17 th December 2014

To:

Kathy Dever-Tod
Manager Assets Group
Tararua District Council

Technical Memo

Pahiatua wastewater treatment plant discharge to water
Summary of assessment of effects on water quality
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Context

Tararua District Council (TDC) are applying for resource consents associated with the operation and
maintenance of its Pahiatua wastewater treatment plant (WWTP).
A technical assessment of environmental effects on water quality and aquatic ecology was prepared in July
2014 by Dr Neale Hudson, then of Opus International Consultants1. I have reviewed this report. For brevity
I will thereafter refer to it as the Opus Report.
The purpose of this memo is to summarise key findings of the Opus Report, and, where relevant and
possible, provide additional clarification on to the effects of the discharge in relation to relevant statutory
provisions. In particular, I have used the information contained in the Opus Report to provide a technical
assessment against water quality provisions of S107(1) of the Resource Management Act (1991), the
National Policy Statement for Freshwater Management (NPSFM) (2014) and the Horizons Regional Policy
Statement/ Regional Plan (‘One Plan’) water quality targets. Where necessary, and as identified in this
memo, I have undertaken additional data analysis.
Whilst the Opus report includes considerations and analysis relative to the broader Mangatainoka River
catchment, I have concentrated my assessment on the effects of the discharge itself (i.e.
upstream/downstream comparisons).
The treated wastewater from the Pahiatua WWTP is currently discharged to Town Creek, a small tributary
of the Mangatainoka River. It is my understanding that the resource consent applications by TDC involve
the direct discharge of the treated wastewater to the Mangatainoka via an old intra-gravel water abstraction
gallery. For this reason, my assessment focusses on effects on the Mangatainoka River, not on Town
Creek.

1
Opus International Consultants (2014) Pahiatua wastewater treatment plant consent renewal:
Assessment of Environmental Effects
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RMA S107(1)
2.1

S107(1)d – Conspicuous changes in water clarity or colour
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Effects on water clarity are assessed in Sections 3.2.3 (p27) and 4.3 (p71) of the Opus Report.
I also undertook some further data analysis, in particular comparing upstream and downstream visual clarity
using a statistical test2 generally considered appropriate3 for this type of situation. This analysis does not
indicate statistically significant changes in visual water clarity between upstream and downstream of the
discharge.
Reductions in water clarity of more than 20% were measured on 5 out of 27 monitoring occasions (19%),
and reductions of more than 30% on 4 out of 27 occasions (15%) (Figure 1). Three of these were measured
in 2010, and one in 2012. Unfortunately, there are no visual clarity data for 2013. Most people are able to
detect a change in water clarity of 30% or more.
Effluent quality data indicates that unusually elevated Total Suspended Solids (TSS) concentrations
occurred during January to April 2010 (concentrations of 80-110 mg/L against a long-term median of 10
mg/L), suggesting that the discharge was probably the cause of, or a contributor to, the changes in water
clarity during these months. The November 2012 change in water clarity was however not associated with
elevated TSS concentrations in the discharge (8 mg/L), and it is doubtful whether the discharge was the
cause of the decrease in visual clarity measured that day. TSS concentrations in the effluent have been
consistently low (<20 mg/L) since January 2012, indicating that the current discharge presents a low risk of
causing significant changes in water clarity or colour.
My conclusion is that the discharge does not appear to cause significant changes in water clarity overall,
although conspicuous changes in water clarity have occurred on occasion during three consecutive months
in 2010. The current discharge quality presents a low risk of causing significant changes in water clarity or
colour.

Date Sampled
Figure 1: Relative change in visual water clarity in the Mangatainoka River between upstream and downstream
of the Pahiatua WWTP discharge (Data source Horizons Regional Council, data from Jan 2008 to Dec 2012).

2

Wilcoxon Pairwise comparison
As recommended in Scarsbrook M. and McBride G (2007). Best practice guidelines for the statistical
analysis of freshwater quality data. Prepared for the Ministry for the Environment by the National Institute
for Water and Atmospheric Research (NIWA). NIWA client report: HAM2007-088.
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2.2

S107(1)(f) – the rendering of freshwater unsuitable for consumption by farm animals.

There are a range of contaminants relevant to stock drinking water, including pathogens/microbiological
water quality, toxicants, and physico-chemical characteristics such as pH.
I comment on aspects relative to microbiological water quality in Section 4.3 of this memo.
I have also reviewed available data relative to total ammonia-nitrogen and nitrate-nitrogen. My conclusion
is that the discharge does not cause the stock drinking water guidelines relative to these determinands to
be exceeded downstream of the discharge.
I have no information on the discharge content of other water quality determinands relevant to stock drinking
standards, such as for example metals, but, based on my experience of a number of other similar WWTPs
across the region and in neighbouring regions, I have no reason to believe that these would be present in
sufficient concentrations in the discharge to be of significant environmental concern after reasonable
mixing.
In conclusion, what information is available indicates that the discharge meets the requirements of
S1007(1)(f).
2.3

S107(1)(g) - Effects on aquatic life

The Opus Report makes an assessment of the effects of the discharge on the life-supporting capacity of
the Mangatainoka River (pp74-75). It considers a range of water quality determinands such as water pH,
temperature, dissolved oxygen concentrations, and uses indices of macro-invertebrate community health
as a direct measure of life-supporting capacity. With regards to the latter, the report concludes that there is
little indication that the discharge exerts a deleterious impact on life-supporting capacity. Having reviewed
the data presented in the Opus Report, I concur with this conclusion.
The Opus report indicates that the discharge does not alter the temperature of the Mangatainoka River
measurably, and that pH appears to respond generally in the lower catchment rather than in response to
the discharge itself. I generally concur with these conclusions.
With regards to dissolved oxygen (DO), there is a slight, but statistically significant, decrease in DO
saturation downstream of the discharge. All DO measurements upstream and downstream of the discharge
are well above 5 mg/L and all but one measurement downstream of the discharge are above 80%
saturation. On this basis there does not appear to be an indication of significant deleterious effects of the
discharge on DO levels in the Mangatainoka. It should be noted however that spot measurements of DO
are of limited value, and continuous DO measurements are generally preferable and would be advisable if
there was an indication of significant risk of effects on DO concentration or saturation in the Mangatainoka
River.
The Opus Report also provides an assessment relative to two toxic contaminants, ammonia and nitrate
(pp73-74). The report concludes that:
a. the discharge does not cause any measurable total ammonia-N concentration increase in the
Mangatainoka River downstream of the discharge4, and
b. free ammonia-N concentrations are approximately 10 times lower than the 95% protection species
c. The nitrate-nitrogen concentrations in the discharge are well below toxicity thresholds, indicating
that the discharge is not a source of nitrate-nitrogen in amounts likely to constitute a toxicity hazard,
and that river nitrate-N concentrations are well below both toxicity thresholds.
On the basis of the above information, my conclusion is that the discharge does not appear to be causing
any significant adverse effect on aquatic life, or to be causing more than a low risk of toxic effects to aquatic
life.

4
I note that my own analysis shows that there is a small, but statistically significant increase in total
ammonia-N concentrations downstream of the discharge.
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NPSFM (2014)

The assessment below is limited to a technical assessment against the relevant “Attribute tables” contained
in Appendix 2 of the NPSFM (2014), specifically the following attributes, relevant to rivers: Periphyton
(Trophic State), Nitrate (toxicity), Ammonia (Toxicity), and E.coli. I was not able to provide an assessment
tin relation to the Dissolved Oxygen (below point sources) Attribute, as it requires continuous dissolved
oxygen data. I have made enquiries with Horizons regarding the availability of such data.
The NPSFM (2014) attribute tables are based on four “Bands” with Band A representing the best attribute
state, and Band D the worst. The threshold between Band C and Band D constitutes the “national bottom
line”.
The key output of my assessment presented below is to provide a “grading” assessment for the
Mangatainoka River upstream and downstream of the discharge for each Attribute, as presented in Table
1 below.
There is no difference in grading between upstream and downstream of the discharge in relation to
periphyton biomass, nitrate (annual median concentration), ammonia (annual median concentration) and
E. coli.
There is a shift from band A to band B between upstream and downstream of the discharge in relation to
peak (95th percentile) nitrate-nitrogen concentrations. Some growth effects to up to 5% of species may
occur within Band B. I note however that under a worst-case scenario5, the discharge has the potential to
increase nitrate concentrations in the Mangatainoka River by up to 0.020 to 0.026 mg/L (based on median
and 95 th percentile effluent concentrations), and it thus seems unlikely that the discharge would be the sole
cause of the shift from Band A to Band B. Grading for the downstream site in 2013 is A.
Similarly, the grading for annual maximum ammonia concentration shifts from Band A upstream of the
discharge to Band C downstream of the discharge. This is due to relatively elevated total ammonia-N
concentrations recorded downstream of the discharge on two occasions in March and June 2011 (1.8 and
1.4 mg/L respectively) and one occasion in February 2012 (0.57 mg/L). Grading for the downstream site in
2013 is A.

5

River at Mean Annual Low Flow (MALF), wet weather discharge rate of 16l/s
4

Table 1: Grading assessment of the Mangatainoka River upstream and downstream of the Pahiatua wastewater
discharge for River Attributes, as per Appendix 2 of the NPSFM (2014). (Data Source, Horizons regional
Council, Jan 2008-Dec2013)

Attribute

Attribute state
(2008-2013 data)
Upstream Downstream

Narrative description

A: Rare blooms reflecting negligible enrichment and/or alteration of the
natural flow regime or habitat
B: Occasional blooms reflecting low nutrient enrichment and/ or alteration
of the natural flow regime or habitat
Periphyton
B
B
C: Periodic short-duration nuisance blooms reflecting moderate nutrient
biomass
enrichment and/or alteration of the natural flow regime or habitat
D: Regular and/or extended-duration nuisance blooms reflecting high
nutrient enrichment and/or significant alteration of the natural flow regime
or habitat
Nitrate-N
A: High conservation value system. Unlikely to be effects even on sensitive
(Annual
A
A
species.
median)
B:Some growth effects on up to 5% of species
C: Growth effects on up to 20% of species (mainly sensitive species such
as fish)
Nitrate-N
D: Impacts on growth of multiple species, and starts approaching acute
(Annual 95 th
A
B
impact level (ie risk of death) for sensitive species at higher concentrations
percentile)
(>20 mg/L)
Ammonia
A: 99% species protection level: No observed effect on any species tested
(Annual
A
A
B: 95% species protection level: Starts impacting occasionally on the 5%
median)
most sensitive species
C: 80% species protection level: Starts impacting regularly on the 20%
Ammonia
most sensitive species (reduced survival of most sensitive species
(Annual
A
C
D: Starts approaching acute impact level (ie risk of death) for sensitive
Maximum)
species
A: People are exposed to a very low risk of infection (less than 0.1% risk)
from contact with water during activities with occasional immersion and
some ingestion of water (such as wading and boating)
B: People are exposed to a low risk of infection (less than 1% risk) from
contact with water during activities with occasional immersion and some
ingestion of water (such as wading and boating).
E. coli
C: People are exposed to a moderate risk of infection (less than 5% risk)
A
A
Annual Median
from contact with water during activities with occasional immersion and
some ingestion of water (such as wading and boating). People are exposed
to a high risk of infection (greater than 5% risk) from contact with water
during activities likely to involve immersion.
D: People are exposed to a high risk of infection (greater than 5% risk)
from contact with water during activities with occasional immersion and
some ingestion of water (such as wading and boating).
A: People are exposed to a low risk of infection (up to 1% risk) when
undertaking activities likely to involve full immersion.
E. coli
Below B(a)
Below B
B: People are exposed to a moderate risk of infection (less than 5% risk)
th
(95 percentile)
when undertaking activities likely to involve full immersion. 540 / 100ml is
the minimum acceptable state for activities likely to involve full immersion.
(a): The grading system only includes 95 th percentile statistics in bands A and B (95th percentile of < 206
and 540 E. coli/100mL respectively). The 95th percentile statistic exceeds 540/100mL at both upstream and
downstream sites.
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One Plan water quality targets

The One Plan water quality targets applicable to the Mangatainoka River at the point of discharge are
reported on p21 of the Opus report and are not repeated here.
4.1

Water pH and temperature

The effects of the discharge on water pH and temperature are assessed in pp22 to 26 of the Opus Report.
The key conclusions with regards to these determinands is that the discharge does not alter the temperature
of the Mangatainoka River measurably, and that the pH response occurs generally in the lower catchment,
rather than in response to the wastewater discharge specifically.
Non-parametric pairwise testing (Wilcoxon test) does not indicate any overall significant differences
between upstream and downstream of the discharge.
On this basis, I conclude that the effects of the discharge on water pH and temperature in the Mangatainoka
River are no more than minor.
4.2

Visual water clarity

The effects of the discharge on water clarity are assessed at Section 2.1 of this report.
4.3

Microbiological water quality

With regards to microbiological water quality, the Opus report concludes that “after 2010, however, the
median wastewater discharge concentration was generally less than the target for the river”. It also notes
that although the concentration of E. coli in the discharge has decreased over time, the number of
exceedances of the HRC water quality targets in the river downstream of the discharge has not decreased
to the same extent.
I have carefully reviewed the data available, and have reached the following conclusions;
• I concur with the Opus Report that treated wastewater quality has improved markedly since 2010.
The median and 95th percentile E. coli concentrations in the treated effluent for the period 20102013 are 4 /100 mL and 1,716 /100 mL respectively, indicating an excellent level of treatment.
Median and 95 th percentile concentrations during the 2008-2009 period were 74,200 and 367,000
E. coli/100mL respectively;
• Assuming a worst-case dilution scenario (river at MALF, wet weather discharge of 16l/s), the above
current discharge quality has the potential to raise the in-stream E. coli concentration by 0.04 E.
coli/100mL as a median and 17 E. coli/100mL as a 95th percentile. I consider these concentration
increases are unlikely to be able to be detected against the existing background (upstream)
concentrations;
• Based on these figures, it appears unlikely that the discharge would be able to cause any
measurable changes in the E. coli concentrations in the Mangatainoka River after reasonable
mixing, apart from exceptional circumstances;
• However, there is a statistically significant6 increase in E. coli concentration downstream of the
discharge, compared with upstream, leading to slightly more exceedances of the One Plan water
quality targets at the downstream site than at the upstream site (Table 2);
• There appeared to be no improvement in the level of compliance with the One Plan targets
downstream of the discharge when comparing the 2010-2013 period against the 2008-2009 period.
This finding also concurs with that of the Opus Report;
• Given the effluent quality measured since 2010, the discharge does not appear to be able to give
rise to the concentration increases measured between the upstream and the downstream site
during that period;
• Based on the above findings, it appears likely that the changes in microbiological water quality
measured between upstream and downstream of the discharge are influenced, at least in part, by
sources other than the discharge of treated wastewater itself. This conclusion is again consistent
6

6

with that of the Opus Report. It is possible that source of faecal contamination may be present in
Town Creek upstream of the discharge point from the Pahiatua WWTP. I am however not aware of
any existing data to assess whether this hypothesis is correct.
Table 2: Summary of E. coli concentrations and compliance with the One Plan water quality targets in the
treated discharge from the Pahiatua WWTP and in the Mangatainoka River upstream and downstream of the
discharge.

2008-2009 period
Discharge
Upstr.
Downstr.
Median
(E. coli/100mL)
95th percentile
( /100mL)
% compliance with 550 E.coli/100ml
at flows below 20th FEP
% compliance with 260 E. coli/100ml
at flows below median
4.4

2010-2013 period
Discharge
Upstr.
Downstr.

74,200

90

99

4.0

105

154

367,000

739

473

1,716

702

2,263

N/A

93%

93%

N/A

92%

86%

N/A

82%

82%

N/A

76%

62%

Nutrients (DRP and SIN) and periphyton

With regards to Soluble Inorganic Nitrogen (SIN), the Opus Report concludes that the One Plan targets are
largely exceeded both upstream and downstream of the discharge, and that the discharge does not result
in any practically important differences in concentrations between upstream and downstream of the
discharge (using formal equivalence testing).
This is in agreement with my own analysis using a different statistical method (Wilcoxon test).
In short, the discharge does not appear to cause a more than minor effect on in-stream SIN concentrations,
although it should be noted that this is against a background of elevated SIN concentrations upstream of
the discharge, making the statistical detection of changes caused by the discharge less likely.
With regards to Dissolved Reactive Phosphorus (DRP), the Opus Report concludes that downstream DRP
concentrations are greater than upstream, but that the difference is not practically important, again using a
formal equivalence testing. My own analysis (using a Wilcoxon test) confirms that the difference between
upstream and downstream concentrations is statistically significant.
With regards to periphyton growth, the Opus report concludes that:
• N:P ratios are generally elevated both upstream and downstream of the discharge; and
• the Pahiatua WWTP discharge is exerting a mild stimulatory effect on periphyton growth.
The report does not however provide a clear assessment of how periphyton biomass and cover compare
with the One Plan targets upstream and downstream of the discharge. I have thus undertaken my own
analysis of the data provided by Horizons and my conclusions are as follows:
• As reported in the Opus report, there has been an improvement in the quality of the discharge since
2010. I have thus analysed the 2008-2009 and the 2010-2013 periods separately. This is consistent
with the analysis I conducted for E. coli;
• The periphyton biomass target is generally met both upstream and downstream of the discharge,
but with a slight increase in the proportion of exceedances of the periphyton biomass target (from
8 to 9% during 2008-2009 and from 4% to 7% of samples during 2010-2013) (Table 3). It is noted
that the difference is due to three samples exceeding the target downstream vs. two upstream, but
with a third upstream sample just on 120 mg/m 2, i.e. only technically compliant;
• There appeared to be a significant increase in the number of observations exceeding 30% of cover
by filamentous algae between upstream and downstream during the 2008-2009 period. However,
7

the level of compliance with the filamentous cover target has been similarly high both upstream and
downstream of the discharge since 2010;
• The only exceedances of the target relative to % cover by thick mats were observed upstream of
the discharge.
In conclusion, the discharge from the Pahiatua WWTP causes a moderate, but statistically significant,
increase in DRP concentrations downstream of the discharge. It does not however appear to cause any
significant changes in SIN concentrations.
It appears to cause a mild stimulatory effect on periphyton growth, which is to be expected given the
indication of P-limited periphyton growth conditions indicated by the elevated N:P ratios. However, this
mildly increased periphyton growth does not appear to be causing a material increase in the frequency of
excessive (defined as exceedances of the One Plan targets) growths of biomass, long filamentous or thick
mats downstream of the discharge.
Table 3: Summary compliance with the One Plan water quality targets for periphyton biomass and cover the
Pahiatua WWTP and in the Mangatainoka River upstream and downstream of the discharge.

2008-2009 period
Upstr. Downstr.
Periphyton biomass
% compliance with 120 mg Chlo a/m2
Periphyton cover
% compliance with 30% cover by long filamentous algae
Periphyton cover
% compliance with 60% cover by thick mats
4.1

2010-2013 period
Upstr.
Downstr.

92%

91%

96%

93%

85%

46%

98%

98%

92%

100%

100%

100%

Ammoniacal nitrogen

The One Plan sets two water quality targets relative to ammonia: an average concentration of 0.4 mg/L in
relation to chronic (long-term exposure) toxic effects and a maximum concentration of 2.1 mg/L in relation
to acute (short-term exposure) effects.
Existing monitoring data indicates that both targets are met both upstream and downstream of the
discharge.
4.2

ScBOD5 and POM

The effects of the discharge on ScBOD5 and Particulate Organic matter (POM) are assessed in pp 36-37
of the Opus Report. Both determinands are indicative of the organic load/content of the discharge.
Having reviewed these sections of the report and the actual data, I am satisfied that the discharge complies
with the One plan targets relative to these determinands.
4.3

Change in QMCI

I comment on the effects of the discharge on macroinvertebrate communities in Section 2.3. Based on data
collected in 2013, the discharge appears to be causing a slight decrease in QMCI, but of less than 20%,
i.e. compliant with the One Plan QMCI change target.
At the time of finalising this memo, I have only just received additional data from Horizons. A cursory look
at the data indicates that there was a slight (4%) reduction in QMCI and a moderate (14%) increase in MCI
between upstream and downstream, confirming the above conclusions. At the time of writing this memo, I
have not been able to access the 2014 data.

5

Effects of the future discharge

I have reviewed and considered the findings of a draft technical memo relative to future Pahiatua WWTP
upgrades prepared by Morgelyn Leizour, of Opus, dated 12 December 2014.
8

My understanding is that the following upgrades are proposed for the Pahiatua WWTP within the next few
months (i.e. summer 2014-2015):
• Installation of an inlet primary screen, to remove gross solids;
• Installation of a lamella clarifier and drum filter, expected to result in reductions in the TSS, TN and
DRP concentrations in the final effluent;
• Installation of a UV disinfection unit, resulting in a reduction in the concentration of pathogens in
the discharge.
It is however my understanding that the actual quality of the treated effluent discharged to the Mangatainoka
River remains somewhat uncertain, and the memo recommends that it be confirmed by detailed monitoring
following the commissioning of the upgrades.
On this basis I am only able to comment on the likely effects of the proposed upgrades on a qualitative (as
opposed to quantitative) basis. A fully quantitative assessment can be prepared once the quality of the
treated discharge has been confirmed.
• With regards to microbiological water quality, I describe the effects of the discharge in Section 4.3.
UV disinfection will further reduce the effects of the discharge on the Mangatainoka River’s
microbiological water quality;
• I describe the current effects of the discharge on visual water clarity in Section 2.1. The installation
of a lamella clarifier and drum filter will reduce the concentration of TSS in the discharge, resulting
in a reduction (compared with the current low risk) in the risk of the discharge causing effects on
water clarity and colour. I note that the proposed discharge via an exfiltration gallery may also
provide an additional degree of filtration.
• With regards to nutrients, the proposed upgrades are predicted to result in a reduction in the
concentration of both the DRP and nitrogen content of the discharge. Currently, the discharge
appears to be causing a mild stimulatory effect on periphyton growth. Based on nutrient ratios, it
appears likely that the phosphorus content of the discharge is the primary driver of this effect.
Qualitatively, I consider it likely that the predicted reductions in nitrogen and phosphorus content of
the discharge will result in a reduction in the effects of the discharge on periphyton growth. These
effects are currently measurable but within the one Plan targets. I expect that the effects of the
future discharge will also be within the One Plan targets;
• Lastly, based on the data I have reviewed, the effects of the discharge on macroinvertebrate
communities also appear to be within the One Plan targets. Given the predicted improvements in
discharge quality, I expect this will remain the case after the proposed upgrades.

Dated 17 December 2014

Olivier Ausseil (PhD)
Principal Scientist – Water Quality
Aquanet Consulting Ltd
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Additional Commentary: Pahiatua Wastewater

Land Irrigation - Preliminary Investigation Report

1.1 Background
Currently the Paihiatua WWTP discharges directly to Town Creek which runs adjacent to the
existing oxidation ponds. This creek is a tributary to Mangatainoka River and the Regional
Council is looking to improve the river water quality by reducing or preventing the direct
discharge of treated effluent especially during low flow conditions (flows < 1,260l/s).
Opus have been engaged by the Tararua District Council (TDC) to renew the existing
resource consent for the discharge of treated wastewater from the treatment plant to water
where it ultimately enters the Mangatainoka River. TDC have been asked by Regional Council
to review the option of land irrigation as a potential alternative to the current discharge to
water (Town Creek) for either the total flows or during low flow conditions in the river.

1.2 Purpose
The purpose of this memo is to provide additional comment (where appropriate) to augment
the investigation into the disposal of treated wastewater effluent to land from the Pahiatua
Wastewater Treatment Plant (WWTP).
We have structured this memo to comment on the specific areas of the Pahiatua Wastewater
Land Irrigation - Preliminary Investigation Report (hereafter referred to as The Report) to
provide either additional comment or highlight additional risks that should be considered.
This memo uses the data in The Report and makes some basic calculations to illustrate the
magnitude of storage required. These high level basic calculations are divided into:
• Cumulative total surplus volumes at irrigation rates of 1,400m3/day and 1,840m3/day
(table 1).
• Cumulative surplus volumes at irrigation rates of 1,400m3/day where the balance cannot
be discharged to water because of low flow days in the river (table 2).
• Cumulative surplus volumes at irrigation rates of 1,840m3/day where the balance cannot
be discharged to water because of low flow days in the river (table 3).

1.3 Wastewater Evaluation
The wastewater evaluation has outlined highly variable averaged daily flows (based on a
monthly average) from the WWTP these ranging from 838 – 3,778m3/day1. The sizing of the
disposal field in The Report for the land irrigation requirements has been based on a daily
irrigation volume 1,400m3/day.
The sizing of the land disposal requirements in this manner results in a surplus of treated
effluent during months when the average daily flows exceed the proposed irrigation rate.
This additional volume will need to be either retained (storage) or disposed of via a separate
system (i.e. the discharge to water). This will be necessary until the average daily flows drop
below 1,400m3/day to allow the stored surplus to be discharged. Please note this evaluation
excludes any allowance for season changes to soil moisture deficit taken over the
summer/autumn period.
Based on the average daily flows, taken from table 1 of The Report, a cumulative volume for
a buffer pond or disposal (via a parallel discharge direct to water) required for the 3 month
period (January – March 2012) is 96,000m3 using an irrigation volume of 1,400m3 day. This
cumulative volume is reduced to 64,000m3 (January – February 2012) and balanced over
the total 5 month period by increasing the irrigation volume to approximately 1,840m3 day.
Table 1: Calculation of surplus treated effluent based on 2012 flows using two potential irrigation rates

Month
(2012)

Monthly Total
Discharge (m3)
Treated Effluent

Averaged Daily
Flow (m3/day)
Treated Effluent

Balance of
Volume (m3)
@1,400 m3/day
irrigation rate

Balance of
Volume (m3)
@1,840 m3/day
irrigation rate

January

117,1182

3,778

73,718

60,121

February

54,724

1,887

15,524

3,243

March

49,759

1,605

6,359

-7,238

April

25,130

838

-16,870

-30,028

May

30,900

997

-12,500

-26,097

AVERAGES/
CUMULATIVE
MAXIMUM

55,526

1,821

95,601

63,364

1.3.1

Buffer Pond Storage

This pond will have the potential for algal growth which will need to be addressed during its
design. The buffer pond storage will also be required to account for:
• Rainfall over the buffer pond catchment.
• Emergency storage due to failure of the irrigation network components (i.e. pump
failure).

1

Taken from table 1 of The Report and based on a monitoring period of 5 months from January –
May 2012.
2
These figures are taken directly from the report. No validity of the large variation in Average Daily
Flows check has been undertaken (i.e. why January flows are approximately 5 times that of April.
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• Non-irrigation days (i.e. heavy rainfall days or after prolonged wet weather where
irrigation to land will not be possible).
• Solids settlement/accumulation in the ponds (reduction in total storage volume).
In addition to those considerations above the following geotechnical elements would need to
be considered where designing the pond:
• The prevention of discharge into the underlying soils. The pond will likely be required to
be lined using a low/impermeable liner in a manner that allows for the periodic
maintenance (i.e. removal of sludge) required.
• The depth to groundwater. The pond will need to be constructed above the water table to
prevent delamination of the pond lining when the pond water level is reduced.
As the WWTP is located in the Tararua Groundwater Management Zone and most
groundwater in that area is linked to surface water3 (Town Creek) and given the flat
topography groundwater will be close to ground level. The potential depth of the buffer pond
may be limited. Assuming a maximum depth of 3 - 4 metres, it will require a footprint of
something between 3 - 4 hectares (ha) based on the additional storage requirements
estimated at between 20 – 35%.

1.3.2

Discharge to Water

The discharge of the surplus treated effluent to Town Creek relies on the availability of the
Mangatainoka River. The discharge of treated effluent to water should be restricted during
trigger flow conditions (flow below 1,570l/s) 4 and prevented during low flow conditions
(1,260l/s) 5. During these periods of low flow, storage of the surplus treated effluent will be
required. The data for these days is taken from table 2 of The Report.
Over the period January – March (2012) there is a net surplus of treated effluent (table 1
above). The maximum number of low flow days occurring in this same period was recorded
at 41 (2008) and if this is considered with the initial trigger value the number of days
increase to 54 (2008).
Table 2: Surplus effluent volumes based on low flow/trigger value days with 1,400m3/day irrigation
YEAR
2008
2009
2010
2011
2012
2013

MONTH
January
February
March
Total

3

Low
flow
surplus

Trigger
flow
surplus

Low
flow
surplus

Trigger
flow
surplus

Low
flow
surplus

Trigger
flow
surplus

Low
flow
surplus

Trigger
flow
surplus

11,890

11,890

4,756

9,512

-

-

-

19,024

-

-

-

-

9,740

487

5,357

-

-

-

-

4,383

-

-

4,383

2,922

3,280

1,435

205

-

-

-

-

-

-

-

4,510

410

24,910

13,812

10,318

9,512

8,893

3,332

23,407

Low
flow
surplus

Trigger
flow
surplus

Low
flow
surplus

Trigger
flow
surplus

Taken from The Report on Horizons Groundwater Level Monitoring Network and Groundwater
Quantity Management Issues – prepared by PDP dated May 2013
is closely linked to surface waterways –
4
initial trigger for potable water restrictions
5 full potable water restrictions
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Table 3: Surplus effluent volumes based on low flow/trigger value days with 1,840m3/day irrigation
YEAR
2008
2009
2010
2011
2012
2013

MONTH

Low
flow
surplus

Trigger
flow
surplus

Low
flow
surplus

Trigger
flow
surplus

January

9,697

9,697

3,879

7,758

-

-

-

15,515

-

-

-

-

968

48

532

-

-

-

-

435

-

-

435

290

10,665

9,745

4,411

February
Total

Low
flow
surplus

Trigger
flow
surplus

Low
flow
surplus

Trigger
flow
surplus

Low
flow
surplus

Trigger
flow
surplus

15,950

Low
flow
surplus

435

Trigger
flow
surplus

290

At an irrigation rate of 1,400m3/day and allowing for total retention of the surplus effluent
during low flow days in the Mangatainoka River (January - March 2008) when parallel
discharge is not possible. The total surplus treated effluent volume totals 25,000m3. This
reduces to 11,000m3 (again using figures for low flow from January - February 2008) if the
irrigation rate is increased to 1,840m3/day (table 3). Please note that these pond volumes
will still be subject to the additional volume considerations outlined above in section 1.3.1.

1.3.3

Summary

Land irrigation of treated effluent would still require provision for the storage based on these
two scenarios:
a. Sole discharge of effluent via land irrigation without any parallel discharge to water (this
is outlined above in section 1.3) at minimum6 would require 96,000m3 of storage. This
storage would need to cater for high load months (January – March), non-irrigation days
and emergency storage; and
b. The parallel discharge to water using Town Creek. This storage would still be required to
cater for low flow conditions in the Mangatainoka River and at minimum5 would be
25,000m3 (January – March). This is outlined above in section 1.3.2.
The storage requirements are reduced when increasing the irrigation rates to 1,840m3/day
but are still required to cater for the surplus volumes of the January and February Average
Daily Flows (totalling 64,000m3 and 11,000m3 respectively)7. Any parallel discharge to water
during January and February are also likely to coincide with low flow conditions in the
Mangatainoka River and that is why storage is still required in this scenario.

1.4 Land Area
1.4.1

Irrigation Area

The Report outlines the land area requirements for irrigation (approximately 28ha) based on
a conservative application rate of 5mm per day. Should the irrigation volumes be increased
to 1,840m3/day the land area at this application rate increases to 37ha. Note this is only the
nett irrigation area required on a daily basis, based on application rate, and will be still be
subject to:
Based on an irrigation rate of 1,400m3/day
7
Based on 11,000m3 to cater for the January, February 2008 low flow days see table 3
6
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•
•
•
•
•

Crop rotation and establishment
Non-irrigation days (rest days or periods of heavy rainfall)
Access tracks for machinery
Stand down periods prior to grazing or harvest (in the order of 7 – 14 days)
Buffer zones from neighbouring properties as outlined in The Report

It is noted that an application rate of approximately 15mm per day (based on the nitrogen
loading rate of 150kg/ha) was suggested in The Report to reduce the required irrigation area
to 9.5ha. However with no detailed site investigations undertaken we would recommend any
calculations are presently based on an application rate of no more than 35mm per week.
On the basis of an assumed seven day rotation using three irrigation sites (i.e. one week
irrigation with two weeks stand down to allow for harvest or grazing) the total irrigable area
required would be 74 – 111ha (excluding allowances for buffer zones or access areas
outlined above). This is larger than the sites identified in The Report although could be
reduced to 29– 38 ha if the application rate was able to be increased to 15mm/day.

1.4.2

Soils analysis & Groundwater

The soils analysis has found that the underlying soils (Esk Sand or Manawatu Sandy Loam)
overlain by sandy topsoil make the strata favourable for the treatment of effluent. However
site investigations would be necessary to determine:
• The infiltration rate for the overlying topsoil. This will determine application rate to
prevent surface ponding.
• The depth to groundwater. (A minimum separation depth of between 600mm – 1000mm
from discharge to ground water level is required for disinfected water)8
• The transmissivity of the underlying soils to determine the extent of lateral spread and
potential effects on nearby abstractions.
It is likely that groundwater will be located near the ground surface as the surrounding land
is predominantly flat and in close proximity to the Mangatainoka River. Therefore the
potential effect on any neighbouring abstractions would need rigorous consideration prior to
the use of any local area for irrigation.

1.5 Irrigation Methods
The use of spray irrigation methods such as travelling irrigator or pod irrigation outlined in
The Report would have the potential risks of:
• Spray Drift (during high winds)
• Odour nuisance
These risks have been outlined in The Report and could be addressed using buffer zones and
the use of shelter belts at the irrigation boundaries. These however reduce the effective
irrigation areas on any potential site under consideration. It is noted in The Report that the
8

Taken from table 2.2 of the Horizons Regional Council Manual for On-site Wastewater Systems
Design and Management
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preferred irrigation (Potential Site Two) site was reduced by 44% when these were allowed
for.

1.6 Potential Irrigation Sites
The potential irrigation site (Potential Site Two) identified in The Report would be the only
suitable site for a land disposal option if the application rate was around 15mm per day. A
significant amount of further work would be required to confirm the suitability of this high
application rate. If the application rate could not be established at this high rate then the
land area requirements would increase considerably along with the costs of potential
irrigation infrastructure.

1.7 Conclusion & Recommendation
In summary we would suggest that the discharge to land is not a cost effective option for
this site as this relies on a relatively high application rate and this would still require
significant temporary storage when any non-irrigation conditions occur (i.e. heavy rainfall
occurs).
We would recommend the best option was to maintain the existing method of discharge (to
water), if any affects could be adequately mitigated, but provide for additional storage to
cater for periods of potential low flow in the Mangatainoka River. This storage could be sized
based on an agreed set of parameters with the Regional Council (i.e. based on a regression
analysis of low flow events combined with the coincident effluent discharge amounts at low
flow in the Mangatainoka River).
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1.0 Executive Summary
Wai Waste Environmental Consultants Ltd has been engaged to undertake a
preliminary investigation in to the potential for land irrigation of effluent from the
Pahiatua wastewater ponds during summer low flow conditions in the Mangatainoka
River.
Currently, the wastewater is discharged to the Town Creek which flows in to the
Mangatainoka River under all flow conditions. To improve water quality, particularly
during low flow conditions, the option of irrigating all wastewater to land is being
explored.
The wastewater discharge flows are highly variable from the Pahiatua oxidation
ponds. During the summer months when low flows are typically experienced in the
Mangatainoka River (January to April) the average daily discharge from the ponds is
1,400m3. On a total nitrogen basis the volume of effluent produced over a 120 day
irrigation period would require a minimum of 9.5ha of land.
On a conservative hydraulic loading basis the minimum land area required would
increase to 28ha. A review of the land surrounding the Pahiatua oxidation ponds
identified several site constraints in terms of possible irrigation sites, primarily due to
the topography, proximity of small property titles and the proximity of the
Mangatainoka River.
Three sites were identified as potentially suitable for effluent irrigation in close
proximity to the oxidation ponds. A preferred site has been identified however the
site has risk around potentially the resource consent process may be onerous around
odour management and the potential for odour drift in to the outskirts of Pahiatua
Township, although this is considered manageable.
With a potential optimum site identified it is recommended that a more detailed
analysis be undertaken, including TEC modelling and detailed site investigations.
This will enable an in-depth cost benefit analysis to be completed to assist with site
and/or treatment improvement options to be finalised. It is considered likely that a
combination of land irrigation and surface water discharge would be feasible, which
the TEC modelling would identify.
A rough order of costs has been completed to provide an estimate to establish an
irrigation network at site one which was $535,000 excluding land purchase which
would add a potential further $1,925,000.
Some risks have been identified that will require mitigation including long term
landownership, potential legal easements, confirmation of soil conditions, and a
potentially onerous resource consent process.
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2.0 Scope of Work
Wai Waste Environmental Consultants Ltd has been engaged to undertake a
preliminary investigation in to the potential for land irrigation of wastewater discharge
from the Pahiatua wastewater ponds during low flow conditions in the Mangatainoka
River.
Currently, the wastewater is discharged to the Mangatainoka River under all flow
conditions. To improve water quality, particularly during low flow conditions, the
option of irrigating all wastewater to land is being explored.
This preliminary investigation in to land irrigation during low flow conditions quantifies
potential wastewater volumes, nutrient concentrations and identifies potential sites
with favourable soils in close proximity to the existing wastewater ponds that would
be suitable for land irrigation of this scale. The report also provides rough order of
costs to establish land irrigation for this project.
3.0 Introduction
To restore the health of the Manawatu River the Ministry for the Environment
established the ‘Fresh Start for Freshwater Clean-up Fund’ project which investigates
and funds projects that will benefit and improve water quality. Several municipal
wastewater to surface water discharges have been the focus of investigations to
identify opportunities for potential environmental improvements, with Pahiatua
township discharge being one.
Pahiatua is a reasonable size town located within the Tararua District with a
population of approximately 2,600 persons. The town is located within an alluvial
valley and is bounded to the west by the Mangatainoka River which is recognised as
a high value river and is protected by a National Water Conservation Order. Several
surface drains surround the township to the east also. Figure 1 demonstrates the
locality and topography of the surrounding area.
The current wastewater treatment operation is relatively basic comprising 3 oxidation
ponds with effluent discharged in to Town Creek which flows in to the Mangatainoka
River. Council is in the process of evaluating upgrade options to the current
treatment operation, including a stepped screen, installation of baffles in to the
ponds, rock filters and Ultra Violet disinfection unit. The oxidation ponds have a total
estimated operational volume of 90,000m3. Figure 2 demonstrates an aerial map of
the oxidation pond layout.
The above mentioned discharge operates under discharge permit MWC4369. A
consent renewal process has commenced (consent 103246), however the
application is likely to be modified once the final optimisation design has been
confirmed.
There is no significant industry discharging in to the municipal wastewater network.
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N

Wastewater
Treatment Location

Figure 1. Pahiatua Locality Plan.

Mangatainoka River

Town Creek

Oxidation Ponds

Figure 2. Pahiatua Oxidation Ponds.
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4.0 Wastewater Evaluation
The discharge flow records from the outlet of the tertiary oxidation pond from
September 2011 to October 2012 have been used to provide an initial basis for
determining potential flow volumes for land application during low flow conditions
within the Mangatainoka River. A wider historical analysis has not been undertaken
due to a lack of confidence in recording data and historical stormwater infiltration
issues.
For the purposes of this preliminary investigation, the threshold for low flow
conditions in the Mangatainoka River has been taken as 1,260 litres per second
which is the recognised low flow trigger value for the Pahiatua potable water
abstraction. An initial trigger value of 1,570 litres per second is also utilised when
restrictions to the volume of potable water take commence.
A review of the flow discharge data from the oxidation ponds from September 2011
through to October 2012 provides the following data summary for the months of low
river flows typically being January through to May.
Month

Monthly Total Discharge
(m3)
January
117,118
February
54,724
March
49,759
April
25,130
May
30,900
Table 1. Discharge totals from 2012, low flow months.

Average Daily Flow
(m3/d)
3,778
1,887
1,605
838
997

The land irrigation analysis has been based on an average daily flow or 1,400m3
which is considered to be a reasonable volume for the purposes of identifying
potential land irrigation requirements for the period of low flow conditions in the
Mangatainoka River. Tararua District Council is in the process of identifying and
reducing stormwater infiltration areas within urban communities which have a
significant impact on storm flow events through the wastewater network.
A review of flow conditions within the Mangatainoka River since 2008 has been
undertaken to identify the duration when low flow conditions are experienced to
quantify potential irrigation duration. The period from January 2008 to April 2008 had
the longest duration of when low flow conditions were experienced. During this
period there were 45 days when flows were recorded below 1,260l/s, and a further 13
days with flows between 1,570l/s and 1,260l/s. Comparably for the same period in
2013 with the region under drought conditions 41 days were recorded with flow levels
less than 1,260l/s and 11 days with flows between 1,570l/s and 1,260l/s. The above
mentioned numbers are when flows were intermittently below the thresholds not for
continuous days when flow was below thresholds. A summary of low flow data is
included as Table 2 for reference.
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16

4

-

-

March

April

November

December

13

-

-

-

7

1

5

<1570 >
1260 l/s

15

-

-

1

1

11

2

< 1260 l/s

7

-

-

3

-

-

4

<1570 >
1260 l/s

2009

-

-

-

-

-

-

-

< 1260 l/s

11

6

2

3

-

-

-

<1570 >
1260 l/s

2010

-

-

-

-

-

-

-

< 1260 l/s

17

-

-

-

-

9

8

<1570 >
1260 l/s

2011

-

-

-

-

-

-

-

< 1260 l/s
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-

-

-

-

-

-

-

<1570 >
1260 l/s

2012

Table 2. Summary of Mangatainoka River low flow results demonstrating number of days below threshold levels.

45

20

February

Total

5

January

< 1260 l/s

2008

41

-

-

10

22

9

-

< 1260 l/s

11

-

-

3

2

6

-

<1570 >
1260 l/s

2013

For the purposes of evaluating potential land irrigation sites and land area
requirements, an irrigation duration of 120 days has been utilised which is considered
sufficient to cover extended periods when low flows are experienced.
Using an average daily flow of 1,400m3 over a four month irrigation period provides
an estimated 168,000m3 of effluent for irrigation.
A full evaluation utilising the Town Effluent Calculator (TEC) has not been
undertaken due to proposed operational improvements which is likely to have an
impact on effluent quality and quantity. Should land irrigation be considered feasible,
it is recommended a detailed analysis be completed utilising the TEC to finalise
and/or optimise land irrigation design. It is considered likely that a combination of
land irrigation and surface water discharge could be feasible, which the TEC
modelling would identify.
5.0 Land Area Requirements
The topography of the land surrounding the oxidation pond site is described as
stepped alluvial terraces which are relatively flat with numerous low graded surface
drains and streams draining the soils.
Mr Dave Horne of Massey University has provided soil maps of the area which
identifies the soils surrounding the oxidation pond as either Esk Sand or Manawatu
Sandy Loam or Silt Loam. Mr Horne has classified these soils as being good for land
treatment of effluent. The soil classification would be confirmed through the detailed
site investigations should land irrigation be adopted. The soil maps are included as
Appendix A for reference.
Test results indicate the average total nitrogen concentration within the wastewater
effluent is 8.2g/m3. With a likely typical limitation of 150kgN/ha/year, on a nitrogen
basis, a minimum of 9.5 hectares of land would be required for effluent irrigation. A
summary of wastewater effluent test results is included as Appendix B.
If the total effluent volume was applied over 9.5 ha this would equate to a depth of
1,770mm over a 4 month irrigation period (14.75mm/day), which is considered high
for the soil types surrounding the oxidation pond site. This would not only result in
irrigation during potential non-soil moisture deficit times but also increase the risk of
ponding and/or runoff in to surface drains or leaching through soils. As a minimum
the irrigation depth should be matched to soil conditions and crop uptake rates, and
should be the subject of detailed analysis.
Based on a more conservative hydraulic loading rate of an average of 5mm per day
the irrigation area required would increase to 28 hectares. A more detailed analysis
of soil types and soil moisture deficits may demonstrate that a higher hydraulic
loading rate can be applied sustainably without risk of ponding and/or runoff, and
hence reduce the overall irrigation area required.
6.0 Irrigation Methods
Two types of irrigation methods have been considered including fully automated
travelling irrigators (linear and centre pivot) and irrigation pods. The fully automated
travelling irrigators would be preferred incorporating programming to allow for
irrigators to adhere to exclusion zones including passing over surface drains and/or
Pahiatua Wastewater Land Irrigation Preliminary Investigation
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around boundary or residential exclusion zones. The technology and equipment
components are reflected in the high capital costs, however operational costs would
be considered lower compared to pod irrigation. Appropriate screens will be required
to be maintained to mitigate nozzle blockages.
Pod irrigation is well suited to areas that are odd shapes that centre pivot or linear
irrigators cannot access. The pod irrigation capital costs are considerably lower than
for travelling irrigators, however operational costs with continual shifting would be
considerably higher and difficult if crops are to be grown.
A further alternative is to have telescopic irrigation nozzles, however the capital cost
would be high and limitations around ground cultivation would be required.
7.0 Potential Irrigation Sites
A review of aerial photographs overlain with property titles identifies limited potential
irrigation sites in close proximity to the oxidation ponds. The surrounding area has
several constraints in terms of available irrigation areas including small property
holdings, numerous surface drains, the Mangatainoka River, dairying land and
residential dwellings.
Applying appropriate separation distances of 150m from dwellings, 50m from
property boundaries, and 20m from water ways and bores further restricts effective
irrigation areas. Considering the above, three sites have been identified as possible
irrigation sites.
The sites have been identified via desktop study only with no field investigations
and/or landowner consultation. Should land irrigation be considered practical and
appropriate field investigations and landowner consultation would need to be
undertaken to confirm site availability and site specific constraints.
7.1 Potential Site One
Potential site one is located adjacent to the oxidation ponds to the north-east. The
site is currently utilised as a lifestyle block which could be enhanced by effluent
irrigation. The landowner has expressed an interest in effluent irrigation.
The titled area of this block is 27.1ha and has Town Creek passing through the
middle and the Mangatainoka River to the rear of the property. Accounting for
separation distances the effective area is reduced to 5.8ha which is not sufficient to
accommodate all effluent under a 100% irrigation scenario, and as such either
another land area is required and/or a reduced volume of effluent is irrigated through
a combined model of discharge to water and irrigation.
The predominant wind direction of north-west may cause issues for odour drift with
several residential dwellings immediately east of the site. The titled area would suit a
combination of linear travelling irrigator and pod network. Site one is comparable in
elevation to the oxidation ponds and is demonstrated in Figure 3.
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Potential Site 1

Oxidation Ponds

Figure 3. Potential Site One for Effluent Irrigation.
7.2 Potential Site Two
Potential site two is located approximately 500m east of the oxidation ponds located
adjacent to State Highway 2. The site is currently utilised as a sheep and beef unit
growing crops occasionally which could be enhanced by effluent irrigation.
The titled area of this block is 77.4ha and has a number of surface drains passing
through the middle. Accounting for relevant separation distances the effective area is
reduced to 43ha.
The predominant wind direction of north-west is unlikely to cause issues for odour
drift with minimal residential dwellings immediately east of the site. The titled area
would suit a combination of linear travelling irrigator and pod network.
Site two is higher in elevation than the oxidation ponds by approximately 3.5m. Site
two is demonstrated in Figure 4.
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Oxidation Ponds

Potential Site 2

Figure 4. Potential Site Two for Effluent Irrigation.
7.3 Potential Site Three
Potential site three is located approximately 800m south-west of the oxidation ponds
located adjacent to Mangahao Road.
The site is currently utilised as a calf rearing unit and as such may be unsuitable for
use for effluent irrigation. Municipal effluent application is restricted on dairy farms
due to milk with holding periods which may extend to calf rearing operations.
The titled area of this block is 23.6ha and has minimal surface drains through the
property. The effective area is estimated to be 10.3 ha with all separation distances
taken in to account. This site is in a rural environment with minimal residential
dwellings in close proximity.
The predominant wind direction of north-west would have the potential for odour drift
on to the outskirts of Pahiatua Township which could lead to consenting issues.
The site is comparable in elevation to the oxidation ponds. The titled area would suit
a linear travelling irrigator. Site three is demonstrated in Figure 5.
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Potential Site 3
Oxidation Ponds

7.4 Optimal Site
Potential Site 2 is considered the optimal site due to the size of the property and the
location with respect to predominant wind direction which is likely to be a factor in
any resource consent application.
The soil conditions are considered favourable for effluent irrigation, and although
several surface drains are present a linear travelling irrigator could be programmed to
account for separation distances.
Furthermore, this property is currently for sale, which if purchased would potentially
provide a long term, sustainable land irrigation option for Council.
8.0 Statutory Considerations
In order to progress any potential land irrigation of municipal wastewater further
detailed investigations are required including detailed design and confirmation of site
conditions.
In order to identify and establish potential land application areas typical statutory
considerations that would likely be included as resource consent conditions have
been considered. Environmental, social and cultural considerations will require
further evaluation should the potential for land irrigation of municipal effluent be
considered feasible.
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9.0 Feasibility
It is difficult to compile a detailed feasibility analysis for land irrigation of the municipal
wastewater from the Pahiatua oxidation ponds due to a number of uncertainties.
However, assuming site two is the preferred site (subject to confirmation of soil and
site conditions and landowner consultation) this would likely be the most cost
effective due to the proximity to the oxidation ponds. A rough order of costs has
been compiled to provide an indication of potential capital costs, and has been
summarised in Table 3.
Item
1.
2.
3.
4.

Description
Detailed Investigation & Design
Resource Consent (Notified)
Legal Documentation
Pipe Network Including Pumps (State
Highway Crossing)
5.
Travelling Irrigators & Control Equipment
(power supply)
Sub Total
6.
Contingency – 15%
Total RoC
Table 3. Rough Order of Costs Estimate.

Cost Estimate
$20,000
$25,000
$15,000
$185,000
$220,000
$465,000
$70,000
$535,000

Based on a desktop study a Rough Order of Costs estimate to establish an effluent
irrigation system at Site One is $535,000. This does not include landownership and
relies on the landowner agreeing to utilise the effluent. Should landownership be
required potentially for the 77 ha title may add another $1,925,000 to the above
estimate. A full cost benefit analysis would be required to further quantify the
economics of this project.
10.0 Risk Assessment
The risks associated with applying municipal wastewater from the Pahiatua oxidation
ponds include limited control over landownership (unless land is purchased), and a
resource consenting process which may impose tight consent conditions.
To mitigate the landownership risk land would either need to be purchased outright or
a long term lease arrangement entered in to. It may be difficult to find a landowner
willing to form a partnership to allow effluent irrigation. The purchase of the property
that is for sale would provide long term security of the site for irrigation.
The resource consent process could be onerous due to irrigation site constraints and
proximity to Pahiatua Township.
Legal easements are likely to be required which some landowners may be reluctant
to agree to and/or oppose.

11.0 Conclusions and Recommendations
The wastewater discharge flows are highly variable from the Pahiatua oxidation
ponds. During the summer months when low flows are typically experienced in the
Mangatainoka River (January to April) the average daily discharge from the ponds is
Pahiatua Wastewater Land Irrigation Preliminary Investigation
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1,400m3. On a total nitrogen basis the volume of effluent produced over a 120 day
irrigation period would require a minimum of 9.5ha of land.
On a conservative hydraulic loading basis the minimum land area required would
increase to 28ha. A review of the land surrounding the Pahiatua oxidation ponds
identified several site constraints in terms of possible irrigation sites, primarily due to
the topography, proximity of small property titles and the proximity of the
Mangatainoka River.
A preferred site has been identified however the site has risk around potentially the
resource consent process may be onerous around odour management and the
potential for odour drift in to the outskirts of Pahiatua Township, although this is
considered manageable.
With a potential optimum site identified it is recommended that a more detailed
analysis be undertaken, including TEC modelling and detailed site investigations.
This will enable an in-depth cost benefit analysis to be completed to assist with site
and/or treatment improvement options to be finalised. It is considered likely that a
combination of land irrigation and surface water discharge would be feasible, which
the TEC modelling would identify.
12.0 Applicability and Limitations
This report has been prepared solely for the use of Tararua District Council for the
purpose of investigating and identifying potential land irrigation sites in close
proximity to the Pahiatua Oxidation Ponds for the purposes of irrigating effluent
during low flow conditions in the Mangatainoka River. The report has been prepared
for the purpose of providing an initial assessment of the potential sites available for
effluent irrigation.
This report has been in the form of a desktop study and has utilised publicly available
information, information provided by others including Tararua District Council,
Horizons Regional Council, and Massey University. Wai Waste Environmental
Consultants Ltd cannot and does not accept any responsibility for errors and
omissions in, or the currency of sufficiency of the provided information.
Should conditions be exposed during development that differ significantly from those
expected then Wai Waste Environmental Consultants Ltd should be contacted
immediately in order to review and if necessary amend any recommendations
accordingly.
Should any third party wish to use or rely upon the contents of the report, written
approval from Wai Waste Environmental Consultants Ltd must be sought. Wai
Waste Environmental Consultants Ltd accepts no responsibility or liability for:
 The consequences of this document being used of purposes other than for
which it was commissioned; and
 This report being used by any other party other than the organisation by
whom it was commissioned.
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1

Introduction

1.1

Background

Over the time since the previous consent was granted for operation of Pahiatua WWTP, the
Horizons One Plan has been adopted. A series of water quality targets are integral to the One
Plan – they define the concentrations of key nutrient species (among other variables), which
will allow the identified fresh water values to be achieved. The One Plan identifies that
meeting the water quality targets for surface waters in the region will require improvement in
the quality of wastewater discharged to surface waters, as well as changes to land use
practices.
The Pahiatua WWTP discharge consent is due for renewal and a number of upgrades are
underway at the WWTP in order to improve the quality of the discharge into the
Mangatainoka River. The Pahiatua WWTP discharges within ‘Mana_8’; one of the Horizon
One Plan’s Priority Catchments (Refer to Appendix A).

1.2

Scope

Tararua District Council (TDC) is seeking a new discharge permit for the Pahiatua WWTP,
this discharge permit is for an upgraded system. The Council is seeking advice from Opus as
to the anticipated improvements in effluent quality resulting from each of the planned
process upgrades, both underway and proposed.

2

WWTP Flows and Loading

2.1

Domestic Loading

The population of Pahiatua township is approximately 2,5001 in roughly 1,000 households.
While there are septic tanks in the surrounding Mangatainoka district, the Pahiatua WWTP
does not accept septic waste so this does not contribute to the loading. The population

1

2013 Census recorded 2,412 people

decreased slightly between the 2006 and 2013 censuses and no significant population growth
is projected.
No data is available on the influent characteristics of the wastewater as there has been no
historical sampling of the raw wastewater entering the WWTP. Estimates of the likely
loading have been made based on the census data and typical per capita loading rates. These
estimates are summarised in Table 1 below.
Table 1: Estimated loading on Pahiatua WWTP
Parameter
Units

Estimated Loading

BOD

kg/day

200

COD

kg/day

513

TSS

kg/day

196

NH3-N

kg/day

19.4

TKN

kg/day

16.8

TP

kg/day

33.6

2.2 Trade Waste
A Fonterra dairy factory and Tui brewery are both located on the outskirts of the town
however each has its own wastewater treatment and disposal systems.
There is no other significant industry discharging effluent to the WWTP.

2.3 Flow data
In the absence of flow data, flows into the WWTP have been estimated at an average of
550m3/day. This figure was derived using a flow of 0.220m3/person/day2, a conservative
figure in order to allow for some inflow and infiltration. However, without any actual data or
knowledge of the system, it is possible that this estimate is quite wrong.

2.4 Existing Effluent Quality
Data on the existing effluent quality has been provided in the form of 41 sample results taken
between 5/10/2010 and 18/02/2014 and an additional 14 sample results taken between
11/12/2012 and 28/01/2104 by HRC. As a portion of the data does not appear credible in the
absence of tertiary treatment processes at the WWTP, a conservative approach has been
taken and the data has been ‘cleaned’ by removing figures below the threshold of what would
be expected from an oxidation pond system like Pahiatua. This cleaning process is fairly
arbitrary given that there is no information on the quality or volume of wastewater entering

2

Based roughly on typical residential flows from Metcalf & Eddy
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the WWTP. Only results which are not believed to be feasible from the existing plant have
been removed from the data set in order to minimise manipulation of the data.
This approach has been taken to ensure a realistic assessment of the future effluent quality
once the upgrades have occurred. However it should be noted that the resulting mean
concentrations may t still represent a higher level of treatment than the plant is realistically
achieving as there is insufficient data to draw any conclusions. Collecting additional effluent
sample data once the new upgrades are in place, as well as influent data, will assist in refining
future effluent quality expectations and give greater certainty.
The filtered and edited data is summarised in Table 2Table 3 below.
Table 23: Filtered and edited effluent concentration data (5/10/10-18/02/14)
Mean Concentration (mg/L)
Value below
which data
Parameter
removed in
Filtered Data
Edited Data
edited data
Ammoniacal Nitrogen

4

4

1

DRP

0.7

2

0.3

E Coli

284

886

50

Nitrate

2

2

-

Nitrite

0.04

0.04

-

Total Coliforms

19,197

29,417

200

Total Nitrogen

7

7

-

Total Oxidised Nitrogen

2

2

-

0.9

3

0.5

Total Suspended Solids

8

36

10

Turbidity

8

8

-

Volatile Matter

6

22

7.5

Total Phosphate

3

WWTP Prior to Upgrades

3.1

Description of WWTP Prior to Upgrades

The WWTP, prior to the upgrades commencing, consisted of three oxidation (facultative)
ponds and a river discharge. Pond 1 currently has two aerators and Pond 2 has one aerator
however an old aerator will be removed from Pond 1 as part of the upgrades, leaving one
aerator on each of the first two ponds. There are baffle curtains in Pond 3.
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Facultative ponds rely on biological processes for wastewater treatment. Generally coarse
solids will settle on the bottom of the ponds, forming a sludge layer where anaerobic
treatment occurs. Aerobic treatment occurs in the upper layers of the pond. Various
organisms facilitate the treatment process function at different levels in the pond.
Facultative ponds primarily reduce BOD and bacteria. The aerobic stabilization of
carbonaceous BOD is primarily dependent on heterotrophic bacterial activity. Heterotrophic
bacterial activity is primarily a function of temperature and oxygen availability. Generally
good levels of BOD reduction can be achieved in facultative pond system.
Various forms of nitrogen are found in wastewater, most often ammonia, nitrate and organic
nitrogen. Typically organic nitrogen is converted to ammonia by bacteria. Ammonia can be
removed in an oxidation pond through losses to the atmosphere, being assimilated into
bacteria and algal cell and bacterial nitrification (which may be followed by denitrification).
Adequate levels of dissolved oxygen (generally levels of 2.0 mg/l is recommended) for
nitrification to occur. As the nitrifying bacteria do not compete well with heterotropic
bacteria for D.O. and nutrients, before nitrification can take place, BOD levels need to have
been reduced so avoid this competition. Accordingly, in a well-functioning pond system
nitrification would be expected to occur in the final stages of a pond system. In general, the
longer the detention time, the more likely nitrification will occur.

3.2 Effluent Quality Prior to Upgrades
Overall, the WWTP appeared typical of oxidation pond systems in similarly sized towns
across NZ and its performance was also comparable or better, even when data that did not
appear credible had been filtered and edited.
Mean effluent quality results from Pahiatua WWTP and a number of other similar plants are
shown in Table 3Table 4.

Ent

E.coli

FC

TP

DRP

TKN

NH3-N

TSS

cBOD5

Table 34: Mean effluent concentrations from other WWTPs around NZ
Site

Description

Bulls

2 pond + aerator

13

Ratana

2 pond + aerator

15

48

8

Gore

2 pond + aerator

29

56

14

24

Leeston

8 pond + aerator

22

63

17

23

Queenstown

3 pond + aerator

36

65

31

38

6

44100

Woodend

2 pond + aerator
+ UV

10

59

15

27

9

430

430

202

Rangiora

2 pond + aerator

38

78

17

4350

4285

465
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6

7.3

325

1.9
3.5

3.8

250
4.8

2301

Pahiatua
(Filtered
data))

3 pond + aerator

36

4

7

2

3.0

866

3.3 Changes Made to the WWTP in Recent Years
A number of small improvements have been made to the WWTP in recent years:
• The ponds were desludged, lined with clay and refurbished in 2002-2003.
• A single Reliant aerator and a single HPE cage aerator were added to Pond 1 however the
old HPE cage aerator will be removed as part of the new upgrades.
• A further aerator was added to Pond 2.
• Mixing walls were installed in Pond 3.
The addition of aeration to the ponds would have reduced BOD and normally increased
ammonia oxidation. Effectively, mechanical aeration increases the oxidation capacity of the
ponds beyond what it would be when naturally aspirated by the wind. Desludging and
installing mixing walls would have increased the hydraulic retention time, giving a higher
probability of increasing nitrification and bacterial and viral removal rates.
An initial assessment of the wastewater discharge indicated that changes that have been
made to the wastewater treatment process over the period 2008-2010 have delivered
quantifiable improvements to the quality of the wastewater discharge.3 With two exceptions
(nitrate-nitrogen and total organic nitrogen concentrations), the discharge is currently
exerting a smaller impact on the Mangatainoka River than was the case in 2009.

4

Proposed WWTP Upgrades

4.1

WWTP Process Flow Diagram

An annotated aerial image showing the plant, including existing and proposed upgrades, is
appended (Appendix B). The processes are also displayed in the process flow diagram (PFD)
in Figure 1Figure 1 below.

3

Pahiatua Wastewater Treatment Plant Consent Renewal: Assessment of Environmental
Effects. Opus, July 2014.
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Figure 1 WWTP PFD, including existing and proposed upgrades

4.2 Upgrades Underway
Several upgrades are currently underway:
• A new, at grade, Huber Step Screen is being installed currently in 2014 (Figure 2Figure
2).
• TDC is in the process of installing a lamella plate clarifier, including a contact tank for
coagulation and a chemical dosing facility (Figure 3Figure 3).

Figure 2: Step screen installed in 2014
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Figure 3: Installation of lamella plate clarifier (left) and contact tank (right) in
progress (2014)

4.3 Proposed Further Upgrades
The following upgrades are also either proposed or are in the process of delivery:
• An In-Eko drum filter has been ordered from Brick House
• A UV disinfection system will also be installed.
• A Tephra filter may be installed.
Following UV disinfection, the treated effluent will be back fed into an old water intake line
and discharged out to the Mangatainoka River through the old ‘Infiltration’ Gallery. This will
give better dispersion and mixing in the river.

5

Effluent Quality Improvements

There is insufficient influent and effluent quality data available to be able to accurately
quantify the improvements resulting from the upgrade work undertaken to date. Collecting
additional sample data once the upgrades are in place, as well as influent data, will give more
certainty about the WWTP performance and future effluent quality.
Anticipated effluent quality improvements resulting from upgrades are described by process
in the following sections.

Page 7

5.1

Step Screen

The Huber step screen will remove coarse material from the influent wastewater stream that
could damage or clog downstream process equipment and the exfiltration gallery or
introduce coarse contaminants to the Mangatainoka River. Although the screen will not
dramatically improve the performance of the WWTP, it will slightly reduce the rate at which
sludge accumulates in the ponds and it will help mitigate breakdowns in the new, more
intensive unit processes.

5.2 Lamella Plate Clarifier
Lamella clarification is a counter-current settling process in which a series of inclined plates
or tubes enhance the separation and removal of solids from the effluent. The addition of a
flocculant in the contact tank before the clarifier promotes the aggregation of small particles
into larger particles to further enhance their removal by gravity settlement in the clarifier.
A Filtec Lamella Settler has been purchased from Filtration Technology Ltd. Details are as
follows:
Model

Lamella Settler

Max. hydraulic capacity

80m3/hr (approx. 22L/s)

Proposed flocculant

Unknown

The performance of coagulation and flocculation and therefore of the clarification process, is
dependent on a large number of factors, many of which are interrelated. Wastewater
characteristics, chemical dose rates, mixing conditions, flocculation times, the selection of
chemicals and their order of addition, can all affect performance. Control of pH and
alkalinity is also essential to maintain performance. We have approached the suppliers for
their comment on the likely performance of their equipment, as supplied for this installation,
but have received no response.
The lamella clarifier will be expected to provide improvements in a number of areas of plant
performance:
• Total suspended solids via coagulation and settlement
• Total nitrogen via removal organic n in particulate material
• Dissolved reactive phosphorous

5.3 Drum Filter
The drum filter removes additional suspended solids and lowers turbidity by mechanical
sieving. This will also increase the effectiveness of the existing UV disinfection system.
An In-Eko Microscreen has been ordered from Brickhouse. Details are as follows:
Model
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In-Eko 4FBO Microscreen Drum Filter

Max. hydraulic capacity

Design 20L/s up to 50L/s

Filtration cloth

0.020mm

Max TSS loading

150mg/L TSS on inlet at 50L/s

The effectiveness of filtration depends on the filter and filter cloth itself as well as the flow
rate and the suspended solids characterisation in terms of concentration, degree of
flocculation and particle size distribution. This can be particularly variable following
oxidation pond systems.
The In-Eko cloth drum filter proposed will be expected to provide some small incremental
benefits over the lamella clarifier. These will principally be gained by ‘mopping up’ floc.
particles that are carried over from the clarifier, particularly during periods of fluctuating
flow rates:
• Algae particles less than 20 microns diameter will pass directly through the filter
largely unaffected.
• Some improvement in effluent TSS. The quantum will depend on the clarifier
performance. Poor clarifier performance will result in better filter performance, in
terms of percentage of solids removed.
• Very small improvements could be expected to the TN and TP levels in the effluent
but only by virtue of the organic N & P in the filtered particles.

5.4 UV Disinfection
Radiation from ultraviolet (UV) light can be an effective bacteriocide and virucide. Since UV
light is not a chemical agent, no toxic residuals are produced.
It is understood that TDC intend to purchase TrojanUV3000 PTP UV disinfection system
from Trojan Technologies Inc. Details are assumed to be as follows:
Model

TrojanUV3200K PTP

Peak hydraulic flow rate

12.3L/s

Validated UV dose

31,023 µWs/cm2

Total number of lamps

8

The effectiveness of UV disinfection depends on the turbidity and solids content of the
effluent as solids can both absorb the ultraviolet energy and shield microorganisms. Further,
dissolved organic substances, including colour, can absorb significant proportions of the UV
light and further reduce disinfection efficiency. The performance of the UV disinfection is
therefore dependant on the performance of the upstream treatment processes, including the
lamella clarifier and the drum filter.
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Given a minimum effluent UV Light transmissivity (design values are currently uncertain),
low effluent suspended solids and service flow rates that are within the design limitations of
the selected system, the UV disinfection will inactivate bacteria, viruses and protozoa. The
extent of inactivation depends upon the particular microbe (some are much tougher than
others) and the dose rate provided.
Treating oxidation pond effluent, with no tertiary treatment of the effluent, a UV system,
appropriately designed would be expected to deliver performance of between 1 and 1.5 log10
inactivation of faecal indicator bacteria. With an effective tertiary or set of tertiary unit
processes in place, low suspended solids, low dissolved colour, and the dose rate indicated
above, an inactivation rate of between 2 and 3 log10 could be expected.

5.5

Summary of Anticipated Effluent Quality Improvements

Anticipated effluent quality improvements resulting from the upgrades are summarised in
Table 4Table 5 below.
Table 45 Summary of anticipated effluent quality improvement
Confidence
Affected
Process
Anticipated
Rating
(1-10,
Effluent
Upgrade
Improvement*
low-high)
Parameters
Inlet
Gross Solids
Protection of downstream
10
screen
mechanical equipment
Lamella
TSS,
TSS – 60%
4
Clarifier
TN,
TN – 60% of 3mg/l
4

DRP,

Drum
Filter

TSS, TN, TP

DRP to approx. 0.5mg/l**

7

Small reduction in faecal
indicator bacteria by physical
removal.

7

40% of Clarifier carry over.
Small TSS particles will go
straight through filter.

4

UV
Bacteria,
2 - 3 Log10 Inactivation
6
Disinfect Viruses,
ion
Protozoa
*
Based on Table 2Table 3 numbers above
**
Depending upon chemical dose rate and clarifier up flow rate.
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Reason for
Confidence
Rating
No Numeric
No pilot results
Filtered data
indicates 3mg/l
Organic N in SS.
But TSS not
reliable
Essentially tunable
with coagulant
Experience with
other solids
removal processes.
Vague Kaeo pilot
trials. No trials on
low TSS effluent &
therefore no
indication of %age
less than 20
micron.
Based on a good
tertiary effluent but
not specified dose.

It is important to note, however, the questions raised about the credibility of the effluent
sample results, as outlined in Section 3 above. It is of some concern that the effluent quality
that we would predict from these combined processes, following the upgrades, could still be
worse than the WWTP performance that is currently reported.

6

Conclusions and Recommendations

Based on the available effluent quality sample data, performance of the existing Pahiatua
WWTP is as good as or better than any other WWTP in New Zealand. Overall, the WWTP
appears typical of oxidation pond systems in similarly sized towns across NZ and its
performance is also comparable or better, even when data that did not appear credible has
been filtered.
It is very difficult to accurately predict the effluent quality following completion of the
upgrades, given the number of unknowns about both the influent wastewater and the details
of the proposed upgrades. Estimates of the anticipated improvements in effluent quality
have been made, based on data from similar plants around the country (refer to Table 4Table
5). Confidence in these estimates is low due to the number of unknowns. In order to
calculate potential performance with more certainty, additional monitoring following the
installation of the upgrade equipment is recommended.

6.1

Monitoring Recommendations

The quality of the effluent following the upgrades will undoubtedly be improved, however the
effluent quality that we would predict following the process upgrades could still be worse
than the WWTP performance that is currently reported due to the credibility of the existing
effluent sample results. It is therefore strongly recommended that a rigorous sampling
regime is implemented with the frequencies detailed below:
• Influent
»
»

Take 24 hour composite samples every 6 or 8 days (in order to sample on a different
day each week) for a month or two, then monthly for the balance of a year.
Sample cBOD5, TKN, TP. Alkalinity.

• Commissioning Phase
»
»
»

Sample daily or multiple times per day for a duration of two weeks
Sample TSS, DRP and UVT at the Pond 3 outlet and after the clarifier and the filter in
order to confirm the improvement across each new tertiary process
Sample full list of analytes at discharge (after UV disinfection)

• Trial Operation Phase
»
»

Sample three times a week (Monday, Wednesday and Friday) for a duration of four
weeks
Sample full list of analytes at discharge (after UV disinfection)

• Normal Operation and Consent Compliance
»
»
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Sample full list of analytes fortnightly at discharge (after UV disinfection)
Sample between each unit process (ponds, clarifier, filter) quarterly

The full list of effluent analytes to be sampled (except in between unit processes as detailed
above) is as follows:
• Composite Samples
»
»
»
»
»
»
»

cBOD5
Ammonia
TKN
TN
DRP
TP
TSS

• Grab Samples
»
»
»

7

UVT%
pH
E.coli

References

Pahiatua Wastewater Treatment Plant Consent Renewal: Assessment of Environmental
Effects. Opus, July 2014.
Metcalf & Eddy, Inc., Tchobanoglous, George, and Burton, Frank. Wastewater Engineering:
Treatment, Disposal and Reuse. 5th Ed. Boston: McGraw-Hill, 2013.
Metcalf & Eddy, Inc., Tchobanoglous, George, and Burton, Frank. Wastewater Engineering:
Treatment, Disposal and Reuse. 3rd Ed. Boston: McGraw-Hill, 1991.

Appendices
Appendix A – Priority Catchments
Appendix B – Annotated Aerial Image of WWTP

Page 12

Appendix A – Priority Catchments

Appendix B – Annotated Aerial Image of WWTP

