opaki water race system. The water race discharge site is 

coloured blue and green, and sites in Waipoua River are shown in red and yellow. ..... 16 

Figure 4.8. Dissolved oxygen concentrations along the Opaki water race system. 

The water race discharge site is coloured blue and green, and sites in Waipoua 

River are shown in red and yellow. ................................................................................ 17 

Figure 4.7. Dissolved oxygen saturation along the Opaki water race system. The 

water race discharge site is coloured blue and green, and sites in Waipoua River 

are shown in red and yellow. .......................................................................................... 17 

Figure 4.9: Temperatures along the Opaki water race system. The water race 

discharge site is coloured blue and green, and sites in Waipoua River are shown in 

red and yellow. ............................................................................................................... 17 

Figure 4.1. Total nitrogen concentrations along the Moroa water race system. 

Sites in the water race coloured blue and green, and red and yellow in Otakura 

Stream. Note the logarithmic scale. ................................................................................ 18 

Figure 4.2. Total phosphorus concentrations along the Moroa water race system. 

Sites in the water race coloured blue and green, and red and yellow in Otakura 

Stream. Note the logarithmic scale. ................................................................................ 18 

Figure 4.3: E. coli concentrations along the Moroa water race system. Sites in the 

water race coloured blue and green, and red and yellow in Otakura Stream. Note 

the logarithmic scale. ...................................................................................................... 18 

Figure 4.4: Suspended solids concentrations along the Moroa water race system. 

Sites in the water race are coloured blue and green, and are red and yellow in 

Otakura Stream. Note the logarithmic scale. .................................................................. 18 

Figure 4.5: Conductivity along the Moroa water race system. Sites in the water 

race are coloured blue and green, and are red and yellow in Otakura Stream. .............. 19 

Figure 4.6: Temperature along the Moroa water race system. Sites in the water 

race are coloured blue and green, and are red and yellow in Otakura Stream. .............. 19 



 

 

Figure 4.7: Dissolved oxygen concentrations along the Moroa water race system. 

Sites in the water race are coloured blue and green, and are red and yellow in 

Otakura Stream. .............................................................................................................. 20 

Figure 4.8: Total nitrogen concentrations along the Longwood water race system. 

Note the logarithmic scale. Sites in the water race are coloured blue and green, 

and are red and yellow in Donalds Creek. ...................................................................... 21 

Figure 4.9: Total phosphorus concentrations along the Longwood water race 

system. Note the logarithmic scale. Sites in the water race are coloured blue and 

green, and are red and yellow in Donalds Creek. ........................................................... 22 

Figure 4.10: E. coli concentrations along the Longwood water race system. Note 

the logarithmic scale. Sites in the water race are coloured blue and green, and are 

red and yellow in Donalds Creek. .................................................................................. 22 

Figure 4.11: Suspended solids concentrations along the Longwood water race 

system. Note the logarithmic scale. Sites in the water race are coloured blue and 

green, and are red and yellow in Donalds Creek. ........................................................... 23 

Figure 4.12: Conductivity along the Longwood water race system. Sites in the 

water race are coloured blue and green, and are red and yellow in Donalds Creek. ...... 23 

Figure 4.13: Temperatures along the Longwood water race system. Sites in the 

water race are coloured blue and green, and are red and yellow in Donalds Creek. ...... 24 

Figure 4.14: Dissolved oxygen concentrations along the Longwood water race 

system. Sites in the water race are coloured blue and green, and they are red and 

yellow in Donalds Creek. ............................................................................................... 24 

Figure 4.15: Total nitrogen concentrations along the Taratahi water race system. 

Sites in the water race are coloured blue and green, and are red and yellow in 

Parkvale Stream. ............................................................................................................. 25 

Figure 4.16: Nitrate-plus-nitrite nitrogen concentrations along the Taratahi water 

race system. Note the logarithmic scale. Sites in the water race are coloured blue 

and green, and are red and yellow in Parkvale Stream. .................................................. 26 

Figure 4.16: Total phosphorus concentrations along the Taratahi water race 

system. Sites in the water race are coloured blue and green, and are red and yellow 

in Parkvale Stream. ......................................................................................................... 26 

Figure 4.17: Dissolved reactive phosphorus concentrations along the Taratahi 

water race system. Note the logarithmic scale. Sites in the water race are coloured 

blue and green, and are red and yellow in Parkvale Stream. .......................................... 27 

Figure 4.18: E. coli concentrations along the Taratahi water race system. Note the 

logarithmic scale. Sites in the water race are coloured blue and green, and are red 

and yellow in Parkvale Stream. ...................................................................................... 27 

Figure 4.19: Suspended solids concentrations along the Taratahi water race 

system. Note the logarithmic scale. Sites in the water race are coloured blue and 

green, and are red and yellow in Parkvale Stream. ........................................................ 28 

Figure 4.20: Conductivity along the Taratahi water race system. Sites in the water 

race are coloured blue and green, and are red and yellow in Parkvale Stream. ............. 28 



 

Figure 4.21: pH along the Taratahi water race system. Sites in the water race are 

coloured blue and green, and are red and yellow in Parkvale Stream. ........................... 29 

Figure 4.22: Dissolved oxygen concentrations along the Taratahi water race 

system. Sites in the water race are coloured blue and green, and are red and yellow 

in Parkvale Stream. ......................................................................................................... 29 

Figure 4.23: Total nitrogen concentrations along the Carrington water race 

system. ............................................................................................................................ 30 

Figure 4.24: Nitrate-plus-nitrite nitrogen concentrations along the Carrington 

water race system. Note the logarithmic scale. .............................................................. 30 

Figure 4.25: Total phosphorus concentrations along the Carrington water race 

system. ............................................................................................................................ 30 

Figure 4.26: Dissolved reactive phosphorus concentrations along the Carrington 

water race system............................................................................................................ 31 

Figure 4.27: E. coli concentrations along the Carrington water race system. Note 

the logarithmic scale. ...................................................................................................... 31 

Figure 4.28: Suspended solids concentrations along the Carrington water race 

system. ............................................................................................................................ 32 

Figure 4.29: Conductivity along the Carrington water race system. .............................. 32 

Figure 4.30: Temperatures along the Carrington water race system. ............................. 33 

Figure 4.31: Dissolved oxygen concentrations along the Carrington water race 

system. ............................................................................................................................ 33 

Figure 4.32: Dissolved oxygen saturation along the Carrington water race system. ..... 34 

Figure 4.33: pH along the Carrington water race system. .............................................. 34 

Figures 4.34: Box plots of annual data for total nitrogen, total phosphorus and E. 

coli. Note the logarithmic scales on the total phosphorus and E. coli graphs. ............... 37 

Figure 4.35 E.coli concentrations in Otakura Stream below the discharge. ................... 38 

Figure 4.36 E.coli concentrations in Otakura Stream above the discharge. ................... 38 

Figure 4.37a. Correlation between E.coli concentrations in Otakura Stream sites 

upstream and downstream from the discharge. .............................................................. 39 

Figure 4.37b. Correlation between E.coli concentrations in the discharge and 

Otakura Stream downstream from the discharge. .......................................................... 39 

Figure 4.38: Temperatures recorded from the Moroa discharge into Papawai 

Stream shows no change over the sampling period. Other sites were similar. .............. 41 

Figure 4.39: Total nitrogen concentrations in Donalds Creek upstream of the 

discharge. The trend line is bimodal. The same pattern was evident downstream ........ 42 

Figure i: Field pH measurements compared with laboratory measurements from 

the Carrington water race. .............................................................................................. 66 

 

 



 

 

List of tables 

Table 2.1: Features of the water-race schemes (summarised from Tonkin & 

Taylor, 2012), and receiving waters with monitoring data. ............................................. 6 

Table 2.2: Flow summaries for the receiving waters (all m3/s). Data from LAWA. ....... 7 

Table 3.1: Monitoring sites, determinands, and monitoring details for each water 

race.................................................................................................................................... 8 

Table 4.1: Median determinand concentrations. TN = total nitrogen, TP = total 

phosphorus, Cond. = conductivity, DO conc. = dissolved oxygen concentration, 

Temp = temperature, SS = suspended solids, NNN = nitrate-plus-nitrite nitrogen, 

DRP = dissolved reactive phosphorus ............................................................................ 12 

Table 4.2: Sites within the water races compared using the two-tailed Wilcoxon 

signed rank test. The Opaki water race had no comparable sampling sites. Arrows 

in green represent an improvement in water quality, while those in red show a 

deterioration, and black ones are neutral. ....................................................................... 13 

Table 4.3: Sites within the receiving waters compared using the two-tailed 

Wilcoxon signed rank test. Arrows in green represent an improvement in water 

quality, while those in red show a deterioration, and black ones are neutral. ................ 14 

Table 4.4: Time-series regressions for sites on the Opaki system. Changes marked 

in green represent an improvement in water quality, while those in red show a 

deterioration. ................................................................................................................... 35 

Table 4.5: Mann-Whitney U-test for independent samples, comparing the first 

three and last three years of samples from the Opaki water race discharge and in 

the Waipoua River below the discharge. Changes marked in green represent an 

improvement in water quality, while those in red show a deterioration......................... 36 

Table 4.7: Mann-Whitney U-test for independent samples, comparing the first 

three and last three years of samples from the Moroa water race discharge into the 

Otakura Stream. Changes marked in green represent an improvement in water 

quality, while those in red show a deterioration. ............................................................ 39 

Table 4.8: Mann-Whitney U-test for independent samples, comparing the first 

three and last three years of samples from the Moroa water race discharge into the 

Papawai Stream. Changes marked in green represent an improvement in water 

quality, while those in red show a deterioration. ............................................................ 40 

Table 4.9: Time-series regressions for sites on the Longwood system. Changes 

marked in green represent an improvement in water quality, while those in red 

show a deterioration........................................................................................................ 41 

Table 4.10: Mann-Whitney U-test for independent samples, comparing the first 

three and last three years of samples from the Longwood water race discharge into 

Donalds Creek. Changes marked in green represent an improvement in water 

quality, while those in red show a deterioration. ............................................................ 43 

Table 4.11: Mann-Whitney U-test for independent samples, comparing the first 

three and last three years of samples from Donalds Creek below the discharge. ........... 43 



 

Table 5.1: Median concentrations of water quality determinands at sites up-river 

and downstream on the Ruamahanga and Waiohine Rivers (GWRC data from 

LAWA). .......................................................................................................................... 47 

Table 5.2: Selected guideline values used in the interpretation of data. ........................ 49 

Table 5.3: Annual geometric mean E. coli concentrations and the percentage 

greater than 3150 cfu/100 mL. Instances of compliance with the indicative stock 

drinking water guideline are marked in green. ............................................................... 53 

Table 5.4a: The number of times during each bathing season that E. coli 

concentrations exceeding 260 and 540 CFU/100 mL in the Waipoua River sites 

(2003 guidelines). Instances of compliance with the relevant attribute of the 

swimming water guideline are marked in green. ............................................................ 54 

Table 5.5: Annual median TN, TP and Dissolved oxygen concentrations, and 

percentage dissolved saturation in receiving waters of the Opaki (Waipoua River), 

Moroa (Otakura Stream) and Longwood (Donalds Creek) water race systems, and 

the percentage of samples measuring pH 6-9 in the Waipoua River. Only the 

Otaki system monitoring sites had reliable (i.e. laboratory-measured), long-term 

pH data. Instances of compliance are indicated in green, with non-compliance in 

red. .................................................................................................................................. 55 

 

 



Wairarapa stock water races: state, trends and impacts 

NATRP-1620937158-1488 PAGE 1 OF 66 
 

1. Executive Summary 

Five stock water races currently operate in the Wairarapa. Water quality has been 

monitored in the Opaki, Moroa and Longwood water race systems since 2004, 2005, 

and 2006, respectively, and in the Taratahi and Carrington systems since 2013. 

Generally sites were located at the race intake; where the race discharged into a 

receiving water; and in the receiving water upstream and downstream from the 

discharge. This report analyses and synthesises those monitoring data. 

Generally, water quality deteriorated significantly in the water races between their 

abstraction sites and the site where they discharged into receiving waters. The reduction 

in quality occurred in every case for total phosphorus, but less so for total nitrogen, E. 

coli, suspended solids, dissolved oxygen and conductivity. However, this probably was 

inevitable, because of the pure quality of their source streams emanating from the 

Tararua Ranges, and most likely was no different from natural streams on the Wairarapa 

plain. 

In some cases this resulted in poorer water quality at downstream receiving water sites, 

but sometimes receiving water quality was improved. This applied to some extent to the 

Opaki discharge to the Waipoua River, the Moroa water race discharge to Otakura 

Stream and the Longwood water race discharge to Donalds Creek. There was little 

change in water quality in the Parkvale Stream tributary where it received the discharge 

from the Taratahi water race. 

Nitrate-plus-nitrite-N, ammonia-N and dissolved reactive phosphorus were measured 

only in the Taratahi and Carrington systems. Ammonia-N concentrations generally were 

less than the limit of detection, and the water races appeared to have little influence on 

them. NNN did not vary in either of these two races, but DRP increased in the Taratahi 

race between the intake and the discharge to Parkvale Stream.  

The good news is that, in general, water quality improved in the Opaki, Moroa and 

Longwood systems since monitoring began in 2004 or 2005, possibly as a result of 

improved land management practices. This was true for at least some determinands at 

every site, and the improvement was most marked in the data from the last three years. 

Total phosphorus and E. coli showed the most dramatic and most consistent 

improvement. Total nitrogen concentrations also often improved (sometimes 

dramatically), with conductivity less often so. 

In contrast, dissolved oxygen concentrations often deteriorated over time, possibly 

because of reduced flows in later years. Apart from the Waipoua River, this trend was 

seen in the receiving water sites above the discharges, as well as the discharge and 

downstream sites. Very low dissolved oxygen concentrations were recorded from 

Otakura Stream since 2014, which might have been a result of low stream flows and 

high macrophyte growth. However, DO improved in the Opaki system, and in the 

Moroa water race discharge to the Papawai Stream tributary.  

Temperature generally did not change over time. 

Initially, only the Waipoua River sites above and below the Opaki discharge complied 

with the stock drinking water guideline, but compliance increased over time to the 

extent that all since complied from 2015 onward. The compliance with the contact 
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recreation (swimming) water quality guidelines in the Waipoua River sites was variable, 

and greater in the upstream site, but improved in later years at both sites. A reduction in 

E. coli concentrations over time and improvement in compliance with the two 

microbiological guidelines over the last few years is encouraging, but might in at least 

some part, have been caused by dry weather. 

Both sites on the Waipoua River totally complied with the ANZECC total phosphorus 

guideline, and they complied with the total nitrogen one from 2010 onward. In contrast, 

all of the remaining receiving water sites (including those upstream of the discharges), 

completely failed to comply with either nutrient guideline. 

The Waipoua River sites also complied with dissolved oxygen guidelines most of the 

time, and the two Otakura Stream sites did so mostly until 2014. Since then the Otakura 

Stream sites have failed to comply numerous times, and Donald Creek also has failed to 

comply once or twice in recent times. This non-compliance might be related to low 

flows in recent years.  

There were several instances of non-compliance with the GWRC pNRP temperature 

standard, but mostly they resulted in a temperature decrease. 

The Waipoua River downstream from the Opaki discharge failed the pH guideline on 

one occasion, but the reading probably was erroneous. pH data from the remaining sites 

were considered to be unreliable. 

Overall, other than dissolved oxygen and conductivity, there has been a marked 

improvement in most water quality determinands since monitoring began; especially in 

the last three years. This improvement probably is a result of changes in land 

management practices, and that seems to be on-going. 
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2. Introduction 

1. My name is Malcolm Richard Main. I am a consultant water quality scientist 

and freshwater ecologist. 

2. I hold the degrees of Master of Science with Honours in zoology and Batchelor 

of Science in botany.  I have worked in the fields of water quality science and 

aquatic biology for 30 years.  This involved a 16-year period as a water quality 

scientist with Canterbury Regional Council, and the last 14 years working as a 

consultant with Aquatic Ecology Ltd and Ecological Consultants Ltd.  My 

experience includes assessing the water quality impacts of stormwater and 

other direct discharges, non-point contamination from agriculture and 

waterfowl, assessing contaminated sediments, modelling contaminant 

concentrations in lakes and streams, the use of wetland treatment systems, 

identifying benthic invertebrates and freshwater fish biology.  I have written 

numerous reports and presented evidence to council hearing panels and the 

Environment Court. 

2.1 Stock water races 

3. Stock water races are artificial waterways that were built in dry parts of New 

Zealand to supply water for livestock. The first of these were built in Central 

Canterbury in the late-1870s, and they enabled the large, waterless sheep runs 

on the Canterbury Plains to be subdivided into small farms. The first water race 

in Wairarapa probably was the Moroa system, which apparently was built in 

the late-19th century (Tonkin & Taylor, 2012). 

4. Currently, there are five water-race systems in the Wairarapa area operated by 

the local territorial authorities (Table 1; Fig. 2.1). These are the: Opaki 

(Masterton District), Moroa and Longwood (South Wairarapa District), and 

Taratahi and Carrington (Carterton District) systems. A sixth scheme in 

Masterton District (Te Ore Ore), closed in 2016. 

5. Nationally, there is concern about the impacts of agricultural activities on water 

quality. Direct access by livestock to water can seriously impede water quality, 

especially microbiological water quality. However, by definition stock water 
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races exist to provide water for livestock, so this produces something of a 

predicament. 

6. In the Wellington Region, the hearings panel for the Greater Wellington 

Regional Council (GWRC) proposed Natural Resources Plan proposes to 

consider water quality in the Wairarapa stock water race systems, and their 

effects on the water quality of receiving waterbodies. Therefore, the purpose of 

this report is to assess the available water quality data for water quality changes 

along the water race systems, and their water quality impacts (if any) on 

receiving waters. 
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Figure 2.1: Stock water race systems in the Wairarapa (modified from a summary prepared by Stephen Thorley, GWRC). 
The Te Ore Ore race closed in 2016 
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7. Tonkin & Taylor (2012) summarised some of the features of the schemes, and 

the important ones for the purpose of this report are listed in Table 2.1. 

Table 2.1: Features of the water-race schemes (summarised from Tonkin & Taylor, 2012), 
and receiving waters with monitoring data. 

Water-race District Water source Consented 
abstraction 
rate (m3/s) 

Area 
covered 

Monitored 
receiving waters  

Taratahi Carterton Waingawa River, 
Booths Ck and 
Parkvale Stm 

Up to 0.481 >10,000 ha Tributaries of 
Parkvale and Para 
Streams 

Carrington Carterton Mangatarere 
Stream 

Up to 0.113 2,000 ha None 

Moroa South 
Wairarapa 

Waiohine River Up to 0.5 8,500 ha Otakura (or 
Otukura) & 
Papawai Streams 

Longwood South 
Wairarapa 

Tauherenikau 
River 

0.1-0.25 1,500 ha Donalds Ck (or 
Otauria Stm). 

Opaki Masterton Ruamahanga 
River 

0.12-0.23 Approx. 
1,500 ha 

Waipoua River 

 

2.2 Receiving waters 

8. The receiving water bodies listed in Table 2.1 are not a comprehensive list of 

those which the water races discharge to, but are the only ones with water 

quality monitoring data. 

9. The Waipoua River rises on the eastern flank of the Tararua Ranges and flows 

through Masterton before it enters the Ruamahanga River. It receives four 

discharges from the Opaki race system (Table 2.1).  

10. The Otakura (or Otukura) Stream is a spring-fed stream which receives flow 

from part of the Moroa water race system. Its flow is recorded from a site near 

where the water race enters it. 

11. The Parkvale Stream is another spring-fed stream, a tributary of which receives 

flow from part of the Taratahi water race system.  

12. The Papawai Stream and Donalds Creek (or Otauria Stream) also are spring-

fed streams. The Greytown sewage treatment plant discharges into Papawai 

Stream (Tonkin & Taylor, 2013), and Donalds Creek receives the discharge 
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from the Featherston sewage treatment plant (immediately upstream from the 

water race discharge up-stream monitoring site; S. Thawley, pers. comm.).  

13. Table 2.2 shows what flow summary data I could locate. I could find no flow 

data relating to Donalds Creek or Para Stream, but I presume their flows are 

small. 

Table 2.2: Flow summaries for the receiving waters (all m3/s). Data from LAWA. 

Waterway Recording site Mean flow Median flow Flow range 7-day MALF 

Waipoua River Mikimiki bridge 5.49 3.42 0.157-356 0.38 

Otakura/Otukura 
Stream 

Weir 0.56 0.37 0.01-17.15 0.08 

Parkvale Stream Renall’s weir 0.77 0.56 0? - 23 None recorded 

Papawai Stream Upstream STP 
discharge 

0.36 0.30 0.03-11.18 None recorded 
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3. Methods 

3.1 Data 

3.1.1 General 

14. The data used in this report were collected for consent monitoring purposes and 

were supplied in spreadsheet form by Stephen Thawley from GWRC. The 

sampling sites, water quality determinands monitored and sampling details for 

each water race are listed in Table 3.1. 

Table 3.1: Monitoring sites, determinands, and monitoring details for each water race. 

 Sites Determinands Sampling 
period 

Sampling 
interval 

No. of 
samples 

Opaki Discharge, Waipoua 
upstream, 

Waipoua 
downstream 

Total N, total P, E. coli, 
pH, suspended solids, 
temperature, 
conductivity, dissolved 
oxygen concentration, 
dissolved oxygen 
saturation 

January 
2004 to 
April 2013 

Approximately 
fortnightly from 
April to 
November. 

142-168 
(varies with 
site and 
determinand) 

Taratahi Intake, discharge to 
Para stream 
tributary, discharge 
to Parkvale Stream 
tributary, Parkvale 
Stm trib upstream 
and downstream of 
discharge 

Total N, total P, nitrate-
&-nitrite-N, Ammonia-N, 
Dissolved reactive 
phosphorus, E. coli, pH, 
suspended solids, 
temperature, 
conductivity, dissolved 
oxygen concentration, 
dissolved oxygen 
saturation 

March 
2014 to 
July 2017 

Variable, but 
infrequent 

2-12 (varies 
with 
determinand) 

Carrington Intake and 
discharge to 
Managaterere River 

Total N, total P, nitrate-
&-nitrite-N, Ammonia-N, 
Dissolved reactive 
phosphorus, E. coli, pH, 
suspended solids, 
temperature, 
conductivity, dissolved 
oxygen concentration, 
dissolved oxygen 
saturation 

March 
2014 to 
July 2017 

Variable, but 
infrequent 

2-12 (varies 
with 
determinand) 

Moroa Intake, discharge to 
trib of Papawai Stm, 
discharge to 
Otakura Stm, 

upstm & downstm of 
discharge to 
Otakura Stm 

Total N, total P, E. coli, 
pH, suspended solids, 
turbidity, temperature, 
conductivity, dissolved 
oxygen concentration, 
dissolved oxygen 
saturation 

November 
2005 to 
April 2017 

Approx. 12 
times/year 

Up to 141 
(varies with 
site and 
determinand) 
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 Sites Determinands Sampling 
period 

Sampling 
interval 

No. of 
samples 

Longwood Intake, discharge to 
Donalds Ck, upstm 
& dnstm of 
discharge to 
Donalds Ck. 

Total N, total P, E. coli, 
pH, suspended solids, 
temperature, 
conductivity, dissolved 
oxygen concentration, 
dissolved oxygen 
saturation 

January 
2006 to 
May 2017 

12 times/year Up to 135 
(varies with 
site and 
determinand) 

 

The water quality determinands are described in Appendix I. 

 

Figure 3.4: The Moroa water race system (adapted from Cardno, 2016). 
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3.1.2 Censored data 

15. Some data were omitted from the analyses. For example, a temperature of 

52.8oC and dissolved oxygen saturation of 9% recorded for the Opaki race 

discharge on 29 December 2006 are clearly incorrect (especially when the 

temperature at the downstream site in the Waipoua River – 15.86oC – was less 

than that at the upstream site (16.53oC). 

Censored data are listed in Appendix II.  

3.2 Analytical methods and approach 

3.2.1 Treatment of data 

16. Phosphorus data for the Moroa and Longwood water race systems were 

reported as TPP. I presumed these actually were total phosphorus rather than 

total particulate phosphorus (and have treated them as such), since the resource 

consent specifies total phosphorus. In addition, TPP/TP and total nitrogen 

results between November 2005 and January 2010 were reported as mg/m3 

(ug/L), so they were divided by 1000 to convert them to mg/L prior to analysis. 

Conductivity data for the Taratahi sites were reported as milliSiemens per 

metre, so they were multiplied by ten to produce a result as microSiemens per 

centimetre, for consistency with the other data. 

17. Many of the data, especially the results for E. coli, or if the range was large, 

were log-transformed before analysis. 

18. From January 2010, suspended solids were reported as total suspended solids, 

with a reported limit of detection increasing from 1 to 3 mg/L. However, the 

methods are essentially identical, so they are all treated as results for 

“suspended solids”. Many results for suspended solids were reported as less 

than the limit of detection (i.e. <1 or <3 mg/L). These were treated using the 

standard water quality convention of ignoring the less-than sign and dividing 

the number by half, as were other data reported as less than the detection limit.  

3.2.2 Data analysis 

19. Initially, the full data series for determinands at a site were displayed as box 

plots to show changes along water race systems, and medians for the full 

period were calculated.  
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20. Where there were paired sites, such as a receiving waterbody upstream and 

downstream from a discharge, Wilcoxon signed rank test from the Real 

Statistics add-on to Excel was used to test for a significant difference. Data 

were included in the Wilcoxon signed rank test analysis only if the both sites 

were sampled on the same day.  

21. For trend analysis, time-series data were graphed either as a scatter plot or else 

as box plots by year and fitted with a best-fit trend line. Usually this was a 

linear regression, but an exponential regression was fitted to log-transformed 

data, and in one case the best-fit was polynomial.  

22. The data were tested for trend using linear regression analysis in Excel, either 

on the raw or log-transformed data. Generally, data should be tested for trend 

using the non-parametric Mann-Kendall test if they do not conform to the 

requirements for parametric test; that is normal distribution, constant variance 

and independence. However, log-transformation often causes the data to 

assume those requirements (Meals et al., 2011).  

23. Where there appeared to be a statistically-significant trend, further trend 

analysis was undertaken by comparing the data for the first three years of 

sampling with the last three, using the Mann-Whitney U-test for independent 

samples in Real Statistics (which did not require any of the assumptions for 

parametric tests to be fulfilled).  

24. In all cases, a probability value of P <0.05 was considered to represent a 

significant effect or trend. 
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4. Results 

4.1 Water quality within the races and receiving waters 

4.1.1 General 

25. This section is a general outline of the overall results recorded from sites since 

sampling began. The median determinand concentrations from all sites are 

listed in Table 4.1, and then the results are outlined for each water race system.  

Table 4.1: Median determinand concentrations. TN = total nitrogen, TP = total phosphorus, 
Cond. = conductivity, DO conc. = dissolved oxygen concentration, Temp = temperature, SS = 
suspended solids, NNN = nitrate-plus-nitrite nitrogen, DRP = dissolved reactive phosphorus  

 TN 

(mg/L) 

TP 

(mg/L) 

E. coli 

(cfu/100 
mL) 

Cond 

(uS/cm) 

DO 
conc. 
(mg/L) 

DO 
sat 

(%) 

pH Temp 

(oC) 

SS 

(mg/L) 

NNN 

(mg/L) 

DRP 

(mg/L) 

Opaki 
discharge 

0.220 0.03 610 55.4 9.0 97.3 7.5 18.9 5 _ _ 

Waipoua R. 
upstream 

0.479 0.012 60 79.4 9.8 102.3 7.3 17.4 1.5 - - 

Waipoua R. 
downstm 

0.537 0.014 160 76.9 9.8 100.6 7.4 18.9 1.5 - - 

Moroa intake 0.060 0.009 12 45.1 10.3 - 7.7 13.3 1.7 - - 

Papawai 
discharge 

0.900 0.073 420 72.6 5.2 - 6.6 14.3 8 - - 

Otakura 
discharge 

0.608 0.104 430 75.5 6.4 - 7.0 17.4 9 - - 

Otakura Stm 
upstream 

1.02 0.108 570 140.9 7.9 - 7.2 17.5 5 - - 

Otakura Stm 
downstm 

1.16 0.107 610 137 8.2 - 7.3 17.8 4 - - 

Longwood 
intake 

0.08 0.009 24 49 11.0 - 7.7 11.2 2 - - 

Donalds Ck 
discharge 

1.91 0.055 380 92.7 7.7 - 6.7 13.8 6 - - 

Donalds Ck 
upstream 

2.07 0.181 420 109.4 8.4 - 7.1 13.5 7 - - 

Donalds Ck 
downstm 

2.01 0.168 380 107 8.1 - 7.1 13.8 8 - - 

Carrington 
intake 

0.130 0.014 52 86.3 8.5 - 7.3 14.5 - 0.027 0.009 

Carrington 
discharge 

0.350 0.028 170 107.4 9.0 - 7.4 12.2 - 0.019 0.010 

Taratahi 
intake 

0.070 0.009 16 68 11.0 - 7.6 - 2 0.016 0.007 

Para Stm 
discharge 

0.490 0.057 133 102 9.7 - 7.4 - 11.5 0.033 0.10 

Parkvale Stm 
discharge 

0.540 0.055 103 159 9.3 - 7.3 - 2.5 0.029 0.014 

Parkvale Stm 
upstream 

0.980 0.041 440 204 11.5 - 7.3 - 5 0.033 0.015 

Parkvale Stm 
downstm 

1.90 0.057 310 167 9.2 - 7.3 - 1.5 0.93 0.013 
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The median concentrations often varied greatly between sites (Table 4.1). However, 

Wilcoxon signed rank test analyses showed that not all of the apparent differences in 

median concentrations at sampling sites were statistically different, either within the 

water races (Table 4.2), or between sites upstream and downstream of discharges (Table 

4.3).  

Table 4.2: Sites within the water races compared using the two-tailed Wilcoxon signed 
rank test. The Opaki water race had no comparable sampling sites. Arrows in green represent an 
improvement in water quality, while those in red show a deterioration, and black ones are neutral. 

 Moroa Longwood Taratahi Carrington 

Upstream site Intake Discharge to 
Papawai 
Stream 

Intake Intake Intake Intake 

Downstream site Discharge to 
Papawai 
Stream 

Discharge to 
Otakura 
Stream 

Discharge to 
Donalds 
Creek 

Discharge 
to tributary 
of Parkvale 
Stm 

Discharge to 
tributary of 
Parkvale Stm 

Discharge to 
Mangatarere 
Stm 

Total nitrogen ↑ P<0.001 ↓ P=0.005 ↑ P<0.001 ↑ P<0.001 ↑ P<0.001 No change 

Total 
phosphorus 

↑P<0.001 ↑ P<0.001 ↑P<0.001 ↑P=0.004 ↑P=0.004 ↑ P=0.017 

E. coli ↑ P<0.001 No change ↑ P<0.001 ↑ P<0.001 ↑ P<0.001 ↑P= 0.013 

Suspended 
solids 

↑ P<0.001 No change ↑ P<0.001 No change No change Too few data 
greater than 
limit of detection 

Conductivity ↑ P<0.001 ↑ P=0.016 ↑ P<0.001 ↑ P=0.004 ↑ P=0.004 No change 

Temperature No change No change No change Too few data 
to test 

Too few data 
to test 

No change (lab) 

pH  ↑ P<0.001 ↑ P<0.001 ↑ P<0.001 No change No change No change 

Dissolved 
oxygen 
concentration 

↓  P<0.001 ↑P<0.024 ↓  P<0.001 ↓ P=0.008 ↓ P=0.008 ↓ P=0.027 

Nitrate-plus-
nitrite N 

No data No data No data No change No change No change 

Dissolved 
reactive 
phosphorus 

No data No data No data ↑ P=0.004 ↑ P=0.004 No change 

↑ = increase at downstream site ↓ = decrease at downstream site 
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Table 4.3: Sites within the receiving waters compared using the two-tailed Wilcoxon 
signed rank test. Arrows in green represent an improvement in water quality, while those in red 
show a deterioration, and black ones are neutral. 

 Opaki Moroa Longwood Taratahi 

Upstream site Waipoua 
upstream of 
discharge 

Otakura 
upstream of 
discharge 

Donalds Ck. 
Upstream of 
water race 
discharge  

Tributary of 
Parkvale Stm 
upstream of 
discharge 

Downstream site Waipoua 
downstream of 
discharge 

Otakura 
downstream of 
discharge 

Donalds Ck. 
downstream 
water race 
discharge  

Tributary of 
Parkvale Stm 
downstream of 
discharge 

Total nitrogen ↑ P<0.001 No change No change No change 

Total phosphorus ↑ P<0.001 No change ↓ P<0.001 No change 

E. coli ↑ P<0.001 No change No change No change 

Suspended 
solids 

↑ P=0.001 No change No change No change 

Conductivity ↓ P<0.001 ↓ P<0.001 ↓ P<0.001 No change 

pH ↑ P<0.001 Field measured Field measured No change 

Temperature ↓ P<0.001 ↑ P=0.049 No change Too few data to 
test 

Dissolved 
oxygen 
concentration 

No change ↑ P<0.01 ↓ P=0.009 ↓ P=0.02 

Dissolved 
oxygen 
saturation 

No change Not recorded Not recorded Not recorded 

Nitrate-plus-
nitrite-N 

Not recorded Not recorded Not recorded No change 

Dissolved 
reactive 
phosphorus 

Not recorded Not recorded Not recorded No change 

↑ = increase at downstream site ↓ = decrease at downstream site 

4.1.2 Opaki 

26. The Opaki water race discharges into the Waipoua River immediately 

downstream from Paierau Road, Masterton. Water quality data were collected 

from sites upstream of and downstream from the discharge between January 

2004 and April 2013. 

27. Over the 14 years of sampling data, the concentrations both of total nitrogen 

and total phosphorus in the Opaki water race were very variable (Figs. 4.1 & 
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4.2). Wilcoxon signed rank test results showed that the median concentrations 

both of nitrogen and phosphorus were elevated in the Waipoua River 

downstream from the discharge, despite the concentration in the discharge 

being significantly lower than at either of the river sites (Table 4.1).  

28. Concentrations both of E. coli and at times, suspended solids, also were very 

high in the Opaki discharge, and the concentrations of these in the Waipoua 

River downstream discharge were greatly elevated (Figs. 4.3 and 4.4; Table 

4.3). 

29. However, conductivity was reduced below the discharge, and there was no 

significant change in either dissolved oxygen concentration or saturation 

between the upstream and downstream sites (Fig. 4.5). 

30. The temperature in the Waipoua River was significantly reduced, and the pH 

significantly increased, below the discharge, but both of those effects were 

small and I consider them to be environmentally benign. 

  

Figure 4.1. Total nitrogen concentrations 
along the Opaki water race system. The 
water race discharge site is coloured blue 
and green, and sites in Waipoua River are 
shown in red and yellow. Note the 
logarithmic scale. 

Figure 4.2. Total phosphorus 
concentrations along the Opaki water race 
system. The water race discharge site is 
coloured blue and green, and sites in 
Waipoua River are shown in red and yellow. 
Note the logarithmic scale. 
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Figure 4.3. E. coli concentrations along the 
Opaki water race system. The water race 
discharge site is coloured blue and green, 
and sites in Waipoua River are shown in red 
and yellow. Note the logarithmic scale. 

Figure 4.4. Suspended solids 
concentrations along the Opaki water race 
system. The water race discharge site is 
coloured blue and green, and sites in 
Waipoua River are shown in red and yellow. 
Note the logarithmic scale. 

 

 

 

 

Figure 4.5. Conductivity along the Opaki 
water race system. The water race 
discharge site is coloured blue and green, 
and sites in Waipoua River are shown in 
red and yellow. 

 
Figure 4.6. pH along the Opaki water race 
system. The water race discharge site is 
coloured blue and green, and sites in 
Waipoua River are shown in red and 
yellow.  
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Figure 4.8. Dissolved oxygen concentrations 
along the Opaki water race system. The 
water race discharge site is coloured blue 
and green, and sites in Waipoua River are 
shown in red and yellow. 

Figure 4.7. Dissolved oxygen saturation 
along the Opaki water race system. The 
water race discharge site is coloured blue 
and green, and sites in Waipoua River are 
shown in red and yellow.  

 

 

Figure 4.9: Temperatures along the Opaki water race system. The water race discharge 
site is coloured blue and green, and sites in Waipoua River are shown in red and yellow. 
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Figure 4.1. Total nitrogen concentrations 
along the Moroa water race system. Sites in 
the water race coloured blue and green, and 
red and yellow in Otakura Stream. Note the 
logarithmic scale. 

Figure 4.2. Total phosphorus 
concentrations along the Moroa water race 
system. Sites in the water race coloured 
blue and green, and red and yellow in 
Otakura Stream. Note the logarithmic scale. 

 

  

Figure 4.3: E. coli concentrations along the 
Moroa water race system. Sites in the water 
race coloured blue and green, and red and 
yellow in Otakura Stream. Note the 
logarithmic scale. 

 

Figure 4.4: Suspended solids 
concentrations along the Moroa water 
race system. Sites in the water race are 
coloured blue and green, and are red and 
yellow in Otakura Stream. Note the 
logarithmic scale. 
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Figure 4.5: Conductivity along the Moroa water race system. Sites in the water race are 
coloured blue and green, and are red and yellow in Otakura Stream.  

 

 

Figure 4.6: Temperature along the Moroa water race system. Sites in the water race are 
coloured blue and green, and are red and yellow in Otakura Stream.  
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34. The median DO concentration in both water race discharges was much lower 

than in the intake site or either site on Otakura Stream. This perhaps was not 

too surprising, as field staff frequently observed that the two discharge races 

were low, were slowly-flowing, or were not flowing at all; were weedy, and 

that there was an odour emanating from the Otakura discharge. Nevertheless, 

the dissolved oxygen concentrations in the Otakura Stream downstream from 

the discharge were slightly, but significantly, higher than in the upstream site 

(Fig. 4.7 and Table 4.3). 

 

Figure 4.7: Dissolved oxygen concentrations along the Moroa water race system. Sites in 
the water race are coloured blue and green, and are red and yellow in Otakura Stream.  
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Donalds Creek, other than a reduction in the dissolved oxygen concentrations 

(Table 4.3). Indeed, both total phosphorus concentrations and conductivity 

decreased at the downstream site. This improvement might be a result of the 

water quality upstream from this discharge already being compromised by the 

Featherston sewage treatment plant discharge (although water quality at the 

upstream site was not particularly poor - It had a relatively low median E. coli 

concentration, although it had the highest median concentrations of total 

nitrogen and total phosphorus). Other determinands were unchanged. 

 

Figure 4.8: Total nitrogen concentrations along the Longwood water race system. Note the 
logarithmic scale. Sites in the water race are coloured blue and green, and are red and 
yellow in Donalds Creek.  
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Figure 4.9: Total phosphorus concentrations along the Longwood water race system. Note 
the logarithmic scale. Sites in the water race are coloured blue and green, and are red and 
yellow in Donalds Creek.  

 

 

Figure 4.10: E. coli concentrations along the Longwood water race system. Note the 
logarithmic scale. Sites in the water race are coloured blue and green, and are red and 
yellow in Donalds Creek.  
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Figure 4.11: Suspended solids concentrations along the Longwood water race system. 
Note the logarithmic scale. Sites in the water race are coloured blue and green, and are red 
and yellow in Donalds Creek.  

 

 

Figure 4.12: Conductivity along the Longwood water race system. Sites in the water race 
are coloured blue and green, and are red and yellow in Donalds Creek.  
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Figure 4.13: Temperatures along the Longwood water race system. Sites in the water race 
are coloured blue and green, and are red and yellow in Donalds Creek.  

 

 

Figure 4.14: Dissolved oxygen concentrations along the Longwood water race system. 
Sites in the water race are coloured blue and green, and they are red and yellow in 
Donalds Creek. 
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38. Water quality between the intake and the discharge to the Parkvale Stream 

tributary deteriorated in terms of every determinand except nitrate-plus-nitrate 

nitrogen. Note though, that the non-significance of the difference in median 

concentrations of NNN and TN between these two sites probably was an 

artefact of the small number of comparable samples (nine). 

39. Between the Parkvale tributary discharge and the discharge to the Para Stream 

tributary (a distance of about 6km), there was no change, except that dissolved 

oxygen concentrations increased (Table 4.2). The Parkvale Stream tributary 

above the discharge had relatively poor water quality, so the discharge appears 

to have had a negligible effect downstream, except for a small reduction in 

dissolved oxygen concentrations (Table 4.3 and Fig. 4.22). 

40. The graphs suggest that there might be a difference in the means and medians 

for some of the other determinands, but the short period of monitoring and 

infrequent sampling meant that sample sizes were too small for those to be 

significant.  

 

Figure 4.15: Total nitrogen concentrations along the Taratahi water race system. Sites in 
the water race are coloured blue and green, and are red and yellow in Parkvale Stream.  
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Figure 4.16: Nitrate-plus-nitrite nitrogen concentrations along the Taratahi water race 
system. Note the logarithmic scale. Sites in the water race are coloured blue and green, 
and are red and yellow in Parkvale Stream.  

 

 

Figure 4.16: Total phosphorus concentrations along the Taratahi water race system. Sites 
in the water race are coloured blue and green, and are red and yellow in Parkvale Stream. 
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Figure 4.17: Dissolved reactive phosphorus concentrations along the Taratahi water race 
system. Note the logarithmic scale. Sites in the water race are coloured blue and green, 
and are red and yellow in Parkvale Stream. 

 

 

Figure 4.18: E. coli concentrations along the Taratahi water race system. Note the 
logarithmic scale. Sites in the water race are coloured blue and green, and are red and 
yellow in Parkvale Stream. 
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Figure 4.19: Suspended solids concentrations along the Taratahi water race system. Note 
the logarithmic scale. Sites in the water race are coloured blue and green, and are red and 
yellow in Parkvale Stream. 

 

 

Figure 4.20: Conductivity along the Taratahi water race system. Sites in the water race are 
coloured blue and green, and are red and yellow in Parkvale Stream. 
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Figure 4.21: pH along the Taratahi water race system. Sites in the water race are coloured 
blue and green, and are red and yellow in Parkvale Stream. 

 

 

Figure 4.22: Dissolved oxygen concentrations along the Taratahi water race system. Sites 
in the water race are coloured blue and green, and are red and yellow in Parkvale Stream. 
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was no significant change in other determinands. However, the stream has not 

been monitored, so it was not possible to determine whether this discharge 

impacted upon water quality in the receiving water. 

 
 

Figure 4.23: Total nitrogen concentrations 
along the Carrington water race system.  

 

Figure 4.24: Nitrate-plus-nitrite nitrogen 
concentrations along the Carrington water 
race system. Note the logarithmic scale.  

 

 

Figure 4.25: Total phosphorus concentrations along the Carrington water race system. 
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Figure 4.26: Dissolved reactive phosphorus concentrations along the Carrington water 
race system. 

 

 

Figure 4.27: E. coli concentrations along the Carrington water race system. Note the 
logarithmic scale.  
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Figure 4.28: Suspended solids concentrations along the Carrington water race system. 

 

 

Figure 4.29: Conductivity along the Carrington water race system. 
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Figure 4.30: Temperatures along the Carrington water race system. 

 

 

Figure 4.31: Dissolved oxygen concentrations along the Carrington water race system. 
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Figure 4.32: Dissolved oxygen saturation along the Carrington water race system. 

 

 

Figure 4.33: pH along the Carrington water race system. 
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4.2.1 Opaki 

44. Regressions of determinands over time show that concentrations of total 

nitrogen, total phosphorus, and E. coli in the Opaki water race discharge 

decreased significantly, while both concentrations and percentage saturation of 

oxygen increased, since sampling began in 2004 (Fig. 4.34; Table 4.4). There 

was also a decrease in total nitrogen concentrations in the Waipoua River 

above the discharge over that period, but it was not as significant as the 

decrease in the discharge. The river site downstream from the discharge 

showed a decrease that was intermediate between the two (Table 4.4). 

45. All of the water quality changes identified in the Opaki system since sampling 

began represent an improvement in water quality. Furthermore, Mann-Whitney 

U-test comparisons of the first and last three years’ data showed that these 

changes were especially pronounced recently. No change in concentrations of 

total phosphorus or E. coli was detectable over the dataset taken as a whole, but 

the concentrations of both nutrients, as well as E. coli, have significantly 

decreased over the last three years compared with the first three. An apparent 

increase in dissolved oxygen concentration was not significant (Table 4.5).  

Table 4.4: Time-series regressions for sites on the Opaki system. Changes marked in green 
represent an improvement in water quality, while those in red show a deterioration. 

Site Discharge Waipoua upstream of 
discharge 

Waipoua downstream of 
discharge 

Total nitrogen r2=0.031 Decrease 
P=0.022 

r2=0.07 Decrease 
P=0.001 

r2=0.12 Decrease 
P<0.001 

Total 
phosphorus 

r2=0.011 No change r2=0.012 No change r2=0.03 Decrease 
P=0.021 

E. coli r2=0.008 No change r2=0.005 No change r2=0.002 No change 

Conductivity r2=0.021 No change r2=0.003 No change r2=0.02 No change 

Temperature r2=0.016 No change r2=0.00009 No change r2=0.0003 No change 

Dissolved 
oxygen 
concentration 

r2=0.05 Increase 
P=0.007 

r2=0.033 Increase 
P=0.031 

r2=0.0018 No change 

Dissolved 
oxygen 
saturation 

r2=0.07 Increase 
P=0.001 

r2=0.024 No change r2=0.0027 No change 
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Table 4.5: Mann-Whitney U-test for independent samples, comparing the first three and 
last three years of samples from the Opaki water race discharge and in the Waipoua River 
below the discharge. Changes marked in green represent an improvement in water quality, 
while those in red show a deterioration. 

 

 

 

 

 

 

 

 

Discharge 

 Median Sample 
size 

P Significant? 

 First 3 
years 

Last 3 
years 

Total nitrogen 0.27 0.17 31 0.003 Yes ** 

Total 
phosphorus 

0.0029 0.0019 31 <0.001 Yes*** 

E. coli 1070 200 31 <0.001 Yes*** 

Conductivity 55.2 53.5 31 0.6 No 

Temperature 19.2 17.1 31 0.58 No 

Dissolved 
oxygen 
concentration 

8.5 9.3 34 0.08 No 

Dissolved 
oxygen 
saturation 

87.1 99.9 29 <0.001 Yes*** 

 

 

 

 

 

 

 

 

Waipoua 
downstrea
m from 
discharge 

 Median Sample 
size 

P Significant? 

 First 3 
years 

Last 3 years 

Total nitrogen 0.65 0.37 31 <0.001 Yes*** 

Total 
phosphorus 

0.016 0.012 31 0.010 Yes* 

E. coli 230 120 31 0.058 No 

Conductivity 72.2 75.6 32 0.7 No 

Temperature 16.2 16.3 32 0.57 No 

Dissolved 
oxygen 
concentration 

9.6 10.1 32 0.13 No 

Dissolved 
oxygen 
saturation 

98.9 105.6 32 0.035 Yes* 

Note: *= significant at 0.05 level; ** = significant at 0.01 level; *** = significant at 0.001 level 

This improvement is more pronounced when the data are plotted by year and a trend 

line is fitted (Fig. 4.34). 
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Figures 4.34: Box plots of annual data for total nitrogen, total phosphorus and E. coli. Note 
the logarithmic scales on the total phosphorus and E. coli graphs. 

46. For the nutrients and dissolved oxygen saturation, these results were reflected 

in concentrations in the river downstream from the discharge, also (Table 4.5). 

The same was not true for E. coli concentrations, although the P-value (0.058) 

was only slightly higher than the cut-off for statistical significance.  

4.2.2 Moroa 

47. In the Moroa water race system, there was little change in determinands over 

time in the discharge to the Otakura Stream, except for E. coli concentrations, 

which decreased significantly (Table 4.6). However, in the discharge to 

Papawai Stream there were significant reductions in concentrations of total 

nitrogen, total phosphorus and E. coli, as well as dissolved oxygen. These 

changes represent a large improvement in water quality over time in this 

discharge, except for dissolved oxygen. However, despite that lack of 

improvement apparent in the Otakura discharge, the water quality downstream 

in the Otakura Stream improved in terms of several determinands, although 
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conductivity and dissolved oxygen concentrations deteriorated (Table 4.6). 

Temperature was unchanged at all sites. 

Table 4.6: Time-series regressions for sites on the Moroa system. Changes marked in green 
represent an improvement in water quality, while those in red show a deterioration. 

Site Papawai discharge Otakura discharge Otakura upstream of 
discharge 

Otakura 
downstream of 

discharge 

Total 
nitrogen 

r2=0.23 Decrease 
P<0.001 

r2=0.008 No 
change 

r2=0.035 Decrease 
P=0.027 

r2=0.029 Decrease 
P=0.044 

Total 
phosphorus 

r2=0.28 Decrease 
P<0.001 

r2=0.009 No 
change 

r2=0.055 Decrease 
P=0.005 

r2=0.11 Decrease 
P<0.001 

E. coli r2=0.29 Decrease 
P<0.001 

r2=0.2 Decrease 
P<0.001 

r2=0.38 Decrease 
P<0.001 

r2=0.31 Decrease 
P<0.001 

Conductivity r2=0.09 Increase 
<0.001 

r2=0.05 Increase 
P=0.01 

r2=0.034 Increase 
P=0.036 

r2=0.09 Increase 
<0.001 

Temperature r2=0.00003 No 
change 

r2=0.0011 No 
change 

r2=0.00006 No 
change 

r2=0.0019 No 
change 

Dissolved 
oxygen 
concentration 

r2=0.15 Decrease 
P<0.001 

r2=0.13 Decrease 
P<0.001 

r2=0.13 Decrease 
<0.001 

r2=0.08 Decrease 
<0.001 

 

47.1 The improvement in E. coli concentrations in the Otakura Stream downstream 

from the discharge (Fig. 4.35) was clearly more attributable to decreases in 

concentration at the upstream site (Fig. 4.36), as shown by a close correlation 

between E. coli concentrations in the two Otakura Stream sites, but a poor one 

between the discharge and downstream site (figs. 4.37a and b). 

  

Figure 4.35 E.coli concentrations in 
Otakura Stream below the discharge. 

Figure 4.36 E.coli concentrations in Otakura 
Stream above the discharge. 
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Figure 4.37a. Correlation between E.coli 
concentrations in Otakura Stream sites 
upstream and downstream from the 
discharge. 

Figure 4.37b. Correlation between E.coli 
concentrations in the discharge and Otakura 
Stream downstream from the discharge. 

 

48. Mann-Witney U-test results comparing the median results for the first and last 

three years showed that there was an improvement in total phosphorus 

concentrations in the discharge to the Otakura Stream (Table 4.7, which was 

not evident when the whole dataset was regressed over time. 

Table 4.7: Mann-Whitney U-test for independent samples, comparing the first three and 
last three years of samples from the Moroa water race discharge into the Otakura Stream. 
Changes marked in green represent an improvement in water quality, while those in red show a 
deterioration. 

 Median Sample size P Significant? 

 First 3 years Last 3 years 

Total nitrogen 0.68 0.61 33 0.45 No 

Total 
phosphorus 

0.131 0.080 33 0.003 Yes** 

E. coli 1375 195 30 <0.001 Yes*** 

Dissolved 
oxygen 
concentration 

8.4 6.6 29 <0.001 Yes*** 

Conductivity 72.0 95.8 29 0.09 No 

Note: ** = significant at 0.01 level; *** = significant at 0.001 level 

49. In contrast to the discharge into the Otakura Stream, the concentrations of total 

nitrogen, total phosphorus, and E. coli in the Moroa discharge to the Papawai 

Stream all showed significant improvements (i.e., reductions), especially 

between the first and last three years of monitoring (Table 4.8). The 
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concentrations of dissolved oxygen also concurrently decreased significantly, 

but in contrast, that reduction represents a deterioration in water quality. 

Conductivity and temperature did not change. Dissolved oxygen saturations 

were not recorded. 

Table 4.8: Mann-Whitney U-test for independent samples, comparing the first three and 
last three years of samples from the Moroa water race discharge into the Papawai Stream. 
Changes marked in green represent an improvement in water quality, while those in red show a 
deterioration. 

 Median Sample size P Significant? 

 First 3 years Last 3 years 

Total nitrogen 1.69 0.59 32 <0.001 Yes *** 

Total 
phosphorus 

0.20 0.063 33 <0.001 Yes*** 

E. coli 2400 150 33 <0.001 Yes*** 

Dissolved 
oxygen 
concentration 

6.6 4.7 28 <0.001 Yes*** 

Note: *** = significant at highest level 

50. Unfortunately, there were no monitoring data for Papawai Stream, so it was 

impossible to determine whether improvements in this discharge had a flow-on 

effect in the receiving water. 

51. The dramatic reduction in dissolved oxygen concentrations cannot be attributed 

to an increase in temperature, because temperature was consistent throughout 

the period (Fig. 4.38), and it was surprising that DO decreased while other 

water quality determinands improved. However, the DO reductions might have 

been related to reduced flows during the latter years. Field officers often 

commented on low or no flows at this site.  
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Figure 4.38: Temperatures recorded from the Moroa discharge into Papawai Stream shows 
no change over the sampling period. Other sites were similar. 

 

4.2.3 Longwood 

52. Once again, the concentrations of total phosphorus and E. coli decreased in the 

Longwood discharge to Donalds Creek over the period of sampling, while 

conductivity and total nitrogen concentrations increased, and dissolved oxygen 

concentrations decreased (Table 4.9). 

Table 4.9: Time-series regressions for sites on the Longwood system. Changes marked in 
green represent an improvement in water quality, while those in red show a deterioration. 

 Discharge Donalds Ck upstream of 
discharge 

Donalds Ck downstream 
of discharge 

Total nitrogen r2=0.056 Increase 
P=0.006 

r2=0.006* No change r2=0.003 No change 

Total 
phosphorus 

r2=0.22 Decrease 
P<0.001 

r2=0.098 Decrease 
P<0.001 

r2=0.081 Decrease 
P<0.001 

E. coli r2=0.27 Decrease 
P<0.001 

r2=0.27 Decrease 
P<0.001 

r2=0.37 Decrease 
P<0.001 

Conductivity r2=0.13 Increase 
P<0.001 

r2=0.13 Increase 
P<0.001 

r2=0.26 Increase 
P<0.001 

Temperature r2=0.0003 No change r2=0.016 No change r2=0.0004 No change 

Dissolved 
oxygen 
concentration 

r2=0.076 Decrease 
P=0.002 

r2=0.062 Decrease 
P=0.006 

r2=0.045 Decrease 
P=0.02 

*This is the linear regression coefficient for TN in Donalds Creek upstream of the discharge, but the relationship was bimodal, so it was best-fitted 
by a polynomial function (See figure 4.39). 
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53. Donalds Creek upstream of the discharge showed a bimodal trend in total 

nitrogen concentrations; initially decreasing, but then increasing again from 

2014 (Fig. 4.39), so that the over-all trend was no change (Table 4.9). A similar 

pattern occurred at the downstream site, but not in the discharge, suggesting 

that total nitrogen concentrations upstream had an over-riding impact on the 

concentrations at the downstream site in Donalds Creek, caused by some effect 

upstream (possibly arising from the Featherston sewage treatment plant 

discharge). 

 

Figure 4.39: Total nitrogen concentrations in Donalds Creek upstream of the discharge. 
The trend line is bimodal. The same pattern was evident downstream 

54. In Donalds Creek downstream from the discharge, the concentrations of total 

phosphorus and E. coli significantly decreased when the last three years are 

compared with the first three, but total nitrogen concentrations increased. 

Dissolved oxygen concentrations also decreased (Table 4.10). 
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Table 4.10: Mann-Whitney U-test for independent samples, comparing the first three and 
last three years of samples from the Longwood water race discharge into Donalds Creek. 
Changes marked in green represent an improvement in water quality, while those in red show a 
deterioration. 

 Median Sample size P Significant? 

 First 3 years Last 3 years 

Total nitrogen 1.82 2.56 27 0.0036 Yes** 

Total 
phosphorus 

0.136 0.039 27 <0.001 Yes*** 

E. coli 855 185 28 <0.001 Yes*** 

Conductivity 82 108 27 <0.001 Yes*** 

Dissolved 
oxygen 
concentration 

8.56 6.26 27 0.024 Yes* 

Note: *= significant at 0.05 level; ** = significant at 0.01 level; *** = significant at 0.001 level 

55. Table 4.10 shows that there was a significant increase in the total nitrogen 

concentration of the discharge into Donalds Creek between the first and last 

three years, but this was not translated into an increase in Donalds Creek 

downstream from the discharge (Table 4.11). 

Table 4.11: Mann-Whitney U-test for independent samples, comparing the first three and 
last three years of samples from Donalds Creek below the discharge. 

 Median Sample size P Significant? 

 First 3 years Last 3 years 

Total nitrogen 2.11 2.35 34 0.26 No 
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5. Discussion 

5.1 General water quality 

56. In most cases, there was a deterioration of water quality along the water races, 

but it varied between water quality determinands and between races. 

57. Total nitrogen concentrations along all water race systems, except one, were 

elevated compared with the concentrations at the intake. The Carrington 

system was an exception, but probably only because the dataset for that system 

was small. A report by Masterton District Council (2013) concluded that TN 

concentrations in the Waipoua River were not higher at the downstream site 

than at the upstream one, but the authors used the t-test for their analysis, rather 

than Wilcoxon signed rank test.  

58. Ammonia-nitrogen and nitrate-plus-nitrite-nitrogen were measured only in the 

Carrington and Taratahi water race systems. Therefore, the data for those 

determinands are few, because these systems have been sampled only 12 times 

for NNN and ammonia-N. Little can be concluded about ammonia-N, except 

that it does not appear to have been greatly increased in the water races or in 

Parkvale Stream. Consequently, most of the results were less than the limit of 

detection (i.e. <0.01 mg/L). Only 22 results from the seven sites (65 samples) 

exceeded the LOD; half of those were from the Parkvale Stream above and 

below the Taratahi water race discharge.  

59. Nitrate-plus-nitrite nitrogen concentrations did not vary significantly between 

the intake and the discharges in either system. 

60. Dissolved reactive phosphorus also was measured only in the Carrington and 

Taratahi systems, so as for NNN and ammonia-N, there is a shortage of data. 

However, the available data indicated that there was no significant change in 

either the Carrington race between its intake and discharge to the Mangatarere 

Stream, in the Taratahi race between its two discharges, or between the 

upstream and downstream sites in the Parkvale Stream tributary. However, 

there was a significant DRP concentration increase between the Taratahi race 

intake and discharge into the Parkvale Stream tributary, but that did not 

correspond with an increase in concentrations in the receiving water. 
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61. Total phosphorus concentrations increased in all of the water races between the 

intake and discharge, and in the Waipoua River below the Opaki race 

discharge. In contrast though, the concentration decreased in Donalds Creek 

below the Longwood race discharge. Furthermore, concentrations at all three 

receiving water sites decreased over the sampling period. 

62. In Otakura Stream and Donalds Creek, the concentrations both of total nitrogen 

and total phosphorus consistently exceeded the ANZECC (2000) guideline 

trigger levels for aquatic ecosystems. However, exceeding those trigger levels 

does not infer that the aquatic values of the waterway are compromised; they 

merely are intended to trigger either an investigation into the cause of the non-

compliance or else some management intervention (ANZECC, 2000). The 

cause of exceedance in Donalds Creek might well be the Featherston sewage 

treatment plant discharge, but for Otakura Stream it is not obvious. 

63. E. coli concentrations were generally, but not invariably, elevated in the water 

races between the intake and discharge site, but only in the Waipoua River 

downstream from the Opaki discharge were there elevated receiving water 

concentrations. However, there was a strong general downward trend at almost 

all sites in the Opaki, Moroa and Longwood water races since sampling began, 

and that trend has increased over the last few years. This trend might be the 

result of dry weather, as the region experienced a dry spell in 2015 and 2016, 

in common with the rest of the east coast of New Zealand. E. coli 

concentrations tend to be lower when it is dry, but alternatively those reduced 

concentrations might be a result of improved farm management practices. The 

downward trend means that all sites were increasingly compliant with the stock 

drinking water guideline, and all became compliant in 2015. To a lesser degree, 

there also was increased compliance with the swimming water one. 

64. Wilcoxon signed rank test results showed that conductivity often was lower in 

receiving waters below the water races discharges. However, it has invariably 

risen since monitoring began, which might have been related to an increase in 

the concentrations of soluble nutrients. However, there are insufficient data for 

NNN, ammonia-N and DRP to test for a correlation between soluble nutrient 

concentrations and conductivity. 
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65. Water temperature in small streams during summertime can vary by several 

degrees during the course of a day. Therefore, spot sampling of temperature is 

not necessarily representative, and often does not record the maximum daily 

temperature. Some of the temperatures recorded during the water race 

monitoring were very high (e.g. up to 29.49oC) in the Moroa discharge to the 

Otakura Stream on 21/11/07, which would have adversely-affected most 

species of fish, and only the Moroa water race discharge to Otakura Stream 

resulted in a significant increase in water temperature over the dataset. The 

median temperature increased from 17.5oC upstream to 17.8oC downstream, 

with a maximum recorded increase of 2.9oC (if we ignore an unlikely 10.9oC 

increase on 7/11/07 when the temperature in the discharge was lower than at 

the upstream site). 

66. As for temperature, dissolved oxygen concentrations tend to undergo a diurnal 

cycle, with the lowest concentrations recorded soon after dawn, and the highest 

in the evening, so once again spot sampling is not necessarily representative of 

dissolved oxygen concentrations. Low dissolved oxygen concentrations (<2 

mg/L) generally are inimical to aquatic life, but some species benefit from 

them. Tonkin and Taylor (2013) alluded to this with respect to the brown 

mudfish. Mudfishes are known to survive in water without oxygen (Eldon, 

1979), but anoxia eliminates eels and other predatory species, which enhances 

their survival. 

5.2 Water quality within the water races 

67. Reductions in water quality were evident within all the systems where it was 

possible to compare samples from both the intake and the water race discharge. 

That is, in each system except the Otaki one (where there was no intake 

sampling site), the water quality deteriorated markedly between those two 

points. However, this most likely just reflects the high quality of water at their 

intakes, which are all derived from the undeveloped eastern flanks of the 

Tararua Range. Once that water flows across the developed Wairapapa plain 

the water quality can be expected to deteriorate somewhat; even in natural 

streams. For example, median concentrations of total nitrogen, total 

phosphorus, and E. coli, are shown in Table 5.1 for sites on the Ruamahanga 

River (source of water for the Opaki water race) and Waiohine river (source for 
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the Moroa race), at up-river and lower river sites. There is at least an order of 

magnitude increase in the median concentrations of those determinands at their 

lower sites, and relative to the water races these are large waterways. Changes 

are more likely to be seen in smaller streams flowing across the plain, as they 

are more-readily impacted by agricultural activity (McDowell et al., 2017). 

Table 5.1: Median concentrations of water quality determinands at sites up-river and 
downstream on the Ruamahanga and Waiohine Rivers (GWRC data from LAWA). 

 Ruamahanga River Waiohine River 

 McLays (up-
river) 

Pukio (mid-
river) 

Gorge (up-
river) 

Bicknells (lower 
river) 

Total nitrogen (mg/L) 0.055 0.52 0.055 0.44 

Total phosphorus 
(mg/L) 

0.002 0.025 0.005 0.158 

E. coli (cfu/100 mL) 7 50 8 44 

 

68. In this respect, the water races are unlikely to differ from small natural streams. 

So, for example, there was no detectable difference of water quality in the 

Parkvale Stream tributary upstream or downstream from the Taratahi 

discharge, and even an improvement in some aspects of water quality in 

Donalds Creek, Otakura Stream and the Waipoua River downstream from their 

discharges. However, Donalds Creek and Parkvale Stream both have relatively 

poor water quality even at their upstream sites. 

5.3 Receiving water impacts 

69. The apparent effects of the water races on water quality in receiving waters 

was not so clear-cut. It varied, depending on factors such as the size of the 

receiving water and the background water quality. The Waipoua River is 

probably more similar to the Ruamahanga and Waiohine Rivers than to the 

spring-fed streams, although with a much smaller mean flow (5.49 m3/s), 

compared with 28.7 m3/s in the Waiohine at the gorge and 23 m3/s in the 

Ruamahanga at Wardells (Flow data from LAWA). Downstream from the 

Opaki water race discharge the Waipoua River had a similar median total 

nitrogen concentration to those two rivers and a lower median TP 

concentration, although its median E. coli concentration was considerably 
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higher. In contrast, the mean recorded flows from the Otakura Stream (which 

receives flow from the Moroa race) and Parkvale Stream (a tributary of which 

receives it from the Taratahi race) are only 0.56 and 0.77 m3/s, respectively 

(Table 2.2), so they are more likely to exhibit water quality changes. In the 

case the Taratahi water race where the discharge is into a tributary of the 

Parkvale Stream, the receiving water flow would be even smaller. 

70. However, the water quality changes detected were not always negative; almost 

as often as not there was an improvement in water quality in the receiving 

water below a discharge. Taken over all of the data, Wilcoxon signed rank test 

results showed that although there was a significant deterioration in receiving 

waters below the discharges from the Opaki, Moroa and Longwood discharges 

for one or other of the determinands in seven instances, there was also a 

significant improvement in six. That is, while total nitrogen, total phosphorus 

and E. coli increased in the Waipoua River and temperature increased in the 

Otakura Stream, total phosphorus decreased in Donalds Creek, dissolved 

oxygen increased in Otakura Stream, temperature decreased in the Waipoua 

River, and conductivity decreased in Waipoua River, Otakura Stream and 

Donalds Creek. Of the two short-term discharges, there were no receiving 

water data for the Carrington system, and in the Taratahi system there was only 

a small decrease of dissolved oxygen concentrations in the Parkvale Stream 

tributary downstream from the discharge. 

5.4 Environmental effects 

71. Identifying statistically-significant changes is all very well, but what are the 

environmental impacts of those changes? There is no one single measure that 

adequately defines water quality, and our interpretation of impacts depends on 

the perceived uses and values of a particular water body, which vary from 

place to place. I note that some of the water races are listed by Tonkin & 

Taylor (2012) as serving as domestic water sources, but they would not be 

considered suitable for that purpose without treatment, so I have not considered 

that use further. 

72. Obviously, the water races are used for stock water, and so most probably are 

their receiving waters. Water races are unlikely to be suitable for swimming, 



Wairarapa stock water races: state, trends and impacts 

NATRP-1620937158-1488 PAGE 49 OF 66 
 

but at least one of the receiving waters (Waipoua River at Colombo Road), is 

included in the GWRC Recreation Water Quality Monitoring Programme 

(GWRC, 2016). In addition, the receiving waterways could be significant 

aquatic habitats. Therefore, I have assessed the water quality taking those uses 

and values into account, using relevant guidelines from the National Policy 

Statement for Freshwater Management (2014), ANZECC (1992), ANZECC 

(2000), MfE (2000), the GWRC proposed Natural Resources Plan (pNRP) and 

the GWRC Freshwater Plan 2014. Table 5.2 lists selected guideline values 

used in the interpretation of data. There is no guideline for conductivity, 

because it has no specific impact on aquatic uses or values, nor is there a 

generally-accepted guideline for suspended solids.  

Table 5.2: Selected guideline values used in the interpretation of data. 

Determinand Water Use/Value Guideline value Reference 

Faecal coliforms 

 

 

 

E. coli 

Stock Water Supply 1000 CFU/100mL (geometric mean of at least 5 
samples per month; no more than 20% to exceed 5000 
cfu/100 mL. 

 

630 CFU/100m (geometric mean of at least 5 samples 
per month; no more than 20% to exceed 3150 
CFU/100 mL. 

ANZECC (1992) 

 

Derived from the 
above guideline 
using USEPA 
(2012) conversion 
ratio 

E. coli Freshwater contact 
recreation – 2017 Yellow (C) 
category 

 

 

Freshwater contact 
recreation – 2003 

10-20% >540 CFU/100 mL 

20-34% >260 CFU/100 mL 

Median <= 130 CFU/100 mL 

95%ile </=1200 CFU/100 mL 

 

Alert (amber) mode: >260 CFU/100 mL 

Action (red) mode: >550 CFU/100 mL 

NPS for Freshwater 
Management (MfE, 
2017) 

 

MfE (2003) 

Total nitrogen 

 

Total phosphorus 

Nuisance biological growths 

Nuisance biological growths 

Median 0.614 mg/L (Lowland trigger value) 

 

Median 0.033 mg/L (Lowland trigger value) 

ANZECC (2000) 

 

ANZECC (2000) 

pH Aquatic ecosystems 6.5-9 

 

No pH change greater than +/- 0.5 

ANZECC (1992) 

 

GWRC pNRP 

Dissolved oxygen Aquatic ecosystems 4.0 mg/L daily minimum concentration 

 

 

 

 

 

>80% saturation 

NPS for Freshwater 
Management 
(bottom line); 
GWRC pNRP 

 

GWRC Freshwater 
Plan 2014 

Temperature Aquatic ecosystems <3oC change 

 

<25oC 

GWRC pNRP 

 

GWRC Freshwater 
Plan 2014 
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5.4.1 National guidelines and standards 

73. There are two guidelines that are relevant for E. coli. The first is the stock 

drinking water guideline, and the other is the contact recreation (i.e., 

swimming) guideline.  

Stock drinking water 

There is controversy over the utility of the ANZECC (2000) stock drinking 

water microbiological guideline (e.g., see Ausseil, 2013), and the 1992 

ANZECC guideline generally might be more appropriate. Both guidelines are 

based on faecal coliforms (Table 5.2), whereas the microbiological indicator 

used in the water races was E. coli. Therefore, I have applied a conversion ratio 

to the guideline faecal coliform figures, using the USEPA (2012) guide that 

200 faecal coliforms are equivalent to 126 E. coli. Consequently, the ANZECC 

(1992) guideline equates to a geometric mean of 630 E. coli cfu/100 mL, with 

not more than 20% of samples exceeding 3150 cfu/100 mL.  

The water race monitoring regime strictly speaking does not conform to the 

guideline protocol of at least five samples per month, but nevertheless, I 

assessed all of the sites in the Opaki, Moroa and Longwood water race systems 

to test their compliance with the derived stock drinking water guideline.  

Table 5.3 shows the annual geometric mean E. coli concentrations and the 

percentage greater than 3150 cfu/100 mL recorded from the water race sites. 

The results indicate that on an annual basis the Opaki water race where it 

discharged into the Waipoua River complied eight years out of 14, with a 

significant reduction of the geometric mean E. coli concentration and complete 

compliance in the last three years, while both sites in the Waipoua River 

complied with the guideline at all times. 

At their intake, both the Moroa and Longwood water races complied with the 

stock water guideline all of the time, but E coli concentrations increased in the 

races at their discharge sites, and in the first few years of monitoring those sites 

were non-compliant. However, the Moroa discharge into the Otakura Stream 

was fully compliant from 2009, and both sites on that stream generally 
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complied from 2011, while the discharge to Donalds Creek and both sites on 

that creek fully complied from 2010 (Table 5.3). 

Altogether, compliance with the derived stock drinking water guideline tended 

to improve on every water race system since monitoring began, and each one 

was fully compliant from 2015. This is encouraging, although it might be an 

artefact of dry weather in recent years (E. coli concentrations tend to be lower 

in dry years).  

Contact recreation microbiological water quality 

I assessed only the Waipoua River upstream and downstream from the Opaki 

water race discharge, for compliance with the 2017 contact recreational 

(swimming water) microbiological yellow (C) category guideline (MfE, 2017). 

This guideline nominally is based on a minimum of 60 samples from a 

maximum of five years. However, it was not always possible to assemble 60 

results from only five years, so I assessed compliance from six years’ data, 

which is permissible if the annual sample size is too small (MfE, 2017). 

I also assessed compliance with the MfE (2003) microbiological guidelines for 

“alert” and “action” modes, because those were the relevant guidelines when 

the data were collected.  

I did not assess the other waterways against the contact recreation guidelines, 

on the assumption that only the Waipoua sites would be suitable for bathing, 

and indeed only a site on the Waipoua River is included in the GWRC 

Recreation Water Quality Monitoring Programme. It is unlikely that either 

Otakura Stream or Donalds Creek would be suitable for bathing in the vicinity 

of the water race discharges, especially Donalds Creek, as there is a sewage 

treatment plant discharge into it. In addition, the 2017 guidelines apply only to 

fourth-order or larger waterways (MfE, 2017). 

There is also a cyanobacterial part to the contact recreation guidelines, but I 

was unable to assess compliance with that. 

The upstream site complied with the 2003 Alert level guideline only in the 

2014-15 and 2015-16 bathing seasons, and the Action level guideline in six out 
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of thirteen bathing seasons, including 2016-17. At the upstream site 

compliance was poorer, with compliance with the Alert level only in 2016-17 

and the Action level in 2014-15 and 2016-17 (Table 5.4a). A high level of non-

compliance with this guideline recorded from both sites in the 2009-10 bathing 

season was associated with frequent rainfall events (Ausseil, 2013).  

The 2017 contact recreation microbiological guidelines are in one way more 

lenient than the 2003 ones, because the previous Alert and Action levels must 

be met only a percentage of the time, but in another way they are more 

stringent, because all of the four attribute states must be met for compliance to 

be achieved. Table 5.4b shows that the upstream site complied completely with 

this guideline from the 2004-2009 to 2007-2012 periods, and from then only 

complied with all but the 95-percentile attribute. However, the GWRC 

monitoring site on the Waipoua River at Colombo Road (a few km downstream 

from the Opaki discharge), breached the cyanobacterial alert level in the 2015-

16 and 2016-17 bathing seasons (probably because of low flows; GWRC 

website), making it unsuitable for contact recreation.  
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Table 5.3: Annual geometric mean E. coli concentrations and the percentage greater than 3150 cfu/100 mL. Instances of compliance with the indicative 
stock drinking water guideline are marked in green. 

System Site Measure 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

Opaki Waipoua upstream Geo mean 51 52 146 42 62 59 166 62 107 178 91 53 84 71 

 %>3150 0 1 2 3 4 5 6 7 0 9 0 0 0 0 

Waipoua downstream Geo mean 132 258 316 147 110 162 266 172 250 325 136 112 281 77 

 %>3150 0 8 0 0 0 0 8 7 0 18 0 0 13 0 

Discharge Geo mean 985 1212 901 1818 463 545 1828 240 1302 568 480 324 287 211 

%>3150 17 25 31 15 16 8 58 7 27 25 25 16 9 0 

Moroa Intake Geo mean ND ID 12 8 20 25 4 11 10 14 10 7 18 26 

%>3150  ND ID 0 0 0 0 0 0 0 0 0 0 0 0 

Papawai discharge Geo mean ND ID 2650 1409 3442 1817 405 211 498 406 241 232 209 279 

%>3150  ND ID 46 45 29 11 0 8 0 14 0 0 0 0 

Otakura discharge Geo mean ND ID 1485 4820 1187 480 397 312 91 414 511 50 204 199 

%>3150  ND ID 15 50 14 10 8 15 0 14 10 0 14 0 

Otakura upstream Geo mean ND ID 1224 2079 2198 1506 809 319 516 333 597 266 198 219 

%>3150  ND ID 8 27 43 40 16 0 0 0 0 0 0 0 

Otakura downstream Geo mean ND ID 1388 2187 2358 2125 616 287 587 477 653 415 273 312 

%>3150  ND ID 8 22 43 30 8 0 8 0 0 9 0 0 

Longwood Intake Geo mean ND ID 27 70 31 34 25 24 29 39 16 15 29 26 

%>3150  ND ID 0 8 0 0 0 0 0 0 0 0 0 0 

Discharge to Donalds Ck Geo mean ND ID 1238 1712 899 1074 268 235 249 312 399 119 191 118 

%>3150  ND ID 10 25 0 8 8 8 0 0 9 0 0 ID 

Donalds Ck upstream Geo mean ND ID 755 1375 1186 1438 533 549 163 371 252 187 211 ID 

%>3150  ND ID 10 17 25 25 0 17 0 0 0 0 0 ID 

Donalds Ck downstream Geo mean ND ID 1128 1659 968 2040 502 526 199 294 160 160 159 ID 

%>3150  ND ID 10 25 17 33 0 17 0 0 0 0 0 ID 

Notes: ND = No data; ID = Insufficient data 
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Table 5.4a: The number of times during each bathing season that E. coli concentrations exceeding 260 and 540 CFU/100 mL in the Waipoua River 
sites (2003 guidelines). Instances of compliance with the relevant attribute of the swimming water guideline are marked in green. 

Site Measure 2004-
05 

2005-
06 

2006-
07 

2007-
08 

2008-
09 

2009-
10 

2010-
11 

2011-
12 

2012-
13 

2013-
14 

2014-
15 

2015-
16 

2016-
17 

Waipoua 
upstream  

No. >260 (Alert 
mode) 2 3 2 1 2 4 4 2 1 3 0 0 2 

No. >550 
(Action mode) 1 2 0 0 0 4 1 1 0 2 0 1 0 

Waipoua 
downstream 

No. >260 (Alert 
mode) 5 8 6 2 3 5 5 2 3 4 1 3 0 

No. >550 
(Action mode) 4 3 2 1 3 5 2 2 3 4 0 3 0 

 

Table 5.4b: The annual percentage of E. coli concentrations exceeding 260 and 540 CFU/100 mL, median E. coli concentrations and 95 percentile 
E. coli concentrations from the Waipoua River sites (2017 guidelines). Instances of compliance with the relevant attribute of the Category C (yellow) 
swimming water guideline are marked in green. 

Site Measure 2004-09 2005-10 2006-11 2007-12 2008-13 2009-14 2010-15 2011-16 2012-17 

Waipoua upstream %>260  16.2 18.9 21 17.8 22.5 20.1 17 16.7 15 

%>540  8.1 10.8 10.5 9.6 12.7 11.1 8.6 7.6 7 

Median 60 73 60 58 65 75 69 55 70 

95%ile 940 1080 1080 1080 4400 3300 3300 3400 3300 

Waipoua downstream %>260  32.9 36.8 32 28 31.1 28.8 24.7 23.6 19.7 

%>540  21 25 21.8 18.7 21.6 20.5 15 15.3 13.6 

Median 161.5 183.5 174 160 185 190 170 170 145 

95%ile 1200 1232 1232 1232 2100 2100 2100 2100 1800 
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Table 5.5: Annual median TN, TP and Dissolved oxygen concentrations, and percentage dissolved saturation in receiving waters of the Opaki 
(Waipoua River), Moroa (Otakura Stream) and Longwood (Donalds Creek) water race systems, and the percentage of samples measuring pH 6-9 in 
the Waipoua River. Only the Otaki system monitoring sites had reliable (i.e. laboratory-measured), long-term pH data. Instances of compliance are indicated in 
green, with non-compliance in red. 

System Site Determinand 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

Opaki Waipoua Upstream TN 0.647 0.589 0.469 1.18 0.489 0.615 0.505 0.430 0.530 0.450 0.425 0.315 0.310 0.285 

TP 0.014 0.015 0.015 0.011 0.008 0.014 0.012 0.009 0.012 0.011 0.011 0.009 0.011 0.011 

DO<4.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

DOsat<80% 0 2 2 1 0 0 0 0 0 0 0 2 ID ND 

%pH 6-9 100 100 100 100 100 100 100 100 100 100 100 100 100 100 

Waipoua downstream TN 0.703 0.697 0.630 1.09 0.501 0.619 0.460 0.460 0.550 0.690 0.430 0.355 0.380 0.290 

TP 0.015 0.018 0.016 0.014 0.012 0.012 0.014 0.013 0.011 0.013 0.012 0.010 0.13 0.011 

DO<4.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

DOSat<80% 0 2 1 0 0 0 0 1 0 0 1 1 ID ND 

%pH 6-9 100 100 100 100 100 100 100 100 100 100 100 92* 100 100 

 Differences up and down % pH change>0.5 8 0 14 7.7 0 10 8 14 9 27.3 0 0 0 0 

  Temp change >3oC 0 0 0 0 0 0 0 0 0 1 0 0 1 0 

Moroa Otakura upstream TN ND ID 2.25 1.23 0.997 1.45 0.96 1.16 1.01 0.965 0.83 0.77 0.68 1.67 

TP ND ID 0.137 0.120 0.149 0.112 0.135 0.103 0.083 0.105 0.112 0.128 0.113 0.076 

DO<4.0 ND ID 0 0 0 0 0 0 0 0 1 2 2 2 

Otakura downstream TN ND ID 2.07 1.24 0.999 1.42 0.78 1.17 1.26 1.03 0.8 0.77 0.77 1.585 

TP ND ID 0.134 0.125 0.124 0.112 0.131 0.110 0.084 0.121 0.105 0.108 0.091 0.076 

DO<4.0 ND ID 0 1 0 0 0 0 0 0 1 0 4 2 

 Differences up and down Temp change >3oC ND ID 0 0 0 0 0 0 0 0 0 0 1 0 

Longwood Donalds Ck upstream TN ND ID 2.15 2.44 2.44 1.90 1.66 1.91 1.60 1.79 2.17 2.62 2.22 ID 

TP ND ID 0.173 0.462 0.354 0.175 0.207 0.168 0.136 0.131 0.132 0.234 0.130 ID 

DO<4.0 ND ID 0 1 0 0 0 0 0 0 0 0 0 1 

Donalds Ck downstream TN ND ID 2.08 1.97 2.31 2.01 1.80 1.74 1.45 1.79 2.30 2.45 2.31 ID 

TP ND ID 0.133 0.299 0.247 0.186 0.196 0.147 0.113 0.133 0.132 0.195 0.112 ID 

DO<4.0 ND ID 0 0 0 0 0 0 0 0 0 0 0 1 

 Differences up and down Temp change >3oC ND ID        2 0 0 0 0 0 0 0 0 0 0 0 

Notes: ND = No data; ID = Insufficient data; *this result arises from one very anomalous (probably incorrect), result
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Nutrient guidelines 

74. Compliance with the ANZECC (2000) total phosphorus guideline trigger value 

occurred at both Waipoua River sites for the entire monitoring period, whereas 

there was consistent non-compliance both upstream and downstream from the 

discharges in both Otakura Stream and Donalds Creek (Table 5.5).  

75. For total nitrogen, there was compliance with the trigger value at both Waipoua 

River sites from 2010, but total non-compliance at all the other sites (Table 

5.5).  

pH guideline 

76. I have opted to use the ANZECC (1992) guideline of 6.5-9, because the 

ANZECC (2000) trigger value range of 7.2-7.8 is hopelessly narrow. Only the 

Otaki system monitoring sites had reliable (i.e. laboratory-measured), long-

term pH data, so only results for the two sites on the Waipoua River are 

reported here. Both sites complied with the guideline all of the time, apart from 

one very anomalous result (10.15) at the downstream site on 10/11/15. There 

was no record for the upstream site on that day, but pH recorded from the 

discharge was only 7.7, so it is likely to be an error. 

5.4.2 Compliance with GWRC plan standards and guidelines 

77. Compliance with national water quality guidelines has been discussed earlier. 

GWRC has produced a proposed Natural Resources Plan (pNRP), which also 

contains water quality standards for discharges; that is, changes in water 

quality which must not be exceeded by a discharge beyond a reasonable mixing 

zone (as opposed to guidelines, which are not mandatory limits). These 

standards are outlined in Policy P71: Quality of discharges, and state that the 

discharge must not prevent the water meeting the following: 

(a) below the discharge point compared to above the discharge 

point: 

 

(i) a decrease in the Quantitative Macroinvertebrate 

Community 

Index of no more than 20%, and 

 

(ii) a change in pH of no more than ±0.5, and 

 

(iii) a decrease in water clarity of no more than: 
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1. 20% in River class 1, or 

2. 33% in River classes 2 to 6, and 

 

(iv) a change in temperature of no more than: 

1. 2°C in River classes 1 or 2, or 

2°C in any river identified as having high 

macroinvertebrate community health in Schedule F1 

(rivers/lakes), or 

3°C in any other river, and 

 

(b) a 7-day mean minimum dissolved oxygen concentration of no 

lower 

than 5mg/L, and 

 

(c) a daily minimum dissolved oxygen concentration of no lower 

than 

4mg/L. 

 

All water quality standards apply at all flows except (a)(iii) which 

applies at less than median flows, (a) applies at all times of the year, (b) 

and (c) apply only between 1 November and 30 April each year. 

 

78. The relevant standards in the context of the water race discharges are those for 

pH, temperature and dissolved oxygen. Also of relevance are the following 

guidelines from the GWRC Freshwater Plan, which replicate the water quality 

standards in the Third Schedule of the Resource Management Act regarding 

water managed for aquatic ecosystem and fishery purposes: 

After reasonable mixing, the contaminant, either by itself or in 

combination with other contaminants, is not likely to cause any of the 

following effects: 

 

(3) The natural temperature of the water - 

• To be changed by more than 3o Celsius; and 

• To exceed 25o Celsius. 

(4) The concentration of dissolved oxygen to fall below 80% of 

saturation concentration. 

 

79. Between 2004 and 2017, the pH in the Waipoua River downstream from the 

Opaki water race discharge was different from that upstream by 0.5 unit or 

greater on at least one occasion (between 8 and 27.3% of the measurements). 

However, there was no measured non-compliance between 2014 and 2017 

(inclusive).  
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80. Temperatures varied by 3oC or more in two years in Waipoua River, once in 

Otakari stream and twice in Donalds Creek. In The Waipoua River and the 

Otakura Stream the changes were a reduction in the temperature, which was 

most likely to beneficial to aquatic life, but in Donalds Creek it resulted in 

temperature increases. At no time did the recorded water temperature exceed 

the 25oC guideline of the Freshwater Plan at any site. 

81. Assessing compliance with the dissolved oxygen concentration standard is not 

straightforward, because the standard relates to a daily minimum. Nevertheless, 

on the basis of the available data, both Waipoua River sites complied with the 

dissolved oxygen concentration guideline all of the time, and the percentage 

saturation guideline most of the time (Table 5.5). Percentage saturation was not 

recorded for the other sites, but the two sites on the Otakura Stream complied 

with the dissolved oxygen concentration guideline most of the time before 

2014. From then on, both sites failed to comply on many occasions. I was 

unable to access stream flow data for the Otakura Stream for the period from 

2014, but flow at the recorder site at the weir has been recorded as low as 10 

L/s (Table 2.2). The dissolved oxygen concentrations in the discharge were 

even lower, although the discharge did not appear to depress DO 

concentrations at the downstream site any further. Donalds Creek downstream 

from the Longwood water race discharge complied with the DO concentration 

guideline on all but one occasion (in 2017), and at the upstream site it failed 

once in both 2007 and 2017, so the discharge did not appear to affect non-

compliance with this standard. 

82. As noted in Section 5.1, there are diurnal variations in temperature which mean 

that spot-sampling is not necessarily representative. The same applies to pH 

and dissolved oxygen. Therefore, the results might under-estimate non-

compliance. Diurnal dissolved oxygen concentrations tend to be lowest 

immediately before dawn, while water temperature and pH changes tend to be 

greater in the late afternoon. Sampling usually occurs in late morning or mid-

afternoon, so the lowest daily dissolved oxygen concentrations are likely to be 

missed, but high temperatures and altered pH are more likely to be captured by 

the data. 
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5.5 Water quality changes over time 

83. The data from the Opaki, Moroa and Longwood water race systems show that, 

in general, there was an improvement in water quality since monitoring began 

in 2004, 2005, and 2006, respectively, both in the water races and in their 

receiving waters. This improvement has been especially marked in the last 

three years. These improvements probably reflect changes in farm and riparian 

land management practices such as fencing which have been implemented in 

the last 15 years. I have no specific information relating to riparian 

management in the Wairarapa, but for example, Wilcock et al. (2013) recorded 

decreases in suspended solids, E. coli and total phosphorus concentrations, plus 

turbidity, from a number of streams they monitored throughout New Zealand 

over 7-16 years, which they attributed to the implementation of best 

management practices on farms.  

84. In the Wairarapa water races, total phosphorus was the determinand which 

most consistently showed an improvement over time, with total nitrogen and E. 

coli also often improving, conductivity less often so, and pH and temperature 

generally not changing.  

85. However, oddly, dissolved oxygen concentrations and/or percentage 

saturations often deteriorated over time. The decrease in dissolved oxygen 

concentrations was a general trend; it occurred in the receiving water sites 

upstream from the discharges, as well as in the discharges and at the 

downstream sites, so it clearly was not related to the water race discharges. 

Instead, it might have been related to low flows. 

86. There is general agreement that agricultural activities can have an adverse 

effect on water quality (e.g. Smith et al., 1993), and water quality in the water 

races clearly deteriorated as the races flowed across the Wairarapa plain. 

However, it is not so clear whether that change was any different from the 

deterioration occurring in other, natural, water bodies. Often, the water races 

appeared to decrease the water quality of their receiving water but in some 

instances it improved. Promisingly, there has been a significant improvement 

in most water quality determinands, both in the water races and their receiving 

waters since the monitoring began. This is likely a result of improved farm 
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management practices such as riparian fencing over the monitoring period. 

Without an on-ground survey it is impossible to determine whether there are 

further options to improve land management, but at this stage the improvement 

in water quality seems to be on-going.  

6. Conclusions 

 Generally, water quality deteriorated significantly in the water races 

between their abstraction sites and the site where they discharged into 

receiving waters. This was probably inevitable, because of the pure quality 

of their source streams emanating from the Tararua Ranges. 

 This reduction in quality occurred in every case for total phosphorus, but 

less so for total nitrogen, E. coli, suspended solids, dissolved oxygen and 

conductivity. 

 In some cases this resulted in poorer water quality at downstream 

receiving water sites, but sometimes receiving water quality was 

improved. This applied to some extent to the Opaki discharge to the 

Waipoua River, the Moroa water race discharge to Otakura Stream and the 

Longwood water race discharge to Donalds Creek. 

 There was little change in water quality in the Parkvale Stream tributary 

where it received the discharge from the Taratahi water race. 

 NNN, ammonia-N and dissolved reactive phosphorus were measured only 

in the Taratahi and Carrington systems. Ammonia-N concentrations 

generally were less than the limit of detection, and the water races 

appeared to have little influence on them. NNN did not vary in either of 

these two races, but DRP increased in the Taratahi race between the intake 

and the discharge to Parkvale Stream. 

 The good news is that, in general, water quality improved in the Opaki, 

Moroa and Longwood systems since monitoring began in 2004 or 2005, 

possibly as a result of improved land management practices. 

 This was true for at least some determinands at every site, and the 

improvement was most marked in the data from the last three years. 

 Total phosphorus and E. coli showed the most dramatic and most 

consistent improvement. 
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 Total nitrogen also often improved (sometimes dramatically), with 

conductivity less often so. 

 In contrast, dissolved oxygen concentrations often deteriorated over time, 

possibly because of reduced flows in later years. Apart from the Waipoua 

River, this trend was seen in the receiving water sites above the discharges, 

as well as discharge and downstream sites. Very low DO concentrations 

were recorded in the Otakura Stream since 2014, which might have been 

related to low water flows and high macrophyte growth. 

 However, DO concentrations improved in the Opaki system, and in the 

Moroa water race discharge to the Papawai Stream tributary.  

 Temperature generally did not change over time. 

 Initially, only the Waipoua River sites above and below the Opaki water 

race discharge into the Waipoua River complied with the stock drinking 

water guideline but compliance increased over time to the extent that all 

sites complied from 2015 onward. 

 Both the Moroa and Longwood systems complied with the guideline at all 

times at their intake sites. 

 Compliance with the contact recreation (swimming) water quality 

guidelines in the Waipoua River sites was variable, and greater in the 

upstream site, but improved in later years at both sites.  

 A reduction in E. coli concentrations over time and consequent 

improvement in compliance with the two microbiological guidelines over 

the last few years is encouraging, but might in at least some part have been 

caused by dry weather. 

 Both sites on the Waipoua River totally complied with the ANZECC total 

phosphorus guideline, and they complied with the total nitrogen one from 

2010 onward. In contrast, all of the remaining receiving water sites 

(including those upstream of the discharges), completely failed to comply 

with either nutrient guideline. 

 The Waipoua River sites complied with dissolved oxygen guidelines most 

of the time, and the two Otakura Stream sites did so mostly until 2014. 

Since then they have failed to comply numerous times, and Donald Creek 



Wairarapa stock water races: state, trends and impacts 

PAGE 62 OF 66 NATRP-1620937158-1488 
  

also has failed to comply once or twice in recent times. This non-

compliance is most likely related to low stream flows. 

 The Waipoua River downstream from the Opaki discharge failed the pH 

guideline on one occasion, but the reading probably was erroneous. pH 

data from the Moroa and Longwood sites were considered to be unreliable. 

 There were several instances of non-compliance with the GWRC pNRP 

temperature standard, but mostly they resulted in a temperature decrease. 

 Overall, other than dissolved oxygen and conductivity, there has been a 

marked improvement in most water quality determinands since monitoring 

began; especially in the last three years. This improvement probably is a 

result of changes in land management practices, and that improvement 

seems to be on-going 
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Appendix I. Water quality determinands 

Nitrogen 

Total nitrogen is a water quality measure which encompasses organic nitrogen, 

ammonia, nitrate and nitrite. Organic nitrogen is that bound up in particulate forms such 

as decaying matter and faeces, and it is not immediately available for plant growth. In 

contrast, ammonia, nitrate and nitrite are all inorganic, soluble forms which are readily-

available for plant uptake. 

Total phosphorus 

Like total nitrogen, the measure of total phosphorus includes both an organic particulate 

form which is unavailable to plants, and an inorganic soluble form (dissolved reactive 

phosphorus), which plants utilise.  However, unlike nitrogen, inorganic phosphorus 

readily binds to particulate matter such as clay particle, and then it too becomes 

unavailable for plant growth. 

E. coli 

Escherichia coli (E. coli) is a common rod-shaped bacterium which inhabits the gut of 

all warm-blooded animals. There are hundreds of strains, a very few of which are 

pathogenic (disease-causing), but most live in a symbiotic association with their host. 

E. coli is the current indicator bacterium of choice to indicate the possibility of faecal 

contamination and to determine the suitability of freshwater for human uses such as 

bathing. 

pH 

pH is a measure of the acidity or alkalinity of water. In the absence of a point-source 

discharge the pH of most freshwater in New Zealand is within about 6.5-7.5, and it can 

fluctuate throughout the day, especially in summer. Carbon dioxide buffers pH on the 

acidic side, so a high level of photosynthetic activity on a summer day can result in pH 

rising to 8.0 or higher. 

Conductivity 

Conductivity is measured by passing an electrical current through water. It is a surrogate 

measure for the total concentration of ions in water; that is the sum of chloride, nitrate, 

phosphorus, bicarbonate and others. As such, it can be useful for indicating that water is 

contaminated, but not for indicating the form of contamination. This limits its utility as 

a water quality measure.  

Dissolved oxygen 

Oxygen dissolved in water is recorded in two different ways. The first is the actual 

concentration in mg per litre, and the second is the percentage saturation. The 

percentage saturation is a function both of the dissolved oxygen concentration and the 

water temperature. Cold water can hold more oxygen than warm, and therefore be less 

saturated than warm water at a corresponding concentration, and turbulent water or 

water with high plant concentrations and consequently high levels of photosynthetic 

activity can contain a greater than 100% saturation. This is known as super-saturation. 

Dissolved oxygen saturation was recorded only from the Opaki water race system. 
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Appendix II. Censored data 

Most of the pH data are field measurements. Accurately measuring pH in the field is 

notoriously difficult, and those data contained several values which clearly were not 

correct (e.g., pH 5.1 recorded on the 15/2/2006 from the Longwood site 6), and the 

Environmental Health Officer collecting the samples reported issues with the pH meter 

on several occasions. This inaccuracy was obvious where a dataset contained both field 

and laboratory pH measurements, as in that for the Carrington system. Figure i shows 

the relationship between laboratory and field measurements at the two Carrington sites. 

The field pH was consistently lower; sometimes greatly so. Therefore, those data were 

considered to be unreliable, and consequently were set aside. A pH of 0.87 recorded for 

discharge B to Donalds Creek on 28 November 2007 is likely to be a typographical 

error. 

 

Figure i: Field pH measurements compared with laboratory measurements from the 
Carrington water race. 

Similarly, dissolved oxygen concentration records of 3.7, 2.6 and 3.5 mg/L from the 

Longwood discharge to Donalds Creek, and upstream and downstream of that 

discharge, respectively, when water temperatures ranged between 17.4 and 17.9oC, 

recorded between 12.50 and 1.15pm in the middle of summer, are very likely to be 

erroneous, as well as a DO saturation of 9 in the Opaki discharge on 16/11/06, when the 

DO concentration was 7.0 mg/L. In contrast, a DO concentration of 22.4 mg/L and 

226.9% saturation from the Waipoua River on 23/2/05 are unrealistically high 

(compared with 10.8 and 73.5, respectively at the upstream site). 

A TN concentration of 516 at the upstream Donalds Creek site was amended to 0.516 

mg/L, and TP of 3031 in the Opaki discharge to 3.031 mg/L. 
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